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FOREWORD
Dear Colleagues,

We are glad to see yand your contribution for thell European Conference on Rerable Energy Systems
(ECRES 203). The event has been organize®Riga, Latviaon 18-20 May 2023 by thelocal organizerdJniversity
of Latvia, ECERGT Eledrical and Computer Engineering Research Graog Projeniain the hybrid format
Besides many institutions worleidely took a part as the cooperating institutidnsluding many international
refeered academic journals.

The purpose of the ECRES is to bring together researchers, engineers and natural scientists from all over the \
interested in the advances of athbches of renewable energy systems such as wind, solar, hydrogen, hydr
geothermal, solar concentrating, fuell. It aims to present and disseminate the cuttishge results to the
international community of energy in the form of research, developmpplications, design and technology. It is
thereby expected that it can assist researchers, scientists, manufacturers, companies, communities, ag
associations and societies to keep abreast of new developments in their specialist fields anidrtovtisle
solutions in their problems.

Historically, the frst, second, third, fourtliifth, sixth, seventheighth ninhtand tentlconferences were completed
very successfully in Alanya/Antalya (2012), Antalya (2013), Kemer/Antalya (2015), Ista2ilé)( Sarajevo /
Bosnia and Herzegovina (201 T3tanbul (2018)Madrid (2019), Istanbelemote (2020)Istanbutremote (202},
Istanbul,respectively This serial event has been a continuous one even in the pandemic periode, worldwidely

Many of the etended forms of selected papers were puublishe&iCih E-SCI, SCOPUSand EBSCGindexed
reputable journalfollowing the previous eventd his year 244 papershave beemeceivedworld-widely. Among
them, D6 papersfrom 50 countrieshave beeracceptedand presented Following the physical andvirtual
presentatios) theseabstracts angapers are pumto thepreseniproceedingsWe state ouigratitutes toall authors
keynote speakers, special session organizers, reviewers, session chairmen and lsogdfifictheir precisious
contribution and hope to extend these cooperation for the next events, too.

This proceeedings have been delivered to the participants via the conference webgitédirnk specific ISBN

In addition, high amount of selectaad improvedaperswill be considered for the publicatiomiieputable journals
indexed inScience Citation Index (S@hdexed),Emerging SCGliindexed, SCOPUSindexed and EBSCénhdexed

journalsafter thestandargeerreviewprocesses of the journals

We would like to send ouwarmestgreetings to all and looking forward to having your future contribution to the
future events for a much greggandemyfreeand peaceful wordl June2023, Ankara)

Prof. Dr. Erol KURT
Chairman of ECRESeries
Gazi Univesity, Technologyraculty
Department of Electrical and Electronics Engineering
06500BesevlerANKARA T | RKKY E
E-mail: ekurt52tr@yahoo.com
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Riga, Latvia
Abstract: From the currenglobal energy map, coal leads electricity production with more than 37%, n.
gas with 24%, petroleum with about 3% renewable energies with more than 26%, and nuclea
with 10%.

Significant potential for further expansion of renewable energiewhiceed with concerns abot
potential future natural gas supplies leads to a focus on hydrogen from electrolysis (green hy
rather than from natur al gas with carbon
As of 2020, most hydrogerD95%) is produced &m fossil fuels, but hydrogen produced frc
renewables has huge potential. To significantly contribute to the clean energy trafigitiamn
hydrogem must be produced at scale or blended into existing gas infrastructure reducing
emissions. Hydrogecan also be used for seasonal energy storage, industry decarbonisatio
renewablepowered future.
This talk will highlight how hydrogen will help in replacing fossil fuels in the future.

Keywords Hydrogen, renewable energy, perspective, storage
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Building Integrated Photovoltaics: From Sufficiency to Sharing

Cite this paper as:

Towards Carbon Neutral Cities

Dimitrios Karamanis
University of Patras, Greecgkaraman@upatras.gr

Karamanis D., Building Integrated Phaivoltaics: from sufficiency to sharing towards carbc
neutral cities 11th Eur. Conf. Ren. Energy Sys-2BMay 2023 Riga, Latvia

Abstract:

To i mpl ement Paris agreement and keep
compared to preindustrialMels, deep decarbonization is required with the utilizatior
renewable energy sources. The integration of renewables in buildings is a key compt¢
the proposed actions of WGIII and a step forward to distributed energy systems wit
contribution from buildings, becoming prosumers. Since the building structure is
interface between humans and their natural environment, sustainable development
a rethinking of the photovoltaics integration in harmony to local environmental
bioclimatic conditions. The necessity of climate crisis mitigation points towards mc
beyond the sel§ufficient and selconsumption concepts into positive energy sharing wi
local communities. In this context, the SERAS concept (sufficiency, efficiency, abhes
and sharing) that we recently proposed in BIPV deployment will be presented and dis
towards carbon neutral cities.

Keywords

Photovoltaicsenvironment, policy, decarbonization
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Cite this paper as: May 2023 Riga, Latvia

Abstract: Modeling complex systems is Isthn open issue is many fields, and among them, in the sco
energy. A good modeling provides accurate simulations that can help to pose, design and i
appropriate control algorithms, which optimize the performance of the physical elementsekc
sometimes it is not clear that the first principle based modeling provides accurate enough res
the empirical modeling becomes a promising technique to deal with complex systems. In this
talk a number of first principle models will beviewed and the empirical modeling will be presen
for a real case.

Keywords Theory, empirical model, optimization, complex
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Use of aLow-Cost Catalystfor the Productionof Fuel Gasand Carbon
Nanotubesfrom the Pyrolysisof Plastic Waste
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University of Granada, @Gnada, Spain, atianm@ugr.esORCID: 0000:0001-:95157307

Rafael Moreno
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Cal er o, -Mya, Mg MarenqmR.,Bl 8z quez, G -costltatalyst éof the

Cite this paper as:  production of fuel gas and carbon nanotubes from the pyrolysis of plastic waste. 11. Eur
Ren. Energy Sys. 48 May 2023, Rig, Latvia

Abstract: Plastic waste is a problem of special interest in recent years. Reducing consumption,

management and recycling are the options that are being considered to control plastic p

Chemical recycling is a very suitable altatime for plastic waste that is difficult to reuse

mechanically recycle. In this work, fuel gas and carbon nanotubes were obtained from the p
of postconsumer plastic waste using sepiolite as adost catalyst. The pyrolysis has been cari

out in a horizontal tubular reactor in two stages. In the first reactor, plastic waste pyrolysis is
out at 500 UC and the pyrolysis gases wer

deposition of carbon on the catalyst surface avtile offgas is collected in Tedlar bags. Cark
deposition on the catalyst was analyzed using different techniques such as temperature proy
oxidation (TPO) and transmission electron microscopy (TEM). The gas is analyzed t

chromatography. Thesults showed that the exhaust gas has a good calorific value, being con

mainly by methane, ethane, carbon monoxide and in smaller quantities hydrogen or ethyle
results of TPO allowed to determine the amount of carbon deposited while thenEgks showec

the presence of carbon filaments that could be confirmed as nanotubes.

Keywords Carbon nanotubedg-uel gas Plastic wastePyrolysis
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Maris Klavins
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Klavins, M., Anson®ertina, L., Arbidans, L.: Development of sorbents for carbon captui

Cite this paper as: achieve carbon neutrality. 11. Eur. Conf. Ren. Energy Sy&0I1ay 2023, Riga, Latvia

Abstract: Climate change problems abecoming a priority issue worldwide and requiring urgent action
reduce emissions of greenhouse gasses (GHG). However, reduction of GHG emissions alor
help to reach climate neutrality aims as it is stated in EU Green Deal. To reach climatiéyainrs
at the same time keeping up welfare level of society, it would be important to capture carbon
during different technological processes, at first as a result of combustion or incine
technologies. Thus, major efforts should be putdewelopment and implementation of carb
capture and storage (CCS) technologies. There are several approaches suggested an
implemented at pilot scale. But further testing of different approaches still is actual. One of ¢
where CCS technalyy application would be essential is waste processing technologies. Aim
research is to study possibilities to develop materials for CCS and demonstrate their pote
small scale CCS, relevant for waste treatment. The application -aoprieusion carbon capture
provide opportunities to reduce emissions of CO2. A number of sorbents, prospective for CC
been elaborated and their application potential demonstrated.

Keywords Carbon capture, Metal organic frameworks, Hydrochar, Biochar

E  230Pablished bECRES
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Cite this paper as:

Paucar M. F. , CRatir ot aM. ,-Mudfuio mkatigation rof meta
impregnated zeolites as catalysts in pyrolysis of mixed plastic wastdsurl Conf. Ren. Energ
Sys. 180 May 2023, Riga, Latvia

Abstract:

Catalytic pyrolysis of plastic waste is an interesting option to contribute a circular econor
plastic. In this work, the performance of two known zeolites, Y and-ZgNh cataltic pyrolysis
of a real plastic waste mixture was investigated. The zeolites used in this work were modi
using the incipient wetness method using nitrate solutions of nickel and cobalt. First prepar.
eight catalytic materials wamerformedtwo native samples, four nickehpregnated samples, fol
cobaltimpregnated samples). Second, a complete characterization of the native and
impregnated zeolites was carried out including textural properties as specific surface area, ti
volumeand acidity. Some differences in characterization results were found as a function
of zeolite, type of metal (Co or Ni) and amount of metal dispersed (1% and 5%). Then, ci
pyrolysis experiments were carried out in a laboratory fixedirea t or at a t em
The product distribution did not change significantly, although a weak decrease in the yield ¢
was observed in metahpregnated catalysts. Also, low influence on the oil composition
detected yielding a liquid pduct in which a higher percentage are hydrocarbons in the ga:
range.

Keywords Plastic waste; Pyrolysis; Zeolites; Metal impregnation
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The Expected Dynamicsof The Wind Energy in The Baltic and North
Seas

Eugen Rusu
fiDuntr eaUrniev &rosi, Royaniagbsd@udgairoORCID: 00000001-68998442

Rusu, E, The expected dynamics of the wind energy in the Baltic and North Seas, 11. Ei

Cite this paper as: Ren. Energy Sy4820 May 2023, Riga, Latvia

Abstract: The offshore wind industry has already a spectacular development in the north of Europe. 1
wind farm was installed in 1991 in the Baltic Sea and around 60 wind projects are cu
operational in the Bt and North Seas. According to the European Green Deal, a 25
enhancement of the offshore wind power capacity is targeted in Europe by 2050 in relationsl
2021. Thus, an accelerated development of the wind farms is expected in the Eurofstemenda
this context, the objective of the present work is to analyze the expected dynamics of the win
in the Baltic and North Seas until the end of the 21st century. The analysis is structuregkan
periods. An analysis of the recent pastdwdata for the 4§ear period 198@019 is first carried ou
based on ERAS data. The study is continued for the future periods, near futw20802and distan
future 20612100, considering two different RCP scenarios (4.5 and 8.5). The resultddrttiat
moderate enhancements are expected in both seas in terms of mean wind power density. In
Sea significant enhancements of the maximum wind speeds can be also noticed.

Keywords Wind power, Baltic and North Seas, RCP scenarios, near atahtlfsiture, historical data
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Acknowledgments

This work was carried out in the framework of the research project DREAM (Dynamics of the REsources and technolog
Advance in harvesting Marine renewable energy), supported bfRah®anian Executive Agency for Higher Education,
Research, Development and Innovation FunditieFISCDI, grant number RNI -P4ID-PCE2026-:0008

12


mailto:erusu@ugal.ro

IRESE;

RIGA 2023

An Evaluation of the Future Expected Wind and Wave Power in The

Black Sea

Alina Beatrice Raileanu

Univer sity Duntrea de Jos, G adnabipis.ro, ORCGIDMEOB000&671444I7X n at

Liliana Rusu

University Dunktrea de Jos, Gal Hd®R8I79RB4/mani a,

Cite this paper as:

Raileanu, ABRusu, LAn evalugion of the future expected wind and wave power in the B
Sea, 11. Eur. Conf. Ren. Energy Sys2@8vay 2023, Riga, Latvia

Abstract:

The European Green Deal assumes an accelerated implementation of the marine ener
covering large geographicapaces in the European coastal environment, including also the
Sea. In this context, the objective of the present work is to present a perspective of the wind a
power dynamics in the basin of the Black Sea coming from the recent past andrgibitihge end of
the 21st century. For the historical wind data ERA5S is considered, while for the future, dat
RCA4 regional climate model are processed and analysed considering various RCP sceni
regards the waves, a wave modelling systemARWased, has been implemented in the Black !
This system has been validated for the past period against satellite data and its outputs we
reliable. For the future, SWAN model was run using the RCM wind data. The results indicate
slight enhancement is expected in the future both in terms of wind and wave energy al
enhancement will be higher in the western side of the sea. It was also noticed an increas
maximum wind speeds, both in terms of frequency and intensity. On thehathé, the extrem:
values of the significant wave height are not expected to be higher in the future because of the
form of the extreme storms that imply variations in the wind directions, and consequently r
fetches.

Keywords Wind and wag power, Black Sea, RCP scenarios, extreme events, 21st century
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Alanezj AA.,, A compact unit of photovoltaic solar still air gap membrane distillation proces
Cite this paper as:  simultaneous production of water and electricityt. Eur. Conf. Ren. Energy Sys.-2@ May
2023, Riga, Latvia

Abstract: Remote arid ath coastal areas have dry climates, limited freshwater supplies, and intens
radiation. Solar still (SS) and photovoltaic (PV) technologies are preferred forssraldlwater anc
power demands. However, these techniques have low thermal efficiedchan limited water
productivity. A compact hybrid system with a novel design combines a solar still air gap mer
distillation process with a photovoltaic panel. Outdoor experiments revealed daily average y
produced water and power of 5.9 kgend 0.68 kWh/rf respectively, when solar radiation intens
was 6.4 kWh/ri Throughout the day, the specific productivity (permeate flow) of potable w
electric power, and thermal efficiency coefficient is evaluated. The results indicate th#ara
radiation increases, productivity increases. The daily yield of the hybrid system increafsd :
when compared to a singdtage AGMD system and cascade solar still arrangement system, an
of solar energy was efficiently utilized

Keywords Solar still, air gap, membrane distillationphotovoltaic panelwater desalination
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Ajanovic, A, Sayer, M, Haas, R. Role of the transport sector in hydrogen energy syst

Cite this paper as: Eur. Conf. Ren. Energy Sys.-28 May 2023, Riga, Latvia

Abstract: Over the last decadeterest in hydrogen has been rapidly rising. Hydrogen is seen as a very imj
energy carrier on the way to a more sustainable future. It can contribute to energy supply sec
diversificationof the fuels used in the whole energy system, as wetba better integration ¢
electricity from variable renewable energy sourd@é.special interest is its contribution to ti
decarbonization of the transport sector, especially of the transport modes in which electrific
too expensive or not pdbke. However, all benefits of hydrogen use in the transport secto
achievable only in combination with hydrogen production from renewable energy sourcakedc
green hydrogenThe core objective of this paper is to investigate the perspectivgsefor hydroger
and fuel cell vehicles from an economic and ecological point of view in a dynamic framewc
2050. The analysis will be conducted in comparison to conventional vehicles and fossil fuels,
as battery energetic vehicles. The metbbdpproach is based on wékwheel emission analysi
and dynamic economic assessment. Moreover, impact of relevant transport and energy poli
be analyzed and discussed. The major conclusion is that the future role of hydrogen is very de
on policy framework, level of the CG&axes and further technological learning, researct
development of batteries and fuel cells.

Keywords Hydrogen economy, fuel cell vehicles, green hydrogen
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Cite this papeas:
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HaasR., Conditions forHeading Towards DemocratiEnd Environmentally Benign Electricit
Systemgll. Eur. Conf. Ren. Energy Sys-2BMay 2023, Riga, Latvia

Abstract:

Today, in many countries the electricity markets are subject to comprehetitsragions. An
increasing number of consumers is eager to participate in meeting the electricity they consur
fact has been promoted by the rise of photovoltaics as a technology which can be deployed
the user and in addition by small bajtstorage. The core goal of this work is to give insights
getting closer to a democratic and more environmental electricity generation system that i
larger quantities of intermittent renewable sources. Our method used relies on the basidaadif
load (= this is total electricity consumption minus intermittent electricity produced) during a
year for every hour. In addition, the intermittent renewable production from hydro, winc
photovoltaics is modeled for every hour. Our most irstigng findings are: (i) most important is
pricing approach for the wholesale market in which the price signals give information to the
participants on the availability of excess electricity or scarcity in every hour of the year; (ii) tc
out changes in the residual load a proper set of flexibility measures is required consisting
Demand response by means of pricing by tofiase; (i) pumped hydro, electrochemical batte
and different other storage options; (ii) management of therside by cycling; (iii) In addition,
power plants with high flexibility (e.g. gas turbines) for for bagksecurity capacity are of relevan
in both cases, without and in the case of the presence of capacity markets. The final conclusi
invesigation is, that a fundamental shift in our basic understanding of the structure of the ele
market has to take place. In this new view rather the suppliers or other coordinators of dem
supply are in the core and no longer the power plamatgrs. Eventually, it is of relevance that t
development of such a democratic system for the integration of intermittent renewable sot
European countries will be a role model for virtually all countries waitte.

Keywords

Electricity marketsrenewables, storage
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Mona, Y, Chaichana, C, Pana, S, Souksavath, P, Yukihi@hikjro S. Development of
Cite this paper as:  skutteruditetype thermoelectric materials k€04Sb12 using highressure synthesis method.
11. Eur. Conf. Ren. Energy Sys:-A@May 2023, Riga, Latvia

Abstract: Thermoelectric power generation is a promising technology for meeting the increasing global (
for energy while reducing the ueéfossil fuels and their associated climate change impacts. In
to improve the efficiency of thermoelectric materials, researchers have developed various
synthesis methods, one of which is the Righssure synthesis method. In this study,used the
high-pressure synthesis method to synthesize the patfiibdly skutterudite compound L@a:Shi»
with a Lafilling ratio of up tox = 0.28, exceeding the theoretical filling limit at ambient press
The resulting material, lbasCaShi, exhibited significantly lower lattice thermal conductivity of 1
W/mK than CoS§ suggesting that highressure synthesis method is a powerful tool for
development of higiperformance thermoelectric materials.

Keywords Thermoelectric energy conversiorhdrmoelectric materials; HPHT; Skutterudite
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Rusu, L, Assessment of The Synergy Between Marine Energy Resources in The Wes

Cite this paper as: Coast, 11. Eur. Conf. Ren. Energy Sys208Vay 2023, Riga, Latvia

Abstract: The west Iberian coast is an area with great potential for wave and wind energy exploitation,
location of interest for the development of wind and wave farms. Moreover, this area also s
have great potential for solar energy exploitation, whiah lma extracted together with wave a
wind enrgy using floating or fix structures. Taking this into consideration, the objective of the
work is to carry out a joint evaluation of the wave, wind, and solar power and the synergy b
these resowes along the target area. The wind and wave power assessment was made for twc
each one covering 20 years, representing the present and near future periods. ERA5 wind ¢
been used for the first period, while for the second period windodat&ded by the RCA4 (Rossb
Centre regional atmospheric model, version 4) climate model have been considered, under
(Representative Concentration Pathway) scenario. Simulation results with SWAN (Simi
WAVves Nearshore) model have been consifi¢ceevaluate the wave power. A good correlat
between wind and wave power was found in the west Iberian nearshore, showing that this
the potential for development of joint wihdave projects. For 10 years in the past, solar power
estimatedbased on ERA5 data, and the synergy with wave and wind power was assessed
purpose of their joint exploitation.

Keywords Wave energy, wd power, Iberian coast, RCP scenarios, future, historical data
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Chakankar M Su C, Hocheng H, Comparable Recovery of Metals from Waste Solar Electr
Panels usig Microbial Media and Organic Acids, 11th Eur. Conf. Ren. Energy Sy20 May
2023, Riga, Latvia

Abstract:

Facing the huge impact of global warming, solar energy is considered as an essential alter
the fossil fuels and a clean energy souarebbth industry and household. The current photovol
panels have a typical service life of-28 years, while the implementation of nhew photovolt
systems is increasing continuously. The waste in one year is estimated to be about one mil
before 2050. The functioning metals in these photovoltaic panels include lead, cadmium, and
which are hazardous to the human health. They also contain treasure metals such as silver,
and indium. The recycling of these metals from the walstegpoltaic panels can help satisfy tl
materials demand as well as reduce the threat to human health. There are many studies inv
the thinfilm solar panels recycling including mechanical and chemical methods. Implems
various strategies wilhelp the transition of energy technology to be more sustainable as w
provide with the economically viable alternatives. The main purpose of the current study
investigate and compare the use of microbial media and organic acids for rectzfimietgls from
waste photovoltaic panels. Both approaches are considered valuable for developing-tl
environmental impact recycling process. Among four microbes, P. chrysogenum was ident
generate 100% recovery for several metals includingrtlama and valuable ones. Four orga
acids, namely oxalic acid, citric acid, malic acid and gluconic acid, and their mixture were L
study the leaching performance. The experimental results suggest that oxalic acid is the most
in reclaimingthe metals. The advantages and disadvantages between two approaches are ¢
and elaborated.

Keywords Photovoltaic Panel, hazardousetal, recycling, organic acid, microbial edia
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Loads on Carbon Capture Performance and Econgriitth Eur. Conf. Ren. Energy Sys:2A@
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Abstract: To achieve net zero emission, employing ;Gfapture and storage is a must. Rashbustion
separation and captirusing chemical absorption is probably the most-e&thblished carboi
capture technology available to date. It can be retrofitted to existing power and industrial ple
treating full or part loads of flue gas stream. In this work, process simulgfticarbon capture in .
300 MWe power unit of a Thai coal power plant was undertaken using AspenPlus software. E
flue gas loads on performance of a lean aqueous monoethanolamine solution capture sys
considered. From the simulation studywis found that almost 200,000 tCO2 a year coulc
captured by the power plant at the annualized total cost for the CCS retrofit of less than 27
USD, operated at 10% flue gas load. This would give a total cost of the CCS plant at 135 US
capured. But at full load, the optimal total costs and the annualized total cost of the CCS pla
about 109 million USD and 55 USD/tCO2 captured, respectively.

Keywords CCS dimate mitigation low carbon engineeringower generatiopprocess simulatin
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Cite this paper as:  of Thin Strontium Titanate Films on the Raman spectrum: Ab Initio CalculafidtisEur. Conf.
Ren. Energy Sys. 48 May 2023, Riga, Latvia

Abstract: Thin strontium titanate (STO) films have gaihattention as efficient photocatalysts for produc
hydrogen fuel through photelectrochemical water splitting. Although the bulk STO crys
characteristics are well known, the nanostructure, chemical composition, and crystallinity of u
perov&kites/nanoparticles and watsplitting intermediates thereon are a big challenge to under:
[1]. Raman spectroscopy can be used to identify adsorbates and surfaces promising for photc
[2], being an effective tool for the structural charactdion of advanced materials. Interpretation
Raman spectra requires accurate assignment of peaks to specific atomic vibrations. For this
the ab initio calculations can be used to reliably assign vibrational peaks of ultrathin ST Odilmgs
abinitio DFT methods, we were able to identify the Raman frequencies that characterize tt
STO, ultrathin films, and the change in the scattering spectra with increasing film thic
According to our study, due to very low intensity, some peakmilRiman spectra of thin STO filn
that belong to the Raman active modes of pure STO crystals are not well observed in the
spectra. However, as film thickness increases, their intensity also increases and Raman fre
shift towards the charactstic modes of a pure STO bulk crystdahe results obtained make
possible to interpret the experimental data, and ab initio methods can be used to further st
STO films with tuned catalytic properties and weplitting intermediates

Keywords

E  230Pablished bECRES

References

[1] M. Sokolov, Y.A. Mastrikov, G. Zvejnieks, D. Bocharov, E.A. Kotomin, V. KrasneiWkater Splitting on Multifaceted
SrTiO3 Nanocrystals: Computational Stu@gtalysts 11 (2021) 1326

[2] V. Krasnenko, L.L. Rusewvit A. Platonenko, Y.A. Mastrikov, M. Sokolov, E.A. Kotomilater Splitting on Multifaceted
SrTiO3 Nanocrystals: Calculations of Raman Vibrational Spectiewerials 15 (20223233

21


mailto:maksim.sokolov@uni-due.de

IRESE;

RIGA 2023

Ammonia Nitrogen Removal and Recovery using Bipolar Membrane
Electrodialysis with a Membrane Contactor

Kyo Sik Hwang
Korea Institute of Energy Researdeju Koreag kshwang@kier.re.kiQRCID: 000000034170-8278

Jooyoun Nam
Korea Institute of Energy Researdeju, Koreajynam@kier.re.krORCID: 000000025211-4857

Namjo Jeong
Korea Institute of Energy Researdeju, Korea, njjeong@kier.re.kbRCID: 0000:000309392744

Hwang, KS, Nam, J, Jeoyld. Ammonia nitrogen removal and recovery using bipolar memb
Cite this paper as:  electrodialysis with a membranemtactor. 11. Eur. Conf. Ren. Energy Sys.208May 2023,
Riga/Latvia

Abstract: Advanced postreatment technologies are needed to improve the removal of ammonia nitroge
wastewater through the anaerobic digestion process, in order to meet stlisgeatge standard:
Electrochemical systems for ammonia nitrogen removal are a promising alternative ar
compared to conventional technologies. In this paper, the bipolar membrane electrodialysis
membrane contactor (BMEDBIC) process is experientally investigated for the removal a
recovery of ammonia nitrogen from synthetic wastewater. Theell5 bipolar membrane
el ectrodialysis stack, with a surface ar
compartments: a base compartmentlilute compartment, and an acid compartment, which
separated by a cation exchange membrane, a bipolar membrane, and an anion exchange n
A hollow fibre membrane contactor is used to recover ammonia nitrogen from the base strea
acid steam to ammonium sulfate. The experimental results indicate that the ammonia n
removal and recovery efficiency for BMEMC are 94.8% and 93.4%, respectively, and the en
consumption is 12.8kWh/ kgN at a ctheexperimenta
results, a techreconomic evaluation of ammonia nitrogen recovery for BM#O is performed,
comparing it with conventional technologies.
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Abstract: Ball mill pretreatment is effective to reduce size of biomass and, subsequently, result in in
surface area and improved bioavailability. Ball mill pretreatment caused no significant chs
biomass components. This study will present the avgament of the bioavailability of biomass
using ball mill pretreatment in fermentable sugar and biomethane produdtidhs. fermentable
sugar production, the use of ball mill pretreatment eliminates the need for washing and transf
biomass pir to enzymatic hydrolysis while obtaining higher glucose vyield than untreated sz
84%. In the biogas production, the ball mill pretreated both food waste and rice husk to ir
methane production. The ball mill improved the uniforminity of partstie and soluble chemic:
oxygen demand (SCOD) and, ultimately biochemical Methane Potential (BMP) of biomasses
induced changed in the microbial community of anaerobic digesters, which eventually
increased methane production. Finally, fthed waste and rice husk produced 490 mL CHAR)
and 100.4 mL CH4/g VS, respectively, in the biochemical methane potential test after the b
pretreatment.

Keywords Pretreatmentfermentable sugabiomethanefermentationBMP
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Pan, SY, Fan, C, Shiau, ,YBlegi S Challenges and Opportunities of Enhanced Bio
Production using Anaerobic Gdigestion with a Low Carbon Footprint. 11. Eur. ConfnR
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Abstract:

Several studies attempted to improve the biogas production from anaerobic digestion (AC
various approaches, such as saligte AD, an anaerobic membrane bioreactor, a coupled mict
electolysis cell, biochaincorporated AD, and serdiry AD with zero valent iron and magnetite.
this study, we systematically discuss the challenges and opportunities of enhanced biogas pr
using anaerobic edigestion with a low carbon footprint. Weovide a few examples of AD (suc
as anaerobic edigestion using swine manure and rice husk) at several synergistic scales, ini
mechanisms of ion transport and transformation at a molecular scale, novel unit processes at
scale, and comprehnsive evaluation methods for performance optimisation at a global scale. W
incorporate the AD processes with carbon dioxide (CO2) capture and utilization to deliver a n
CO2 emission system. We also address the environmental benefits andfoatponts of different
AD-related processes by lifgycle assessment to understand the feasibility of {acgke operations
This work should be considered as a tutorial study for enhanced biogas production using AL
low carbon footprint, therelyoving toward a negative CO2 emission system.
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Abstract:

The optimal system parameters of the small aspect ratio tokamak fusion reactor with a fusiol
less than 300 MW and molten salt transmutation blawkstfound. Using a tokamak systems cc
coupled with a neutron transport code and a Hwrrcalculation code, system parameters

neutronic properties were sabnsistently calculated. Advanced engineering features such ¢
maximum allowable magnetiiield, Bmax = 23 T by adopting high temperature superconduc
(HTS) magnet technology, the usage of an advanced neutron shield material like tungsten
(WC), a plugbucked toroidal field (TF) magnet support structure, no central solenoid, ete.,
implemented. The effects of the aspect ratio, A in the range of 1.5 to 2.0, and the fusion powe
transmutation properties were investigated with two molten salts, FLiBe and FLiNaBe were as
and it was found that the transmutation perforneamas similar. With the FLiNaBe, initial inventot
of the transuranics (TRU) was smaller than the case with the FLiBe, but tritium breeding ratio
were smaller than the case with the FLiBe and additional tritium breeding blanket was requir:

Keywords: Transmutation, roltensalt, TOKAMAK neutron sourceyWw aspect ratio
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Abstract: Microplastics(MPs)are frequently traced in almost all environmental matrices (soil, wargr,
Developing relevant technology fdre detection and degradation of microplastichemare in
a very early stageln the present work, the oxidation of conventional microplastics (Polyethy
PE, Polypropylene: PP, Polystyrene: PS) along withattteal plastic wastes (plastic bottle
micropipette tips, centrifuge tubes, nitrile gloves, packaging plastics) were examin
employingthe coalescence of therrlaénton reaction carried out amhydrothermal autoclave
reactor. Typical parameters sumhtime, temperature, MPs doseObidose, F& concentration,
and solution pH were optimized. Medium density polyethylene showed almost ~82% weig
at the optimum conditions (temperlah0Oddose =
200 mM, Fe'? concentration = 15 mL of 1000 mg_solution pH = 10.1). The microplastic
samples before and after the reactions were analyzed by SEM, FTIR, and XPS to track d
physical and chemical changes. The carbonyicas{Cl) for samplesvere evaluaéd at 0.30,
0.31, 0.51, 0.68, and 0.6om the FTIR spectra forh} 8h, 12h, 16, and 20hof reaction
respectivelyln this regard,he morphologicathangesvere observedonfirming that cracks on
the surface of the plastics generatedte growrbiggerwith the reaction time.
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Abstract: The combination of plasma waste gasification and hydrogen separation technologies offers a
way to produce energyoff fuelcells. The organic fraction of the input fuel is decomposed
permanent gases by means of plasma at very high temperatures. The inorganic fraction is mi
an inert nonleachable slag. Therefore, this process has a significant enviroradeatdahgeThe
testing of the plasma gasification of municipal waste was carried out using a hybrid plasma tot
water addition as a gasification medium, because it was possible to achieve a€teratio in
outlet gas. The test conditions wessfallows: fuel dosing 25 kg/h, plasmatron power 120 kW, wi
addition 150 g/min and average reactor te
temperature, a plasma torch with hybrid stabilization was ignited and access to the igasi
medium (water) was ensuréithe test results demonstrated the possibility of gasification of muni
waste. At the same time, the increasedCi® ratio when using #0 as a gasification mediur
(compared to Cg) has been confirmed. More detailed infation on the test will be presented in t
poster.
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Abstract: In recent years, power generated from beltireeimeter or edge device has been steadily increa:
Consequetty, utilities face operational challenges due to a lack of insight and control over
devices. This paper presents (1) Bekinemeter Solar Aggregation Platform (BSAP) on the clc
for solar situational awareness and (2) performance of BSAP anddesige integration. We
developed a demo system on the cloud and interfaces to integrate the platform with edge dev
set up a tweway data channel, with the capabilities to upload, ingest to cloud, store, and proce
data in the platform. Entb-end system communication was tested. The platform received date
edge devices and sent back control signals. Examples of performance metrics of integra
include data interval, data accuracy, latency, and data throughput. We found thattftren
exceeded all initial performance metrics. Based on the results, BSAP is on track to scale anc
with data from utilities in the future. The performance in this paper demonstrates how the p
and data from edge devices can help grid opesatith enhanced situational awareness.

Keywords Solarsituational awarenesglistributed energyesources, DERS integration, refine @eration
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Abstract:

Nowadays, there are several commercially available technologies for biogas upgradohg tu
their high investment cost, high energy consumption or use of polluting chemicals, it is diffi
decide which of them to implement on an industrial scale. This study at pilot scale seeks to
a reliable, lowrisk and lowcost biogas enriament system based on membrane contactors, ca
of efficiently treating the biogas generated in different production environmidrgsiovelties tha
these membrane contactors introduce with respect to the existing upgrading systems
following: (1) Use of a gadiquid membrane technology that allows the CO2 to be separated
the CH4 contained in the biogas at low pressure (4 bar), thus minimizing safety problems,
investment, and the operation and maintenance costs associated with maekdigh pressure
commonly associated with ggas membranes upgrading systems (16 l§ay)Use of lowcost
technology, since the necessary infrastructure is widely spread for gasification/degassing app
in the carbonated beverage industry, thalsing the great problem of upgrading processes relat
high investment costs in equipment.
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Abstract:

The population growth and dieting habitciease the quantity of kitchen residue over the ye
Besides being used as fertilizers, most of the residues were collected and treated with incir
which consumed energy and decreased the economic value from the perspective of the
econony. In this study, the sludge from a domestic wastewater treatment plant was blende
kitchen residues, and the quantity of methane production by anaerobic fermentation was e
daily. The kitchen residue used in the study was a mixture of Choaddmge, beef, and fisl
following the usual consumption habit in Taiwan. The result showed that the microbial activity
sludge influenced gas production. The total gas production using the younger sludge produtc
less than the elder one, with%6ess methane and 66% less carbon dioxide. The anaerobic tre:
for well-cooked or uncooked residues also exhibited different fermentation efficiency. Th
quantity generated 16% more by the mixture of sludge andcaeled residue, while methar
generated 24% more. The elder sludge and-emked kitchen residue could produce more meth.
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E

23Pablished bECRES

30


mailto:chfan@ntu.edu.tw
mailto:sypan@ntu.edu.tw

IRESE;

RIGA 2023

Anaerobic Digestion for Biogas Production using Wastewatefrom

Polyhydroxyalkanoates Production Process

Ingyu Lee

University of SeoulSeou] Korea ingyu@uos.ac.kifQRCID: 0000:000298386428

Changgune Lee

University of SeoulSeoul Koreg 1119chang@uos.ac,KdRCID: 0000-:0001-9401-665X

Jeongeun Lee
University of Seoul, Seoul, Koreéejel350@uos.ac.kr

Hyo Kim

University of SeoulSeou| Korea hkim@uos.ac.krORCID: 0000000176574885

Hyunook Kim

University of SeoulSeoul Koreag h_kim@uos.ac.krORCID: 0000:00031256480X

Cite this paper as:

Lee |, Lee C, Lee J, Kim, H, Kim, H.,Anaerobic Digestion for Biogas Production usil
Wastewater from Polyhydroxyalkanoates Production ProceksEur. Conf. Ren. Energy Sy
1820 May 2023, Riga, Latvia

Abstract:

Polyhydroxyalkanoate (PHA) is a high molecular substance that can be formedfd@eni@atation
of a variety of fooederived ingredients and can accumulate in cells. Since it is readily biodegr:
comparing to petroleurbased polymers (i.e., @cs), PHA has drawn attention as an alternativ
the conventional plastics. However, a significant amount of wastewater containing a high col
organics and nutrients is generated from a process of PHA production. Singe &i¢4s wastewate
is ariginated from biological process, it was assumed to be readily biodegradable, which was,
verified by performing a biochemical methane potential (BMP) test. A biomethane vyield «
wastewater was determined as 0.37 L CH4 dVSherefore, in ths study, a twestage anaerobi
digestion (AD) system was applied for treating wastewater produced from a commercia
producer and eventually for producing biogas. During the continuous operation of-tiralled AD
system, the average biomethane yield.03 L CH4 gVS1 was obtained. Through the anaero
fermentation process, 74% of wastewater TOC (also 83% of DOC) could be transformed to
In terms of conversion ratio, the current AD system based on PHA wastewater shows muct
value than a AD systembased on food waste. The biomethane yield of the latter was determi
0.46 L CH4 gVsl under a similar operating condition. Finally, digestrate from thestage AD
system was evaluated for its suitability as a fertilizer; the digestestialatas used in a plant growmt
test. Comparing to the plants treated with a commercial liquid fertilizer, the plants treated v
digested sludge showed equivalent growth, indicating that the digested sludge does not e
toxicity to plants andcan be used as a fertilizer. Overall, the result of the current study c
illustrates that AD is a promising strategy for extracting energy and nutrients frorpRIidéss
wastewater.
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Abstract: Transport electrification, which entails replacing fossil fpelvered engines with eleut drivetrains
through the use of electric vehicles (EVs), has been identified as a potential strategy for r
emissions in the transportation sector. As the adoption of EVs increases, there is a growing
understand their performance and chtastics, particularly the factors that influence ene
consumption under actual driving conditions. This study sought to investigate the actual
consumption of commercial battery electric vehicles (BEVs) in Thailand by conductingmédl
driving tests under various route conditions. Data collection was done through the use of «
diagnostics and global positioning system devices. A machine learning approach was uti
analyze the large dataset, predict energy consumption, and idbatifgy factors influencing enerc
consumption. The results of this study provide valuable insights into the energy consumption ¢
and the factors affecting it, which can aid in improving energy efficiency and informing [
decisions related to tmaport electrification.
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Abstract: Currently, electric vehicles (EVs) are being promoted worldwide due to the impacOof
emissions, air pollution, and the imminent depletion ofifesergy supplies. HoweveEVs are
still dealing with expensive battery systems and lengthy charging periods, which causi
discomfort and a high cost of ownership. Enhancing energy efficiency can alleviate these pr
Many factors affeca vehi¢ e énergy consumptiorincluding geography, driving behavior, an
traffic conditions.Traveling during peakour traffic congestion causes a high variance in en:
consumption This paper gives a quantitative analysis of how travel schedules thféeehergy
consumption of EVswhich can be used as a gelide for creating a flexiblavorking hourpolicy
at the organizational leveChiang Mai University and the surrounding area are asdhle case
study.The energy consumptionodelis developed fromeatworld driving test dataBased on real
time traffic information, the effects of traveling at differgimhes of the dayare examinednd
discussed as a guideline ftexible working hourimplementation
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Abstract:

Microwave (MW) irradiation is a promising method for the hydrolysis of cattle manure beca
has lower activation energy and accelesagsaction rate. Nevertheless, it is also needed to ent
MW-assisted hydrolysis yield of organic waste because MW consumes electric energy. Thus,
of experiments were performed to determine the solid content of cattle manure, the output ga
target temperature of MW irradiation under the different MW irradiation times for each
temperature. And food wastewater (FWW3}SKy and NaCl was applied as chemical catalyst in
MW-assisted hydrolysis of cattle manure to enhance dielectecteff MW irradiation. The
solubilization efficiency of cattle manure was affected by MW power, solid content and
temperature. MW power did not significantly affect the solubilization efficiency of cattle manur
the solid content and target tpnre r at ur e wer e opti mi zed in
respectively. The solubilization efficiency with MW pretreatment was 24~55% higher than the
conventional heating. The FWAAssisted MW pretreatment demonstrated higher WAS solubilizi
efficiency than the M\Abnly pretreatment due to the ions and acidic material. Therefore, F
containing high sodium chloride could be more promising for the enhancement of cattle r
hydrolysis.

Keywords Cattle manurefood wastewatehydrolysis microwawe, methane yield
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Abstract:

Livestock is one of the major contributors of greenhouse gases, particularly mgihaheand
carbon dioxide (C@), due to the activity of rumen digestive pathway. Rumen digestion proc
primarily, short chain carboxylic acid (SCCA), hydrogen)(LO;,, and CH as byproducts. SCCA
Hz, and CQ are further used by different classes ofttmeogens, leading to increased 4C
production. The goal of this study was to add a native rumen microorgiigigasphaera hexanoic
(MH) as a direcfed microbial (DFM) to the invitro rumen system and see if it could help re
biogas emissions. MH hasmde substrate coverage and also uses SCCA to produce mediun
carboxylic acid (MCCA), thus actings both an electron sink and a potential chain elongator, thi
limiting the activity of acetoclastic and hydrogenotropic methanogenesis. In batighe cubrious
doses of MH were added to the media and i
enhanced the digestibility of substrate and decreased ruminal pH and SCCA concentration. |
amounts of MCCA and a sharp reduction in biogasipction were observed. Results from this st
suggest MH addition is a promising strategy that combines bimjfgation with an increase i
animal productivity.

Keywords Megasphaera hexanoicairelct fed microbial (DFM), rumen digestion, biogas wtiion
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Abstract:

Globally, slaughterhoes generate a large number of animal byproducts. In spite of being va
energy substrates, they are always underutilized asvddwe products. Biogas derived from tl
anaerobic digestion (AD) of thermal hydrolyzed (TH) slaughter waste can enhanggy
production. AD in batch mode has been extensively assessed using the biochemical methane
(BMP) test. However, the BMP test is quite a laborious and-tiomsuming process limiting it
application in a largscale AD plant. This work focused oanstructing a suitable datmiven model
for the efficient prediction of methane production using data from various\ldonditions by
evaluating different machine learning (ML) methods. Based on the Pearson coefficient mat
high methanespecific attributes resulting from the TH pretreatment i.e., carbohydrates, pr
lipids, ammonia, and elemental composition are considered for ML model constructior
comparison of the best model with the experimental data is found to have a minimum eslatage
error. The proposed modeling strategy is an efficient method for determining methane yiel
extended experimental range

Keywords Machine learning, anaerobic digestioagghter waste

E

23(Pablished byeCRES

36


mailto:darsha28@hanyang.ac.kr
mailto:darsha28@hanyang.ac.kr
mailto:darsha28@hanyang.ac.kr

IRESE;

RIGA 2023

Evaluation of the Microbial Methanation Process ontie Pilot Scale
with Enhanced Hydrogen Mass Transfer for he High-Purity Methane

Production

YoungWook Go

Hanyang university, Seoul, South Korgaungwook@hanyang.ac.KDRCID: 000-00022401-7398

ByoungIn Sang*

Hanyang university, Seoul, South Korbasang@gmail.corORCID: 0000-:0001-79726709

Cite this paper as:

Go,YW, Sang BI., Evaluation of the microbial methanation process on the pilot scale
enhanced hydrogen meadransfer for the higipurity methane productionll. European
Conference on Renewable Energy Syster2018lay 2023, Riga, Latvia

Abstract:

Biological methanation using autotrophic methanogens could be operated at relative
temperatures and pressucompared withthe conventional chemical methanation processes
powerto-gas process hydrogenotrophic methanogens useAER as the sole carbon and ener
source formicrobial methane production. The ghguid mass transfer of His a crucial facto
controlling the efficiency of the biological methanation process. Improving the solubility of hyd
with a | ow henr ytisestitemftheartfan lretteasystem effsciensytandl rdquir
more research. A 2400 L pilot scale reaetas used to get a high bhass transfewith three pithed
bladetype impellers. The reactor was operated fomigrobial methanation process using
thermophilic hydrogenotrophic methanogdmgthanothermobacter siKEPCO-2. The conversion
efficiencies of @, and B reachd 97.1% and 97.9%, respectively and the maximum metl
production rate was observed about 400 VL Ad). The highpurity methane from the reactor c:
be connected to the gas grid without additional processing stages.

Keywords Biologicd methanationhydrogenotrophic methanogen, gaguid mass transfer
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Abstract:

Offshorewind turbines operatenderunpredictable athchanging conditionsuch agurbulent wind
and wavesThesdactors affect the turbingructure, its dynamics and influence énergy efficiency.

Thus, intelligent controllers that are able to face this uncertalrgintrinsic nonlinearity of thevind

system and complex environments are requiradtiis paper, amntelligent controler based on
unsupervisedRadial Basis Function Neural Netwdekdesigned for Maximum Power Point Trackil
(MPPT)for a 1.5MW floating wind turbinen this region, beveen the cuin and rated wind speec
the goal is to produce the maximum energy, keetiingower coefficien{d ) close tathe optimum
value The controlarchitectureusesthe direct speed control (DSC) scheme to provide a refer
electromagnetic torque and then regulate the speed of the turbine. The parametenrseaofat
controller areaunedusing a genté algorithm.The cost functiordefined in terms of the speed err¢
obtains the network weight3.he implementationis carried out withSimulink and OpenFAST
software.Results validate the control approach, the output power keeps the Cp near the o
most of the time. Furthermore, it gives slightly better results thatothi@e controlembedded in
OpenFAST

Keywords Floating wind turbine, MPPT, unsupervised neural networks, genetic algorithm, power coeffic
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Abstract: Recurrent Neural Neorks (RNN), like other machine learning (ML) techniques, are a powerful
for forecasting the signals in renewable energy systems. This information is crucial for the of
and maintenance (O&M) of a wind turbine (WT). In this work, two of thetetédhniques, long
shortterm memory (LSTM) and gate recurrent units (GRU), have been used to predict the
power of a WT time series. The database corresponds to a time series of a real WT located ir
T ¢ r k ¢comtaning 50,530 values obtainfdm the SCADA system. The wind speed, the w
direction, the theoretical power curve and the past values of live active power have been
network inputs. The dataset has been normalized (preprocessing), a time window has been |
the influence of the network parameters, such as the number of units and the number of hidde
has been analyzed. The output is the active power produced by the WT. In this particular ¢
GRUs returned a lower mean absolute error (MAE) compared to fhel L®ith a value of 0.02¢

and 0.040 respectively.

Keywords LSTM, GRU, O&M, wind turbine, LV active power, prediction
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Abstract:

Consumers demand advanced electronics and saitaiindustries in general. To satisfy the
demands, the new generation of rechargeable batteries must provide a much higher specifi
density than the existing technoldgy. One emerging post Lithium lon Batteries (LIBs) technolc
is Lithium-Sufur Batteries (LSBs). These devices can have energy density values of 2600"W\
However, S as an electrode suffers from a volume change ofB0is value is one of the highe
registers for a positive electrode. Another issue of this batteriesmsyss the polysulfide shuttl
effect[3]. These polysulfide chains are soluble in the electrolyte and are in contact with the
and the negative electrode, resulting in adverse consequéntidsState Electrolyte (SSE) ang&i
as positive electides can alleviate those problems. SSE can prevent the polysulfide shuttle
Therefore, the sulfide cannot poison the negative electfadéhermore, using kS as a positive
electrode can avoid volume change and physical damage to the eldatf8dws a specific capacit
of 1166 mAh/g, four times that of the capacity in oxide/phosphate positive elefetotleis positive
electrode material can be coupled with a lithifteee negative electrode to develop higergy

density batteries; this camprove the safety of the devices. However, the complex synthesis m
of Li,Si carbon composites restrains lagmle productivityWe propose a method to synthesiz:
Li,S-based nanocomposite cathode material. Li2S is used as the active materiaethtiegoaa
conductive carbon as a matrix to enhance the conductivity usingdrngterature treatment. Sut
cells can deliver a high specific capacity of 1000 mAhand work for 400 cycles with a fast re
responseThe purpose is to incorporate this piesi electrode into an aflolid-state battery to develo
a safety device with high energy density and good cyclability.

Keywords

Lithium Sulfide solid state batteriegpositive electrode
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Abstract:

In this paper, we use shape memory alloys to develop a novel heat engine mechaidknis
inspired by the mechanism of the internal combustion engine. Compared with other heat
using shape memory alloy as actuating mechanisms in the literature, this work has the fc
innovative featuregl) The SMA actuating mechanism oigtwork has a simple structure, the c
is low, the operation stability is high, the technical threshold is not high, and it is easy to inst
match with any equipment that generates waste [Bafhe heat engine can be applied to a w
range of leat sources, including: waste heat from machinery and equipment and industrial ou
from natural heat sources (geothermal, solar thermal, @rJhe heat engine can operate in hi
medium or low temperature heat sources. Compared with poweragjenenith the thermoelectrir
material technology, this work is more applicable to-temperature heat sources, or heat sou
with low temperature gradient@l) The heat engine can be applied to waste heat energy rect
which is in line with innovive energy, energy saving and efficient use of waste en@)gihe heat
engine of this work complies with net zero carbon emission, carbon neutrality and zero pgbit
It is easy to obtain the desired actuation performance of heat engine bingdjoste parameters ¢
the SMA actuating mechanism.

Keywords Heatengine, SMA actuating mechanism, waste heat
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Abstract:

Dark fermentation is a highly promising strategy when considering biohydrogen progdaictamit
allows the use of a wide variety of biomass substrates as feedstock. This provides an las
advantage related to waste management. However, when compared to conventional thermal |
such as reforming, dark fermentation is usually associated with low yields. In recent yee
strategy of using additives that, when added to the prao@ssyve yields by enhancing the activi
of the microorganisms has been developed with the ultimate goal of overcoming this |
However, the strategy of applying organic and inorganic additives in dark fermentation is |
widely used That is whythis paper aims to shed some light on the subject by comparatively stL
three types ohanoparticleszero valent iron, activated carbon and hydrochar, analyzing their ¢
on the dark fermentation process and hydrogen generation.

Materials and Methds

Digestate from an anaerobic reactor operating in a municipal wastewater treatment plant anc
were used as inoculum and carbon source, respectively in the first group of test (Tier 1). D
from an anaerobic reactor operating in a sugar faetdry and residual effluent from this facto
were used in the second group of test (Ti
diameter), activated carbon (Chiemivall, <0.5mm diameter) and hydrochar (Ingelia, <(
diameter) were usas additives at a dose of®fhg/L.Glass serum bottles of 1000 mL with workit
volume of 500 mL were used as batch reacit
and preincubated inoculum were taken to achieve a substrate to inoculumréditXpf 2 in the
reactors. HCl was used to create acidic conditions, bringing all tests to pH 5.5.

Results ad Main Conclusions

Fig. 1 shows experimental results of cumulative biogas production fitted to the modified Gor
model for tier 1 experimeation. The additives assayed show a different degree of effectivenc
biogas production but in all the cases, the use of additives revealed to affect positively the
yield. Maximum biogas production is obtained by using hydrochar as an addities case, 21¢
mL of biogas per gram of glucose are achieved. The curves corresponding to the test with ¢
carbon and iron nanoparticles are very similar, reaching 195 and 197 ml biogas/g g
respectively. Clearly, the test without the usadditive was the one that generated less biogas,
182 ml/g glucose. Regarding the composition of the biogas, only hydrogen and carbon dioxis
detected in all cases. The rappearance of methane reveals that no methanogenesis was ge
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during the process, probably due to the acidic conditions of the test with pH starting at 5
evolving to more acidic pH values until the test ended. At this time, the pH reached was arot
all the reactors. The maximum content of hydrogen detecteéddh &st is shown in Table :
highlighting the test with Fe(0) where hydrogen reached 38.4% of the biogas.

Figure 1. Effect on additives on dark fermentation. Tier 1.

Table 1. Digestate and biogas composition in Tier 1.

| No additives NP Fe(0) | Activated carbon| Hydrochar
Biogas composition
% H, max 37.4 38.4 37.7 36.5
% CH, 0 0 0 0
Average digestate composition (SD<10% for all the measurements)
Glucose (mg/L) 0 0 0 0
Etanol (mg/L) 16.2 12,0 10.8 5.5
Acetic acid (mg/L) 1713.7 1640.8 1650.0 1585.0
Propionic acid (mg/L 137.8 95.5 108.1 -
Butiric acid (mg/L) 2635.6 2517.7 2704.5 2360.9
Caproic acid (mg/L) 142.2 162.3 134.5 186.5
Total VFA (mg/L) 4640.4 4416.2 4597.1 4132.3

Table 1 shows the composition of the digestate at the end of therrifilsril. In all cases, it i
observed how the glucose is completely consumed, generating small concentrations of eth
volatile fatty acids (VFA), mainly butyric, the most abundant in all trials, acetic acid and

concentrations of propionic a@cin some trials. The minimum AGV concentration is observed ir
test that uses hydrochar as an additive, which is consistent since it is the test in which the
amount of the substrate has gone to form biogas. The composition of the digestatedpens the
door for this stream to be used as a VFA source or for it to be easily degraded in a conv
anaerobic digester for biomethane production. However, if the objective of the process is tom
hydrogen production, controlling the pH tife medium can lead to inhibiting VFA production

favor of hydrogen productiot Tier 2, where a real wastewater stream is used instead of gl
as the carbon source, preliminary studies indicate results along the same lines as those ot
Tier 1, with increases in biogas production greater than 2 with the use of additives. Likewise, ¢
hydrogen content is also observed in the biogas generated, arounfftgpoconfirming these
promising results in a second round of tests, the next #idgevio operate the reactors continuous
with pH adjustment to prevent the acidification of the medium from inhibiting the reaction, lo
for maximizing hydrogen generation.

Keywords Green hydrogen, hanomaterials, hanopatrticles, renewable gaiges,metals, wasto-energy
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Abstract:

As silicon is the basis of the photovoltaic (PV) industry, it is difficult to excldaolgblejunction

silicon-based solar cells from future perspectives. In many cases, the topttord bells of the
tandem solar cells are designed or even optimized separately. However, the design that gt
the optimum performance should be done while considering both top and bottom junctions.
more important when it comes tet&minal solar cells. Thus, physidzased quantified relation
between the design parameters of the top and bottom cells can be helpful to designers
manufacturers. Two basic design parameters are the band gap of the top cell and the thickn:
silicon wafer for the bottom cell, which are related. In order to understand this relation, we dev
a ldimensional framework based on semiconductor physics equatmsieglected the nen
radiative recombinatiofor the top celland followed the ShockleQueisser (SQ) approach. For tl
bottom silicon cell, the narrolvase assumption was used. Measured properties of silicon an
carrier absorption, incomplete ionization, photon recycling, and bandgap narrowing effect
considered. We then optimizdtetdesign at STC and quantified the relationship between the to
band gap and silicon bottom cell thickness. Finally, a VE8top graph for the-ferminal tandem
solar cell was introduce@ig. 1) Several interesting insights were driven from thegbrincluding
that the efficiency of 2erminal siliconrbased tandem solar cells is limited to 42.8%, which is
than reported values in the literature.
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Figure 1.Silicon bottom cell bulk thickness-fype) and tandem cell efficiency as a functiothef
band gap. The efficiency limiBi thicknessand top cell band gap at maximum efficiency are ¢
mentioned. The blue area shows the band gap range where a slight change in efficiency le
large change in optimum Si thickness.

Keywords Photovdiaics (PV), efficiency limit, silicon wafer thickness, band gap, tandem solar cell
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KatongtungT., PhromphithakS,, OnsreeT., Lauterbach J., Tippayawong N. Characterization
of Biocrude Oils from Hydrothermal Liquefaction of-Bshed Energy Gras1. Eur. Conf. Ren
Energy Sys. 120 May 2023, Riga, Latvia

Abstract:

Energy grass is a promising source of bioenergy. A new energy grass such agjilaybridincac
grass containgelativelyhigh ash content that affects thermal conversion of the biomass mate
biocrude oil. Deashing by water washing is a simple pretreatment operation that can reduce
content of biomass samples. It was claéhthat reducing ash could reduce the energy consum
in the hydrothermal liquefaction process since it can be performed at low temperatures. In thi
hydrothermal liquefaction of treated and raw hybrid giant Juncao grasses was carried outalC
composition of the biocrude oils was examined using gas chromatograssy spectrometry
nuclear magnetic resonance and Fourier transform infrared spectroscopy technigagsnef
the grass efficiently reduced its ash content from 6.34 to 4.6@#udion of ash affected the yie
of HTL biocrude oils. It was found that higher yields were obtained, after the grass-askede
The yields of biecrude and solid residue obtained from HTL of theadked grass could bring grea
energy recovery (62%) than that of the raw biomass (49.8%). It was also found that similar
yields were obtained for HTL at 250, 300
to their composition, it was shown that both raw andsteed grasses mainlgresisted of phenol:
and alcohols. But in the eisshed sample, significantly lessddntaining compounds were found th
in the raw biomass. This suggested that the pretreatment with partial removal of ash imprc
guality of biacrude oil.

Keywords Biomass, bfuels dean energyde-ashing pretreatmentthermal conversion
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Abstract: In a recent gar, a next generation battery system against climate change are actively
developing, as increasing interest in carbon net zero technologies in each country. The Korea
of Energy Research (KIER) is also conducting reseand development &D) on the Auminum-
air batteries that is considered as new technology in a district heating gectorceptual desigr
study on the aluminurair battery system is summarized as folldase in Fig. 1)(1) The battery
system that can remove additionailgnerated hydrogen and-pyoducts was conceptually design
by investigating theoretical background and previous works of alumaiubattery systems. (2)
cyclonetype aluminurrair battery system was studied using a computational fluid dynamics (
technique. (3) An aluminurair battery unit cell capable of removing hydrogen angdogucts was
fabricated to find the applicability of district heating business.

W i
]

) L8]

Figure 1. A cyclongype alunmumair battery (AAB) system: @nputational fluid dynamic<FD)
analysis
) Keywords Aluminumair battery systentyclone, CFD
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Abstract: Thecritical challengdor theimplementation of hydrogen technology is relatethebexpensive ani
limited production of green hydrogen, which for now only accounts few percentages of globe
hydrogen production. Anothehallengédsthesocial acceptare of hydrogen technology due to saft
risks related to the explosive nature of the stored hydrogen. If we can remove these hindra
hydrogen economy can flourish. Here we are going to present an innovative technology lthee
iron-chlorine cherital cycle that could use abundant sources of industrial waste heat to recha
hydrogen carrier and produce green hydrogetdemnand. Within the described material closgde,
the heat is efficiently converted into the chemical energy of hydrodsnh\is the first case of suc
technology.The hydrogen is releasett demandvithin the storage unit during a reaction of dilut
HCI solution with iron powder. Recharging of the used material {ion chloride solution) is carrie
out in a regeneratiounit by a reaction with water (hydrolysis) and thermal decomposition using
as an energy sourcllso, a comparative LCA analysis will be presented to demonstrate the be
of the cycle powered fully by sustainable energy sources.

Keywords Iron-chlorine chemical cycle, ytirogen production, industrial waste heat
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Abstract: In many optimization problems based on optimal power flow formulations, the stestdyoperatior
characteristics of hydrpower plants are modeled in an approximate manner. The standard ap
is to repesent the power production limits of the plant by means of independent maximu
minimum bounds on active and reactive power outputs. Few models have been proposed |
the plant capability curve. Most of them, however, do not include the paresairye correspondin
to stability limits or, if so, they ovesimplify its representation. This work proposes a formulation
the complete capability curve of the plant, including the exact modeling of its generator s
limits. The accuracy of theroposed formulation is tested by solving a maximum loading cond
problem on a onenachine isolategoower system. In this optimization problem, a homotc
modeling technique is used to drive the hydoover plant to its operating limits. In order i&p&ore
the whole operating range of the plant, the maximum loading condition problem is solved
entire spectrum of load power factor values.

Keywords Saliert-pole synchronous generators, capability cuntabsity limits, homotopy
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Abstract: The growing deployment of renewable energy sources requiregféadive energy storagé&S)
technologies that can handle higlipacity and higipower demands. One potentiahgterm ES
option viaironredox change is the Iron Chloride Electhemical Cycle (ICEC), which uses abund
materials. Tks cycle technologyemploys electrereducing the iron ionic specieso F€ in a
concentrated aqueous Fe@ectrolytesolution Energy is released on demandHas(g) by a
controlled hydrogen evdlion reactionof Fe oxidation with HCIBoth electrolysis efficiencyand
electrolyte conductivityhave a lineatemperaturedependence, buhe electrolyte concentration,
conductivity, and electrolysis efficieneglationshiparecomplex. Small efficiencyariations were
found for FeCl electrolyteconcentrations up to the peak conductivity, followed by a rapid efficie
drop at higher concentrations-rdy absorption spectroscopy experiments conducted at DES
Hamburg revealed that a shift frdre[CI(HQO)s]* to Fe[Ch(H20)4]° caused a significant decrease
solution conductivity, providing insight into the observed trends.

Keywords Iron chloride electrochemical cycle, energy storaglectrolyte conductivity, XA®nic species
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Abstract:

The energy harvested from human motion is often produced gslarand lowfrequency bursts o
electrical power, making it difficult to efficiently convert it into a usable electrical signal.

common step in the conversion process is rectification, and to address the challenge, the curr
explores the impa of the smoothing capacitor value on the-fudlve rectifier output for intermitten
signals.An analytical model is developed using established rectifier analysis models, revealil
a specific combination of the harvester's internal resistanceieiney, and load resistance results
an optimal smoothing capacity that provides the highest average output voltage after recti
This hypothesis is backed up by a comprehensive computer simulation with realistic paramet
later verified thragh experimental testing using both punessistiveand switchingconvertedoad

configurations.The results demonstrate a 5% increase in rectified voltage RMS value and

increase in converter power output by optimizing the smoothing capacity ecdicspow voltage
energy harvesting systerilowever, these findings have broad applications and can be appl
various energy harvesting purposes.

Keywords

Low voltage rectification, smoothing capacitor, harvesting efficiency, human maiwargy
harvesting
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Abstract:

Recuperative approach can be implemented into thermoelectric cooling system for harvestin
energy by operating a thermoelectric element as a heat pump and electratayeaiternately. The
present work explores the influence of such approach on heat flow through thermoelectric «
and change in cooling efficiency. A theoretical analysis is carried out by using thermoelectric &
method to describe the relatiof®tween various parameters of thermoelectric element
thermoelectric effects to understand possibilities of harvesting the electrical energy and pre
the gains and drawbacks of the recuperative approach. Theoretical predictions are ba
expagimentally by performing measurements with thermally isolated thermoelectric elemet
confirmed with measurements using realistic thermoelectric cooling system. Despite harvestir
of supplied electrical energy through recuperation, 5.8% decreasamiperature difference i
observed. Such decrease in efficiency is caused by current flow during recuperation, thus
additional heat back flow through Peltier effect. Despite the obvious drawbacks of the ap
paper discusses various conditicand applications where recuperation can be beneficial.

Keywords Thermoelectric element, Peltier effect, recuperation, thermoelectric cooling, energy harvestir

E

23Pablished bECRES

51



IRESE;

RIGA 2023

Bioclimatic Strategiesin Floating Housesand Quality of Life in the
Lower AreaofBe |l ®n , | qui tos 20

Doris Esenarro Vargas
Universidad Ricardo Palmh i ma ,, doRseesetarro@urp.edu,fl@RCID: 0000-:000271869614

Vanessa Raymundo Martz2nez
Universidad Ricardo Palmh i ma ,, 20RP142586@urp.edu.p®RCID 000060001-92640176

Nicolai Neciosup
Universidad Ricardo Palmh i ma ,, nid®lai.nediosup@urp.edu.p@RCID:00030006:0000-0000

Mari o Gustavo Reyes Mej 2?2 a
Universidad Nacional San Luis Gonzabfac a , , mieyes@unica.edu.p®RCID:0003000252822642

JesWws Manuel Prado Meza
Universidad Ricardo Palma i ma ,, jedReepratto@urp.edu,,@RCID:0000-:00028166:6044

Vargas DE, Ma r t,2VR,eNeciosup N, Re y e s , Nx Prada Meza JM, Bioclimatic
Cite this paper as:  strategiesin floatinh ouses and quality of | ife . ilnEurt
Conf. Ren. Energy Sys.-28 May 2023, Riga, Latvia

Abstract: The objective of this research is to determine to what extent solid waste affects the quality of
toident fy the comfort of the floating house:
characteristics of the research area make it impossible to install an adequate conventiona
system; to facilitate planning and rescue actions in thisectgihg neighborhood due to its locatic
type of housing and the permanent problems established in its living conditions to guarantee
and improve the habitability of the area. For the research methodology, information will be ca
from the stidy area at present, information search, references that may be of support
investigation, bioclimatic criteria through digital tools or software that help to visualize ¢
panorama. As a result, the precariousness of floating houses and tihendgfin terms of solid
sanitary waste management were demonstrated, showing a worrying scenario of contaminati
environmental health of the inhabitants. In conclusion, the bioclimatic strategies applied
floating house proposal will improwbe quality of life.

Keywords Floating house, solid waste, bioclimatic, pollution, quality of life,
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Abstract:  Electricity produced by extractythe heat of a nuclear fission reaction is again gaining respect ¢
the Globe due to the threat of climate change caused by the overuse of fossil fuels. Since thi
construction of light water reactors in the western world in the 1970s and, 198@gere connectes
to the civilian grid in the last 30 years. To extend the life of the existing reactors and avoi
premature decommissioning, revolutionary nuclear fuel materials are being considered to ret
aging reactors. These newer eréls would be more resistant to a loss of coolant accident and
the reactors safer and more economical to operate. An overview of the corrosion performance
revolutionary materials in the entire fuel cyaleedescribed and ranked

Keywords Nuclear Fuels, Accident Tolent Materials, FeCrAl, Coatings
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Abstract:

The investments that must be made in the energy sector are high. The risk that the re
companies can face is great. The predictability of energy tmttiue renewable energy sector is l¢
reliable because the energy source is unstable. Kosovo is currently facing a crisis in the ener¢
which is mostly covered by coal. Investment in the renewable energy sector is based on the
sector andhe countries that are in transition have the financial aspect even more critical. Th
farm which is currently in operation is |
operation and its installed power is 32.4 MW. There amad of 9 installed turbines with differer
capacities. Since this farm is in operation, then in this work a comparison is made between th:
that is predicted and the energy that is placed in the grid. The results obtained further show tl
the output energy is higher than that predicted during the design of the wind farm. The res
shown in the form of a comparison showing in which part the biggest losses are realized.
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Abstract:

In energy storagdsupercapacitors, Lithiusion, Lithium-sulfur, and Sodiurion bateries) and
energy conversion (Kygen reluction and kldrogen evolution reaction), even though bacter
cellulose (BC) and its composites have shown vast possible applications, still, BC is in the
stage of research. Many appraisals (lssgale production, diversity, interface engineeri
multifunctional poperties, and new fabrication) are there before the execution of BC in €
storage and conversion, as a source of renewable biomaterial. Hence, in this paper focus
given to the optimization of t h plejdoe(Ad tbrdacge
scale production. AJ was prepared from three different apple cultivars (Golden Delicious, Jo
and Gala) which were collected from local supermarkets in the Czech Republic. The yield of |
evaluated (lab scale) in presencE various carbon, nitrogen sources and other factors
temperature, incubation period) on BC productionKmmagataeibacter xylinussing AJ as &
fermentation medium in static mode. As the structure and properties of BC fibers are im
component§ or t he desi gn aerided furetiomali naterials forrelectrdchemic
energy storage and energy conversion devices, obtained BC was characterized by FTIR, S
TGA etc. 2% peptone (additional nitrogen) enhances the yield of BG0 di&ys incubation period
28AC temperature and 5.5 pH are the opt.i
highest in presence of Adala.
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Abstract: During the heating season, the main energy losses of indoor spaces are conductive heat fluxe
external walls as well as due to the warm air leaving through the ventilation outlets. While th:
could be additionally insulated to reduce the heat lossesttain amount of the outside fresh ail
always needed to ensure good indoor air quality for humans. The efficiency of ventilation d
on its intensity and the overall air flow pattern in the room, i.e., air mixing. In the present contril
different heating regimes (such asaiirheat pump, capillary heating mat or radiator) are anal
numerically by calculating the temperature and velocity distributions using OpenFOAM. A pc
air cleaner capable of disinfecting airborne aerosols @sirtisoduced by modeling the concentrati
field as a passive scalar transport problem. The influence of the position, orientation and flown
the air cleaner is investigated. Since the air cleaner alters the air flow pattern in the room, if
the amount of pollutants which are removed through the ventilation outlet. By adjusting 1
exchange rate to account for this effect, the energy consumption for the heating could be rec

Keywords Air filtering, energy efficiengycomputational flid dynamicsheat transferaerosol transport
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Abstract: This study developssustainable energy strategies through the implementation of rene
technologies in experimental aquaponics production systems isolated from the electrical
improve the energy efficiency of these systems. For the development of the stratagiés;riteria
analysis is performed, considering technical and economic aspects, to identify the optimal sy:
the operation of the system equipment. In the study, simulations were carried out with rer
systems based on photovoltaic, wind, diesd battery technologies. In addition, the possibilitie
a better optimization of the system have been studied, achieving a better adaptation
consumption of the aquaponic system. The study was carried out by applying the compu
methodobgy of optimization, using as a working tool the renewable energy development sc
(Hybrid Optimization of Multiple Energy Resources), obtaining the first tangible results. This
will have an impact on the circular economy of experimental aquejeomiing production system:
making them more accessible in those agricultural areas with energy problems and shortage

Keywords Sustainability, renewable energy, circular economy.
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Abstract: More than 75% of the greenhouse gas emissions are created during production and use @
Therefore, decarbonization of the energy system is critical and certain goals need to be sét.
years ago, on 14 July 202the European Commission initiative on the implementation of the C
Dealinitiated significant changes in all areeancerningenergyproduction/generatiorThe Green
Deal principles for energy sector focuses on making energy green, smart and afféuaidiious
targets were set which can only be achieved by transforafiisgctors of the ecamy. Achieving
these targets: &lucing greenhouse gas emissions by 55% by 2030, and achieving climate ne
by 2050, can only be achieved after a thorangkntory of the biofuel strategyhis paperdescribes
situation for thecompanies involved in the emissions trading scheme in Latvia, their greenhot
emissions and potential risks in the future associated with the introduction of the Europear
Deal actions and goals

Keywords Green deal, green housasg emission tradingcheme
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Abstract: Electricity consumption is an important cost in businesses operating in the service sector
marinas. Although the use of solar power for electricity has become widespread in various f
T ¢ r kmayireas have yet to fully utilize this technology. The aim of this study is to examir
feasibility of supplying the electricity needs of a marina with a photovoltaic (PV) system. Fc
pur pose, a marina in Mujl a yeBrly@lecuicity needs ser
determined. In this study, the PV installed capacity needed to meet the marina's electricity |
was selected. Simulations were performed for three different options using the Photc
Geographical Information System\{BIS). As a result of the calculations, a single axis tracking
system with a capacity of 2012 kW will generate 4,469,618 kWh/year of electricity, which w
sufficient to meet the yearly electricity demand. It has been determined that the instatesti
payback period is 3.91 years for the single axis tracking PV system. In addition, it was obser
both the duabxis tracking and singlaxis tracking PV systems were more efficient than the fi
options.

Keywords Solar energy, trackedhmtovoltaics, solar adiation, PVGIS
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Cite this paper as: Energy Sys. 120 May 2023Riga, Latvia

Abstract: Of great importance during the design, and later the operation of a wind park (farm) is the ¢
factor. Namely, its higher value indicates that a location or plant is of better quality (more hi
operation at nominal poweand that the return on investment is faster. Often the estimat
projected value of the capacity factor does not match that obtained from a plant. The first wil
in Bosnia and Herzegovina started operating only in 2018. This paper analyzagabiéydactor of
wind parks in Bosnia and Herzegovina. The results obtained are good. The average capacity
33.2%, also the average values of productivity indicators of all wind parks in Bosnia and Herze
are 7.6 GWh/unit, 2.9 GWh/MW, and 805 kWh/m2/year, which are also good values.

Keywords Windenergy, efficiency, capacity factor, Bostkderzegovina
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1INTRODUCTION

Between 2015 and 2022, the capacity of global wind power grew by 12%, according Ttodlihsalled wind
energy capacity of 236 GW (with onshore capacity of 207 GW and 28 GW offshore) was in Europe in 2021.
EU had 189 GW installed in wind energy. Onshore wind plant share was 173 GW and 16 GW dffdburepe,

five countries account for neqr2/3 of the total wind power capacity, with Germany leading at 64 GW, followed
by Spain with 28 GWtheUnited Kingdomwith 27 GW, Francevith 19 GW, and Sweden with 12 GW. To achieve
the 55% target reduction in greenhouse gas emissions from 1990 el8Mbthe ELR7 should add 32 GW in
wind power each year to reach the EU's 40% renewable energy target byA2€@@ling to available data from

14 countries, the average power rating of new onshore wind turbines was 4 MW, while .’ WB& 8r offshore
wind plantg[2,3].

In 2021, wind power plants in Europe generated 437 TWh of electricity, covering 15% of the electricity demanc
the EU27+UK, with 12.2% from onshore and 2.8% from offshore wind power plants. This was 1.4% lower th:
the previous yeaand similar to the wind energy share in 2019. The six countries with the highest wind ener
share in 2021 were Denmark (44%), Ireland (31%), Portugal (26%), Spain (24%), Germanya(2B&t Jnited
Kingdom (22%) in 2021, [2,3].

Older wind energy plantsave wind turbines with large generators and relatively short rotor blades, which are be
suited for high wind areas. Newer wind parks are built in locations with lower wind speeds, since the best wi
sites have already been occupied. Therefore, wirnes with longer blades and smaller generators are used t
improve their capacity factor. The capacity factor of new onshore wind parks is estimated to be bet3&én 30
while it ranges from 455% for new offshore wind parks, [2].

In 2021, the averageapacity factor of all wind plants in the EU and the United Kingdom was 24%, which was 3¢
lower than in 2020. The capacity factor for onshore plants was 23%, a 2% drop from the previous year, while
offshore plants capacity factor fell from 42% to e@&86 in 2021, [2].

Most of the papers on capacity factor are actually analyses that try to choose optimal wind turbines for spe
locations. Though there are many papers dealing with the issue of capacity factor calculations based on estir
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or measure wind speed at one location, this type of data is often limited by several fact@is|rjidhis paper
Boccard [4] presents some capacity factor estimates, mostly obtained by computational models.

Predictions of capacity factors ranging from&0% arecommon in evaluating wind power's potential. However,
Boccard's detailed analysis [4] found that the average capacity factor for European wind parks was below 2
According to data from the Energy Information Agency (EIA) and the Global Wind Energy C0GMZEC),
Larsen & Rez determined that the average capacity factor for all wind plants betwee202004as 25% in the
US, 23% in the ditedKingdomand Denmark, and 17% in Germany [5].

Bosnia and Herzegovina is considered to have a substantial oppofturgstablishing wind farms, as evidenced
by references [.2]. The first wind farm was put into operation in 2018. After that, two more wind farms were
built, so the total power of the wind f amemggpotensial. 1 3
In the energy mix, these wind plants produce a modest amount of energy of a few percent, [13]. Three wind fz
in Bosnia and Herzegovina have been in operation for some time. In this paper, the capacity factor of these
farms will beanalyzed and compared with wind farms in Europe, as well as it will be analyzed the indicators
wind parks productivity: (GWh/unit), (GWh/MW), and (KWhfn

2. METHOD
The capacity factor measures the efficiency of a wind turbine or wind farm in utililrayailable wind resource.

It is determined as a percentage by dividing the Annual Energy Production (AEP) by the theoretical maxim
energy output:

80 — (1)

CFis a dimensionless quantity. For a given site's wind conditions, a wind park with Giflebetter designed
and produces more electricity. Theximal CFis 1 (or 100%), but the wind is not permanent, gs ih fact not
possible to reach this valuis depicted in Figl, the wind parks (shown in green) in Boshia and Herzegovina are
situated in the southern region, where the Bora wind is most prevalent.

SO S

BOSNIA and : s
HERZEGOVINA .

Figure 1. Wind parks in Bosnia and Hérzegov“i-hﬁa@ color)
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The Bora is a strong and cold katabatic wind that typically blows from the north to northeast, starting suddenly
slowing down gradually. It can last for several days and can be either anticyclonic (dry) or cyclonic (cloudy). T
conditionsrequired for the Bora wind include mountainous terrain, varying temperatures and pressures in high
low elevations, etc. The Bora occurs along the eastern coast of the Adriatic Sea and in its hinterland. Further res
on this unique wind, particularin the hinterland, is still needed [14].

The first wind farm in Bosnia and Herzegovina wasiputt o oper ati on is Mesi hovi
farm was put into operation in early 2019, aiof i
Table 1. shows the wind parks analyzed in this paper and the wind turbines usee atitidgparks.

Table 1. Wind parks characteristics in Bosnia and Herzegovina

Wind farm  Total nominal power and turbine type WGS84
Mesihovina 50.6 MW _ _ Latii tu de: 43
22 1  Si e1h2 (pover 3.3WIW, diameter 108 m) Longitude: 1
Jelovd a 36.0 MW Lati_tude 43
’ 18 | Gamesa G97/ 2000 (powerlLongitude: 1
Podvel48'OMyV _ _ Lati_tude 43
15 1 Si e (power S.INIW, diameter 113 m) Longitude: 1

Data on the characterissi of wind farms were taken from companies and relevant institution0]19 hus, a
total of 55 wind turbines (units) with an average power of 2.45 MW/unit have been installed in Bosnia &
Herzegovina.

3. RESULTS AND DISCUSSION
Data on the expected mhaction was taken from the websites of wind parks (WP) owners [15,17,19]. Electricit)

data for all wind parks was taken from the official websites of the System Operator (NOSBIH), [21]. The electric
production of wind farms shows in Fig. 2.

Figure 2.Electricity from wind parks in Bosnia and Herzegovina

WP Mesihovina was the first to start production in March 2018, Fig. 2. The first 6 months for all power plants
considered the trial operation of the plant, [22]. For that part of 2018 (7344 duvgs 27.8%, while for 2019
CF was 37. 4%, I n January 2019, WP Jel oval a stCkrt e
was 27. 8%. In 2020, CF was 33. 2% f Better\MBultdere retoaledi |
in2021t hey amounted to 36.7% for WP Mesi hovina and
started trial operation at the beginning of 202E,amounted to 25.7%.

If analyzing the 12Znonthly period when all three wind farms were in full operatiuly 2021- Jun 2022), then
CFis 36.9% for WP Mesi hovi na, 33. 9% fapdepicWPiTab.e2l ov a
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Table 2. Average capacity factors

Wind farm Electricity from nameplat¢ Energy from wind| Capaciy | Expected
capacity (GWh) farm (GWh) factor % | electricity (GWh)

Mesihovina | 443.26 163.76 36.9 165.17

Jel oval 315.36 106.81 33.9 110

Podvel]|420.48 121.50 28.9 130

The capacity factor, which varies based on location and wind sieedcteristis, is estimated to be betwedf-

35% for new onshore wind parks [2]. It is expected that the average capacity factor of all wind parks in the EU
rise to 29% in 2020 and 33% in 2030 [23]. Repowering, optimal placement, and optimized design of wind turbi
are expected to enhandetoverall efficiency of onshore plants. However, in 2021, the capacity factor for onshol
plants in Europe decreased to 23% (from 25% in 2020) [2].

There are several indicators of the productivity of wind parks, including generation per turbine (G\W\dnianis)
generation per unit of power output (GWh/MW), and specific yield, which is the generation per unit area cove
by the rotor of the turbine (kWh/m2). The values of these measures are presented in Table 3 for wind parl
Bosnia and Herzegovina.

Table 3. Indicators of wind parks productivity
Wind park Electricity per wind Electricity per MW wind Electricity per turbine rotor

turbine (GWh/unit)  turbine (GWh/MW) area inayear (KWh/nd)
Mesihovina 7.44 3.24 812.96
Jel ova 593 2.97 803.42
Podvel 810 2.53 808.07

If analyzing the 12Znonthly period when all three wind farms were in full operation (July 2QRMh 2022), then
the WP Mesihovina has the best indicator values with annual production of 7.44 G¥hbfudi24 GWh/MW.
Specific generation was 812.96 kWh/mor WP Mesi hovi na. The WP Jel ov
KWh/n? or 32.23% less than Mesihovina, see Tab. 3.

4. CONCLUSION

The EU has optimistic plans for wind energy [24]. One of the masbitant indicators for starting the wind project
process is the capacity factor of the wind pdakm). At the EU level, a realized average capacity factor is lower
than expected. In 2019, wind power plants in Bognhiderzegovina, with the total powef the wind parks 135
MW (55 wind turbines), produced 1.66% of total electricity, in 2020 it was 1.76% and in 2021 2.34%.

The capacity factor is the highest during winter, then during spring in Boshia and Herzegovina. The aver
capacity factor for wind péts in Bosnia and Herzegovina was 33.2% (July 202dn 2022). The highest is for the
Mesi hovina wind park, at 36. 9 %, foll owed by Jel o
values of productivity indicators of all wind parks in Bosai@ Herzegovina are 7.6 GWh/unit, 2.9 GWh/MW,
and 808.15 kWh/Afyear, which are also good valu@sis is data for only one year (12 months), and in a longer
period of time data will be obtained that will give a more realistic picture of the capacity fanct productivity
indicators.
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Tieu ZA, Koffi EPM, KouaKB, Gbaha P. Experimental study and modeling of solar drying
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Abstract: In most African countries, the availability of sunlight can allow drying in the attic of maééd
houses. A prototype ventilated attic has been constructed and tested forcdipgagand cassavi
The temperature differences between the air inside the PVC pipes used as chimneys and the ¢
are close to 11A C and show that the air
cocoa took 26 h and 27 h respedivd he semiempirical Midilli-Kucuk and logarithmic equation
best describe the drying curves of cassava and cocoa, respectively. The variation in dr
humidity is modeled by the®™ order RungeKutta method. The small difference between
measuved and calculated values shows that the modeling describes well the variation of rele
humidity during cocoa drying. The measuring instruments used are: a Kipp and Zonen C
pyranometer (for sunshine),-type sensors connected to Voltcraft1@D thermometers (fol
temperatures¥Y-11 thermehygrometers (for air temperature and hygrometry)

Keywords Solar drying, entilated attic, modeling, cocoa beans, cassava
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1. INTRODUCTION

In the sunny areas of the world and intjmatar for many African countries, the sun is available all year round,
abundant and easy to capture. For these regions, mastering solar energy applications such as photovoltaics
heating, solar cooling and refrigeration would be a real advantadgct| all forms of energy in the world as we
know it are of solar origifiL]. Postharvest losses are indexed as one of the causes of rural hunger in these countt
The oldest method of food preservation is sun drying.tBditional drying has its limitations, and farmers in
African countries would benefit from investing in solar dryers. Several research efforts to improve the old mett
are being undertaken. Roberto L. M. eff2].undertookan experimental and then numerical study of the drying of
papaya. Different studies of food drying have been undertaken by MerlinTZigre et al[3], [4], [5]. B. Norton

[6] presentd some criteria to which the dryers should be subjected depending on the type of product to be dr
Barreiro et Sandovdf] undertook the modeling of moisture absorption of cdiEsns during storagattic drying

is an old method still used in West Africa for the conservation of foodstuffs. The literature hardly mentions
because research work is not sufficiently directed in this direction. The products to be dried arey ggmeel

out on bamboo racks. The heat produced by the wood smoke affects the color and taste of the dried pro
Sometimes the product dries under the action of the air circulating in the loft. But the flow being very low, 1
drying process is very shg which favors the formation of mold and the rotting of the products. This results in poc
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guality products that are difficult to sell. The immediate corollary is the maintenance of the farmer in poverty. W
modern aluminurzinc roofs, it is possible tase them to improve this old method. Always exposed to the sun,
they constitute a real source of unexploited energy. A prototype ventilated httilt and used for solar drying of
cassava and cocoa. The study of the chimney draft is carried outnespiadiy. The drying curves are modeled
using the semémpirical desorption equationshe evolution of the relative humidity of the drying air is also
modeled.

Figure 1. Traditional drying in an attic

2. MATERIALS AND METHODS
2.1. Presentation ofthe Prototype
The prototype studied is a part of a r@féiy. 2). It has three chimneys made of PVC pigé® roof is a corrugated

alumnumz i nc sheet covered with black paint i n izomtader
surface.

Black painted roof

(c)
Figure 2. (a) Prototype with coca beans insid®) Profile view of the prototypdc) Ar inlet.
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The drying rack is horizontal and made of nylon. The latter is mounted on a wooden frame. The air inletds cov:
with an iron grill to prevent rodents or birds from entering. The ceiling of the prototype and the sides are mad
plywood. The interior volume is about 0.24m The drying surface is 1.48 m
m support in order thave the height of a rod/Ve dried cassava and then cocoa. In this study, for cassava, we ju
modeled the variation of water content. The relative humidity and temperature variations were recorded during
drying of cocoa beans.

2.2.  Study of theChimneys

Ekechukwu et Nortofi8] showed that the air velocity in a cylindrical, vertical chimney is relatéfYo (rise of
chimneyair temperature over ambient air temperatuhedeed in the operating temperature range of natural
convection-9doA®),s t(R&SAXr essure dropg¥: inside the ¢

o

YE 8 Hey N 8 Vi )

These losses are related to the friction of the air on the wall of tine@eys by the following expression (considering
a turbulent regime with a friction coefficient of 0.03):

Yo 8ol — ©
Combining these two equations, we obtain:

~ - Tp T o 7

TR Wiy @)

This equation does not take into account the effect of humidity on the air speed, friction with the product and in
drying chamber, the following expression will be used:

T TH Ry T (M

2.3. Modeling of Drying Curves

Various equations give the decay, during dryifdghe water content as a function of time. These equations contair
constants (k, n, a, b) that are adjusted to match the experimental drying curves. For the modeling of our curve
used 6 semempirical models. They are collected in the table below.sbftevare used for this modeling is Excel
solver.

Tablel. Semiempirical models used

Models Expression

Newton X = exp¢ kt)

Page X = expé€kt")
Henderson et Pabis X = a exptkt)
Logarithmique X = a expfkt)+b

Two terms X = aexptkt)+b expént)
Midilli -Kucuk X = a exp{kt?)+nt

The statistical parameters used for the choice of the best model are: a higher value of the coefficient of determin
R] and | o wleand rootarlean squarecefror RMEH:

NEARA 2BE 6 e 01w ()
Bi® 0i Ho 01 1 I

. Bi® 0i "Ho 01 11

! BE 0 "o i 171 H x)
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2.3.Modeling of Humidity Variation in the Prototype

Mass transfer in the prototype in the is expressed as fol[@ds:

i — 19 9 1| — = (8)
X(t) is obtainepl from modeling the drying curve. The water content of the air is given by the following express
[12] where P € 101325 Pa) est laression ambiante, is the ambient pressure, Hr is the measured relative humid

of the air, and Ps(T) is the sat ur a[i3]gwven ayafyncion ofp r
temperature.
8
9 (@
8
oa A?® — % 8 n (10)

In order to solve equation (8) by the 4th order Ruiigta method, we rewrite it in function form as follows (we
admit thatwm pREM ):

Qo M — ® o 0w —— PP
9 m is the water contentf éhe air in the morning at the beginning of the drying and h = 30min (1800s) is the tim
step. The algorithm is as follows

0 QAGR ;0 QL — - ;0 QR —h - ;

0 OQhR; OV Q:k; O -0 ¢ ¢ U ;0 0 0
3. RESULTS AND DISCUSSIONS

Our study of the stacks is concerned with the variation of the air temperatures in the stdakisiirto the variation

of the ambient temperature. FRjbelow shows the variations of the average temperature values in the three stac
the temperature of the drying chamber, the ambient temperature and the ambient relative humidity with suns
It can be seen that the ambient temperature var.i e
respectively on these three days. The internal t
43.5 AC and.f4r A8 22spetcdantiF dayThe t dmpdr at udgmgwei f
12.2A, 11.5A, and 11.7 AC successively oiB]aadtdstifyt hr
that PVC pipes arsuitable as solar chimneys. The ambient relative humidity reached minimum values of 64%
the first two days and 74% on the last dafiese temperature and relative humidity variations are favored by
adequate sunlight, whose maximum values are closedt®1@/ m| .
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Figure 3. Humidity and temperature variations in the prototype, in the chimneys and in the ambient air
with solar radiation.

Fig. 4 below shows the variations in product moisture content. During both trials, we lbagedtotype with 2.5

kg of cassava and then with 2.5 kg of cocoa beans. Mass measurements werevaramesintervals, depending

on how easy it was to observe the variations. We stopped measuring when no more variation in mass was obs
The initialwater content of cassava is assumed to be 1.63 kg wapdlkand that of cocoa 1.22 kg water/ddp]

on a dry basis. At the beginning of drying, the curves decrease rapidly because of thee mfes dot of freevater
easy to remove. Towards the end of drying, the water remaining in the product is very much attached to it, w
explainsa very small variation in the curvé&he results of the curve modeling are presented in Tables 2 and .
below Forthecassava drying curve, the Midiiucuk model is used. For the cocoa drying curve, the logarithmic
model is appropriate.
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Figure 4. Experimental curve of the decrease of the water content of cassava and cocoa

Table2. Cassavalrying curvemodelingresults

Model a k b n R ] RMSE
Newton 0.1 0.699 | 0.094 0.3024
Page 0,0011 2,82 0.866 | 0.0404 | 0.196
Henderson and Pabis 1.85 | 1.145 0.960 | 0.0104 | 0.0994
Logarithmic 1.85 |1.14 0 0.960 | 0.0107 | 0.0994
Two terms 0.93 | 0.14 0.92 | 0.14 0.961 | 0.0107 | 0.098
Midilli -Kucuk 1.565 | 0.044 1.46 | 0.0005 | 0.977 | 0.0065 | 0.076
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Table3. Cocoa drying curve modeling results
Model a k b n R ] RMSE
Newton 0.089 0.8201 | 0.0273 0.1631
Page 0.0088 1.939 | 0.937 | 0.00947 | 0.0948
Henderson and Pabis 1.395 | 0.122 0.932 0.01007 | 0.0978
Logarithmic 1.1 0.089 0 0.981 | 0.0028 0.0515
Two terms 0.698 | 0.122 0.698 | 0.122 | 0.932 | 0.0106 0.0978
Midilli -Kucuk 1.175 | 0.032 149 |0 0.955 | 0.0071 0.0804

Indeed, these two models have the lowest values] @gind RMSE and the highest values of coefficient of
determination. The modeling of the variation in water content is done during the drying of cocoa beans. Theref
the semiempirical equation of x(t) is as follows:

wo  PPHQ N B Paw (N
"Ho'l

9 8 Hol 8 o

Fig. 5 below shows the measured and simulated relative humidity variations of the drying air with Matlab R201
The statistical parameter used is the Meatatve Error (MRE).The value of 4.67% found shows that the
calculations represent well the measured values.

0YO ——mM8M —— (o

Hum theor (%4)

e Hum exp (%%)

%

19032018 2603 2018 244032018

Figure 5. Variations of experimental and calculated relative humidity (MRE=4.67%)

4. CONCLUSION

The possibility of using ventilated granaries with metal roofs to improve the traditional drying of agricultur
products in the granary is studied. For this puepasprototype of ventilated granaries equipped with PVC pipe
chimneys was built and tested for drying cassava and cocoa beans. The differences between the internal tempe
of the chimneys and the ambient temperature show that they are approptfai fote. The drying of the products
lasted 03 days for each sample of 2.5 Kg. The modeling of the drying curves with sersginical models showed
that the MidillFKucuk model best predicted the drying curve of cassava. As for the cocoa dryingtherve,
logarithmic model is suitable. The relative humidity variation in the prototype during cocoa drying is modeled w
the RungeKutta method of order 4. The low value of the MRE (4.67%) shows that the calculated values are
agreement with the experimigl values. We plan to build a prototype in real size and able to dry larger quantitie
and for measurements over various periods of the year.
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Abstract: The availability of renewable energy sources to fulfill energy demand regedatasalogical energy
efficiency in all knowledge areas. In this context, and delving into electronic controllers thrc
systematic literature review, it is found a great variety of such controllers that have been imple
and simulated on industriatqresses focusing on performance and robustness, but not on the
that they consume based on the algorithm implemented and on the type of development b
the other hand, there is a lack of studies about controllers implemented in biofuelipropitoztesses
as a type of renewable energy. Thus, this study developed a heterogeneous packed bed reac
for the production of biofuel, in which models of the behavior of the temperature in the plant a
to tune, adjust and seifine PI, PID ad selftuning PID controllers; the performance of the
controllers is further compared. Results show that it was possible to produce biofuel, and b
was achieved a reduction in energy consumption of the controllers corresponding to 6.88%eft
2 and 20% for phase 3, with improved temperature settling times of 2s for phase 2 and 47s f
3.

Keywords Renewablenergy, technological energy efficiency, biofuel productiongessglectroniccontrollers

E 2 (PabBshed by ECRES

1. INTRODUCTION

Several years ago, the idea that renewable energies would become capable of fulfilling future worldwide en
needs was a utopia. Despite this, a Regional Energy Deployment Simulation (ReEDS) model developed ir
National Renewable Energy Laborat¢NREL), indicated that 80% of the global energy supply for 2050 will come
from renewable energies [1], i.e., net zero emissions (NZE). Nevertheless, to achieve these objectives
International Energy Agency (IEA) [2] and [3] state that energy effogies one of the most important issues to

obtain energy sustainability; in other words, each energy unit must contribute more than it does today for NZE
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Based on the above, there are different fields of study and subsystems that contribute torgmexgynent of
renewable energy systems. This is the case of [5], which simulates a plant that produces biofuel from recy
cooking oil, and analyzes the efficiency of the production costs through the study of the reversible and irrevers
exergy. Fronthe point of view food security, [6] establishes that biodiesel and bio gasoline do not use food cro
and thus do not affect such security; hence, its economically favorable sustainability would be guaranteed [7]
the other hand, the use bioethanohasocomponent has decreased because it is extracted from corn [8]; this h
led to technological setbacks, and lack of teeboonomic analyses (TEA) and data for R&D [9]. Now, the
following works can be found when tracing a path of electronic contstesys that contribute to energy
sustainability for the production of biofuels. A comparison is carried out in [10] between Fuzzy and PID controll
applied at the evaporation stage to improve the production of bioethanol; in addition, after a systeieatite
authors state that there is a lack of comparative studies of the performance of traditional and robust controllers
of commercial equipment. On the other hand, the review in [11] specifies that traditional methods for m
production of biofels are no longer feasible and, thus, it is required intelligent machines with energy efficient
and energy saving features in their processes. Nevertheless, since this is a recent technology, [12] states that
10% of the academic papers are aimethatindustrial area, of which only 24% are implemented in different
production branches and there is a lack regarding the production of biofuels.

Based on the literature review, a deficit is found regarding the implementation of electronic control gystem:
biofuel production processes, for the analysis of the performance and consumption variables of such contro
Thus, this paper designadPBRwith laboratory features to obtain biofuel from the injection of ethanol, to further
implement different @ssical Pl and PID temperature control systems in the preheater and reactor stac
Afterwards, the performance variables are compared with respect to a commercial industrial system for di
control of temperature (sdifining PID), evaluating settlingnes, power absorbed and energy consumed. Finally,
the elements that constitute the obtained condensable hydrocarbon are identified through a mass perce
analysis.

The document is structured as follows. Section 1 presents the introduction, seagmriBed the methodology,
section 3 analyzes the results, and finally section 4 states the conclusions.

2. MATERIALS AND METHODS

To obtain biofuel as the process output and to implement a control system for a chemical reaction plant that proc
hydrocarlons, the following general aspects were taken into account: performance equation, contact model
kinetics. Considering that the input may be continuous or discontinuous, the contact depends on the type and nt
of phases, and it may be homogeneouseterogeneous.

—

S|

Preheater Reactor

AALAN, ﬁ
Feed

v
=] = 1+
;

Condenser

1. Injection of raw material (Bioethanol) vi

2. Preheater (15t State Phase)

> . \
3. Catalytic PBR Reactor (2nd State Phase) \

.I
4. Condenser (Immersed Serpentine) d

Figure 1.Stages of agcked bed catalytic mctor (PBR) (Adapted from [18
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At last, it was analyzed the kinetics of the variables involved in the process, namely, volume, flow, temperat
spatial velocity, etc. This information idegant for the development of a biofuel production plant for experimental
use in an academic environment. Consequently, and based on the above, the design of the Packed Bed Ce
Reactor (PBR) is extracted frorandFig. 1 shows its schematic diagram.

2.1 0ligomerization process to hydrocarbon:

UsinganHPLC peristaltic pump (phase 1), ethanol is injected as reactant fluid, which is then passed through
preheater (phase 2) to be dehydrated for obtaining a gaseous fluid with a spatial velocitby ity space
velocity, WSHV) related to the mass flow and to the mass of catalyst (Zeolite ¥F&Z&B80)) contained in the
reactor (phase 3), as indicatedHy. [1].

SOV a
® ok 1)

AOOYon mTt @@ was obtained experimentally, injecting ethanol to an inlet mass floy @f¢td Q&
The catalyst used in phase 3 was the commercial HZM5, due to its featureiisirial and environmental
applications, and its synthesis activity persistence even when reusfteedarious experiments [JL4

In order to reach a laminar behavior of the fluid and based on the reactor design parameters, the calculated Rey
number was 18.75, with a mass flow ot m m t o R&la , a pipeline diameter ot ¢ & and a fluid
dynamic vi s@&up pXya [Thd oligonferization process to hydrocarbon was carried out in the
city of Quito atc w xo@&H &8 at atmospheric pressure and with temperatres 300 AC i n pforas e
phase 3, it was guaranteed that the reactive boils without degrading, obtainingsebiteldrydrocarbons as
productsAt | ast, with an approximate temperature ed O
separate to obtain a final product (gasoline).

2.2Model of the PBR

For the process to obtain the biofuel it is necessary to have stable temperatures, both in the preheater and
reactor; consequently, it is ngiged to control this variabl@.he nodels of these systems were determined applying
as input a step signal at the desired temperature, and obtaining output signals that represent the behavior
heating and cooling periods for the second and third state phases, as it is showa.in Fig

T T
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@)
T T T
1
< 0.8 .
£06 1
E. 0.4 .
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Figure 2. Models of the system behavior for phases 2 (a) and 3 (b).

Table 1 shows the continuctime transfer functions of the PBR, obtained with the Matlab identification toolbox.
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Table 1.Control Parameters of the PBR.

System parameters Phase 2 Phase 3

Manipulated variable PTO PTO

Control variable Temperature Temperature
Disturbance External temperature External temperature
Firsti Order Approximation 0"y T QP TUX 0"y T QP TUX
s-domain i minmoop i Minmoop
Modeling acuracy 78,67% 94%

3. ANALYSIS OF RESULTS

Two classical control systems, namely Pl and PID, were tuned. These control systems were considered wit
purpose of analyzing information about performance and robustness in phases 2 and 3 of the PBR.sAtteeward
controller with the best performance will be compared with a commercial temperature controller.

3.1.PI and PID Controllers in Phases 2 and 3

For the step signal, the PI controller exhibits no overshoot in both heater and reactor; howevelinthenset

of its responses axg ¢ io andy 1 fIT respectively. On the other hand, the PID controller exhibits overshoots o
11.3% and 12.7% in the two phases, with settling times @fiwandq w ip respectively. Due to the control process
and the raglts obtained, the PID controllers are considered for further comparison with the commertiadiaglf
PID controllers. Table 8hows the tuned parameters.

Table 2.Tuning parameters of the PID controllers in Phases 2 and 3 of the PBR

Control P | Td
Phasel 8.107 90.7151 1.565
Phase 2 12.37 77.8 1.71

3.2. PID and selftuning PID Controllers in Phases 2 and 3

According to the datasheet, the digital temperature controller of the brand BERNCRE&Xexhibits features such

a fast temperature control, fassponse and low overshoot. In this context, a field test was conducted establishi
independent satoints for each phase of the PBR, to obtain the settling times of the system and the ene
consumption. Fig3 shows the results of energy consumptiarttie controllers subject to test, under equal external
conditions as disturbance, same flow of ethanol injected to the preheater and gami.set

0,16

0,1
0,08
0,06

0,04

Energy Consumption [W-Hr]

0,02

PID self-Tuning FID

Figure 3. Energy Consumption of the PID and geiifiing PID controllers in phases 2 and 3.
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According b the parametric conditions for obtaining biofuel inthe PBR,-aseti nt of 300AC i s
2, achieving settling times of 158s and 160s for the commerciatiusetig PID controller and the PID controller

of the case study, respectiyelard absorbing a mean powér of 1.75[W] and 1.65[W], respectively, which
indicates, according tbig. 3 that the PID controller reduces its energy consumption 6.88% with respect to tt
commercial controller. For the case of phase 3, thetweifig PID and PID controllers skettat a temperature of
350AC i n 26 3estiveynad tile meas powdrseabsprbed were 1.50[W] and 1.75[W], respectively,
indicating, according té-ig. 3 that the PID controller of the case study reduces energy consumption 20% wi
respetto the seltuning PID controller.

3.3.Chemical Compounds in the Biofuel

Using a gas chromatograph, a test was conducted to determine the main organic compounds that constitu
samples given by the packed bed reactor. Taking into account thatithbydeocarbons present in the fuels are
paraffins, isoparaffins, naphthenes, aromatic compounds, sulfur compounds and oxygenates, the concentrat
each element that constitute the sample obtained is obserivied 4n

0,90 46,86

45,00

40,00

35,00

30,00 22,07

25,00

20,00

Mass percent [Wiw %)

15,00 12,47

10,00
5,00

4,78
5,00

2,02
0,00
0,00

Paraffins  1soparaffins Linear Branched Naphtenes Aromatics Oxygenates
olefins olefins

Figure 4. Concentration of th elements that constitute the sample obtained

According to the compounds and the amount of area constituted in the resulting samples, in general terms the r
correspond to a noncommercial biofuel, due to the low concentrations of paraffins.

4. CONCLUSIONS

Two After the experimental tests of the controllers in the biofuel PBR (preheater and reactor), it was observed
the availability of appropriate models of the behavior of the plant improve the responses of the performa
variables, since durinthe comparison with the performance variables of the commercial controller it was evidenc
a reduction in energy consumption of the controllers of 6.88% for phase 2 and 20% for phase 3, with a settling
of the temperature that is improved in phase 2 and X in phase 3. On the other hand, the biofuel obtained

shows noncommercial features, since it only has 16.83% of paraffins with respect to the base. For further stu
in addition to the temperature control systems for phases 2 and 3dbiamended to also control pressure and

flow to achieve a better production efficiency and different types of biofuels.
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Abstract: Covid-19 pandemic Idadowns have significantly changed the energy consumption pat
Therefore, well known energy forecast tools must be adapted for the new scenarios. Sdtist
need only a fast, reliable, and edsymplement tool, not a complex computational tadbaesentec
in the majority of scientific papers. The aim of tlaidicle is to propose an easy tool to foreci
electricity consumption duringnd afterthe pandemic lockdown in order to decision makers
taking confident decisiorin the return of presdial activities. Such a tool should be eas
implemented in a spreadsheet without the need of sophisticated computer software. The mod
used for trended, seasonal, and-stationary time series, as presented in an electricity consum
time seies, is the ARIMA. However, in this study the Hdlfinters method is compared with tt
former one. Results pointed that the second method is equally accurate and effortless to im
being the recommended oimethis work

Keywords Demand predictin, coronavirus, Unifei, ARIMA, Hol\inters

E 23(Pablished by ECRES
Nomenclature
ACF | Autocorrelation Function
ANN | Artificial Neural Networks
AR | Autoregressive model
ARIMA | Autoregressive Integrated Moving Average
ARIMAX | Autoregressive Integrated Moving Average with Exogenous
ARMA | Mixed AutoregressivéMoving Average model
HW | Holt-Winters
LSTM | Long ShoriTerm Memory
MA | Moving Average model
MAPE | Mean Absolute Percentage Error
NARX | Nonlinear Autoregressive
OLS | Ordinary Least Squares
PACF | Partial Autocorrelation Function
PV | Photovoltaic
SVR | Support Vector Regression
Unifei |Feder al University of Iltajubs§g
UKCeMGA | UK Centre for the Measurement of Government Activity
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XGBoost | Extreme Gradient Boosting

1. INTRODUCTION

filt is difficult to make predictions, espediabhbout the futur@ a statement attributed to Neils Bohr and to many
other prominent people, suggests that should be easy to predict th&] pestwever, sometime an unexped
event, as the covitl9 pandemic, changésenormal behaviour of a variable that should be predicted in the future.
In such a case, it will be needed to predict the normal behaviour during the pandemic period, i.e., it will be nee
to predict the paswithout the real data.

The coronavirus pandemic and government restrictions have significantly influenced on the environment
energy profiles behaviourElectricity consumptiorwas quite affected bsuch gpandemic, as many activities were
done rematly growing residentiatonsumptiorand decreasinglectricity consumption iother segments. Public
and commercial services were the main affected kind of business, but no one escaped of elensigitption
changes effect§?]. Services affected by lockdowns and/or remote activities, as Universities, have had th
electricityconsumptiordropped and theonsumptiorgrowth in the return of normal activities is still unknown. To
predict this new pogpardemic consumption make necessary to predict how would bedbesumptionf there

was not the pandemic.

The campus of Federal Universityloft a [Uuifieican be seen as a microgrid, as it has clear eledtdoaldary,

a single grid connection, own gaation, battery banks, and several kinds of I§asaslaboratories, classrooms,
and many other activities, Fig. Almostall of these activities were affected by the change to remote dwie

the pandemic period of two and half years, from Mafck020 up to July of 2022. As the Unifei is supplied in part
by the public grid and in part by own solar photovoltgéneration, the pogtandemicconsumptionshould be
predicted tglanning activities anceinforce sucta generation.

Figure 1. Unifei campus schemati@ddapted fronhttps://unifei.edu.br/institucional/mapdo-campusl t af u b §

In this study it is proposed an easyimplement model to forecast electricity consumption during the pandemic
period and for next years. The tool should be eawipfemented in a spreadsheet, without the need of sophisticate
computer software, to help decision makers taking confident decision related to electricity consumption after
return of presential activities. It was considered not only the grid consamipit also the own generation and, for

a next step, campus occupation. The last one is need as some activities will be permanently in remote mode
pandemiclt was considered the two main models used to predict time series, the autoregressivedntegyriag
average (ARIMA), also known as Baenkins model, and the Halinters (HW) exponential smoothingodel

Both are adequate to forecast future values based on trended and seasstaionarytime serieg4].

Results had shown thiabth models are similar in accuracy with mean absolute percentage error (MAPE) less tr
4%. However, the HW model is the easiest to implemesyiieadsheetss it has less equations to be implemented.
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HW was the recommended method by this study, nlestegs, if it is neeztl more accuracydeep studies should
be carried out including other variables and more sophisticated tools, as artificial neural networks (ANN).

This paper is organized in four sections. In section 2 a literature backgopnesered, while in section 3
methodology and previous data are presented. Results and discussion are shown in section 4 and, finally, sec
is dedicated to conclusions and recommendations for future works.

2. THEORETICAL BACKGROUND

Farrokhabadi et aJ5] have assessed the IEEE demand forecasting competition facing bevjmb&9 paradigm.
They received several studies from all over the world. The winners have usednoudi ensembles to predict
day-ahead demand. Nevertheless, authors observed that many competitors have used data from the pandemic
to training modks making less robust such modelsatitition large model ensembles are staff and computational
costly, to aggregate a little improvement in results.

Rayash and Dincg6] has analysed the eteicity demand trends amidst the coronavirus pandemic in Canada. Thi
work used the smart cities concepts to conclude that all of them should begréthfter the pospandemic
behaviour changes, including energy demand predic8onilar study done inhree US states presents the same
worries. Even with a little change in demand gmstdemic, several other factors where affected, as power gric
stress indicatorf/].

The behaviour chrages after pandemic period will have letggm effects and not only the energy consumption was
affected, but also the power grid reliability, as stated by Alasali & dlhe authors have used ARIMAX and ANN
to develop a stochastic model to generate scenarios in th@gramic periodln the beginning of Brazilian
mobility constraining, Carvalho et aJ]9] have analysed the electricity consumption behavibugeneral all
Brazilian regions have presented a reduciioelectricity consumptioneven with the residential demand growth
presented by other authdd$].

One of the main antecedents in the literature for time series analyses and forecasting, the main support for this
is the book wrote by Montgomery, Jennings, andalci [4]. Such a book starts with a review of statistics
fundamentals, presents the regression analysis and forecasting for general data. Then, the authorSnfigcus o
series, and present Smoothing methods for general time series. For trended and seasonal time series, the
presents the methods autoregressive (AR), moving average (MA), mixed autoregressing average (ARMA)
and, finally, the most used, autgressive intgrated moving average (ARIMANevertheless, many authors have
been studying time series analysis before Montgomery as Daves and Fldthat presented a confident sequence
of tests to identify seasonality in time seridslt-Winters (HW) exponential smoothing method is an adequate tool
to forecast small time series with trend and seasonality, according to comparative studies caryidhogteb al.

[12] that stated the HW exponential smoothing can accuratedgdst time series with relatively few data, and
Makatjane and Morok§l3] that concluded HW is moradequate to forecast car sales than ARIMA, even both
presenting good performance based on same metrics. Witdérshe father of HW method, suggested two types
of adjustment, additive and multiplicative methods. The fingtis applied when the time series presents trend anc
seasonality, howevethe seasonality amplitude remains constant, whereas the multiplicative case is applied wi
the seasonality is time dependent, i.e., as the time growth, the seasonality anmalieeatk®i or decreadehe model
widely used for trended, seasonal, and-stationary time series is the ARIMA, also known as-Berkins model,
that is compound of the two basic models AR and MA linked by an integrating compoHemtdver, in several
examples HW and thensembleof both methods usually provide more accurate re$uif Even for simple
implementation in a spreadsheiet some caseshe HW shows itself as more accurate than ARIMA model, as
recommended by UK Centre for the Measurement of Government Activity (UKCeNIGBA)

There are many tools for more accurate predictions, as nonlinear autoreg(lgg$RX}) and long shoriterm
memory(LSTM) ANN presentedby Ozbay and Dalca]iL7], andextreme gradiertoosting (XGBoostpr support
vector regression (SVRised by Wasesa et fl8] in their work However, these tools are costly both in personnel
and computationagffort.

3. METHODOLOGY
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Electricity consumptiorand solar photovoltaic (PV) generatidata hae a time series behaviguas they are a
chronologi@l sequence of observatiohherefore, iis necessaryo define thepattern of aime series in order to
choose the best model to fit and forecastifigie series can be random, trended, seasonal etc, and its pattern c
be revealed by a time serig®t, among other tools

Since June of 2016 Unifei has in operation a solar photovgR&micro-plant of 28.5 kW installed power. Even
been a small production when compared with energy consumption, such a production should be added to m
moreconfidentprediction for the futureThe energy production of Unifei PV plant is presented in Tabodr¢e:
https://www.solarweb.com)

Tablel.El ectricity production of Unifei PV plant in MWhT.
Month 2016 2017 2018 2019
January 3.12 3.06 0.58
February 3.19 311 0.89
March 3.94 3.85 3.46
April 3.83 3.74 3.46
May 3.77 3.8 2.96
June 1.59 2.88 2.75
July 3.84 3.61 3.52
August 341 321 3.13
September 3.87 3.63 3.5%
October 3.43 3.22 3.15
November 3.2 3.01 2.94
December 2.9 2.76 2.70
1 Meemsntwas stopped in 2019 and not returned until the end of this work.
] Values in itali.c were considered outliers

Due to the lack of measurement, dateuld bepredicted from June 2019. The first sfiep a predictionis to
identify the time series p@rn. The time series plot, Fig. 2 (a), reveals three outlighs. first month in operation
was not a complete month and June and July of 2019 present probable data transcripgidn Eigor2 (b) the
time series without outliers is shown.
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Figure 2. Time series plot of Unifei PV generation (a) including outliers, and (b) without outliers

Another important task is to identify trend and seasonality, that can be done with the help of-\fitahre.In

Fig. 3 it is possible to identify a negativeertid slightly higher than the average nominal yield of solar panels
marketed in 2022. However, such a trend is compatible as the PV panels' actual yield follows similar expone
decay curve, i.e., the more time, the less is the absolute loss of efficienc
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Growth Curve Model
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Figure 3. Trend analysis for Unifei PV generation

If there is no a clear seasonal pattern, the seasonality can be identified firstly by autocorrelati6g. glognd
then, confirmed by the significance of BBkerce and ANOVA testfl1]. Both tests resulted significant indexes
for a 12month seasonality arall multiples of three,clearly denoting the four seasons of the regisherePV
powerplant produce more in clear winters and summers andinedsudedautumrs and springs

Generation data autocorrelation
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Figure 4. Autocorrelationfunctionfor Unifei PV generation

As the time series has a few data, the HW method will be used in thiS bassuthor assume that timeissrcan
be represented by Eqg. 1 in the additive type of adjustment and by Eqg. 2 in the multiplicative one.

® 0 Y oY - @
O 0 YY - )

whereL; represents the linear componéhis the trenccomponentS is the seasonal component, &fid a standard
error.

To forecast future values using the method of Ecaribe reach by the following set of Egs63whereas when
using the multiplicative method, the forecast should follow the set of ELf3, as taught by thelKCeMGA [16].

O | & Y p I O Y ®)
Yoroo oo pry @)
Y1 e b op 1Y ®)
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® 0 Y Y 6)

7 are future values to be predict@ds the seasonality lag atdl b, and dareestimated coefficients that should be
adjusted for better forecast.

0 | oOry p | 0 Y @)
Y 100 pTY (8)
Yo e p 1Y ©)

G 0 Y Y (10)

The 10 previous equations can be easily implemented in a spreaistiledtie in several office computer package
Thereforethey wereusedin this case of solar PV generatidResults & in the next section.

Our purpose is to propose an easy implementing tool, in a spreadsheet, to forecast what would be the Unifei e
consumption during the pandemic lockdown if there was not such a lock&atan.of Unifei grid consumption
from 2015up to 2022 is presented Trab. 2 (source: electricity bills provided by distribution company)

Table 2. Electricity grid consumption of Unifei in MWh*,

Month 2015 2016 2017 2018 2019 2020 2021 2022
January 170.1 179.9 189.7 186.9 189.7 200.2 146.3 133.7
February 1700 165.2 151.2 182.0 202.3 175.0 133.7 151.2
March 161.0 184.1 177.8 181.3 193.2 163.8 142.1 196.0
April 203.0 236.6 228.9 234.5 210.7 173.6 114.8 184.1
May 189.0 2247 204.4 247.8 224.0 119.0 119.7 167.3
June 174.3 202.3 208.6 200.2 205.8 115.5 112.7 147.0
July 163.8 200.9 200.9 191.1 177.1 119.0 113.4 154.0
August 156.1 168.7 168.7 170.8 168.7 121.8 120.4 149.1
September 182.0 198.1 205.1 205.8 185.5 121.8 135.8 167.3
October 196.7 205.1 214.9 207.9 209.3 142.1 135.1 186.2
November 215.6 220.5 237.3 238.7 238.7 138.6 137.9
December 214.9 210.0 211.4 217.7 219.1 140.7 157.5

*Data represent the sum of peak and-olpeak consumption.

The total consumption is the sum of grid consumption fhlesonsumption supplied lmyvn generatin, as shown
in Fig. 5. As can be sedn the figure, there is a significative electricity consumption droop from March 2020 whel
the covid19 lockdown started.
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Figure 5. Unifei total electric energy consumption
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The same steps that have been done bé&boidentify trend and seasonality in the energy production time series
wasdone here for consumption time series. Data used to adjust the model was from 2015 up to 2018. 2019

was used for model test and validation. Then a forecast to 2020 up to 282&ssed outFig. 6 (a)allow to

identify an upward trend anish (d)a 12mont

h seasonality for adjustment dasavell as a nestationary behaviour

of thetime seriesin Fig. 6 (b) each component of adjustment data time seessented, and fifigin (c) residual
plots are shownThe residues behaviour demonstrates a good model for the decomposed time series as well a

accuracy metritAPE equal to 4%
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Figure 6. Pattern identificatiorof adjustmenfAdjus)data time series

ARIMA model can be defined by two basic model$e autoregressive (AR) general model defined by Eq. 11 and
the moving average (MA) general model given by Eq.162.

[ TS LIS LI S LA E nd - (11)
A -1 -0 - E 1 - (12)

wheref, andy are coefficients to be calculated by ordinary least squares (PisSthe AR lag, atiq is the MA
lag. A useful way is to use the delay operaBaio rewritethemodetk as in Eg. 13 and 14.

nom

13)

o —b

14

whereBY; = Yi1, B?Y: = i,
middle term inEq. 15.

E'Y: = Yi.q. Thel in the acronym ARIMA refers to model irgeation term given by

né p 6 & —0 -

(15)
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where (7 B)?Y;is the difference operator equal ¥ Yei1) T (YerT Yei2) T € T (Year T Yiv o), @andd is the order
of such a differenceThus, the compte model is calledhe seasonal nestationaryARIMA (p, d, Q). It is
recommended to include a second ARIMA to analyse seasonal time series. The statsomalyARIMA (P, D,
Q)s, wheres represents the main seasonalisycalculated by EdL6. The corbined model is known as SARIMA

(p, d, )® (P, D, Q)419], given by Eq. 17.
F6 p 6 ® QO - (16)
néd p &6 F6 p 6 © [6 Q6 - a7)

Montgomery,Jennings, and Kulah@4] summarizeéhe model to be chosen Hye autocorrelatiofunction (ACF)
and partial autocorrelation function (PACF) as presentdain 3.

Table3. Behaviour of ACF and PACF for stationdiyne seres [4].
Model/Function ACF PACF

Exponential decay and/ot
MA (a) Cuts of after lag) damped sinusoidal

Exponential decay and/or
damped sinusoidal
Exponential decay and/or  Exponential decay and/ol

ARMA (p. q) damped sinusoidal damped sinsoidal
* For non-stationary time series, the term | of ARIMA should be used.

AR (p) Cuts of after lagy

Based on Montgomerteachingsthe ACF Fig. 6 (d) suggesta MA (3) model andthe PACF in Fig. 7 clearly
reveas an AR (2) model. As the time series ismstationarythe ARIMA (p, d, q) model will be ARIMA (2, 1, 3)
or even the SARIMA?2, 1, 03 (0, 1, 3)»

Partial Autocorrelation Function for Adjus
(with 5% significance limits for the partial autocorrelations)
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Figure 7. Partial autocorrelationof adjustment data time seri¢Z015 up to 2018 data)
The ARIMA (2, 1, 3) was applieih this case of energy consumption forecastiritge second most used method is
the HoltWinters (HW), already usedn this paperto predict Unifei energy productiofhe HW model for
adjustment time series was implemented firstly in Excel adjust the coefficients, and then in Minkabat
producedhe resultsBothresults are ithe followingsection
4. RESULTS AND DISCUSSION

Eqgs. 110 were implemented in an Ex'EeIpreadsheeand, then for the case of solar PV generation, it was used the
HW exponential smoothing in the Minitaboftware, adjustingoefficients in the ExcElusing theSolver tool. The
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results are presented in Fig. 8 and [€ab From June 2019 up to October 2022 are forecaste@s. The mean
absolute percentage error (MAPE), the widely used accuracy measurement tool, apgpliedttol group of
variableswas 1,3% indicating that forecasted values are very close to actual ones. Values fimdwvieabadded
to energy bill data to forecast what would be the Unifei energy consuniiptiane was nothe pandemic period.

Table4. Electricity production of Unifei PV plant including forecasted values (in italid)livh.

Month 2016 2017 2018 2019 2020 2021 2022
January 3.12 3.06 0.58 291 2.87 2.85
February 3.19 3.11 0.89 2.97 2.94 2.92
March 3.94 3.85 3.46 3.68 3.64 3.65
April 3.83 3.74 3.46 3.57 3.54 3.53
May 3.77 3.8 2.96 3.52 3.49 3.44
June 1.55 2.8 2.75 2.66 2.63 2.60 2.58
July 3.84 3.61 3.52 3.48 3.43 3.40 3.41
August 3.41 3.2 3.13 3.09 3.05 3.04 3.00
September 3.87 3.63 3.5% 3.50 3.45 3.46 341
October 3.43 3.22 3.15 3.10 3.06 3.07 2,98
November 3.2 3.01 2.94 2.90 2.86 2.87
December 2.A 2.76 2.70 2.66 2.62 2.62
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Figure 8. Unifei PV generation including predicted values.

Firstly, the year of 2019 was forecasted to validate the mdbelresultsusing ARMA (2, 1, 3),arepresented in
Tale 5 and Fig. 9. Errors present only two values greater than 10 MWh in February and March, as just these
months followed an unusual behaviour in 2019 compared with previous Vhareesidual plotsFig. 9 (b)show
thatresidus are close to a white noise that represents a perfect fitting of the model, as well as the calculated M.
of 3.85%. It is worth mention that residual analyses compare fitted values with the actual ones, whereas
calculated MAPE compare tHerecasted values with the validation sample, in this case;ede2019s Unifei
consumption data.

Table 5.Unifei energy consumption including the year 2019 forecasted using ARIMA model.

Month 2015 2016 2017 2018 2019 2019* Abs. error
January 170.1 1799 189.7 186.9 1927 191.9 0.8
February 170.1 165.2 151.2 182.0 2053 184.6 20.7
March 161.0 184.1 177.8 181.3 1969 179.0 17.9
April 203.0 236.6 228.9 234.5 2143 222.1 7.8
May 189.0 224.7 204.4 247.8 2276 217.7 9.9
June 174.3 202.3 208.6 200.2 2085 196.4 12.1
July 163.8 200.9 200.9 191.1 1806 180.7 0.10
August 156.1 168.7 168.7 170.8 1718 172.3 0.50
September 182.0 198.1 205.1 205.8 189.0 203.9 14.9
October 196.7 205.1 214.9 207.9 2124 214.5 2.10
November 215.6 220.5 237.3 238.7 2416 246.5 4,90
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December 214.9 210.0 211.4 217.7 2218 2254 3.60
&3 A Residual Plots for Adjus
Electricity Consumption
Normal Probabilty Plot Versus Fits
20000 1 i :'f: 4 P o
l 'i 1 F 8- Foreadet . ' /7'-‘ o >
f o | : - : : -,
25000 Iy ’ /1 o H i o H N .
[ ‘v "1 s | J ' / - &
= | Vodil ’ v f‘ 1 | [ o | F.‘, ’ &
Spants L4 | r) . FAR fl AAAAA [~ x o x .
E e t > | | { ‘. ‘ | [ 1 9 ‘ * !'Ii ] Residwt Fitved Vakwe
( . | \ |
\ ’ l' ! ( | 4 U v | ". “j Mistogram Versus Order
25000 ‘ " [\ | | ! 1 % o ” i
. | [ | '
‘ S 13 | z 4 2 w 0N | | r |
. ‘ §: i NS e
180000 g’ i _’ 3 [ 14l o A L |
I I R R S SR T S B “u BB [/ v |
= & & P r;s'- & 2 & »w F nj . sonet t * il L
Ia’ Months s i ﬁn-;l.-~ et ’b) \lur-\-'.-:nﬁ"r-.lul =

Figure 9. Results of ARIMA forecasting to 2019 (a) time series actual x forecasted, (b) residual analyses.

The results using HelVinters method argshown in Fig. 10 and Table &nce again ridues are close to a white
noise with calculated MAPE of forecasted reshi#mg3.64%, a little lower than that one from ARIMA model.

Energy Consumption Residual Plots for Adjus
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Figure 10. Results of HW method forecasting to 2019 (a) time series actual x forecasted, (b) residual.analyses

Table 6. Unifei energy consumption including the year 2019 forecasted using HW model.

Month 2015 2016 2017 2018 2019 2019* Abs. error
January 170.1 179.9 189.7 186.9 1927 1911 1.58
February 170.1 165.2 151.2 182.0 2053 1709 345
March 161.0 184.1 177.8 181.3 1969 194.8 2.08
April 203.0 236.6 228.9 234.5 2143 2159 1.57
May 189.0 224.7 204.4 247.8 2276 2328 5.25
June 174.3 202.3 208.6 200.2 2085 2075 1.00
July 163.8 200.9 200.9 191.1 1806 187.4 6.82
August 156.1 168.7 168.7 170.8 1718 167.5 4.23
September 182.0 198.1 205.1 205.8 189.0 1911 2.07
October 196.7 205.1 214.9 207.9 2124 2117 0.71
November 215.6 220.5 237.3 238.7 2416 2283 133
December 214.9 210.0 211.4 217.7 2218 2034 184

Fromaboveresults it canbestatedthat HoltWinters model have had a better performance ARIMA model in
this caseof study. Therefore, the forecast for 2020 up to202s carried out using HW methda Fig. 11a
comparison between forecasted and measured valpessented, including the pagrdic period. Ast canbeseen,
the consumption curve from March 2020 does not follow the normal behaviour as predicted anymore. Even
the presential activities returns in the 2@2cond semester, thetwual curve did not reach the forecasted one.
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Energy consumption X Forecasted consumption

Months

Figure 11. Final results of 2019 up to 2022 forecast using HW method

As expected in some kind of business the-newmal after pandemic period will be different than before ca@d
Maybe the electricity consumption will never reach the old pattern, ag awivities successfully done remotely
will continues in this work modé& herefore, a deeper study should be done, takiogaitcount several variables
asthe own generatiorthe use of campus installatiormdthe number of people working presentahong others.
Future researchill consider such variables using artificial neural netwdisIN) to find variables dependence
and, then make a more accurate prediction.

5. CONCLUSION

Forecast the past would be an easy task if the pdsvhawved a weltknown pattern. However, when an exception
happens, as the covi® pandemic, it becomes equal to predict the future. necessarto know theexpected
behaviourof electricity consumptioduring the pandemic peripds ifdid nothappersuch a lockdowyto planning
the future aftethepandemigeriod

In this study, it was assessed the two main forecasting tools to predict the energy consumption of a microgrid fou
by Unifei campus in t a j M@y Brazil. Firstly, it was predicted the own solar phottaicl generation and, then
expected consumption during the pandemic per@lexpected, the forecastedrsumption was higher than the
actual one, even for 2022 when almost all activities returned to presential mode. Planning and budget wor
should takein account such an electricity consumption reduction for next ydamrding tothe results, it is
recommended the use of Hdltinters (HW) exponential smoothing method to forecast energy consumption, as t
results is similar to ARIMA model that is aon@ complex model. HW can be easily implemented in a spreadshee
and can be found in several statistical softw&ame application could need a more accurate prediction. In this
case, it is recommended the use of more sophisticated computational &otficéed neural networks (ANN)at a

cost of expert staff need and more computational.tifie extended version of this article should include a
comprehensive assessment of other variables, such as campus occupancy, type of activities, amonghadlyers th
influence energy consumption, through ANN resources.
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Abstract: Logistics providers are gradually considering innovative transportation alternatives for las
delivery that can address energy effitty needs. This research aims to compare autonomous g
vehicles with conventional and electric vans, based on associated vehicle costs and benefit
into account their engines and combustion features. Cost per vehicle kilometre is derivedeu
total cost of ownership method, adjusted with the inclusion of labour costs, while traveétes
and capacity occupations and reliability benefits serve as a basis for the total possible nu
parcels delivered. The novelty of our paper iethe incorporation of solar panels on top of vehic
to assess their impact on energy efficiency. The results show that, under the current struct
infrastructural conditions of urban delivery, the experimental model can be potentially sudoe:
terms of cost per kilometre, but not as effective in terms of the total possible humber of |
delivered. This study defines autonomous ground vehicles with lockers as an innovative le
solution and contributes to the academic literaturentgstigating the potential of renewable ene
systems adoption in the last mile delivery.

Keywords Renewable energy, autonomous ground vehicles, last mile delivery, electric cars, solar panel
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Nomenclature

APK | Algemene Periodieke Keuring
IM | Autonomous Ground Vehicle
km | Kilometers

L | Liter

LMD | Last Mile Delivery

LML | Last Mile Logistics

LSP | Logistics Service Provider

SOT | SolarOnTop

TCO | Total Costof Ownership

1. INTRODUCTION

The coll ocati on fil degoftechnologydhaticamribitscan drsrao the hest of the interret
network in telecommunications. In the logistics sector, the term refers to directisiodner interactiofi] while

last mile logistics (LML) is experiencing enhanced attention froendcientific community2]. This interest is
related to trends in purchasing behaviour and demographics, as well as increasing challenges that practitioner
while trying to keep up with the basic LML principle: minimizing the freight movement refjtorgatisfy demand,
while minimizing costs and negative imp#&t4].
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Existing researchn the topic offes either narrow targeted improvemsrf the last mile delivery (LMD) process,
such as aouting optimizatior{s] or focus ona undimensionahnalysis of alternatives within a thematic claks
instance transport mod e [6d]Inrdlaidnitoagangmous greuhdevehitles (A&SXS), e
studies are mostly devoted on adoption accepta® ¢nvironmental 10, 11] or efficiency assessmeniso, 12]
neglecting supplementary beneficial or counterbalancing factors that could provide a more holistic picture and fi
understanding of the context. This research seeks to aMsiivat:are the codbenefit segments of last mile deliy
using renewable energy transport in urban areAsmonetarycomparisorwill be conductedbetweeranAGV, a
conventional anén electric van by analysinghe main cosaind benetfivehiclerelated segment3.he outcomes
can assist third partipgistics service providers (LSPgs a structural example for multifaceted comparative
analysis among a separate class of future robotic solutions, namely an AGV, and other conventional transport
alternatives.

2. TOTAL COST OF OWNERSHIP ANALYSIS AND COST -RELATED BENEFITS

Fleet electrification is the main shdaerm challenge for many leading LSPs, based on the current technolog
maturity. As the penetration rate of any technology highly depends on associated costs, the increasing supyf
affordable electrienergy{13, 14]and decreasing battery costs, the most expensive component of electric vehicl
(EV) [15, 16] became the main drivers of fuel transition. While many articles highlight the environment:
advantages of electric transport compared to fassilemissions, this paper is primarily interested in the economic
performance and ceselated benefits evaluation of certain vehicles, hence in quantitative methodologies allowi
for results in monetary unitg 7).

Several papers advocate the advantajessing electric vehicles and their cost competitiveness in all mobility
categories i.e.-vheelers, cars, buses, heavy and light vehi¢lsAmong those reviewed, total cost of ownership
(TCO) is a widely used method for understanding potential isr#fa new technologyl8, 19 20]. Based on a
TCO analysis, the most advantageous technology in terms of cost can be chosen, while the most problemati
areas in need of improvement can be identified. The method summarizes all costs relatedstipwoiargiven
subject, during a certain period of ownership. There are usually four types of input information needed to con
a TCO on a transport vehicle, namekynership period, travel data, vehicle data and cost data (for a detaile
overview sed\ppendix A).

Concurrently to costs, innovative technology adoption should foster optimization along with sustainability a
effectiveness benefits, related to fuel efficiency, traveldieteted, capacity occupation & reliability improvements
of costs P1]. Benefits also depend on specific vehicle characteristics and dimensions, but can be further stimul
by ancillary mechanisms and methods, for instance congestion mitigatiempdesized performance, vehicle
right-sizing and lightweighting, ecedriving and ecerouting, and higher speed limits. Other possible benefits can
be related to the factors mentioned under the cost data of TCO analysis [21]. Similar discounts could
implemented for AGVs, as they eliminate the human error and thereby m@a@sy and reduce the chances of
an accidentFigure 1(Appendix A) presents the selected framework for the input data and TCO assessm
algorithm.

Comt ! Algorithm

W =

Figure 1 TCO assessment algorithBource: [Lg]
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3. METHODOLOGY

The TCO method will be used for thrdéferent types of transport. As a baseline, a conventional van with ar
internal combustion engine representing the current state of LMD will be used; an electric van as a comt
solutions of the near future; and an autonomous ground vehicle as a futtiherpiotential solution. Additionally,
each of the options will be assessed with the use of solar panels as an auxiliary tool for cost savings. The date
collected taking into account the specifics of urban delivery, based on resources and isstipgiating in the
Netherlands, and therefore reflects the context of the Dutch LMD market.

The data collection mechanisms for each of the variables needed to calculate the total actual costs and kilon
(km) driven during the full ownership period. Talkgorithm in Egs. (1, 2), Appendix A, is taken as a TCO input
framework and includes variables such as ownership period, travel data, vehicle characteristics, and asso
capital and operational costs. The results of the TCO assessment will be obsirgedhe Formula (1) (see
Appendix A) proposed byLB], and adjusted to include solar panels costs and labour costs for a delivery van driv
a substantial part of the LMD cost [22] which in AGVs will be eliminated. Costs will be adjusted annualtlirgcor
to the discount rate of the present discounted value shown in Formula (2) (see Appe8ixTR) total possible
parcels delivered, together with the total cost per km gained from TCO, are two representative metrics of deli
performance. This search will examine solar panels fisalving capabilities and their effect on cost per km for
each vehicle, and the effect on the total possible parcels delivered due to operational time increase. SubseqL
a sensitivity analysis of cost and benefiyrsents will follow, allowing for deeper analysis and robustness check.

TCO Calculation: Coming back to the TCO calculation algorithm, the following main blocks of data are to b
considered: vehicle characteristics, ownership period, travel data and taistal Then, the Benefits Calculation
of Capacity Occupation & Reliability, Fuel Efficiency and Travel Time: Total Operational Time Increase.

Vehicle CharacteristicsVehicle type largely affects the remaining variables, and therefore, requires a prima
outline. PostNL, the main parcel delivery service provider in the Netherlands, made a deal with Renault grouj
the purchase of light commercial electric vehicldsaster Z.E (L3H2) 24], as a part of its plan on emissitnee
LMD by 2030 [41].

Solar panels: Current technology maturity does not allow for commercial vehicles running entirely on solar powe
yet there are few examples of solar panels providing fuel savings and extending a vehicle's battery life. Di
company IM Efficiency has developedetiSolarOnTop (SOT) product, providing trucks with clean electricity
generated by solar panels otherwise generated by the alteatoeducing the load on the engine and hence fuel
consumption, thus preventing the costly idling hours. All SOT relatiuirmation used was obtained during an
informal interview with a company representative. The SOT price is determined separately for each vehicle.

Depreciation rateAccording to Dutch law, the depreciation rate for delivery vans is 100% after five \2aes.
to the lack of similar information concerning the AGVs, the same depreciation rule will be applieA®Mvgth
| ocker s, considering the residual val ue of a0 in

Vehicle related costsFees and taxedJponpurchasea vehicle owner is automatically responsible for registration,
insurance, APK (Algemene Periodieke Keuring), and motor vehicle tax (see Appendix A).

Vehicle related costsSubsidies and Indirect initiativegiccording to Netherlands Enterprise Agg, there is a

list of financial support for business driving electric with a minimum reliability level 2+ with 'RVO services
authorization is assumed in order to receive these subsidies. Allowances are applied to corresponding pur
costs, and can mmbined except the MIA and EIA combination. Among those able to be applied to this resear
are presented in detail in Appendix A.

Ownership Period The transport industry in general operates on low margins, therefore tends to exploit its ass

onthemaxi mum t o minimize operational costs distribi
Logistics, transport industry standards, limit the recommended period of usage for a commercial van to 8 ye
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The same amount of years is proposethieyEuropean Environment Agendyhe real discount rate was set on the
level of 0,05%, to eliminate the complexity of inflation consideration within the present value calculations.

Travel Data Information on the specific annual mileage numbers for vaes by the PostNL parcel delivery
subdivision is confidential. However, the approximate annual mileage value for the parcel transporters like Pos:
DHL, and UPS can be retrieved from the Central Bureau of Statistics of the Netherlands (CBS) ar@/RDW [

t he Netherl ands, third party LSPs are regi 28t eed
average annual mileage for these sectors is 38,753 km that matches the annual mileage (39.082 km) that c
calculated using the casedy within the outlook of the 'Package market and home deliveries' city logistics segme
in the MRDH region29]. Accordingly, an annual mileage amount of 39,000 km was chosen.

Labour Costs The average hourly salary for parcel delivery employeeinRostN' s 0 10. 79 acco
update on May 25, 2021, by Indeeg)][ which is in line with wage information under parcel deliverer vacancy at
PostNL-01, 973 gross per month assuming 23 wor king de

Benefits Calculation

Capacity Occupation & Reliability LSPs are also concerned about the maximum possible number of iterr
delivered. In November 2020 Topsector Logistiek conducted an analysis on parcel and home delivery at MF
area, and noted 75000 parcels delivered daily by 34§, ¥hat equals to 220 parcels per &t.[The study also
found that the capacity of one van is 300 parcels and it usually has an average load factor of 73%, which corrobc
the 220 parcels value per van. Neolix offers three different configuratiohsckérs, namely: Big locker
dimensions: 420 x 280 x 510 mifb9L); Medium locker dimentions: 420245x 125 mm (15L); Small locker
dimensions: 420 280x 83.3mm (9.7 L); Total lockers volume: 471.5 L.

For items less than 2 kg and with a maximum &880 x 265 x 32 mm, PostNL and Bol.com use Letterbox
Packets+, an intermediate package between letter and a parcel. Solely from the parcels perspective, accord
the study of 39] exploring the last mile parcel delivery market in Groningen, parzebsf 8, 13, and 18 litres
were among the most frequently used, with the volume distribution of 40%, 40% and 20% respectively. Tt
taking into account the average parcel volume of 12 litres and the Neolix Express total volume of 471.5 litres,
maximum capacity of 39 packages per one delivery cycle was obtained.

Fuel Efficiency Energy obtained through solar panels can substitute part of the electricity needed for all vehi
types, and even affect fuel consumption for vehicles with internal combustgines (ICEV), therefore, reduce
feeding costs. According to the company's representatjelfn? of SOT can produce about 250 kWh per year,
which in the case of electric cars increases the maximum power reserve of the vehicle at a previousctatit pf ele
consumption. For conventional vehicles, an additional supply of electricity, along with keeping the battery char
also lower the load on the engine, resulting in less fuel needed to producto-Nidhkel energyd2]. The SOT
simulation applicabn developed by IM Efficiency used to calculate the total fuel savings for a vehicle with a dies
engine is confidential and restricted for external disclosure.

Travel Time: Total Operational Time Increasi&ccording to the service information and vacauescription at
PostNL, the working activities related to the parcels' delivery are taking place between 7:00 and 23:00 (
shifts/day), six days a week excluding Sundays and holidays (302 working days in 2021), while deliveries cal
expected between®) and 21:3033). In this study, the assumption on the expansion of delivery hours using Neoli;
to 7:00-1:00 range is made, to calculate the total operational time increase benefit. Nonetheless, the suggest
a presumption that requires scientifiatiation.

4. SENSITIVITY ANALYSIS
The TCO analysis conducted in this paper for the period 2021 to 2028, contains several assumptions that i
varying degrees of uncertainty (see Appendix C, Tables 5, 6, 7, 8). Therefore, sensitivity analysis iegéoform

the vehicles without SOT, to test the robustness of either cost segments that have a significant variability pote
or segments whose change vector is known, but the degree of influence itself represents a focus of inte
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Sensitivity analysi®n parcel size and density is also be performed, to assess the competitiveness pAsitits of
with lockers.

Costs of Ownership (+APK) will increase by 40% the next eight years due to termination of current tax discoL
for electricvehicles Yet, it is unclear how strong government support for renewable and green energy investme
will be, or whether ownership taxes for internal combustion engines vehicles will be increased. A change in
cost perkm as a result of a 20%, 30% and 40% increase ink;Afhd a change of 10%, 20% and 30% in the
Purchasing cost of the vehicle itself, will be considered as main components of the TCO per km. A sim
sensitivity analysis will be performed for FeediMi&R, Insuranceand Labour costs (see Table 4, Appeniljx
Insurance costs for Neolix is the most unpredictable cost segment in terms of direction and amplitude of chan
may decrease, following the assumption that driverless vehicles will reduce the claim fre@dgraryiicrease,
considering high costof sensors needed for autonomy and for repair, at least on an early adoption stage. Base
the assumption of 50% premium reduction, the change by 50%, 100% and 150% in Insurance cost wil
considered. Changes in cost segments are assessgichansonally.

Tablel. Sensitivity analysis for cost per km: cost segments change variation

suchsnrgraet | besnr
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Sensitivity analysis on cost plem confirms the finding of TCO analysis, in which labour cost plays a vital role in
total cost formation for neautonomous vehiclesygreasing the cost of km by as much as 23% for Renault Maste
Diesel and 32% for Renault Master Z.E., in case of 30% increase of the courier salary.

For autonomous vehicles, the purchasing cost itself represents the cost segment significantly aepengo
giving an 18% increase of total costs with a 30% purchasing cost increase. As for insurance costs, althoug
percentage change in TCO ien appears large (7% to 22%), it should be noted that it almost coincides with on
caused by Purchasingpst variation, while initial change percentages of Purchasing cost segment is five tim
smaller than in case of Insurance cost segment. Also, in absolute terms, even 150% of Insurance cost var
induced by autonomy is far away from the 10% Labout easation effect on the TCO pkm for the rest of non
autonomous vehicles, which confirms, from an efficiency perspective, the advantageousness of the |
technological transition, even at a potentially high insurance cost.

Since the conditions for usj Neolix were equated to cargo bicy¢lasually used for express and small parcels
delivery, the shift to smaller than 12L parcels can give results that are more prominent. Especially since, accor
to DHL, bicycle courierganbe more productive, defring up to 2% more parcels than vans in particularly busy
and difficult to access urban areas [35]. In additadihough the small size parcels are prevailing in B2C dediser
inefficiencyin packaging methatremains a big concern, currently allogifor a 20% reduction in average parcel
size B6]. At the same timeBol.com plas to ship products with their own sturdy packagimgthout outer
additional cardboard boxesncouraging their third party merchants to follow [37]. Retail order consolidatio
another practice gaining popularity ircemmercewhich on opposite aims on combining multiple orders into one
single packagepotentially resulting in fewer shipments of fuller cartodg.[

The existing variability in relation to the size and nembf packages prompts to conduct the sensitivity analysis
on percentage distributions of 8L, 13L, and 18L parcel dimensions towards the total deliverable capacity of Ne
Two scenarios are considered: tAglits emphasis on smaller parcels with aeetage distribution of 70%, 20%,
10%; the second includes Letterbox Parcel + size having a maximum of 3.2 L, instead of big 18L, with a percen
distribution of 40%, 40%, 20% from the smallest to the biggest parcel size. In the second scenarianghpenco
parcel delivered is changed according to the Letterbox Parcel + size distributional inclusion and its donfsstic ta
(assuming equal di stribution among online/ gvesdni n
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overview of both average parcel size scenarios, in comparison to the baseline for Neolix, Renault Master Di
and the electric Z.E. version
Table2. Sensitivity analysis: average parcel size

Sensitivity Analysis: average parcel size

Master Master Neolix MNeolix MNeolix
Diesel Z.E. scenario 1 | scenario 2
132,880 132,880 124,254 149,742 210,276 | Delivery volume per year (units)
78,000 78,000 103,131 103,131 103,131 Dalivery likomatre par yvear (km)
1.70 1.70 1.20 1.45 2.04 Parcels per kilometre delivered (units)
7.00 7.00 7.00 7.00 5.94 Income per parcel delivered (€)
11.932 11.82 2.43 10.16 12.11 Income benefit per kilometre (£)
0.90 0.95 013 0.13 0,13 Cost per kilometre (€)
11.03 10.96 B.30 10.03 11.98 Revenue/Loss per kilometre (€)

Scenario 1: The average parcel size in this case is 10L, resulting in maximum of 47 parcels that can fit in Ne
(471.5L). With nine daily delivery cycles, the maximum of 423 daily and 149,742 adeiiveries can be achieved
respectively. Brealeven point: 52 parcels of 9,06L size.

Scenario 2: The average parcel size in this case is 7.08L, resulting in maximum of 66 parcels that can fit in Ne
(471.5L). With nine daily delivery cycles, the maxim of 594 daily and 210,276 annual deliveries can be achievec
respectivelyBreakeven point: 61 parcels of 7,73L size.

As expected, with a decrease in the average par
profitability increass. Experimentally, the bresdven points in relation to Renault Master Diesel in revenue per
km for both scenarios were determined. Another way to improve profitability without changing vehicle capacity
to increase parcel density of the delivery areeammng the change in the performance indicator of 0.83 km per
parcel delivered, as determined for Neolix. Taking the initial Neolix calculations with 39 parcels capacity a
124,254 annual delivery volume as a baseline, increases of parcel density bys2@¥ario 1 and 30% in scenario

2 were considered. Parcel density directly affects annual millage, meaning that with the higher densitykithe tota
needed to cover this area, therefore total costs, decrease. Density, on the other hand, can be ympooalgb

the overall distance travelled in a single delivery cycle, based on better delivery route planning or deploymer
inner-city micro-hubs reducing the longest plot (deddtdelivery address) of entire delivery cycle steps.

Table3. Sensitiviy analysis: parcel density
Sensitivity Analysis: parcel density

Master Master Neolix Neolix
Diesel ZE. NSO scenario 1 | scenario 2
132,880 132,880 124,254 124,254 124,254 |Delivery volume per year (units)
78,000 78,000 103,131 85,942 79,331 |Delivery likometre per year (km)
1.70 1.70 1.20 1.45 1.57 Parcels per kilometre delivered (units)
7.00 7.00 7.00 7.00 7.00 Income per parcel delivered (€)
11.93 11.93 8.43 10.12 10.96 |Income benefit per kilometre (€)
0.90 0.96 0.13 0.13 0.13 Cost per kilometre (€)
11.03 10.96 8.30 9.99 10.83 |Revenue/Loss per kilometre {€)

Table 3gives an overview of parcel density scenarios in comparison to Neolix's baseline, as well as Renault Mz
in diesel and electric version. In the first scenario, the increase of 20% gives the new density of OrgSakoelpe
and delivery cycle millage of 26.98 km. The second scenario with a density increase of 30% gives new perform
indicators of 0.64 km and 24.90 km respectivétgprovement of 33% gives a new density of 0.62 @delivery
cycle millage of 24.34 kiprepresenting the breadven point from which Neolix brings more revenue per km than
both Renault Master vans. As parcel density fthenParcel Market and Home Deliveries analygs 0.6 km per
parcel[31], with additional infrastructure like micioubs Neolix has the potential to be fully competitive. The
TCO cost segments for each vehicle is presented in Figure 2.
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TCO comparison

Figure 2. TCO per km comparison

013

€ per kilometre

Some segments were grouped together for comprehensive purposes. For instance, Subsidies andiftidiesct in
is combined with Purchasing cost, under APurchas
i nspection are gathered wunder iOwner ship (+ APK
breakthrough of energy efficiencpmpetitiveness using renewable energy transport for last mile delivery. Base
on the results, it is possible to argue on the adoption potential of autonomous ground vehicles with lockers &
innovative last mile solution.

5. CONCLUSIONS

The aim of thistudy was to explore the cds¢nefit segments of LMD operations, using renewable energy transpol
in urban areas. Based on the TCO analysis, the biggest cost segmentdatarammous vehicles is labour cost of
delivery van drivers, simultaneously repgating the potential savings in caseAfbVs. Purchasing cost was
another significant element, proving that technological deployment highly relies on economic feasibility a
practicality. Thus, electric vehicles, while still being more expensive thael diags, even with governmental

subsidies (u26,520. 95 versus uau44,318.75), over :
(u25,5894. 2 versus 028,0501.96), encour a gAGWsgwitha n
lockersNeol i x in this study, despite the | owest Pur

autonomy an expensive option, questioning its practicality, a&@\&s load capacity is times times smaller than
a delivery van. Therefore, supplementbeneficial factors such as fuel efficiency, total operational time increase
capacity occupation and reliability were evaluated, opposed to thdimeasional analysis based solely on costs.
Regarding fuel efficiency, the effect of the auxiliary tdoSOT on vehicl esd feedin
discovering a significant difference in savings capabilities for diesel versus electric vehicles. Lastly, cumulat
savings over eight years were not enough even to overcome the initial technology inveshitemgswited in
u$4l1,518.07 of annuall savings when applied to dies
indicates that autonomous ground vehicles with lockers are an innovative potential solution and more compet
when adopting reneable energy. In addition, for the branch of science of renewable energy systems, this resec
contributes with a scientific breakthrough about energy efficiency competitiveness using renewable ene
transport for last mile delivery.
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APPENDIX

Appendix A
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Figure 6. Boysen and Scdmewokker Conceptual

TCOr =PPy — RVy+RFC, — §;

+ZFC,+ 1C; + MRC, + BC, + OC, + RT, — I,
£ (1+i)

1)

TCO assessment formula proposed bji8]

Where:
PV

|
(1+n

=A’x

= Present value
= Amount of one-time cost at a time £

= Real discount rate (2)
= Time (expressed as number of years)
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Table 4. Vehicles overview

Vehicle name

Motor type

Curb Weight Max. Speed

Purchase

Max, Range

Fuei consumption
[/ 100km or

Payload
m [kg] {km/h) {km)

(€, excl, VAT] KWh/100km)

Renault

13 130
Master Diesel

2066 123 31550 1,00 &7

Renauit

- 58,/K X
Master ZE. Ah dattery 8,710 120

Maalix Express stk 24 371 % 30,000 10

Input information needed for a TCO on a transport vehicle [Lg]

1) Ownership period predefined time interval parameter that defines the estimation scope (year, life span);

2) Travel data travel statistics or kilometers that a vehicle is predicted to travel during ownership, usually dependi
on the industry and purpose the vehicle is used for;

3) Vehicle datai cover the cost of the vehicle unit and summarize its main model ateeistics affecting unit price
and operational costs. It i s the most i mportant
fuel type heavily correlate with vehicle structure and associated costs. For example, to ensure thelegguokd
autonomy, additional equipment is needed, like sensors and cameras to perceive the environment and their
movement, onboard computer hardware and speci al act
required in order naoto miss some conventional parts. For the same reasons, personnel costs are later include
excluded in operational costs. Fuel type can also entail changes in a form of battery, solar panels, hydrogen tan
adjusted engine and affect the depreciatiies changing the residual end value of the vehidg. [

an

4) Cost data traditionally include all operational costs involved, i.e. registration fees, subsidies, feeding (fuel costs
insurance, maintenance and repair, taxes, road toll, indirect incetitatamight deviate depending on the economic

situation, governmental policies and vehicle usage related fadt@jcs |

VEHICLE RELATED COSTS - FEES AND TAXES

Registrationfeeiany vehicle over 750 Kg must be r=j stered a
BPM charge (Bijzondere Verbruiksbelasting van Personenautos)tax payable by the first person to register a
newly purchased vehicle in the Netherlangig.[However, there is an option to avoid BPM by obtaining the grey
license plate that alsolaivs for a reduction benefit on road taBoth diesel and electric Renault Master delivery
vans meet the conditions for the grey license plate when used for business purposes that make them eligib
exemption from the BPM. Under Dutch law, Neolix id necognized as a delivery van, therefore cannot claim for
grey license plate and, from this point in this study, will be equated to a passenger car used for business pur
[42]. For passenger cars, BPM is determined by the CO2 emissions in gramsfiafimréhfor electric Neolix, BPM

is not charged4?2].

APK i is a general periodic inspection in Europe. Delivery vans up to 3500 kg obey the same inspection rule
passenger car&T]. The only difference is the frequency of inspection that dependsduodhtype. Vehicles with
electric or gasoline engines need to be first checked when they are four years old, then twice every two year
then every other year (the242-1 schedule). For diesel, gas or otkagines, the schedule is13l. The price 6
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per service provider and, on aver aape,

APK wvaries

and U35 for passenger cars.

Road (motor vehicle) taxi annual fee on the use of a vehicle that depends on weight, fuel type, level tbpollu
caused by a vehicle, and province. Accordingid[, t he conventional diesel v
vehicl e ma&slsd®d &fg ZhdDul d pay 0142 every three mon
tax until 2024. Then 2025, there will be a 75% tax discount, and from 2026 the full rate of tax should be pa
again. The road tax for an el e20bDckganswilflB5f Emg

vehicle (550 kg), it is 030 respectively.

VAT - value added consumption tax on goods and services. The general VAT in the Netherlands is 21%. Howe
if vehicle is fully count as a business asset, which is the case for this study, the VAT can be dégucted [

VEHICLE RELATED COSTS - SUBSIDIES AND INDIRECT INITIATIVES

Subsidy Scheme for Emissioirree Company Cars (SEBA)T subsidy functioning from 15/03/2021 to
31/12/2025 and gives 10% refund up to maxi miree 0
company vehicle under category INID] . All vehicles under consideration in this research meet the requiremen
of the N1 category and are therefore eligible for SEBA (Transportpolicy.net, 2021).

Environmental Investment Allowance (MIA) i tax benefit for investment in environmentally friendly assets
approved and mentioned in-soa | | e d fA p[dQd.iRénaultMastdr Z.E. with asset case G3101, is eligible
for an all owance for a maximum of 075,000 of the
of the previous deduction from the purchasing price of any subsidies receives lik8EBA

Small-scale investment allowance (KIAYy busi ness investments in assets
eligible for 28% of the investment amoudAg]. There is no evidence of Neolix cannot be qualify for this investment
allowance, the same can be bqable to Renault Master Z.E. and one with a diesel engine and even to SolarOnT

[42].

Energy investment allowance (EIA)i allowance for CO2 reduction, energificient techniques and sustainable
energyrelated investments. It gives an average advamagE and lowers energy bills, allowing for subtraction
of the electricity generated with EIA investm@#i] . Solar panels used in this research comply with the description
under asset code 251115 of Energy LiSblar panels or foil for electricity geration on means of transpf0].

C)Feeding-Ener gy or fuel costs, specifically electric
as per Eurostat 2023 nd di es el price i s agé Natidna Réchmmanded ®ricelpsn g
Unitedconsumers.com,

D) Insurance - Auto insurances vary depending the service provider, and are usually more expensive for busir
than for private vehicles because of higher annual mileage and risks related. Therefore the insurance pren
from Achmea, the leader of the insurance Dutch mar&t vere taken. During calculations, the price of Full
WA+ Casco was considered baseda 33yearold driver with no accidents in the last 10 years. Accordingly, for
di esel vans the premium i< vBh&. 03 pesr Nowddys, moboowmi
can predict the premium amount on autonomous vehicles, egpémialelivery robots like Neolix. In this study,
an estimation of 50% premium reduction comparing
insurance premium for Neolix delivery vehicle.

E) Maintenance and repair- Maintenance costs feelectric vehicles are lower than for a conventional van with
an internal combustion engine, because they have fewer moving components and doml odt are filter
replacements[15] in their TCO comparison study on electric vehicles, retrieved the afomaintenance of
0.019cu/km and 0.052cu/km for electric and diesel
that the MR costs of the electric vehiclebdbs batt
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F) Battery - the battery lifespn is typically determined by a number of full charging cycles performed before th
battery reach a certain level of initial capacity orcatied state of health (SoH). For Renault Master Z.E. 33 kW/h
battery the minimum SoH after which it cannot be usg¢de automotive industry anymore is 6624][ After eight
years, average battery degradation will reach around-1IB8 % (Argue, 2020), still being far from the critical
66% SoH. Battery longevity can vary depending on many factors, for instance, utiagate, and charging
frequency, thus is hard to predict, but according to the Groupe RePdutt\vas estimated around ten years for
its electric vehicle product line. No information was found on the lifespan of the Neolix battery. Therefore,
batery cost will be considered in this research.

E) Road toll - Currently, there are no toll roads in the Netherlands for vehicles less than 12 tons (UTA, 202
However, there are ze@mission zones in 13 municipalities restricting entry of diesel vehidgle emission class
3 and lower. Renault Master with a diesel engine has an emission class of 6.

104



11. EUROPEAN CONFERENCE ON RENEWABLE ENERGY SYSTEMS Riga/LatiaMag 2023

Appendix B
Vehicles' Descriptive Information

Neol i x specifications and details. Sources:

Technical detad:
INEOULIX s
Neolix Autenomous Vehicle 7 ) =
R pe Littech 100 kil
e e bl
\.r ,'.v-.‘)?'r 1k
i oadl ]
Nureber of 2omg
partmend deme: 3 DArtTe 4 Bremet
A5 x 421
= Tme EDe0y L
Battery
Safety/navigation systems
£ LOAR systems, b cameras and 14 sensers
Renault Master specifications and details. Sourf24}
LIME 2500
LMY 2307 LaME Ja0e
LM 2am
e - :
" L;.-:--"' - b3 A1) -
- = f |’ - cid -
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Appendix C
Table 5. SolarOnTop savings performance
Area suitable for SOT Annual energy
Vehicle name . Annual fuel savings (L
installment (m2) generated (kwWh) gs (L)
Renau!t Master 6.88 i 908,73
Diesel
Renault Master 6.88 692.50
Z.E.
MNeolix Express 3.25 316.25 -

Table6. Sunmary of the TCO cost segment

Master Diesel Master Z.E. MNeolix
Cost segments J/ Vehicle Master Diesel + Master ZE. + Meolix +
SolarOnTop SolarOnTop SolarOnTop

Purchasing cost (€)
Purchasing cost [£) 31,940.00 37,290.00 58,700.00 64,050.00 20,000.00 352,500.00
Bz Eilrazss 5,429.20 6,412.86 14,292.00 | 14,766.50 5,100.00 &,064.69
initiatives [€)
Ownership (+AKP) (€)
Registration fee [€) 10.75 10.75 10.75 10.75 10.75 10.75
BPM tax [€) - - - - - -
Road tax [€) 143 143 135 135 20 20
[for 2 months) [frem 2026)  (from 202E8) [from 2026) [frem 2026}
APK inspection [£) 52 52 45 45 EL EL
[schedule pattern) [3-1-1) (3-1-1) [4-2-2-1) [4-2-2-1) [4-2-2-1) [4-2-2-1)
Feeding cost 1.52 1.52 0.11 0.11 0.11 0.11
(€L, €/kKWh)
Insurance cost

122.02 122.02 §9.24 £59.24 &4.00 6900
[E/month)
Maintenance and repair

0.052 0.052 0.019 0.019 0.019 0.019
[€/km)
Battery cost [€) - - - - - -
Road toll [(£) - - - - - -
Labour cost

1,973.00 1,573.00 1,973.00 1,973.00 - -

[E/month])
TCO for 8 years (€) 280,501.96 366,450.62 355,894.20  260,261.67 41,574 82 45,566.12

Table7. Maximum delivery volume calculation per vehicle

Renault . Nealix
Master ook delivery
220 39 Load capacity in units perfomance
08:00-21:30 | 07:00-01:00 Working hours 16 Veh?de speed in krn/h
135 18 0.83 Vehicle km per unit
6 7 Working days per week 39 Load capacity in units
302 354 Working days per year 3237  |Delivey cycle millage
440 351 Maximum delivery volume per day 2 Delivery cycle duration in hours
2,640 2457  |Maximum delivery volume per week 9 Number of cycles per day
132,880 124,254 |Maximum defivery volume per year 351 Maximum delivery volume per day

106



11. EUROPEAN CONFERENCE ON RENEWABLE ENERGY SYSTEMS Riga/LatiaMag 2023

Table8. Costbenefit summary of last mileloery vehicles

Master Master
Diesel Z.E. feolix
132,880 132,880 124,254 [Delivery volume per year (units)
78,000 78,000 103,131 |Delivery likometre per year (km)
1.70 1.70 1.20 Parcels per kilometre delivered (units
7.00 7.00 7.00 Income per parcel delivered (€)
11.93 11.93 8.43 Income benefit per kilometre (€)
0.90 0.96 0.13 Cost per kilometre (€)
11.03 10.96 8.30 Revenue/Loss per kilometre (€)

Purchasing and annual Ownership (+APK) costs calculations

Purchasing price calculation

: Master Diesel Master Z.E. + : Neolix +
Master Diesel +SolarOnTop Master Z.E. SolarOnTop Neolix SolarOnTop
Price of vehicle excl. VAT/BPM 31,940.00 31,940.00 58,700.00 58,700.00 30,000.00 30,000.00
Price of SolarOnTop 5,350.00 5,350.00 5,250.00
Vehicle related capital costs
Registration fee 10.75 10.75 10.75 10.75 10.75 10.75
BPM 37.7% (+273) - S = = z =
Total 31,950.75 37,300.75 58,710.75 64,060.75 30,010.75  35,260.75
Subsidies and Indirect initiatives
MIA 36% (9%) - - 21,132.00 21,132.00 - -
KIA 28% (5.5%) 8,943.20 i 10,441.20 16,436.00 r 17,934.00  8,400.00 9,870.00
EIA 45.5% (11%) - 2,434.25 - - 2,388.75
Net benefit at 25% nominal tax 2,235.80 3,218.86 9,392.00 9,766.50  2,100.00 3,064.69
SEBA 3,194.00 3,194.00 5,000.00 5,000.00  3,000.00 3,000.00
Total subsidies 5,429.80 6,412.86 1439200 14,766.50 5,100.00 6,064.69
Total purchasing price 26,520.95 30,887.89 44,318.75 49,294.25 24,910.75  29,196.06
Annual Ownership (+APK) costs
Year Master Diesel Master Diesel Master ZE Master ZE + Neolix Neolbx +
+ SolarOnTop SolarOnTop SolarOnTop
2021 1 567.72 567.72
2022 2 567.43 567.43
2023 3 619.07 619.07
2024 4 618.76 618.76 4491 4491 34.93 34.93
2025 5 618.45 618.45 33.67 33.67 7.48 7.48
2026 6 618.14 618.14 179.46 179.46 64.81 64.81
2027 7 617.83 617.83 134.53 134.53 29.90 29.90
2028 8 617.53 617.53 179.28 179.28 64.74 64.74
Total 8 years 4844.94 4844.94 571.85 571.85 201.85 201.85
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Abstract:. Much research and many articles have been done on energy efficiency matters and p
instruments to monitor, determine and reduce consumption of diffgqeeg of energy. The mo:s
consumed energy form by multiapartment buildings is still heat power presented either by he
the rooms, or both by heating and hot water preparation. Observing the household bills
apartment owners in Riga and Latdaring past 510 winters or heating seasons can be conclt
that this type of energy forms 50% and more of all dwelling maintenance costs. Many comrr
of apartment owners due to different financial and psychological reasons are not ready totpa
in cofunding programs of complex renovation. A big part of society is ready to invest mone
have already saved up in maintenance and repairments of the apartment buildings. The authc
research have chosen a methodology which in relatitmtypes and series of buildings is able
show reduction of heat power consumption after performing the most popular repairments
giving a roadmap to the apartment owners and maintenance companies on different ways hoy
up money and redudize negative ecological impact by reducing energy consumption and heat

Keywords Energy efficiency, sustainability, multiapartment buildings, heat loses, repairments

E 2023 Published by ECRES

1. INTRODUCTION

Every product or service has a lifeby consisting of particular and definable phases. This cycle can be reduced
three main stages for any uhiproduction, transportation, and consumption. Heat power and electricity are not ¢
exception. Manufacted in a powerplant provison to houseblds, industrial objects and public venues via
pipelines and gridsfurther consumption by individuals and processeikes both energy types relevant to the
previouslydescribedormula. Without doubt heat power and electricity make any building attraatideiseable
during every time of the year, but already a while uncontrolled and highly likely unmeasured consumption beco
a financial burden for owners and users of any kinonofiovable propertyDefinitely, the climate of the Baltic
States and gendha of Northern Europe does not allow to provide comfort for inhabitants of dwellings without
proper andalmostconstant heating, but measwy, accounting and energy efficiency increasing procedures are ¢
must have both for owners and maintenance compamihese countries, as well esLatviain particular

Due to uneverievel of wealth of persons forming the commuest of apartment owners in every apartment
building, and because of many other reasons and circumstances defined by the authartscté dredadetermined
analyzing the results of a questionnaire developed for this research, the performing of the full renovatior
buildings does not happen as fast as needed and foreddstaw:sults of the questionnaire will be published in a
different article because of the ongoing collection of data and respondlbetsesearch performed by the authors
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tries to find technical solutions that can be performed cheaper, faster, with lesser administrative costs, still sho
appropriate results in tHeld or reduction energy losses.

Energy efficiency has gained a lot of prominence in housing policy due to its potential consequences for clin
change. There are numerous local, national and also international initiatives to promote energy satviegssand
of renewable energy to reduce the environmental burden. The residential built environment is a significant fa
in the use of fossil energy sources and, therefore, has a substantial potential in the reduction of this energ
efficiency in hosing [1]

The amount of literature, especially articles in pemfiewed journalson the topic of energy efficiency in
multiapartment buildingss wide and multifacetedlhe authors of this research atteetpto create a reviewof
literature that might Hp define the most important differende the situation ircomparison wittother countries
Even Lithuania and Estoniaepresenting the same regioshow a different approach, policy, technological
problems and solutions.réund 67% of population of Laitv are living h multiapartment buildings constructed
between 1945 and 1991. The construction principles in the Soviet Union were common for all thengftemer
countries, but still a variety of types and senésnultiapartment buildingsvas allowed @ be designed and used
locally, never leaving thierritory of the particular country. That makes the multiapartment buildings generally like
the ones created around the whole union but having their own remarkable featuresomt@carare not always
postive. Not many authors before this research have evaluated the panel, block and brick residential construc
presented in Latvian the context of energy efficiency and performed repairments

The first recognizable publication on mass constructioninta a i s t he research 0 S
and when? The case of Daugavpil s, Latvia. o made
have put the emphasis on social and economic aspects of mass housing both in gepensdudpdn one of the
bi ggest cities of Latvi a, the idea that ithe bui

inherited by today'spostoci al i st <cities have by no [2nkraears thit the n
preseration of these buildings, its overall renovation and reduction of heat power losses might ensahg @o
well-deserved placor these objectm the landscape of the modern cities, but also provide waattttomforto

its current inhabitants. Apprapte maintenance, timely refurbishment works, careful and thoughtful exploitatior
makes the society | ess energy import dependeds ¢
Sunl| ana 8,GorpreBpturagwair it i c 1 e f En & mgtiyapartreent buildingsi @ontribations to
economy and c-lrenavedidngindach 22 jplgsénsCiatian economy per 1 million EUR of investment
[3]. Thus, stimulating the webieing of the society, which is also importairn for Latvia.

Of course, local scientists have also addressed the question of mass construction, its appropriate maintenan
energy efficiency matters. The group of authors consisting of Kristaps Zvaigznitis, Claudio Rochas, Gatis Zo
Agris Kamenders intheirreseirc A Ener gy e f -family resdential buildimgs m Ldtvia.iCost benefit
analysis comparing different business models. & h
financial matters of energy efficiency projects. Still thegrashows not only economic advantages of renovated
buildings but provides the comparison of energy consumption in dwellings that have participated in the ES
project[4]. Theauthors of the current research have determined that the society in genigisabavticipating in
ESCO projects, loans, EU dmancing of renovationSimilar questions were asked by the authors of this paper.
The questionnaire released summer of 2022224 respondents have replied to several questions on housing
energy efficiemy and repairs in multiapartment buildings. 67% of respondents agree that the dvmeNietp be
renovated as a preauction for further living. The evaluation of the readiness of neighbors forming the commu
of the apartment owners was estimatedesg poori only 179% are sure that the communitfya particular house

is capable to make the decision on renovation matters.

There are mantwo most popularecipes to reach thmaingoal- to reduce energy consumption and heat losses,
to increase energyffeciency and the lifespan of the multiapartment buildinggerformng complex renovation
works at once, but receiving a debt, or complete stage by stage ippaiordance witlthe amount of money
saved up by the community of apartment owners. Ofsguhe second scenario might have both positive and
negative effects on the house. While completing the exchange of the roof surface material and insulating the
the foundation and plinth might be breaking down, lead water through damaging thatiour@ehd the whole
construction. Different elements of the house lose stability and solidity gradually and emestgacgn be
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reached on different terms, but the mass construction was performed from concrete prefabricatedveehents
are similar irmany aspects, also in the durability and lifesgdre deterioration of these elements might be reached
almost simultaneously thus making for the community of owners hard to provide the necessary amount of mc
for repairs without a loan or donding pogram. Still, single repairs are popular among the apartovemers, so

it is important to determine the output in terms of saved energy after completion of different kinds of worl
Therefore the general aim of the research of the authors is to deténmingactof energy efficiency increasing
measures on heat consumption in multiapartment buildings. This aim can be reached by completing a list of t;
such as creating or developing an existing methodology of calculation of heat losses for sifghenepeorks,
collecting as much as possible data on typical dwellings, completed repairment works and heat consumption b
and after interfering, experimenting analgorithm that might become a roadmap for apartment owners willing to
go different rods to increase energy efficiency and the lifespan of their hohiespresentedrticle shows the
start of a big research including the search for methods and instruments to calculate the reduction of er
consumption by every single work performed ie Housgthe determination of social, economic and psychological
aspects preventing communities of owners from global important steps towards putting in order their hon
defining an algorithm and roadmap that might help apartment owners and maintemapegies to make the
correct decisions on preservation of dwellings based on research, economy and sustainability factors.

2. METHODOLOGY

The authors of the research tried to find different criteria to divide in groups the repairments needed by emtapart
building. Grouping and classifying mostly depends on local legislative acts, which means that the offered sys
might not be appropriate for any other country except Latvia but might show the basic principles useful for ot
scientists working in tlsifield. Conceptually the massive of the repairs can be related to:

1. Expenses and the source of them.
2. Confirmation, approving, and technical documentation needed beforehand the construction works.
3. Result in form of reduction of heat loses and increasearfygrefficiency parameters of the building.

The expenses parameter is not only variable but depends on many social and economic thepeeslth level

of the apartment owners, possible and availabluoding programs, amount and type of repairs neettee
novelty, originality and complications of the chosen repairment methods impacting both the price and availab
on the market. The process of confirmation of a repairments also might be an additional complication before
and effective implemeaation, and, of course, also a classification parameter. Most of the repairs performed
multiapartment buildings do not require any kind of agreement received from the Riga City Council Departmen
City Developmenin case of Riga or similar organizaris in case of other cities of Latyiaut if more complex
repairs are chosen, many different alterations are going to be done, the more detailed documentation mu
prepared. In the context of this research, the parameter of energy efficiency isth@niey and crucial, due to
the policy of the country, European Union, and the whole world. The forecasted shortage of resources detern
the necessity to evaluate repairs not only as an instrument to prolong the lifespan of an object, but asllawool to
the building to serve sociefs long apossible, consuming many less energies in comparison to present times.

The authors of the presented research have made several attempts to find a universal methodology to cal
mostly precise the reductioof energy consumption following different repairs completed in multiapartment
buildings. The most logical way to find the efficiency degree of any repair is to compare the heat consumption
building during the winter before the works and during themt er aft er t hem. Howev
many important drawbacks. The most important variable parameter is the duration of the real, not the cale
winter. The real winter or namely the heating season duration alters every year. Also cimpaiatures are very
different during this season. During a very long heating season the temperatures might drop-S#dy-tilsC,

but a rather short winter might bring temperatures lower th@fC on a constant basis. The combination of
temperatures ahduration has a significant impact of the overall energy consumption of the building.

The most appropriate for this occasion calculation attempt was made by two Ukrainian emgelessdr Gut
andAleksejZhdanovin 2016[5]. They offer to calculate eorrection coefficient that gives the required precision
to an ordinary comparison of heat consumption during any period. The coefficient is determined using the follow
formula:
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‘000 @
0 T correction coefficient of heat power consumption;
‘000 T degree day amount in the year / winter / single winter month after the repairments;

‘000 i degree day amount indgtyear / winter / single winter month before the repairmi@ts

The degree day amouintRigai s det er mined by the |l ocal district
collected data has been used to perform calculations for the capital of dituialtiapartment houses whose data
has been used in this research are | ocated in Ric(

The heat power consumption reduction is calculated in the following way:

o 0 0
O —F——opmmnp @)

“Q the economy or reduction of heat power, %;

0 T heat power consumption in the year / winter / single winter month before the repairments, J;
0 T heat power consumption in the year / winter / single winter month afteeggh#&ments, J.
Therefor the corrected economy or reduction of heat power is equal to

O ‘00 (3)

O T the corrected economy or reduction of heat power, %;
“Q the economy or reduction of heat power, %;
0 1 correction coefficient of heat power consumptibh

To show the readers the usage of this method and its reliance to any kind of repairs performed in multiapart
buildings let please the authors show a humble example. The research is based typicabsepairments
completed in typical, concrete panel houses build in accordance with a particular series. The repairments in the
of interest of the corresponding research theoretically might positively affect energy efficiencpljéetnand
reduce heat losses. Such works are insultation of the envelope of the building, exchange of doors and wind
hermitization of junctures between panels, renovation of foundation and plinth. These works are not only impor
to minimize energy consumptiob,ut al so very popular among mainte
communities as they prolong the lifespan of the corresponding object. In the year 2016, in October one hou:
Riga has undergone the insulation works of both end wallising moreprecise- firewalls. The house corresponds

to 602" series, which is widely distributed not only in Riga, but overall, in Latvia.

First, the correction coefficient of heat power consumption has been calculated:

‘000 CpY m c¥ TWTE (4)
"000 CTMT CTT PP TT RGP ©)
. TT Hwe 5
v T o Tou @) W (6)

The economy or reduction of heat power comparing two Januarys equals to.

p oL pCH
7
() T pimbuwp v b (1)

Using the correction coefficient, the actual reduction is equal to:
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In this case after completing the repairmeintthe insulation of both firewalls has allowed to achieve 8,14%
redwtion of heat consumption. Performing analogical calculations, positive results were received for other ty
of refurbishments.

3. TYPES OF REPAIRMENTS ANAL YZED

The multiapartment buildings in Latvia are maintained by different bodies. There are dtaterdcipal companies
providing the obligate variety of services, private companies acting upon a contract, coogpanaidaetnerships

of apartment owners. Analyzing the most common repairments chosen by these maintenance bodies the a
have come tmne main conclusioii the choice of the type of the repairment does not depend on the persc
providing maintenance, but it depends on the type, lifespan, construction features and other technical aspects
building. Still, the most widespread multepment buildings were constructed in accordance with types or series
replicating not only the facades and internal utilities, but also making mistakes and disadvantages common
repeated. Thus, the mostly performed repairments are following:

Replacemst of windows and doors;

Replacement of the surface of the rooftop;

Insulation of the overlap between the basement and the first floor or the attic and the last floor.
Hermitization of junctures between panels

Exchange of the horizontal and vertical gipes of cold, hot water and sewage;

Renovation and modernization of the heating system;

Modernization of the lighting and electricity supply systems;

Repairs of the balconies and loggia;

I nsul ation of the fa-ade.

©CoNoTOrWNE

The methods and principles of constiaotworks performed in the multiapartment buildings to complete the
mentioned above repairmerare not the topic of this research. The authors are more interested in the actt
reduction of heat losses and the optimization of use of the heat power drimvide dwelling house in the country.
Deepening in the analysis of the existing apartment buildings in Riga and Latvia makes clear that the impa
performed repairs on different types of concrete, block and brick constructions varies, which istumallyamel
logical. One of the further aims of the authors of the presented paper is to go infdetitry possible typer
series of buildingo be capable of giving advide which repairments might bring the most positive effect on
prolonging the liespan of the dwelling house while reducing the energy consumption needed to provide maxir
comfort for the inhabitants. During the first stage researchers have acquired data on numerous houses tha
undergone different repairs during the last 10 yeagswvell as created a database where every entry consists n
only of theyear and type of works done, but also of energy consumption before and after the works, type or se
of the dwelling house. By collecting more data on different buildings in Righother cities of Latvia will be
enabled the possibility to calculate the average reduction of energy consumption for the most common serit
brick and concrete panel buildings after the completion of the most popular repairments.

For example, irFig. 1 is presented one of the most widespread type of dwelling house corresponding td%he 6(
series. Such houses form complete micro districts in Riga, Jeldavandand ather cities. The problems of this
series of houses are important for a large gmfugustomers of maintenance companies. Apartment owners wh
are not ready to invest in overall renovation are willing to acquire a checklist of works crucial to their homes. Bef
such list can be created, calculations as presented in section 2 magfob@gd.
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Figure 1. Multiapartmentbuilding of the 602 series.

The researchers have determined that at least 13 houses in Riga during just 2 years have cemptetatiom

of junctures between pan@s602 series dwelling houses. Collected dathaaiculated values are presented table
1.

Table 1. The comparison of heat power consumption reduction in 602 series dwelling houses that have completed
hermitization of junctures between panels
Heat power Heat power

o C The The corrected

_ Year consumption in  consumption in economyor  economy or

- Multiapartment fthe Seri January of the  January of the ducti f qucti f

building ofthe — Series year before the yearafterthe reduction o reduction o

works ; i heat power heat power

repairments repairments L % | %
Qbefore MWh Qafter, MWh ' correded,
1) (2) 3) (4) D) (6) ) (8)

1 House6021 2016 602 125.15 108.33 15.53 13.83
2 House602 2 2016 602 188.8 169.82 11.18 9.95
3 House6023 2017 602 227.29 215.97 5.24 5.77
4 House602 4 2017 602 103.76 98.22 5.64 6.21
5 House6025 2017 602 118.3 113.31 4.40 4.85
6 House602 6 2017 602 249.16 248.58 0.23 0.26
7 House602 7 2017 602 239.42 228.74 4.67 5.14
8 House6028 2017 602 199.77 190.35 4.95 5.44
9 House6029 2017 602 146.38 139.37 5.03 5.53
10 House602 10 2017 602 172.41 170.51 1.11 1.23
11 House602 11 2017 602 114.35 108.75 5.15 5.67
12 House602 12 2017 602 169.15 158.3 6.85 7.54
13 House602 13 2017 602 156.15 156.82 -0.43 -0.47

The best result or the most perceptible economy is showobge 602 1butHouse 602 13hons a negative
result, even a rise of heat power consumption aftenehmitization of junctures between pandlaking in account

all 13 results, the researchers receive an average heat poweanption reduction equal to45%, which might
make this typ of work more attractive for the communities of apartment owners in comparison with other work
Thus, the hermitization of junctures not only hel
to accountable economy of money. Aldastresult might become better in case the heating system of these hous
would be regulated and balanced taking in account the performed works. Among the analyzed multiapartr
houses were other seriegor examplel19", 464", 467"A, 467", 103", 104" and 101 Still, the other series gave
the researchers a smaller number of objects where the junctures have been hermitized. With the thirteen hou
the 602° series, the total number of dwelling houses with this king of repairments done wase2dtal average
reduction of heatg@wver consumption was equal t@’8%.
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4. CONCLUSIONS

The current main aim of the researchers and authors of this paper is to collect more real data on multiapart
buildings not only in Riga, but also in other citigd atvia, as well as to create an algorithm answering the most
common questions of apartment owners and maintenance companminag king of positive impact might have
different repairments and modernization works offered by the construction market, citiesraapable to pay for,
offered by the maintenance companies, and not only reducing heat power consumption, but also prolonging
service time of the house. After the completion of the first stage of this study is already clear that the com|
renovaion of any object is the fastest and easiest way to receive ataigtiard dwelling in a single approach.
Still, the income of many apartment owners makes them feel frightened of bank loans. Many people, espec
elderly ones, are not ready to live lggin debt. Their worries on leaving a financial burden for the next generation:
overwhelms the will to understand this kind financial instruments, which actually is not that dangerous. T
maintenance companies, project managers working in the field @faton of apartment buildings must find a
method to lead the dialogue with those unsure and anxious. Many calculi on the economy of heat power
reduction of corresponding payments exist in different literature sources, but none have been madeufar parti
repairments and house types / series. Such approach might lead to two possible and successfui Sieglarios
repairments will be chosen wisely on many existing criteria and of course on the reduction of heat po
consumption as well or the calations might lead the society to the conclusion that complex renovation is the onl
method to preserve the existing real estate fund. Also, the next step of the research must observe and determ
strict necessity of balancing of the heating systewr @fny kind of repairments. Currently many dwelling houses
do not feel the reduction of heat losses after, for examalation of the overlap between the basement and the
first floor or the attic and the last flaofhe loss of effect occurs due t@theglection of the regulation of the
heating system or even the technical drawbacks of the system no allowing to perform any kind of regulation. Per
inhabiting the apartments of the first and last floor control the internal temperature of the roopening the
windows. Thus, the persons are investing money both in repairments and the heating of the atmosphere, of c
unable to notice any positive changes in everyday life and expenses. Undoubtedly, it must be rememberec
performing any activies to preserve the dwellings depends on the acceptance of the idea by the apartment owi
Many functions have been transferred to maintenance companies, but global changes can be performed only
positive evaluation and decision making of the owradrthe object. Crucial is to speak to all members of the
community, finding the biggest worries and frights, addressing them with a corresponding solution. True
checked results, experience, previous projects can make a positive impact on the cesimwdtieral, and single
owners of apartments. Every such research and the continuing of the work of the authors of this paper in the
of energy efficiency allows the society to make a secure step towards economy of resources, preservatic
apartmet buildings and saving up mongeverything for a better, sustainable future.
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Abstract: In this paper, an &fctive and simple deadbeat controller is used for the energy stora
supercapacitor and battery. The stored energy is supplied to the load which is connected tc
bus. This deadbeat controller has an inheriting control strategy of generatiegridggaveforms in
one control cycle with optimal duty ratio. This nature provides a faster response during distt
as compared to the widely used proportional integral method. The supercapacitor used as
element provides high power density whia turn reduces the burden of battery and improves
life span of the battery. This system provides bidirectional power flow for electric vehicle b
charging. Due to the application of PV panels for supplying power, this system can provider ¢
driving range. The mismatchetween the power generation using photo voltaic panel and ¢
demand by théoad are solved effectively due to the integration of storage system. The size
components is reduced with a flexible control. The desigheofleadbeat controller is analyzed -
the prototype developed. Thmoto type is developed to show te&perimental resultand its
effectiveness

Keywords Dc-dc converterhybrid energy storagdoattery, supercapacitardeadbeat controllephoto volaic
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1. INTRODUCTION

In the present electric vehicle system, the storage devices like batteries, supercapacitors, etc., are used. The di
storage elements have their own characteristic feature to store the electricak.cthargigis aspect, the
supercapacitors have the capacity to a high value of power density and the bearing capacity of battery is rela
high value of energy density. The higbwer density devices need not be high energy devices. The power densi
is related to the energy discharging capacity of the device. Now a days PV powered electric vehicles are use
transportation. In this PV panels are used for charging the batteries. In addition, this method of charging impr
the average distance travelii by the vehicle. There are researches in the electric vehicle field for sustainak
development In this system, proportional integral (PI) controller is used for controlling the power flow. There
spikes in the system output during the variations tiensity of the solar panel output with this method of control
[1]. When the energy sources are supercapacitor and fuel cell, parallel converters are used to boost the voltage
In this system, nonlinear control method [2] implemented to control tsiersyoutput voltage produces large
variations in the DC bus voltage. Also, the PI controller implemented for such system produces a sluggish beh:
[3]. Figurel. sows the general block diagram of solar assisted electric veiblen battery and superpzcitor is

115



used for storing the energy, there is a large variation in battery current. The high amount of current flow in batte
reduces the life of the battery [4]. The use of super capacitor is not abtitettee stresslevelopecdbn battery.
Most of the control methods use PI controllersl[3 in parallelly connected converters. Since the load and the PV
produces disturbances, there is spikes in system output.

DC X
CONVENTER with

PP WPERCAPACTITON

Controlbes . Tt 4

UNLDIRICTIONAL [*

Figure 1.General Block diagram of solar based .EV

This method produces large supepasgitor and battery current. But this method can be implemented for hybric
energy management system [11]. The implementation of-qussurce for the storage system provide coupling
between super capacitor and the battery. The coupling between the skevags produces high ripples in the
battery current [12]. This increases stress on the supercapacitor and reducesnttesofifeattery. This can be
overcome with the help of bidirectional cascaded converter [13] in case of PV based EVs. Tevéhree
configuration of cascaded converter is used for systems using supercapacitor. The power management betwe
between the supercapacitor and the battery is regulated using deadbeat control method. This method is one
simple methods and respondifagt with high accuracy. This method is able to produce the optimum value of dut
cycle in one control cycle. This is implemented to remove quickly the errors due to state variable. The bidirectic
converter topology and its operation is dealt in sadfioThe proposed deadbeat controller is discussed in sectior
lll. The hardware prototype and its results are discussed in section IV. The conclusion of the proposed pap
given in section V

2.BIDIRECTIONAL BOOST CONVERTER

The proposed system use¥ Based hybrid energy storage system using bidirectional boost converter. Tt
convertelis developed to have-giirectional power flowis shown inFig. 2. The storage elements are connected in
the proposed system which consists of solar PV panel, supeitoaphattery, proposed bidirectional boost
converter and load.

2.1 Converter configuration

Maximum power point tracking is done using P&O algorithm. The proposed bidirectional boost converter cons
of four switches M, Mg, Mc and M, and two capadirs G and G. For simplification purpose, the values of
capacitors are considered to be equal of value. There are two stages to connect the energy storage devices.
output of the converter, an inductor LA is used to connect the supercapacitorismhieHirst stage of the output.

At the output of first stage, two switches: Bind M- and an inductor g.are used to connect the battery which is the
stage? of the output.

Figure 2. Proposed converter
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In the circuit diagramvyey, ipv represents thBV panel current and PV panel voltage, vs represents the battery
current and battery voltag8,is the switch in the PV side, DPV is the diode in the PV Bid& represents the
supercapacitor current and battery voltaige,represents the currethrough inductor h, its current through
inductor Ls, ica represents the current through capacitri€s represents the current through capaciter is

the load resistanca, is the current through load resistari€he dutyratio of the switchess made to turn ON/OFF

of the switched on aomplementary basis. The complementary pairs are for operation of the converteg,are (N
Mg), (Mc, Mp) and (Mg, Mg). The complementary switches ares(MMg) contributes to the duty cycleiPthe
complementary swghes areNIC, Mp) contributes to the duty cycle D2, and the complementary switches gre (M
Mg) contributes to the duty cycles[Due the complementary action, when one switch is ON, the other switch is i
OFF condition. In this the battery voltage issléisan the supercapacitor voltage. The DC bus voitegebe more
than supercapacitor voltage. The power rating of the switches in the proposed converter is less than the conver
converters. This reduces the cost of the converter. The daesbpedn theswitchesin terms of voltagés less.

The difference in voltage between the battery and the supercapacitor is very less. This makes the inductor o
value of inductance requirdgetweenthe battery and the supercapacitor. This method of indimethod of
integration of energy sources to the load leads to a reduced rating of components and switching devices

2.2 Converter Analysis

The proposed converter and its operation are explained. The boost converter is used to increase the gai of the
voltaic energy is simple and widely used solar energy system. The converter configuration and the anal
explained in the following section.

Based on the power generation and power consumptiobattey used to supply power to the load can opénat
eitherchargingmode ordischargingnode The independent regulation can be implemented for both the stages. |
this the second stage of circuit is similar to a conventional convertereRgshows the typical waveforms of the
converter elements drswitches during the bidirectional power flow.

tbme

Figure 3. Typical waveforms of the converter
3. CONTROL METHOD

In this paper deadbeat control is used for changing the voltage level. Since the switches are used in compleme
mode, duty ratios (D D2, Ds) for the pair of switches is considered. The bidirectional current flow in the first stag
is controlled using switches MMg, Mc, Mp. For the operation of the converter in the first stage average duty cycl
is calculated. Supercapacitor, inductar, bnd the switches M Mg, Mc, Mp forms the first stage of the proposed
converter. The two pair of switches having duty ratios DA and DB form the average duty cycle as below

(o) S 1)

Maximum power point tradkg is done using P&O algorithm. The proposed bidirectional boost converter consis
of four switches M, Mg, Mc and My and two capacitors £and G. For simplification purpose, the values of

capacitors are considered to be equal of value. There areagesdb connect the energy storage devices. At the
output of the converter, an inductor LA is used to connect the supercapacitor which is the first stage of the ou
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At the output of first stage, two switchkets andMr and an inductor g.are used to corect the battery which is the
second stage of the output.

A small variation in duty cycle is calculatedgiven below

< O o0 00
Yoo ——(— (2)

Using equation (1) and equation (2), the duty r&tiod andO 0 are derived as belaw

006 0O o Yoo

3)

06 O o Yoo (4)
The expression for the current through the supercapacitor is expressed as below
. QQo . O ‘

0 —55 Vo 0 60 0 6 YOO U 6 O O O 060 o (5)

Whered 6 0 ©O6 U 0O.Theproductoftheterm® 6 andY0 6 0 o 0 0 is negligible when

the voltage® O and0 0O are balanced. Tiileads a conclusion that the duty ratio variation is independent of
the balancing of the capacitor voltage. The duty ratio variation is calculated using the difference of capac
voltages. This is used to calculate duty r@icandO .

Theaverage value for duty ratio for théh instant in terms of sampling time ) can be written as below in equation

(6)

U Qo KORNO] M Q0
o 0 - - P (6)
U 0O

Using the above equation, tthety ratio is calculated to maintain the battery current. Many algorithms are develope
to have closed loop control. Dual PI control using voltage outer loop and inner current provides simple and hi
reliable control. But it is difficult to have idetrhcking using this method. The deadbeat controller provides bettel
sensitivity even under dynamic conditions. It also provides a robust system control. The deadbeat controller
for the generation of gate pulse is shown imf@g4.with its block diagam. Based on this reference current, the
duty ratio is found out for the bidirectional converter using equaéipn (

o - oM,
o COomparator
o Comparator

Carvame

Figure 4. Block diagram of antroller.
As shown in the block diagram, battery reference current is required to find out the dutgrrdt®@decond stage

converter. This battery reference current is obtained from th@éms filter. The supercapacitor reference current
is fed as input of the filter. The average value of duty cycle is calculated using the input values given to the ave
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duty ratio calculator. Similarly, the small variation in the duty ratio is derived from capacitor voltage difference a
the direction of supercapacitor current is used to calculate the duty ratio increment. The reference signal is gene
based on thee values. The carrier wave for duty rafiasandD- are complement each other. These values are usec
to calculate the duty ratio for the complementary switches. The carrier waveform is generated to compare witl
reference signal and to set the dutiyorfor the switches.

4. EXPERIMENTAL RESULTS

The validation for the proposed converter with the deadbeat controller is done using the results obtained fron
prototype developed. The filter eaff frequency is selected as 50rad/sec. The developmemivafstage
configuration makes the value of battery inductor less than the supercapacitor inductor. This is done for variat
in the input power generation. Initially, the input current is 0.5A, then changed to 1A, then to 1.5A and tr
decreased to 1Ahen to 0.5A, then to OA. Due the shading on the PV panel, there is a decrease in the po
generation. During the variations in the power generation, there is a change in the mode of operation of
converter. This produces a transition from continuoaderio discontinuous mode. In order to have smooth control
of operation, the power imbalance is supplied by the battery and the supercapacitor.

The bus voltage is controlled to be maintained at 24V. The variations in the input power produces a shall vari
in bus voltage of 0.5V. Fige 5.shows the current through the supercapacitor inductor current and the batte
current. Figire6. shows the load current and the load voltage.

]

0.5 A

t=0.3 s=eidiv
Supercapacitor current
j | 0.5405ec }

i
i M e e

b
b M, :

t=0.3 secidiv

Figure 5. PV current and supercapacitor current

When the load is variedf constant input power, the mode of operation changes. The input current is maintain
at a constant value of 1A. The load current varies in a step manner between 0.5A and 1A. When the contin
mode of operation is prolonging for a long time, the lgadation is not changing the mode of operation. The
average powerequired by loads supplied by the battery atke powerdemand due to the sudden variations in
the loads supplied by the supercapacitor. The variations in the bus voltage is maintéahied V by the deadbeat
controller.

10V idir Bus voltage

t=0. Szac/div

Figure 6. DC Bus voltage and load current
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The ripples produced in the bus voltage is more during discontinuous mode of operation. The ripples created i
bus voltage is due to the DC bus filearrrent It can benoted that the both PV and battery supply power during
discontinuous mode of operation and the PV supply power during continuous mode of operation.

5. CONCLUSION

This paper presents a deadbeat control method for the regulation of the output voltagestitdsprovides fast
response having high accuracy with a simple circuit. The optimum duty ratio is generated using one control ¢
for the storage elements. This simplifies the control of transient power demand. The load voltage is regulatec
simple manner. This method relives the stress on the battery and improves the life span of the battery.
bidirectional power flow in the storage and the load uses two stage structure. Prototype is developed to validat
performance of the proposed coneert
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Abstract: Nowadays, bifacial PV technology is rapidly overtaking the market share of monofacii
technologis. However, this emerging technology is affected by new parameters that have
determined for its proper characterization such as rear irradiance reflected by ahmdbjective
of thisresearchis to analyze the performance of @ BW bifacial tetinology photovoltaic systen
locatedat t he Uni  \Sgan.sTo addresstiis cliabbe®ye, specially designed structure:
been installed to avoid possible shading and easy albedo modifiGdtemaforementionegenerator
is made up okight bifacial PV modules divided into two strings, both connected to an inverter
two independent MPPTJ.0 characterize the PV system, a monitoring system has been de
following the IEC 617241:2022 standard. Consequently, sensor data is collected taunet
variables such as frontal irradiance, operating temperature, wind speed, individual voltag
currents of each module, as well as system power. Additionally, rear irradiance sensors bt
modules of the same technology have beéegnatel in ader to characterize this new technolog
Based on the foregoinghe most relevant analyses of the system performance are show
irradiance mapsaNU, PR atSTCwith temperature compensati@among others

Keywords Photovoltaic systems, bifaciakar irradiance performance analysis, solar energy

E 2023 Published by ECRES

1. INTRODUCTION

In contrast to monofacial solar cells, bifacial technology cells simultaneously receive photons from incids
radiation and albedopinging onboth the front andearside of the module. This technology has been investigated
since the 1960s and was initially described in the scientific literature by Spanish resediceesjew concept

to improve the energy production of photovoltaic systems.
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Nowadays, bifaial technology is considered as one of the most promising approaches and its market is expe:
to expand dramatically2]. Based on various tests carried out in real séating sunlight at an installation angle
of 30A and an al b efacial teohhologybadbifatial gaid %rms o annupl emeigy delivered
exceeding20% has been determined compared to monofacial techndgyHis gain can be decisive when
purchasing bifacial technology PV modules, since although they incur a largetorogared to monofacial
technology, the energy production is higher. Thus, replacing conventional monofacial silicon PV modules v
bifacial silicon PV modules can increase plant capacity or, alternatively, reduce the number of modules requ
for enery production systems and the total cost of installation, including land area, materials, labor costs
construction time. This will require optimizing the installation conditions to obtain suchpaovement in energy
production.Nevertheless, very fewublications related to bifacial technology are currently available. Unlike the
consolidated singiacial technology, there is a lack of information on how to proceed in the optimization o
bifacial silicon photovoltaic systems, whi¢lirther complicateshe study.Aware of this lack, this research is
responsible for analyzing a bifacial photovoltaic system connected to the grid, including new parameters
influence the behavior dhis technologywhich are not present in the already known monofacialtgloltaic
systemsln Sec 2, the bifacial PV system designed and installed for this purpose will be presented. It will shc
both the generation system and the monitoring system in charge of measunieny fierameters mentioned above.
On the other handsection 3 will show the results extracted from the analysis of the installation, with speci
emphasis on the analysis of the PR in DC under STC with temperature compensation. Given that it is a bifacie
system, the rear irradiance should be considéfedertheless, a discrepancy arises when it comes to selecting th
sensor that represents the rear irradiance received by the mdédiugdly, in section 4 the conclusions drawn from
this research will beutlined.

2. EXPERIMENTAL SETUP
2.1. Measuring §stem

A 3.3 kW bifacial PV system has been installed on one of the roof terraces located on the university campus c
Universi dg®nf $p@BivrA4 N, dngitlided A € 6-W)4 This PV system is divided into two
strings each consistiraj four 410W LG Neon 2 BiFacial LG410N2T5 modules §]. Each string is independently
connected to one of the two MPPTSs of the inverter installed. Due to the site layswaictg string 1 is placed in
one structure while string 2 is divided into t@igs. Xa,b). These structures have been designed exclusively for
the module model mentioned, in order to reduce the shading losses on the rear side of the module.

PV MOD 2
Y MOD 4 "V MOD S

e
Rl

ODELE W

NOMORIELE 1

@) (b)
Figure 1. (a) Aerial view ofthe monitoring system with the elements highlighted. Shaded in blue the modules belonging
string 1 and in red the modules belondgiogtring 2. (bDetailed view of strig 1. The modules acting as rear irradiance sensors
labelled as GRi, withi=1,3,5,7,9 as well as the generation modules labelled as PV MODj, with j= 2,4,6,8 are showrtimehe pic

(b)

Figure 1 shows the monitoring system desigriéfl accordingto IEC 617241 [5]. This systemcomprisesthe
following sensors:six type K thermocouplepasted on the reards offour modules of the first string and in two
modules of string 2. Additionally, suitably shaded type ermocoupléntended to measusmbient temperature
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has been installedh SR20T2 Hukseflux pyranometer in conjunction with a SMP6 Kipp&Zonerapgmeter
coplanar with every string recotide irradiance received by the front faces of the bifacial modéitealbedometer

has been placenh string 2 that corresponds to the same SMP6 pyranometer model mentioned above, but
orientation is arrangedgposite tahe latter A PCEWS V anemometénas also been installeBlive rear irradiance
sensors located at the ends of the structure of string 1, as well as intercalated between the generation modul
devisedfrom calibratedmodules of the same tewtlogy have also been deployed he latter sensors have been
obtained in the following waythe frontsideof each calibratedhodule has been covered bpiace of whitevinyl
canvasgn order topreventthe surirradiance from impingin@n thatside Evely calibratedmodule has been shert
circuited by using 5 Aalibratedshunt resistorsThe current generated by each string is collected asvpetd A
calibratedshunt resistors.

The sensoroutputs have been connected thigh-precision Graphtec GLT400ath logger.The measurement
campaign igangedfrom November2022to February2023 Both electrical and environment data were taken at
oneminute intervals

2.2.Characterization of Bifacial Modules

In order to guarantee the correct measurement of the aniogitsystem, an experimental campaign has been
established to characterize both sides of each of the modol#sis end calibration certificateg which the main
electrical parameters measured at STC are provided ifsutrdo modulesdby CIEMAT (Madrid), an accredited
independent laboratoryhen the characteristics of both sides of each modiitee two stringsvere determined
separately under STC using the Entec Solar E1-Q0€urvetracer For this purpose, comparative and simultaneous
measurem@sof a calibratednodule and the modutender test were carried o8ince both modules are under the
same irradiance and temperature conditions, the characteristic dataalftitetedmodule can be extrapolatgs]

to the module to be measured. Tigisichieved byneans of:

0 0
0 0 )
where 0 is the powerat STC to be obtainefbr the moduleunder test (W)p  is the power measured at
that instant for the modulender test (W)p is powerat STC of the calibrated module according to
CIEMAT calibration certificate (W) and is the power measured at that instant fordakbratedmodule

(W). The aboveprocedure together with Eq.[1] was applied to both the front and the rear side of every modi
under study.

Tablel. Front and rear side power at STC of the PV modules under study.

Front side power at STC (W) Rear sde power at STC (W)
According to Percentage deviation of
Name Reference By 00 A manufacturer "By 10 from "By DA
flash list manufacturer flash list

CIEMAT 008K5MH212EE 407.70 414.71 -1.69% 287.90
Module 1 008K5CY212E5 414.08 414.79 -0.17% 298.2
Module 2 008K5UR21598 401.44 410.74 -2.26% 289.65
Module 3 008K5FS2158H 404.16 412.40 -2.00% 283.53
Module 4 008K5EB2130X 405.68 411.07 -1.31% 286.33
Module 5 008K5KG2159A 407.93 411.21 -0.80% 280.50
Module 6 008K5VZ212E1 402.46 414.97 -3.01% 290.97
Module 7 008K5EB21596 400.49 411.19 -2.60% 287.55
Module 8 008K5MH21595 405.79 412.67 -1.67% 283.19
Module 9 008K5DW215A0 402.44 411.02 -2.09% 284.88
Module 10  008K5NA215A5 401.23 411.95 -2.60% 262.68
Module 11 008K5EB2159C 404.96 411.43 -1.57% 285.(6
Module 12 008K5RT2159F 413.33 411.25 0.51% 288.08
Module 13 008K5UR2159G 406.44 411.71 -1.28% 294.99
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Tablel shows the Front and rear side power at STC of the PV modules underBsuctymparing each of the
modules, it was determined which mdéekmwould be used as generators and which oneslavbe used as rear
irradiance sensors of the same technology. These moseteselecedfor either purposeéepending on whether
theyhaddefects on their front sidéhus becoming apparent by deliveriegs power or lower shedircuit current.
String 1 consigidof modules 1,4,12,13 with a total front surface power of 1640 W. Stirags@omposed of modules
5,8,9,11 and its total front surface power is 1621 W. M&R|8,6,7,1Qvere selectetb operate as rear irradiance
sensors.

3. RESULTS
3.1.Analysis of the PVSystem Yieldat 25 U0C

The DC outpuknergyof each of the strings or r e ¢ t e (fig. a(b) foRowingUBT 617241 [5] has been
obtainedas follows:

. 0 st
° T - @
whered  is thek-th value of the power delivered by the string under scrutiny (W)aigithe sampling interval
(s)-
0 =is given by:
6p = P I'Y s qa 3,

whereo i's the r eda@awdrv et emaxe rmatml,ramd’Yc p is thedkithwalue of the niodul
temperatur@averagedorf (i n UC) .

The energy productiomf string 1 was found to be 493.&8Vh over the course of # measurement campaign,
which is equivalent to an averageto86kWh/day. On the other hand, string 2 generdfitl 95kWh, equivalent
to 660 kWh/day over the same periodhese small differences are attributed to the discrepancies betiweeen
values ofPV modulegpowershown inTable 1.

ESTRING 1 STRING 2 0.700
0.600
0.500

0.400
o
z

0.300
,f;( \
0.200 | \ I
2.00 0100 || [
Rl |
| "
0.00 0.000
1

v
6 11 16 21 26 31 36 41 46 51 56 61 66 71 8:00 912  10:24 11:36 12:48 14:00 15:12 16:24 17:36 18:48 20:00
day TIME

@) (b)
Figure 2. (a) DC energy analysis in ST@ string 1 and 2 over the measuremeampaign(b) GNU of different days
(cloudy andsunny) over sunshine hours

3.2.PRocat 2Analysi€of thePV Generator

The PR has been calculated for string 1 and 2 following the IEC 61724 5] . The 25 AQ per

is calcuated by adjusting the power rating at each recording interval to compensate for differences between
actual PV modul e temperature andy t-isealcdaled byringddeing n
factord , =as follows:
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The string DC power rating) , is the sum of the DC power output of the PV modules of the string at the powe
rating STC.'Q, is thereferencerradiance (1000 W/f) and’C;, is the irradiance received by front side of the

module (W/m).

Eq. [4] isaddressetb evaluate thealueof 0'Y  -of monofacial modules, so only the irradiance received by the
front surface bthe module is considered. Following the above, the results obtained for the analysis of both stril
yield a PR greater than the ufitig. 4(b)) In order to perform a correct analysis of 3% 5 the monofacial
performance ratio formulas @ented abovenust be transformed to bifacial performance ratio formulas by
introducing the bifacial irradiance factor (BIF) to correct the measured irradiance &&ouosding to IEC 61724
standard [5].

. . 0 ; éBQiO’OT

oY % 0 pt 5),
£ i o ®)
where:
5 00Q -« 7 ®),
where:e is the ratio between maximum output DC power of the rear side and the front side of a bifacial stri

under STCTable ) and” j is thek-th value of the ratio of the irradiance incident on the rear side of the module
in the PV string to the irradiance incident on the front side.

As shown in Egs.[5,6]it is essential to determine the ratio betwdenrear and front irradiance received by the
string. However, there are discrepancies in selecting the sensor that deténeivedaes of the former irradiance
Figure3 shows tworearirradiance maps differeiating a cloudy day from a sunny ddf.analyzingthe incident
irradianceon therearside of the modules, there is a lack of homogeneisunny daysThe modules dtothends

of every arrayeceive more irradiance than those in the center of the stspgcially during the first and last hours
of the day. The difficulty of choosing the right sensor to determine the rear irradiance received by the mod
becomes noticeable when performing this analysis.
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Figure 3. Rearirradiance map made from the same technology modules (GR1, GR3, GR5, GR7 and GR9) and the
albedometer. On the |efb) representatiorof a sunny day. On the rigfit) a cloudy day.

Another analysis has beearried outto quantify the extent of neaniformity of the irradiance impinging on the
rearsideof the moduledy means of the GNU index, defined as follpws

w, @ G aOY a "QEoY

a oY a "QEoy Y

"00
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where & & aOY (W/m?) and & "Q&oY (W/m?) are the maximum and minimum rear
irradiance values from rear irradiance sensors 1,3,5,7,9, respectively

(b)

Figurel(b) represents the GNU during different days (cloudy and sunny). Note the low unifofrinitgdiance in
cloudy days.

Table 2. Value ofPR of each string using only the frontal irradiance, as well as the frontal and rear irragl@mputed
over the experimental campaign.

Gr Gr+ Gas Ge+ Gri Gr+ Grs Gr+ Grs Gr+ Gr? Gr + Gro
String 1 1.07 0.94 0.96 0.98 0.98 0.97 0.95
String 2 1.05 0.92 0.95 0.96 0.97 0.96 0.94
—PR using GF PR using GF+GALB—PR using GF+GR1 PR using GF+GR3 —PR using GF PR using GF+GALB——PR using GF+GR1 PR using GF+GR3
—PR using GF+GR5 —PR using GF+GR7 —PR using GF+GR9 —PR using GF+GR5 —PR using GF+GR7 —PR using GF+GR9
125 125

1 6 11 16 21 26 31 36 41 46 51 56 61 66 7
DAY

(a) (b)
Figure 4. Analysis of the R of each string throughout the experimental campaign using the frontal irradiance (GF) and addin
the rear irradiances of thalbedomete(GRaLs) and rear irradiance sensors (GRGR;,, GR;, GR,, GR)). Plot (a) corresponds
to string 1, whileplot (b) represents string 2.

(b)

Figure4(a,b)shows the differences of the RRt  2ar&alisB performed on both strinduring the measurement
campaign. For this purpose, the following cases have been considered: PR analysis using only front irradi
Eq.[4] and PR analysis using front and rear irradiance data obtained by the different sensors (albedometel
sensors othe same technology as the PV modules)per Eq6 shows the averagfR obtained during the
experimental campaigGiven the complexity of choosing the most appropriate sensor to measure rear irradian
an additional analysis has been performed. (b)

Figure5(b) represents the PR given By 4 versus the front irradiance measured by pyranomefezach string
during the experimental campaign.
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Figure 5. Analysis of the PR of each string vessrradiance. The left plot (agpresatsstring 1, while the right plot (b)
correspondsgo string 2.

4. CONCLUSIONS

To evaluate the performance of a bifacial installation properly, it is essential to determine the parameters o
module on both the front and the rear side. The rear irragljglays a crucial role, but determining its value is not
easy The results shown here prove the influence of the location of the rear irradiance sensor in the installa
Sensors located in the center or at the ends of the string give different vaheeslidg on the time of day. By
analyzing thevalues ofPR of the installation, differences t8%are observed if studied as a monofacial generator.
This difference is reduced 5% when we analyze the PR with different sensors considering the genempmsed

of bifacial modules. In addition, the use of rear irradiance sensors of the same technologysisitatdethan the

use of albedometers, since the differences are lower. Firtalynoticeable thaduringdays where the recorded
irradiance idower, the PR is higher and vice ver$ais is due to the fact that on days with lower irradiance, the
irradiance has a significant diffuse componémt experimental campaign of longer duration has been establishe
in order to collect more data to valtdehe results shown. In this way, with the analyses carried out and following
the current IEC standards, it would be possible to predict the performance of PV plants using the emerging bif
technology.
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Abstract: In this paper, a polynomial regression is used to forecast thebpeghawver energy produced frol
diverse Waves Energy Converters (WECS) in Tenerife. The WEC systems analyzed in the stu
Oyster, Aqua Buoy, Pelamis, SSG and Wave Dragoon. The model was applied and validat
the dataset of Tenerife Sur (2446gdevater buoy, that belong to Spanish Port System and cc
historical time of 19 years. Once the study is finished, it is possible to confirm that the mode
on polynomial regression is a robust tool to calculate the energy transformation #naets @ut for
different WECs

Keywords wave energypolynomial regressignWEC; Tenerife, Canary Islands
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1INTRODUCTION

Spain is one country of the European Union with outermost regions and is really interested in develepiaigiee
energies on its Atlantic islands. Despite all the efforts made, renewable energies supply le@8cttadrite
electricity mix in theiroutermostislandsin this case Canarislands [1], and work is ongoing to develop new and
more advanced renewabknergy projectdieing so important due to the inexistent electricity interconnection with
any continent ands dependence on fuel for electricity generaf@jn To achieve these goals, it will be necessary
to address promising new renewable energycaslinvolving the ocean, especially with the new energetic scener
for the Europe, gas restrictions and fuels price increBaking into account the good wave potential in many
regions of the Canary Islan{f, it is feasible to develop the wave enenggustry in the marine water around the
islands.

As exposed in [3,4], the wave energy industry has not yet established a commercial prototype and has

conducted demonstration prototypes of wave energy converters (WECs) to date. But many researcl
governments, and investors around the world are working tirelessly to produce a competitive commercial protot
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To predict the power conversion capabilities that can be obtained from different WECSs, dissimilar authors h
developed many mathematical mtsdesuch ag\wvila et al.[2,3,5] Ahn et al[6,7]; Swan Teani8] and Sandvik et
al. [9].

Many studies from different researches are based on the power matrices of WECs to predict their behavit
different conditions, for that reasdhg main purpose a@his study will be to determirtbe wave energy convection
considering several devices, throughaarangement of bivariate Weibull distributions and polynomial regressions.

This paper is organized into eight different sections. Following this introdtkie other partsof the study is
organized as follows. Sections 2 and 3 expose the geographic location of the buoy used in the research ar
features of the five WECs considered lire tstudy. The modelling of thevariate Weibull distribution is seh
Section 4. Section 5 detailed tpelynomial regressiomand their evaluation. The wave energy transformation
capacity of the five WEGCsn studyat the Teerife Sur buoyis provided in Section 6. The suggested model is
validated in Section,&ndtheconclusions are delivered at the end, in Section 8.

2.DATA SOURCE
Fig. 1 show theposition of the buoy Tenerife Sur (2446) from were collected the data for this study, whose locati

is longitude 16. 58 Aheboyasrpldced dapthiof710 oh.eThedbidoy dd@ieh is ANSeaWatch
with an OceMet directional sensor.

ATLANTIC Lanzireie
LCEAN /’#

Lr_.--’

0 La Patmda | Tynerifi
L Geomera
E1 Hierro © > 6 Fuerteventurd_gi

2%

-

f:? Temerife Sur .
Crrpm Canarin

by (2446) ]

Figure 1. Geographic location of the studied buoy

For describing the wave behavioarean peak periofl) and,significant spectral height), were recorded each
hour, computed oneriod of 24 min, from 1998t0201fTh e measur ement acdandc NOw
s forT.

3. WEC SYSTEMS

In this study five WECs whit different power takff (PTO) was take in consideration. The WECs are, Pelamis,
Oyster, SSG, Aqua Buoy, and Wabragon. Taken in consideration the mean peak peffdiie spectral
significant wave height@ and thepower matrices of each WEC is possible calculated the power output of the fiv
WECSs in dissimilar sea states. Tetmaracteristiof the WECsusedin theresearchare show inTable 1. he five
power matrices considered in thieidyware taken fronfvila et al[2].

Table 1. Characteristic of the WECs [2].

WEC Nominal Power [KW] Power Matrix ResoO
Aqua Buoy 250 0.5 T1.0
Oyster Converters 290 0.5 1T 1.0
Wave Dragon 7,000 1.0 T 1.0
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SSG 20,000 0.5
Pelamis 750 1.0

4 BIVARIATE WEIBULL DISTRIBUTION

For fitting the bivariate Weibull distribution, which describe the wave characteristics, data was grouped in peri
of five days, canted from thébeginning of the yearData from year 1998 to 2014 were used for obtaining the
distribution equations, in the form:

&H 6 TA®'6 € H & T6° @ % H T4
kkeem 6 @& 6 € — & o0 Ue .~ — &
_ ch + & s é G ¢ Gt e q G ¢ .
f(H,T)= expg B 2 ()
Clcz(l' sz) é 1 '(:212 D) é 1 E'212
g H &

where the coefficients;, ki, ¢, ko andci> were computed witlthe Simultaneous Maximum kélihood Estimate
method [2,3,10].

As can be noted (see Fig. 2), coefficieat@andc,, which describes the values ldfand T where the maximum
probability is reached, display a slight but visible seasonal behaviour. This can be also noted in céeffizient

not fork; andcz.

Fitted Bivariate Weibull cocficients

B Ly S S ——

I:U‘ T4 1T I | N IO ST EL I FY T I D T - R s
S i R TR LTI H T FLITY D P SRR RN L ] 1Y

-2.0 T T T T T T Y T

HOE M W M NN W S KN N Bim
1 31 59 90 120 151 181 212 243 273 304 334 365

Day of the year

Figure 2. Bivariate Weibull distributions coefficients

5.POLYNOMIAL MODELS

In order to predict the value of the bivariate Weibull distribution coefficients, fourth order polynomial regressic
asfollows [3]:

&d)=b'd; @)

130



were fitted, by using the least squares method, where the coeffisierts,, € , by} " were computed through the
expression:

b=(X"X)X ; 3)
where:
d d d d

d
e
X:é ; 4)

g d, d d d

is the matrix of powers of the indepemd variable (i.e., the day of the year), and:

N
y=[c, ... 6] ()
is the vector of values of the dependent variable (i.e., each of the coefficieresofatiate Weibull regression)

On the other hand, the standard deviation of the predi&s, can be computed by the expression:

s:s\/diag(x(XTX)'le); 6)

Wheres is the standard deviation of the residuals amglthe vector of dependent variable powers. The obtained
regressions took the form:

c, =8.8859 @0'°d* 6.3767 1@W° 1.4189 f@® 0.0¥0 1.0; (7a)
k, =1.6576 @0°d* 1.2603 1€° 3.8007 @D 0.0215 4.3; (7b)

c,= 3.3380 10°d* 2#4448 108 6.0046 T@*O +0.0568 7.t (7¢)
k,=2.7334 @0'°d* 8.8533 1€°® 3.97: (7d)

c,=2.4368 @0'°d* 1.7201 1@° 3.9237 T@O 0.0682 0.1 (7e)

Note that second and first order coefficients were removed from regresdigrm®fthey were not statistically
significant.

Fig. 3 shows the polynomiahodels, represented by the expected value and thec8@fitlence limits. Also, 100
points, randomly generated from the normal distribution given by the obtained mean and standard deviation, |
plotted for each day of the year.
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Rgeression models for the Bivariate Weibull cocfTicients

| 359 90 120 151 181 212 243 273 MM 334 365
Day of the year

Figure 3. Polynomial models for coefficients
As in the original data, the seasb behaviour can be noted in regressiongfdk: andc,, but not fork, andci..
6.POWER CONVERTING PREDICTIONS

Power conversion was analysed through five different converters: Aqua Buoy, Oyster, Pelamis, SSG and W
Dragoon, whose conversion matriseashown in the appendices. For a given wave bivariate Weibull distribution
f(H,T), the converted energlp, can be computed by the expression:

R C
R=a é.Cdfi,je,j ; (8)

=1 2

whereR andC are number of rows and columns in the conversion magsiis the conversion factor for theth
row andj-th column, and cgfis the cumulative density of the probability corresponding to the interval given by

thei-th row and-th column(H" ¢ H ", T- T T¢), which can be computed by the expression:

HY T
cdf ;= fj ff§H.T)dHdT; (9)
H- T

and numerically approximated by using the fifth order Gdueggendre quadrature for double integrals:

HY - HO)(T T 2 5
o (Fi - BT ‘)a aw,w, f(H,T); (10)

4 p=1q3

cdf;
where:

= (HiU +HiL) % (HiU 'HiL)

HI 1
2 2

; (11a)
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u L U T
Tj:(Tj ;T") Jﬂq(Tj ZT’L); (11b)

andw, and.x, are the corresponding weights and evaluation points of the interpgsalygmomial [11].

Fig. 4 shows the converted energy computed for each evaluated converterersogsite 100 random values of
coefficients computed obtained in the previous saectis can be sees, also the seasonal behaviour is no
excessively pronounced, it can be noted in the form of higher values in the periods-afilyused December
January.

Agua Buoy

Converted power [kW]
Pelamis

J Hill M B M FE J BW S KIE N B/E
I 31 59 9% 120 151 IS1 212 243 273 304 334 365

Day of the year

Figure 4. Converted power predictions

7VALIDATION

For validating the proposegproach, the monthly power confidence intervals were computed for each convert
(see Fig. 5) and compared with real values gotten for the years from 2015 to 2017, which were not used for fi
the models. It must be remarked that all the observed Vialliegthin the predicted intervals, which validates the
proposed approach for predicting converted wave power in offshore points.
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Figure 5. Monthlyconvertempower
8.CONCLUSIONS

The implemented method combines the use of bivariate Weibull probahitsibdtions and polynomial
regressions for predicting the converted wave power in an offshore point. The models were fitted from meas
data and they were capable of predicting not only the expected value but also the confidence intervals of t
predctions. Validation of the model, carried out by using data excluded from the model fitting, shows an excell
prediction capability, as all the observed values athin the predicted intervalsThe predicted wave energy
conversion values for the vari®weonverters show the usefulness of the proposed approach and its effectivene
when they match the power data used for validation.
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Abstract: Thermal energy storag@ES) using phase change materials (PCMs) is a promising technolog
improving the efficiency and dispatchability of solar power plants. PCMs have a high energy
density and can absorb or release large amounts ofitiled®CM phase transition$his makes then
well-suited for storing thermal energy from solar poplants and releasing it on demand to gene
electricity or process heating applications. In this work, the cylindrical and triple concentric
models are considered for TES. The study of TES is performed using a numerical mode
ANSYSF Fluent2020 R1 The enthalpy porosity model is used to simulate the melting of PCM.
developed model for simulating the PCM is verified with reported experimental and nume
estimated results. The PCM in the cylindrical model melted completely in 7.89 Wwbille using the
triple concentric tube model, the melting time decredse8?2.38 % Moreover, variation in oute
diameter for the triple concentric tube model is made and found that a diameter of 0.1 m
performing among all the configurations.

Keywords Integrated solar energy system, thermal energy storage, phase change material
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1. INTRODUCTION

Thermal energy storage (TESfers to a promisingechnology that allows excess heat or cold to be stored for latel
use. ltis an important component of integrated solar energy systems because it enables excess solar energy
collected and used when needed, rather than being wasted. There are several types of TES systems, inc
sensible hedtl], latent heaf2], and thermochemical storafj. Sensible heat storage involves storing heat in a
material that has a high heat capacity, such as water or concrete. Latent heasysteatestorbeat in a material
that changes phase, suchi@sor a phasehange material. Thermochemical storages tcstore heatproduced
from achemical reaction that can be reversed, such as the reaction between hydroxide ions and protons to
water.

Phase change materials (PCMs) are materialeti@ie thestoringand releaimng of thermal energy by changing
between solid and liquid states. P@MsedTES systems use PCMs to regulate the temperature of a space
system. It is possible to use a triple concentric tube model to design ébB€dd TES syste in which the PCM

is contained within the innermost tube, witlorking fluid circulatingin the tubes to transfer heat to or from the
PCM[4]. The wter tubes could be used to insulate the system and reduce hda€ChlgssasedlES systeracould
potentially have a higher energy density and be more efficient than other types of TES systems, due to the higt
capacity of PCM42,5]. However, the design and performance of such amysteuld depend on the specific
properties of the PCM and heat transfer fluid used, as well as the temperature range and heat transfer rates re
[5,6].
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PCM-based TES systems can be usedonjunction withbuilding heating and cooliny], industrial processes
[8,9], and renewable energy systefii8,11] In renewable energy systems, a P8&ed TES system can be used
to store excess enerfyom renewable energy soussesuch as solar or wind power, for use during periods when
the energy source is unavailable, oreéhergy demani high. This can help to improve the reliability and stability
of the renewable energy systéh2].

It's worth noting that while PCNdased TES systems can be an effective means of storing and releasing heat, t
may not be suitable for all applications. Factorshsas cost, maintenance requirements, and the temperature ran
and heat transfer rates required will all need to be considered when deciding whethetade@GNMES system is
the best option for a particular applicati@h. The PCMbased heat exchanger as TES can be classifi@d: 4a)
cylindrical; (b) pipe, (c) multipleube, and (d) tple concentric tube models. Out of the first three models, the
cylindrical model is the most common type of TES]. However, in recent times, the triple concentric tube model
is gaining attention due to tlaglvantage of its ease of use in simultaneous charging and discharging as well as ©
charging or discharging},14].

In this work, a comprehensive analysis is conducted for a-B&d TESystem integrated with a concentrated
solar power system for process heating applications. This study reports cylindrical and triple concentric tube mc
as single tube analysis. In the annulus between tubes, the PCM is filled which stores the efeerggliitg. The
comparison between both said models is conducted USW®)YS® Fluent 2020 R1The numerical model is
established for accomplishing the simulation and it is verified with reported work in the literature. The entha
porosity technique is apted to simulate the PCM phase transition. Further, the study is conducted by changi
the outer diameter of the triple concentric tube model to obtain thgpé&dstming configuration.

2. PHYSICAL MODEL

Figurel illustrates the integrated solar energy system for process heating applications, which includes the para
dish collector and TES. In this work, the P&ised TES is used to regulate the energy from the parabolic dis|
collector to the end user for mess heating applications. Timeomingenergy from the sun is collected by the
receiver of a 40 Aparabolic dish collectdi5], here receiver ay be of any shape such as cylindr[d#], conical

[17], spherica[18], etc.For just sake of representation, the cylindrical receiver in therdigiver system is used

in Figurel. The receiver is then supplied the collected amount of energy to alfld6dtl TES system, where PCM
materials are heated above their melting point to store up a significant amount of thermal enerfgrin tie
latent heat. This stored energy can then be released by allowing the PCM to solidify again.

Two-axis
juuckin-,',

Dish-receiver
system

Process heating applications (333.15-523.15K)

[
Pump :

Figure 1. Integrated solar energy system with P@kked TES. 7

The present TES system consists of multiple tube arrangements in the shell as sfigure#2. The cylindrical

and triple concentric tube models are chosen to investigate and are illustriaigar@?2(a-b). In this study, the
single tube analysis for said s is conducted using a validated numerical model. The tubes of 1 m in length a
0.0025 min thickness are used for cylindrical and triple concentric tube models. The complete details of geomet
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parameters are given Tablel. For grid generation in the present study, the default tool of AN SV&kbench
is used. The generated grid for TES is displaydeigare22(c).

HIE

(a) (b) (<)
Figure 2. Shell and tube arrangements (a) ogliical mode] (b) triple concentric tubenode] and (c) meshing

Tablel. Geometrical parameters for TES in this study

Parameter Cylindrical model Triple concentric tube
Length Im 1m

Diameter of inner tube 0.022 m 0.022 m

Diameter of middle tube - 0.085m

Diameter of outer tube 0.085m 0.1-:0.13 m

Tube thickness 0.0025m 0.0025m

The considered PCM here is Paraffin Wax (RT 30)is PCM is preferred for loemperature applications, for
instance, drying, and space heatifige propertiesor RT 50arelisted inTable2. The tube annulus is packed with
4 kg of RT 5Q The water at 343.15 &sheat transfer fluid (HTHp used to melt the PCM. bhecylindrical model,
HTF is set to gan theinnertubewhile thetriple concentric tube l&HTF in theinneras well as outer tubeThe
energy starts storing in PCM once it melts. The energgdtath melting PCM is called charging.

Table2. Thermophysical prope#ds of Paraffin Wax as PCM in TES

Property Value Unit
§ 820 kg/m?
&) 2000 J/IkgK

0 0.2 W/mK
‘ 5 107Y 0.0004Y 0.0859 kg/ms

3. NUMERICAL MODELING

To simulate thesolid-to-liquid phase transition and vice verghe enthalpy porosity method with Boussinesq
approximation is used in ANS¥S-luent 2020 R1 The natural convectias considered within the liquid PChy
enabling Boussinesq approximation. The pertinent assumptions made to work the investigation are: (a) the flc
assumed to be-B transient, incompressiblandlaminar for the ligid PCM; (b) viscous dissipation is negligible;
(c) radiation effect is not considered; e entire system is initially &96.15K; and (e)adiabatic condition is
assumed at the lateral surface of the outer. flibe boundary conditions are definechamass flow of 0.0167 kg/s
at the inletandan outflow condition at the outlet of the inner tubigne SIMPLE algorithm is incorporated for
pressurevelocity coupling. The QUICK schems used formomentum and energy equations, whiie pressure
term is disretized using the PRESTO! scheme. The governing equations (8gsiclude continuity, momentum
and energy equatiorthat are solved sequentiallythe residuas of 10° 10° and 1C are setfor continuity,
momentum, and energy equations, respecti\as convergence criterighe symbols used in Eqs-8) aredefined

in Table3.
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Continuity equation:

Momentum equation:

@

0

—

where, ®is source known aBar cy 6 s

where,0
of 10° is assumed fod

Thermal energy:

The summation of sensible enthalpy dateént heat is estimated as the total enthalpy of the material.

where,

@B A

ol

o @

-ﬂ, p = 6

O Q YO

The latent heat content can be defined as:

46} 0

wherea'Ovaries from 0 (solid) t@ (liquid).

Table3. Symbols used in the governing equations

TIR'Y Y i 6
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)

| a w. Thissaddgionalspurce gmimthe momentum equation
includesphase change effeat® the heat transfer owned by convectibhe source terni® is described as:

3

is a mushy zone constant. The value for this constant is usu&il0’0n the present context, a value
. _Is the melt fraction and is expressed as:
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Mushy zone constar]
Specific heat

Melt fraction

Total enthalpy
Sensible enthalpy
Reference enthalpy
Latent heat

Velocity

TLX<< "

Source term

Temperature

Solidus temperature
Liquidus temperature
Density

Thermal expansion coefficier
Dynamic viscosity

Latent heat of material
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4. RESULTS AND DISCUSSION

To verify the reliability of the developed mel in the ANSYS CFD package, the practice is made to replicate the
geometrical moddtl9] to solve. The mesh elementssof b dis chosen for TES analysis. The time step of 1 s is
adopted as the variations for 0.5 s and 1 s are almost marginal. All the simulations are performed using the A
Super Cluster of High Performance Computing Environment (HPCE) at IIT Madras. On contplesimgulation,

the volumeaverage temperature of liquid PCM is evaluated and equated with Hosseifi @t &s seen ifrigure

33, the trends of the temperature profile are found to be congruent with the data of reported methods.
discrepancies among the models are within the acceptable range and this present model is assumed to be a
in the present context.
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Figure 3. Validation of the present model with weBtablished models

Figure 44 illustrates the thermal response (average temperature) and melting fraction for cylindrical and tri
corcentric tube models. The HTF inlet temperature was 343.15IrKthe cylindrical model, the PCM melts
completely in 7.89 hours while it is just 1.39 hours for the triple concentric tube model. One can notice that
melting time reduces by 82.38 % by usthg triple concentric model.
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Figure 4. Comparison of cylindrical and triple concenttighe (TCT)model (a)emperature, and (b) melt fraction

Figure55 demonstrates the variation of outer diamefBrdf the triple concentric tube model for thermal response
and melting fraction during the charging process. The outer tube diameter from 0.1 mroi®ddhsidered. As
seen inFigureb, the diameter of 0.1 nchieves the maximum temperature compared to others in less time. Th
melting timeof 0.1 m is also less thathat ofother values of diameter. Melting time increases by 26 % to 60 % for

other diameters compared to 0.1 m.
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Figure 5. Variation ofouter tube diameter of the triple concentric tube
5. CONCLUSION

So far, the analysis was performed for PO&sed TES of cylindrical and triple concentric tube models using finite
volume software, ANSY'SFluent 2020 R1. The single tube analysis of botidefs was reported for average
temperature and melting time in thd3ransient, incompressible, and laminar flow model. The Paraffin Wax (RT
50) as PCM is used in the TES for storing energy. The present numerical model was validated-eittabledhed
reported experimental as well as numerical data. In the present work, the comparison was made between cylin
and triple concentric models, and additionally, the optimum outer diameter of the triple concentric tube model
found by varying the dimeions. From this comprehensive study, out of both models, the triple concentric tuk
model was more efficient. The melting time was decrease82b38 % for the triple concentric tube model
compared to the cylindrical one. Further, in the triple concetotibie model, the outer diameter was varied to obtain
the best optimum for the thermal storage system. The diameter of 0.1 m was found to be the best configure
while others increased the melting time of PCM by 26 % to 60 %. The present numericatouddiele expected

to be valuable in the design and optimization of various Raked TES systems for process heating applications.
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Abstract: In this paper, a novdDC-DC converter for PV based applicatioissdeveloped. Th converter
configurationis designedo provide voltage gaiaver awide range. Ths converter switching device
are subjected to less stress and is dedigvith less number of components. This makes the sy
applicable electric vehicles with battery storage system. The switches operating in compler
basis with synchronous rectification provides improved efficiency. The analysis of the conwe
done to derive equations for the design of the converter comporigrgsdesigned converter |
simulatedo find outits features.

Keywords dc-dc converterpatterystoragesystemphoto voltaig wide voltage gain; renewable energy
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1. INTRODUCTION

In the present scenario, there is a great demand for renewable energy conversion due to the green gas emissit
diminishing rate of fossil fuel also have led to use of renewable energy sources. The power generation usin
renewdle sources are fed to the microditid The intermittent supply of power to the microgrid may cause
disturbance in the microgrid. Therefore, it is necessary to reduce the variations in the supply d2jpoiés
require storage devices to store theaaxtower and to supply the stored power in demand. The block diagram c
the solar power with energy storage battery is shown in fig.1. Generally, the power generated da¥ {uatied

is connected charge controller to change the voltage level as pegtieemenbdf the load3]. Thepower source
usesa unidirectional converter and the power in the battery is transferred usilirgdtional convertef4]. The

use of bidirectional converter is to store energy during excess power generation and tpasuepturing demand

[5]. In case of electric vehicle, there is motoring mode in which power is received from the source and regener:
mode in which power is supplied by the vehi@k Therefore, it is necessary to develop different configurations
of bi-directional converter. These converters are operating in buck mode during one mode and in boost mode i
other mode. It will be better if the converter is operating in buck boost configuration for both the modes of operat
This require voltage gaiof the converter to be wide range.[donventional buck boost converters are subjected
to high voltage stress with reduced voltg8k The rating of the devices used these bidirectional converters ar
high[9]. This leads to poor efficiency of the canter. The design of converter to achieve high voltage ratio provide
more amount of losses due ti@sistanceresent in the reactive elemefitsit is difficult to achieve wide range of
voltage gain due to the limitation in duty cycle due to loss comy¢ig]. The cascaded buck boost converter uses
one inductor or one capacitor in the middle between two half bridges which has two switches in each can pro

143



high voltage gaifl12]. One bridge islesigned tgrovide step down voltagand the other bridges designed to
provide step up voltageThe inductor in the middle converter provide discontinuous current which results in hig
range capacitors in both the ports. The capacitor in the middle converter provides continuous current but it req
three irductors and two capacitof$3]. The Cuk converter used for battery energy storage provide continuou
current in input and output ports but it requires capacitance in both the por{zsaddrstructure is organized as
follows. The configuration of the cearter and its working are explained in section Il. The circuit modelling is
explained in section lll. The design of the controlledigcussedn section 1V. Thesimulation resultgre given in
section V. The conclusion of the paper is done in section VI

DE-IC
CONVERTER waly — =
MIv1 DCAC DOMESTI
= AWLIANCES
(HOCsT) ‘ S NVERTTER

UNLINRECTIONAL [* g Samtaliey

DC-LX
CONVERTER

TEAHRICTIONAL e
{Secnd Soge)

Figure 1.General Block diagram of solar based EV
2. DC-DC CONVERTER

The proposed systeim basedon batteryenergy storage system using bidirectidmatk boost converter igiven
in figure 2. The elementsvhich are connected in the proposed sys@re solar PV panel, battery, proposed
bidirectionalbuckboost converter and load.

2.1 Proposed Converter

The structure of thBC-DC converter configuratiofor high voltage gaits givenin figure 2. It has two ports (input
port L , output port) ), four capacitorsd hd hd hd ), two inductors§ hd , three switches) O h) ). The
power can flow input port to output port and vice versa. The triggering pulses appiedtatches are represented

as"ORO RO for the switche® R) R respectively. Gating signal® RO are identical and are complementary
to the gating signal of switch AQ.

IR T I
N '

Vi L4 ] G T T e —

(.M.' .

Y-
o>

Figure 2. Proposed converte

This configuration provides synchronous rectification. In order to make analysis simple, the fopoivitggare
assumed

1) The componentsf the converteare assumed to be ideal
2) The switches, resistances, inductances, capacitances are corisither atbal

3) The small ripple approximation can be made to capacitance and inductance due to its large value.
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Figure 4. Circuit for power flow from source to load in boost mode

Thestructure of converter fahe buck mode and boost mode are gindigure 3 and figure fespectivelyIn this
structure, power is allowed to flow from input to output and from output to input. In both the directions buck bo
operation is possible. Bhtypical waveform is shown in figuée

The typical waveform of the converter for powkaw from load to source igivenin figure 7. In the triggering
pulses, there are two states (0 and 1). There is one main dWwitemd two complementary switches which form
synchronous rectifier. When the switches are changing its state, there is dead time between the rising and f:
edges. This occurs for the gating pulses of switches betiveemndd

uuuuu

------

Figure 5. Key waveforms

Similarly, the deadtime occurs between the gating pulses of swilcheandd . When the deadtime occurs, the
diodes parallel to the switches carry the current. In this conditioswiteh voltage becomes zero. This restih

zero voltage switching for the switches which are turned ON and OFF. In the input to output power flow, the 1
statesare0 and 1 which are explained as follows. During the state 0, the main Switehturned ON and the
switchesb and0 are in OFF condition. During this peridd Y current flow path is shown in figure 3. and
figure 4. for the switch  in ON and OFF condition respectively. The current and voltage equations related
this mode is derived as below.

(AN )
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® O 0 W (2)
Q0 3)

2 e - (4)

Similarly, during the state 0, the main swilich is turned OFF and the switehd and0 are in ON condition.
During this periodp 'O Y, current flow path is shown in figure 5. and figure 6. for the switchin OFF and
ON condition respectively

W W 0w ®)
W (V) (6)

m 9 — @)
e - ®

The converter voltage gain for the operation of power flow from input to output is given by the equation (9).
o - — 9)

2.2 Efficiency Calculation and Analysis

The proposed convertefficiency is calculated after calculating the losses. The various losses occurring in tl
converter are switching 10s8 ( ) i in the switches, conduction losd () during the ON condition of the switches,
losses due to inductance resistante (component and losses due to capacitance resistancecomponent in

the circuit constitute the total losses in the ater. These losses are expressed by the equation shown below.

6 0 0 0 0 (10)

Theconverterefficiency for the power flow from input to output is given by the expresdibn (

0QQQAVG VE—ere—— (12
3. MODELLING OF THE CONVERTER

In this papethe transfer function of the converter is derived using small signal analysis. This is used for the des
of controller and to analyze tlwnverter under transient conditions. For the flow of power from input to output,
modelling is done using small signal analysis. In this, the input and the state variables are applied with a sme
perturbation. The variables for the small signal maaglare inductor current®O , "O , capacitor voltaged |,

duty ratio of the main switch AD and the perturbations of these variables are represented,as ,0 ,O

and the output voltage . The small sigrlamodel is given by the equations (4@3)7)

b — ©O0 ®0O (13

0 — O O —0 U (14)
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6 — — (16)
6 — © O 00 p O (17)
3. DESIGN OF CONTROL LER

Theconverter is controlled using PI controllermaintain the voltage level in the output. The approximate value
of U andv is calculated using the expressions given below.

. (18)
e (19)

where™Q is the clock frequencyy resistance connected for feedback sensing @ndepresents switching
frequency. The exact value of the andvu is calculated after finaihing using MATLAB.

L] Yor

U—O—!‘ > :,—b‘k Ks + !:—‘ % » Gols) T

Figure 6. Feedback Controller

The block diagram of the Pl controller used in the feedback of the convegkous in figure6. After the
implementation of feedback in the converter, the transfer function of the converter udtieckes given by the
eguation (20). The component values are given in the Table I.

Ofi 0 —0i (20)
5.SIMULATION RESULTS

Theresults obtained after simulation are given belbhe results ar taken for boost operation for an input of 50V
Figure 7. and the output Figure 8. obtained is 400V. Similarly, the results are taken for buck operation for an i
of 400V Figure 9. and the output obtained is Foyure 10.

| | s

Figure 7. Input appliedfdltage for boost operation
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~ Figure 8.Output voltageof boost operation.

T T T =

Figure 9. Input applied “\}6Itage foruzk operation

Figure 8.Output voltageof buckoperation.
6. CONCLUSION

This paper presentsrmvel DGDC converter for solar PV applicatie to buck and boost the input voltage as well
as output voltage. In the converter configuration, synchronous rectification is implemented to have better efficie
The method of synchronous rectification results in ZVS during the@iNras well as tur®OFF of the switches.
This results in less stress on the switches. Also, the structure is very simple with less number of components
results of the converter show that it is able to perform better during steady state conditions as well as dyn
condtions.
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Abstract: Vertical groundcoupled heat pump systems have shown good potential to improve energy effi
of HVAC system, especially for commercial applications due to the relatively high cost inw
Although well proven in temperate climates, vertical greaadpled systems have been less te:
in tropical climates. However, with the need to find means tooesthe carbon footprint of building:
especially with the temperature extremes observed due to climate change in the previous de
combination of passive design principles with efficient controls can lead to significant energy s
and furthersavings can be achieved by using a grecoupled heat exchanger. This paper pres
the preliminary test and simulation results obtained with a vertical borehole drilled to a depth «
together with the thermal conductivity results. The experimeesallts on the borehole have be
used to develop the CFD model, allowing to predict the performance of the system and ci
parametric analysis.

Keywords Vertical groundcoupled heat pump, CFD analysis, Building energy performance
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1. CO; EMISSION SITUATION IN THE WORLD AND THAILAND

In 2 0 2the average global temperature is approximately#®5(1 . 6 2. 23, which ishigher than the pre

industrial average temperatures recorded duriggsl ® (1. The Paris Agreememtn climate change is a legally
binding international treaty aiming to limit the global warming to well belo®,2oreferably 1.5C [2]. Currently,

the greenhouse gases (GHG) emission of global rises constantly. By 2021, thediaxlotnor CQ emissios
from fossil fuels and from industries will be in a total of 37.12 billion {CG@owever, the landise modification
has been excluded [3jccording to such vital datdhailandis one of the World's ninth countries affected by the
climate chang@t]. ThePrime Minister of Thailand clearly stated that Thailand must be achieved a carbon neutral
by 2050 and gains a net zero greenhouse gas emissions no later than 2065, inUhige@6Nations Climate
Change Conference in Glasgow, Scotland [5,6]. In 2€X2% emission of Thailand is of 278.3MtCO,, which is
accounted for 0.75% of the global €émission. This C@amount is equal to the peapita CQ emission of 3.89
tCO..

The major sources for Thai G@mission are come from energgnerating sectorigrgely by oils (108.75 MtC¢),
natural gases (77.39 MtGQand coals (70.65 MtG{ In addition, other C®emission sources include industrial
activities and material production, e.g., cements (21.15 Mjt@au flaring (0.55 MtCg) [7].
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2. CARBON CAPTURE UTILIZATION AND STORAGE

Reduction of the GHG emission by triaddtrue methods seems to be a common knowledge and necessit
the uses of renewable and clean energy. Enhancing energy efficiency or even reforestation may not suffici
reduce the GHG eission as fast as they need. Hence, the Cadimtide Capture, Utilization, and Storage or
ACCUSO provides technological, engineering, and
CCUS has significantly provided a potential of gabsially CQreduction 10,11.

The CCUS is unlike to a novel concept, and various €Pture technologies, including commercially available
technologies, have been developed [8]. According to the Technology Readiness Level or TRL of the CC
technologes, there are various types of the Q@pturing, utilizing, and storing methods occurred in different
stages and many of them are currently in commercial operations, such as;{B®@R®@r CQ storage in deep
saline formationsgee inFig. 1).In 2022, tlere are a hundred and ninaix commercialCarbon Capture & Storage
(CCS) and thirty operational CCS facilities are run globally with a total capapacity of 243.90 Mtpa [12].
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Figure 1.Technology Readiness Level (TRL) of certain C@&dBnologiesmodified from [1315].

However, some of the CCUS technologies have a highly potential ferc&uring and reuses it in upstream
industries. These include a process of,€&pturing in a solidnineral through a carbon mineralizatiand a
formation of a ew mineral, which could be a {productfor other purposes [16]. Ultramafic igneous rocks contain
CO; reactive minerals that allow the reactions between a9 and rociorming minerals to naturally occur. The
results of the chemical reaction are relatethe occurrence of carbonate minerals that can be further considere
for cement industries. This rock type is apparently an unigueassarce with the C{rapturing potential.
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3. CARBON MINERALIZATION

Carbon mineralization naturaligccurs when the gh-Mg, high-Ca, highFe, and higkalkali rocks have been
exposed to atmospheric surface, where the EQuspendedsée inFig. 2). The mineralizing process changes
original silicate minerals to "new carbonate minerals" such as magnesite, calciteedtel Jitle CQcaptured by
carbonate minerals is stable in solid and-tec forms and is permanently removed from the atmosphere [17,
18]. Natural carbon mineralization is also responsible for the annuak@®©val of approximately 0.3 GtG{19].
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Figure 2. Carbon molecules along through action of mineralizafibr .

Since the 199006s, the carbon mineralization has I
capture. One of the essential factors is an availability efa@d Mgbearing mineral resources [20]. If we focus
only the Mg and Carich rocks including ultramafic rocks, basalts, and anorthites, these rocks can potentially stc
10,0001,000,000 Gt of the C{16,21]. The areas of the specific €€apture rocks are repredged in Fig. 3.
Focusing of Thailandés areas, there are few targ:e
rich ultramafic rocks. The potential areas are located in the northern and northeastern parts of Thailand.
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Figure 3. Accestility of minerals on a global scalenodified froni8,22].
3.1 Chemical Reaction of Carbon Mineralization

Carbon mineralization technologies are linked to the concept of the CCUS, and they are completely reliant or
mineralizatioachemical reaction, kich can be seen occurring in nature [28&fic and ultramafic rocks certainly
contain the most effective rogdkrming minerals at reacting to the €@as The mineral assemblages are changed
from silicate compounds to carbonate when react with the K@ever, the process is quite slow [24]. In another
word, this reaction shows that the £@ases are absorbed by the rocks and the rocks change in their miner
compositions.

In general, igneous rocks can be classified into 4 subtypes based on theiraoworg from dark to light. Each
type exhibits specific features, mineral assemblages, and chemical composition (Table 1). The ultramafic re
have a relative high content of des&lored minerals such as olivine, pyroxene, and serpentine. These mamerals
importantly composed of magnesium and calcium, which are reactive elements to.thea€tfon. Based on
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previous studies, the ultramafic rock samples collected from the Naga Hills Ophiolites contaid28GWt.%
MgO [25]. More previous geochemilcdata indicates that the ultramafic rocks can also contain MgO as high as 4
wt.% [26].

Table 1. Classified igneous rocks, modified from [19,26,27].
Characteristics Ultramafic Mafic Intermediate Felsic

= o R Wy

g, L

Calo g

SiO, 40% 50% 60% 70%

MgO 48% 15% 2.5% 0.95%

Example rocks Peridotite, Pyroxenite, Dunit ~ Basalt, Gabbro = Andesite, Diorite Rhyolite, Granite

Major minerals OIivinPe, Serpentine, Plagioclase feldspa Amphibole Potassium feldspar, Quart
yroxene

The CQ in gaseous phases aexdred to react with Mgilicate minerals in the mafic and ultramafic rocks. After
the reaction has been achieved, the new phases of materials occur including magnesitgdhthsiliza or silicon
dioxide (SiQ), which are both in solid phases. Ideal mieal reaction of olivineserpentine and pyroxene are as
followed equations (B):

Olivine: MgSi@2CQY 2MgCGSi,0 (1)
Serpentine: Mg,Si0s( O ) CH Y Mg G2 S p+@i,0 (2)
Pyroxene: MgSis@CQ Y MgCGSi,0 (3)

3.2 Methods for Carbon Mineralization

In the carbon mineralization pra&ses, the sources of €€an either come from a direct air capture or an extraction
from the pollutartwaste industrial sites. There are 3 approaches to accomplish reliable storage [28] as show
Fig..4.

1 In-situ carbon mineralizatiomvolves the circulbion of CQ-bearing fluids through appropriate rock
formations located at deep.

9 Surficial carbon mineralizatiomccurs when a fluid or gas containing £€acts with mine tailings, alkaline
industrial wastes, or sedimentary formations rich in reactive fragiknents. All of these materials have a
high fraction of reactive surface area.

1 Ex-situ carbon mineralizatioimvolves the transportation of solid reactants to a location farda@ture,
followed by a reaction with a C@ich fluid or gas.

In-situ Surficial Ex-situ

R,

AN Y-
) —
-0:@:

Figure 4. Methods for Carbon mineralization, modified from [29].
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Using the ultramafic rocks for G@apturing is one potential way of the surficial carbon mineralization processes
Before the calculation and interpretation of reactive: @erals and relative voluraeof carbonate bproducts
have been approached, the potential rock deposits have been identified, as a study case of Thailand.

3.3 Ultramafic rock resource in Thailand

As shown in the geologic map of Thailand with a scale of 1:1,000,000 [30], the ultranekt have been divided
into three types: (i) peridotites, (ii) pyroxenites and (iii) serpentinites with the total area of 878,504,4418t33 m
1.5meter depth. The rocks are located in two regions covering by four provinces. Based on specific gravitie
these types of rocks, a total weight of these rocks is around 3,972.45 million tons. According to a mole calcule
of chemical reactions, one mole of the GQfas, which reacted with a silicate mineral, likely produces atitwe
amount of carbonateinerals.If the carbon mineralization phenomenon can be successfully occurred, a prima
estimated amount of the GPermanently captured by minerals is approximately 3,220.65 Mt or 3.22 Gt. The dete
has beeshown in the Table.2

Table2. Detail of theultramafic rocks and their estimates in Thailand

Region Northern of Thailand Northeast of Thailand Total
Province Chiang Rai Nan-Uttaradit Loei SaKaeo
’(A‘r;%"" 54,986,580.97 446,398,005.00 5,093,418.23 372,026,409.13  878,504,413.33
Volume
(M) (L5-meter depth) 82,479,871.46 669,597,007.50  7,640,127.35 558,039,613.70  1,317,756,620.01
Rocks peridotites, peridotites, serpentinites pyroxenites,

pyroxenites, pyroxenites, serpentinites

serpentinites  serpentinites
Total weight
(Mt of rocks) 25294 2,053.43 19.86 1,646.22 3,972.45
gaculatedreactive 190 2. 1,544.22- 28.39 1,457.82 3,220.65
(MtCO,) 199.39 1,618.69 ' 1,507.81 3,325.89

Note:Ultramafic rocks, including peridotite and pyroxene, have a specific gravity of 3,308, kgfile serpentinite has a
specific gravity of 2,600 kg/fn

The geologic map representing the ultramafic rock resources in Thailahdvis in Fig. 5 The mapincludes
enlarged mapping images of four provintiest consists ofl) Chiang Rai, (2) Natlttaradit (3) Loei, and4) Sa
Kaeo.
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Figure 5. Ultramafic rock resource in Thailand [30].
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4. APPLICATION OF CARBON MINERALIZATION FOR POTENTIAL INDUSTRY

As results of the minerals and e@actions, the products of G@ineralization seem to have a potentialdplace

a conventional product in multiple industries. These facts apparently increase economic and environme
possibilities of the CCUS by substituting the conventional production [31]. While the carbon mineralization
been extensively explored fearbon capture and storage [32], the possible use of mineralization products h
recently attracted considerable interest [2His shift leads to mineralization based CCU. CCU by mineralization
keeps CCS's benefits and adds value. \allded products lbst CCU's economic potential through additional
earnings and environmental benefit through substitution of conventional productiofd8ifeeconomic carbon
mineralization is possible in a variety of connected industries, including cement, concegétensteonstruction.

4.1 Cement Industry

Limestone (CaCg)is a significant feedstock utilized in the cement production process for the creation of clinke
It was traditionally required for limestone mining. According to the model shown in Fig. 6, det@snined that
CO, emissions from cement plants may be captured by installing a mineralization facility. Through chemi
reactions, C@® combines with oxides of alkaline or alkaliearth metals such as calcium oxide (CaO) and
magnesium oxide (MgO) to gerate carbonates through the following reaction: equation (4) [33]. The minerals i
the rocks are then transformed into carbonatg@rogucts that are recycled back into the cement industry. In
addition to lowering C@Q it is ecafriendly and can be inctled into a circular economy.

(Ca, B0 s CQt gY (CMg) CB+Si0s) (4)

=

Figure 6. Integrating CQ mineralizationinto the cement production procd84].
4.2 Concrete& Construction Industry

In the procedures under consideration,,@&cts with either selected minerals or tiduistrial wastes depicted in
Fig. 7(Left: A) and Fig. 7(Right: B) demonstrates the application or curing (i.e., hardening) of standard concr
(CO; curing of concrete) to produce a solid carbonate that retaingp@@anently [35]. These procedures can
provide cement additives (supplementary cementitious materials, SCM) [34] that are commercially viable for
building industry, synthetic aggregates and cement treated b{3610

Figure 7. Concrete and construction industry ©@ineralization concep{87].
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5. CONCLUSION

This study preliminary examine and basically review specific uses of ultramafic rocks for thee@@anent
capture by the surficial carbon mineralization method in combination with the calculation and estimation of C
reactive minera and volume of carbonate-pyoducts. Based on Thai ultramafic rocks, there are three main type
including peridotites, pyroxenites, and serpentinites located in two regions covering by four provinces includ
(1) Chiang Rai, (2) Nalttaradit, (3) Loei,and (4) Sa&Kaeo. The estimated amouait the CQ trapped in the
carbonate minerals apparently ranges from 3,220.65 to 3,325.89 Mt. This study provides a preliminary pote
assessment based on the geologic map analysis and théasebkcalculation. Finer steps are to test the real
CO reaction with those reactive minerals of the ultramafic rocks.
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Abstract: DC motor speed is controlled using various control methods. PID control is widely prefer
control sysems. In this paper, the spesdhe series wound DC motor is controlled by the PID cor
system. The system has been modeled and simulated in M&ttablink environmat. In order to
analyze Series ind DC Moto{SWDCM) speed contrpP, I, and D pameters should be selecti
according tahe systemPID tune and Bode editor techniques are designed for educational pu
and used to determine parameters suitable for system control. In addition, the PID contro
Fuzzy Logic controller have beadded to the system together. It is aimed to teach how to of
and use these methods by showing them step by step in the Matlab environment. The sii
results generated using these techniques are given in comparison

Keywords Bode Editor, Educatin, Fuzzy Logic, PID controller, SWDCM
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1. INTRODUCTION

DCM (Direct Current Motor) is quite used in industrial control applications, robaotics, and electricity. Man
situations can cause the speed of the DCM to change. Thereformoldr speed control is substantial for all
projects and applications in research areas and accurate and effective methods must be established for the
control of DCM[1,2]. Series Wound DC (SWDC) motors operate with quite high torque at the begamuinhese
motors can work properly even under heavy loads. With these properties, SWDCMs are used in a great varie
industrial applications. They can also be used in electric vehicles, mobile electrical equipment, small electt
appliances, craneand hoists. The speeds of SWDCMs vary with changes in load. Changing the speed of the m
also makes them usable in vehicles such as vacuum cleaners, sewing machines, and elevators [2,4]. Hence,
control of SWDC motors is very important. PID comtigofrequently mentioned in industrial control systems and
is very preferred. It has higher characteristics such as simple mathematical modeling, good reliability, F
reliability, stability and ease of use, and steathte error correction[5]. Althougthe PID and FuzzPID
controllers have been examined in recent years[6,7], in this paper, the effect of the Bode technique which
classical control technique, on the system has also been discussed beside them. PID control parameters are
the besvalue for the desired control response using the PID tune techniques [4,5] of MATLAB. System contro
improved by changing the PID controller parameters. The parameters of the PID controller are set with Bode ec
In addition, a fuzzy logic contrat(FLC) has been added to the PID controller to improve PID control coefficients
The purpose of the study is to teach how to make all these applications using MATLAB. System control is provi
by using PID/PID (using Bode editor technique)/MiDzzy Logc, respectively, and the productivities of these
techniques are compared at the same transition levels. The remainder of the article includes: Section Il include
model of the SWDC motor and explains briefly the PID controller, Fuzzy Logic, and Batbe, Bection 111
presents the system block Diagram and results of the simulations, and lastly, section IV put forwards the conclu
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2. SERIES WOUND DC MOTOR MODELING -PID, FUZZY LOGIC CONTROLLER ,
AND BODE EDITOR TECHNIQUE

Series Wound DC Motor

The workng principle of an SWDC motor is based on the electromagnetic principle. It converts electrical enel
into mechanical energy according to the electromagnetic principle. These types of DC motors contain a pc
supply terminal at one end of the armature field coils. When voltage is applied to terminals, current passes bott
through the armature and field windings. Because the conductors in these windings are connected in series, ¢
current starts to flow in the field coils. With the flow of this emt; a powerful magnetic field is generated which
originates a large torque at the shafts. This high torque turns the armature and generates thef meploseical
energy. The armature current of an SWDCM is at the same time as its field currentedhssthat the speed of
SWDCMs increases as the load decreases [1]. A circuit model of an SWDC motor is shown in Figure 1 below

Table 1. Parameters of SWDC Motors

Paramator Dascription Valiow ()

11352 (kg mt/s
la [Nm/Amp
o Nrmow

1.2 (

0,026 &
lo.as [

0167 M

M) e

Figure 1. SWDC Motoequivalentdiagram

Where D is the electromagnetic torque (Nm), is the angular velocity (rad/se@), is the armature current (Amp),
D, is armature voltage (V), and is back emf (V). The parameter values of the SWDC motor used in this stud
are given in Table 1.

Speed control is one of the important components in DC motor operation. Controlling the speed of the DCN
essential in such applications. The following dynamic equations describe the behavior of the SWDCM.

_ /X202

D) ="' +A () (1)
2() =fi ,2,(3) 2
LE) « JO) =Ty T Q)+ fly 2+l T2 €)

XD XD
Ly(@)=fi 1 2 4

The transfer function is obtained by using DC motor equations.

B TR T ©

The block diagram oéquation(5) is simulated in Figure 2. Where wr is the reference speed and istgittes
system as the step input, wo is the output speed.

Figure 2. Block diagram of SWDC motor

159



The transfer function is written using the parameitefisable 1. (6).

m(s) _ 1

N ®)
V(9  0.05 + 0.28 +0.¢

Proportional(P)- Integral(l) - Derivative(D) Controller

PID (Proportional/Integral/Derivative) controller is frequently used as a controller in motor applications at
industrial control system$4,5]. In addition, PID controllers have a very simple control structure, which provides
ease of use and is also cheaper[2]. The purpose of the PID controller is to minimize error and maximize the sy
efficiency by adjusting the control inputs. Theportional mode reduces error and accelerates dynamic respons
by adjusting the manipulated variable. Integral mode reaches zero offsets. Derivative mode improves the sy
with a quick fix based on the rate of change of the variable being controlledddkeschematic of the PID is
given in Fig.3.

A S ey A

Figure 3 Blockdiagramof PID controller

Fuzzy Logic Controller

Fuzzy logic(FL) is created using human language. [8,13]. The working logic of the fuzzy controller is that t
output of the controller is obained by fuzzing both the inputs and the outputs using the associated membersl
functions. In the FL methodology, a linguistic control strategy is transformed into an automatic control strategy
a fuzzy controller, and FL rules are created using sp&toidperience or database knowledge [9]. &t (error)

and thece( t) (change of the error) of the angular speed are the variable inputs(tyeontrol voltage) is the
variable output ofhe fuzzy logic controller.

e(t) = r(t) -u(t) 8

_ , ©)
ce(t) =) -t By

Bode Editor and Root Locus Techniques

To demonstrate the frequency response of the system, the frequency versus-itheatiangt system of a transfer
function graph can be given whiih defined as the Bode diagram of the system. The main idea of a frequenc
based system is to use Bode diagrams(editor) to understand and predicoppeansfer functions and closed
loop responses and compare these functions. In this context,riy igitad to solve the axis language and the effect
of graphs on dynamic behavior. [14]. A Bode editor is an interactive graphical method of modifying a compens:
to achieve a specific opdaop response (loop shaping). In the Bode editor, the-mmmbandwidth and design
can be adjusted according to the gain and phase margin specifications. In this study, the compensator gain
has been changed using the bode diagram and improved system response.

160



3. SYSTEM BLOCK DIAGRAM AND RESULTS OF THE SIMULATION S

System Model Using PID Controller

In this section, the PID model is explained. A PID controller has been addedsistdm for SWDC motor speed
control and the system output speed has been observed as a result of the simulation. PID paramejetae, |, D
been determined using MATLABOGs tune technique.

@ - - - (b) ©
Figure 4.Series DC motor speed control using PID Contrg¢dgiStep Response(Berformance value table for the System
using PID Controller(c)

The closedoop control system is gén in Figure 4(a). In this closddop, PID parameteris found usingthe
MATLAB Tune technique are given in Figure 4(b),(c)

The simulation result of the response of the system tetdmeinput is shown in Figure 4(bh this system using
PID control, an ogrshoot has occurred as seen in Figure 4(b) but the system soon settled down. The perform:
valuesof the graph in Figure 4(b), which is the system response, can be seen in the table in Figure 4(c).

SystemModel Using Fuzzy Logic- PID Controller

The reaction of the system using only the PID controller is shown in Fig.5. In this section, a Fuzzy Logic control
is added to a system using a PID controller to improve system response. The model of this system general
Matlab Simulink is shown in Figer5(a). In this system, PID parameters are set using Fuzzy logic. The PII

controller block diagram of the system is indicated in Figure 5(b).
Fore—Hu e ol

@~ (b)
Figure 5. Fuzzy and PID Controller block diagram(a) Fuzzy PID (FPID) Controller Subsystem(b)
The followirg parameters are used for the system generated in Figure 5(a, b)

Table 2. The rules in the PID controller for Kp, Ki, Kd

o N NS tE = 1L g |TNT NS E = L A ML NS tE = L

NL [PvD [PVl v [pvD [PwT |[NE [PM |PA [P [PA [P ~ PVS [Phs [PM [PL

N5 |PML PML JPML PL PALL NS |PMS [PMS PSS [PMS  [PRS NS PhIS PML IPL P57 P
pvs [Pvs IPs [PME [PMS P5__|Ps [PV |Ps 5 [y PL PL__ [Py [Py

Ps L L L oL 2N L P S JPME 1PME = NS Ps L 2N L VL 1Py 2

L Py Py PAYVL O 1PNVL P FL Pl Pl Pl S| Pl

The nference of Fuzzy consists of two methods. These are Mamdani and Sugano. In this study, the Mam
method has been used, whitdn be seen in Figure 6. The control error(e) and the change of the control error(c
are the inputs of the system which are showkigure 6. The setting of the PID controller is based on Fuzzy Logic
relationship between the error(e) and error(ce) hadPiD parameters. As shown in the figure below, Fuzzy Logic
membership functions are set to step by step. The degree of membership of change kp, ki, kd is indicated in
in Figures 6 and 7. According to the rules in Table 2, when e is equal todeasdqual to 2.5%p, ki, kd is

presented as follows.
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Figure 7. FuzzRRule Viewer "~ Figure 8.Step Response for the System using FPID

System Model Using PIDController with Bode Editor Technique

Compensator parameters have been adjusted with the PID tune technique using theysternalesigner, which

is a MATLAB application. The poles and zeros in design diagrams such as bode, which are classical cor
techniguesare graphically generated. The magnitude response has been dragged up in the Bode Editor to inc
the compensator gain to generate a faster response. The used techniques are presented in steps frd. figure
The system step responkas been imprad by using Bode editor techniques. The following steps have beel
tracked to design &system.

B a

B e n . o w— Yot b b o o i 2
"
S -

. p— ' e

Figure 10: Using Graphical Tuning (Bod&ditor), Bode ad Root Locus graph and Step Response.
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10.

11.

12.

13.

14.

Size response drags up in Bode Editor, the compensator gain is increased and a faster response is created. (
the comparative representation is given in Table 3.

Table 3. Comparison Between the Output Responses

Controller Rise Time(s)| Settling Time (s) | Overshoot (%) Peak
PID(using Matlab Tune) 0,327 1,400 6,96 1,070
Fuzzy Logic and PID 1,036 0,020 0,468 1,000
PID(using Bode Technique) 0,027 0,198 5,080 1,050

4. CONCLUSION

This paper discusses the speedtrol analysis of SWDC motoed the educational level. A commonly used PID
controller and different techniques for tuning PID parameters have been implemented in steps. In a system us
PID controller, an oveshoot may occur and if this overshoobt@aes the system, it would be correct to add Fuzzy
Logic to the system. When the system response needs to be faster in speed control made with a PID controlle
response of the system to the parameters setth@PID tune can be accelerated byngsthe Bode Editor
TechniqueWhen the gain is increased with the Bode Editor technique, the system results in a faster response
a result, we can say that each method can be used successfully in system control with knowledge and exper
We think thatthis educational study will light the young researchers and engineers who study in this field.
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Abstract: A forced convection solar dryer with two air inlets has been developed under three configu
Three parameters that are the evolution of temperatures, efficiency and global losses ha
studied. Thus, the average value of the d
for conf iguration 2 and 5 2ckRy, the averageis 58% g
configuration 1, 47% for configuration 2 and 27% for configuration 3. The losses were evalu
103W for configuration 1 and 82W for configurations 2 and 3. Three conclusions emerge frc
study. The hot air recoverystem for configurations 2 and 3 behaves as a-bpanergy that feed
the dryer during a decrease in sunlight. The recovery system decreases the airflow and ther
efficiency inside the dryer when the lower collector orifice is closed as definedrifiguration 3.
Closing the lower collector orifice stores heat in the lower part of the collector, which heats
absorber during a drop in sunlight.

To conclude, configuration 2 is the best configuration without any load.

Keywords Flat sensorgfficiency, recovery system;

E

2023 Published by ECRES

164


mailto:droguyyvesnarcisse@gmail.com
mailto:yaya.soro@inphb.ci

11. EUROPEAN CONFERENCE ON RENEWABLE ENERGY SYSTEMS Riga/LatiaMag 2023

1. INTRODUCTION

The drying of agricultural products has been of great importance to humanity since ancient times and is esse
for increasing the shelf life of foodstuffk,2]. Indeed a widevariety of products in dried form are used in cooking
due to their convenience and permanent availability (e.g. turmeric, peppers, fenugreek leavidg, €tgg drying

is achieved either by using fossil fuels in an artificial mechanical drying $s@seby using solar energy. The first
method is costly and it should be noted that the crisis currently shaking the energy sector in the world anc
tension experienced by fossil fuels have made the development of alternative and renewableesset@EE].

As a result, developing countries have favoured solar drying.

However, the efficiency of outdoor drying processes is low given the many hazards (meteorology, constituent
the product sensitive to ultraviolet radiation, insects, rodents, Btcgvercome these drawbacks, solar dryers have
beendesigned [3]These solar dryers are the subject of many works, particularly in Africa and Asia. The objecti
of these researchers is to optimize dryer technologies in order to obtain better qyality whder adverse
metrological conditions. This work is therefore a contribution to the development of solar dryer technologies.

2. MATERIALS AND METHOD
The experimental device is an indirect solar dryer with forced convection designed and manufactiieed in
workshop of the Mechanical Engineering of the INB. Its innovation lies in having two air intake ports at the

flat sensor and a hot air recovery system that can be reassembled at the exit of the drying chamber.

In order to optimize and obtain beteprality drying, three (3) different configurations were adopted. The purpose
of this study is to determine the bestlnad configuration.

Configuration 1

Figure 1 Experimental soladryer conf.1 Figure 2. Operating principle conf.1

— = =

Figure 3. Inlet ports

The air enters through the two holes of the flat sensor and is heated. This air is then driven inside the drying cha
by the action of a vacuum cleaner that creates forced convection. Finalyt thie is rejected to the outside.
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Configuration 2

Figure 4. Principle of operation conf2 Figure 5. Experimental solar dryer conf.2
The air enters through the two holes of the flat sensor and is heated. This air is then driven insidegttieeanjriar

by the action of a vacuum cleaner that creates forced convection. Finally, the hot air is recovered, dehumidifiec
rerouted to the upper port of the sensor.

Configuration 3

Figure 6. Operating principle conf.3

The air enters through the Uppdole of the flat panel sensor and is heated. This air is then driven inside the dryir
chamber by the action of a vacuum cleaner that creates forced convection. Finally, the hot air is recove
dehumidified and rerouted to the upper sensor port. Glerl part of the flat sensor will remain closed on either

side.
The dryer was also equipped with five (5) temperature sensors presented as follows:

Table 1. List of temperature sensors
Iltem  Item Description
No.
Tamb  Sensor Inlet Temperature (Ambient Tgenature)
Tas  Absorber temperature
Taow  LOSS temperature
Tout Temperature sensor output
Tary Temperature drying chamber
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Equations

Useful flow transmitted to heat transferid (W) [4]. 1)

er - Heat flow rate of heat transfer flujd WSHA )
Tr : Temperature of the heat transfer fluid at the inlet of the absribe€ )
Ts : Temperature of the heat transfer fluid at the outlet of the abgorReC )

Yield global instantaneou®o) [4,5].
B Y 2

G'( i Solarilluminance (flux density) incident on the collector (\A2jn
S: Flat sensor area {in

Total heat loses [4.5,].

Couverture 4 T,

Couverture a Toy
e dind
)

e
Couvermre 4 T,
L] L] L] (3)
e QY Y'Y 4)
P P
« P P P 2P ©)
Qh Qh Q 'Qﬁ Qh "Qh = ‘Y "Q
. @ (6)
V]
” V)
g 0 @
w
YQ 8
NG ®
L
" )

Up: Total heat losse@V);  Gn.Upward heat loss€sV); (i, Downward heat loss€8V)

Tom Average absorber AmMbmpat aauret ehgprafure (AC);
g, i :&hickness and thermal conductivity of the insulatiop:;@oefficient of overth convection (W.m2 S\

Nu: Nusselt number; P Prandtl number; Re: Reynolds number
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3. RESULTS AND DISCUSSIONS
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With an average Sunshine Value &04w/nt, 492 W/nt and 833 W’ for configuration 12 and 3, the absorber
temperature (&9 for configuratonl r eac hes ,55 A% w(cfiiggrajti on 2 r eache

168



of configuration 3 is 84 AFeofChe@ldsarbgr.tdthe.last twd ¢onfigurationssise
explained by the fact that the air recovery system acts as a backup energy. Thus, the heat coming out of the
is no longer lost but reintroduced into the flat sensor.

As regards the temperatureighsthe drying chambergd, it reaches an average Vv
51 A Cc (fig.8) for conf.2 and 52 A C (fig.9) for
on the drying temperature of the product. Alsate that the temperature of the drying chambgrdf conf.2 varies
abruptly (fig.8) with the sunshine while that of conf.3 is more stable (conf.9). This divergence is due to the fact
at the level of conf.3, the lower part behaves like a heatadeator which restores it when the sunshine decreases.

As for the yield, it reaches on average for conf.1 58% (fig.10), 47% for conf.2 (fig.10) and 27% for (fig.10) f:
conf.3. This difference is justified by the fact that the return air reduces thewainflide the sensor. The efficiency
being a function of the air flow (eq.1, eq2), the air conf.2 and conf.3 will therefore have a relatively low efficien
compared to that afonfiguration 1.

On the other hand, Figure 11 shows the evolution of the sers=at losses for each configuration. Thus, for
configuration 1, the average loss is 103 W and 82 W for configurations 2 and 3. This low level of loss for the
two configurations shows that the return air reduces heat losses at the sensor.

It should dso be noted that these results are similar to the research carriedYautfepg Wang.and al.20%ho

also used the secondary heat recovery system for drying mangoes. The latter obtained an average temperature
the drying c¢ha mbetdof324% [6} 5AlsdMor@zapourdnd al.2018ave developed a solar
dryer with heat recovery system for drying onions. An average yield of 45% and a drying chamber temperatur
55 A C were obt ai nisfdrmddyo the vakies fodrfortcanfigurdtign]2..  Wh a t

5. CONCLUSION AND OUTLOOK

At the end of the first part of this study, the solar dryer was evaluated empty in three different configurations
was first found that regarding the temperature of the drying chamber, configuratiods32gase better results
thanks to the hot air recovery system that behaves as aupak@ergy. Then, for yields, this air recovery system
will reduce the air flow, which will result in a drop in the efficiency of configurations 2 and 3. Finally, fdokgat
heat storage in the lower part of the collector will reduce heat loss for configuration 3.

Given its three criteria, configuration 2 is the best for these empty tests. However, there will be a need to incr
the fan power in order to increase tlrfl@aw inside the sensor for configuration 2. This would increase yield.

The rest of this study will consist in testing this dryer under load under the three configurations.
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Abstract: This study presents the design, control, and performance analysis of SviRieluethnce Motors
(SRMs) with, 6/4, 8/6, and 1® stator and rotor ratio pole numbers for many applications suu
electric vehicles and proportion systems. The whole system design has been impleme
Ansys/Maxwell andMATLAB /Simulink jointly to take advantages of their strong features an
provde more precise information for relihe applications such aseobility. To perform this study
Ansys has been utilized for motor design and magnetic analysis, and also MATLAB has be:
for the mentioned syst e mb s-Plduné oordrol methdds bavenbe
applied to the system for optimal control. Critical parameters pertaining to the system s
efficiency, magnetic flux, magnetic flux density, magnetic materials, current and torque behay
the motors have been dymed individually. Furthermore, motors have been compared with
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1. INTRODUCTION

Switched Reluctance MotoERM) is anelectric motoithat runs byreluctanceorgue(SRM) has many inherent
advantages such as their simple structure, lack of any coil or permanent magnet on tbe théogther hand,
high torque ripple can be assumed as prime disadvaot&feMs due to theidouble salient pole structuf. In

the industry, various designs of SRM especially with different numbers of poles such as 4/2, 6/4, 8/6, 10/8,
12/8 (stator poles numbers/rotor poles numbers) have been launched recently. dMadmhétnowledge is quite
essential for the motor design process, as it directly affects the flux and torque characteristics of machines
Torque, speed, magnetic flux, current, and other parameters of the motor depend on the number of stator anc
poles.The change of the poles numbeffects on the motor performances and characteristics are analysed usil
engineering software programs such as MATLAB/Simulink and Ansys/Maxw&l]. [Bspecially, the magnetic
analysis tools of Ansys are very usdful the studies of the magnetic field [4]. Moreover, the MATLAB simulation
program can study SRM control techniques, driver systems, and performance analysis [5]. In{didjdatmn
method based on Ansys software (Maxwell and Twin Builder) and MATBABulink for Permanent Magnet
Synchronous Motor (PMSM) model is presented. Most of the SRM works in the literature are on torque rip
minimizing e.g. in [6], [7]. Besides torque ripple studies, there are also many SRM applications such as ele
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vehides in industry and academic fields. In [9], active discharge process of SRM's drive has been simulatec
electric vehicle application using the MATLAB program. Vector control of {sigeed SRM is presented to handle
the difficulty of torque controllerekign for elecic vehicles in [10] Also, there are several studies on the efficiency
and core losses of SRNking the improved analytical techniques for optimum motor performddge[12]. In

[13], which techniques are applied to optimize the geonseiied topologies of SRMs to enhance machine
performance is discussed.

In this paper, the overview of dynamic betmaws of SRMs is given in section 2he models of three motors with
the same power density/ volumeaesigned and analysed in sectioBé&ction 4oresents SRMs driver and control
system with the Pl Tune and Fuz2y Tune methods in MATLAB, results of the-sonulation systems analysis
and discussion of the programs avaluated comprehensively infe concludingemarks are discussedsaction

6.

2. DYNAMIC MODEL OF SRM

The analysis presented in this section is based on the dynamic equivalent circuit mathematical equation of the
which is given as follows:

O Y QhQ —

U @

Thel i @M is mechanical angular velocitWhereY Ll is stator resistancdA) is phase currenti(H) is the
phase inductance and-i & @ the rotor position. The phasvoltage is also written in terms of magnetic
flux _ Q.

O —Fgoh o YQ —"

2
The mechanical equations that depend on the rotor position of SRM are written in (3)
0— Y Y & (3)
Where, J is the inertia momenl is the friction coefficient,Iis induced torque, arld is the load torque [1].

3. ANSYS MODEL OF SRMs

ANSYS oftware magnetic and transient analysis has been used to design and improve thetrntitge
parameters [3,]8In this part, models of three motors with the same power density/ volume are designed &
analysed in Ansys/RMxprt and Ansys 2D.

Design of SRVIs in Ansys 2D

The 6/4, 8/6, and 10/8 types are designed according to motor design parameter values which are given in Te
They have been optimized considering the high efficiency and the low torque ripples. To obtain close ident
values, the steaype of material, stacking factors embraces, yoke thickness, air gap, reference speed values,

power density (power /volume, volumez———— 0§ ,, ) are taken the same of all motors during the
design procedure.

Tablel. Motor design parameters in Ansys

Parameters 6/4 SRM 6/4 SRM 10/8 SRM
Steel Type M19 24G M19 24G M19 24G
Stator Resistance 2.04 Y 2.04 Y 0.12 Y
Aligned Inductance 205e3 H 205e3 H 26.2e3 H
Unaligned Inductance 15e3 H 15e3 H 2.8e3H
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Stator outer diameter 182.31 mm 182.31 mm 194 mm

Stator inner diameter 91.17 mm 91.17 mm 99 mm

Rotor outer diameter 90.17 mm 90.17 mm 98 mm

Rotor inner diameter 40.32 mm 40.32 mm 36.2 mm
Power 570 W 570 W 2200 W

Axial Length 26.9 mm 26.9mm 92 mm

Power Density Per Volume 0.812 W/cm3 0.812 W/cm3 0.812 W/cm3
Reference Speed 1500 RPM 1500 RPM 1500 RPM

2D transient model structure schemes of the 6/4(3 pha®6(4 phass), and 10/8(5 phasgare given in Fig. 1
respectively

@) (b) ()
Figure 1. a) 6/4 2DTransientModel, b) 8/6 2D Transient Model, c) 10/8 2D Transient Model.

To optimize and obtain the most efficient operation of the SRM parameters, the core materials are prime
discussed and studiedete, same design and optimization procedures have been realized for 3 types of motors
H graph of M19 24G is given in Fi@.(d) to detect the magnetic flux density saturation points of the motors.

4. DRIVER and CONTROL SYSTEMS OF SRMs IN MATLAB/Simulin k

In literature, the most favoured driver circuit for the SRM is the Asymmetric Bridge Converter (ABC) due to i
advantages such as cost and easy to be used in the SRM [3], [11]. ABC has been controlled by the PI Cc

system. It creates a gate signat@rding to its input values; position sensor, I(A), ad Especially, the position
sensor information is crucial for learning the inductance profile of SRM.

Driver System of SRM

The 8/6 SRM driver circuit (ABC) and control $gt model are seen in Fig. 2 and Fig. 3 respectively. In Fig. 2
switching circuit of SRM is created with developed semiconductors such as MOSFETs and diodes. Here, switc
frequencies are very important as they affecntivéor behaviour. In Fig.,3hemodel has four main blocks: SRM,
converter, position sensor, and controller. The controller block with itsfrisedly features is the advantage of
MATLAB over ANSYS.

Moases L

il

Dhnde |

Mot T

Figure 2. 8/6 SRM Driver for per phag&BC) Figure 3. Control System Model of 8/6 SRMSimulink

The inputs of phase windings of the motor are controlled by MATLAB/Simulink and output parameters such
flux, torque and speed are transmitted to Simulink to observe the behafvaperation parameters.
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Control System of SRM

PI controllers are preferred to control SRM because of its fast and easy applicability. The PI Tuning and Fu:
Tuned Pl methods have been applied. Optimal Pl gains are seen in Table 1V, and the speedpesfof i 8&RMs

are shown in Fig. 8The gains have been obtained by the Faazmyed Pl method to find optimum values for the
control of SRMs in MATLAB. SRMs operate at full loads which are transferred from Ansys. The operation lo:
values are 2.75 Nm for 6/43.6 Nm for 8/6, and 3.22 Nm for 10/8. To ensure used optimal PI coefficients, the
are automatically adjusted online according to the error and its change of rate of speed in the transient period
the FuzzyTuned Pl method and iSimulink model § seen in Fig. AMembership functions and rules of Fuzzy
Logic have been found as a result of experiences based on analysis.

‘ 1500 7 . »Kp o
| | 3 g f: 5 » L:cl.u.
-y g\, o Siemsl
s e
VSRM) 3 » Ki Gate
RS —H dull /% — Positica Signal
Sezsor

v » Erroa LR

|
posiioe )| |

|

‘.A‘:',-;t’.:—J
Figure 4. FuzzyTuned PI Model.

The characteristics of both types of controllers are obtained from graphs and their valinenareTable .

Table 2 Time response characteristics of Pl Tuning and Fuzzy Tuned PI for 8/6

Type of Controller Pl Tuning FUZZY-PI
Rise Time 0.0015 0.0010
Steadystate error(rpm) 12 4

Settling Time 0.17 0.12
Oscillations More Less

5. ANALYSIS RESULTS OF ANSYS AND MATLAB/SIMULINK

SRM Ansys designs and control circuit of MATLAB have been assembled to see the results efithelated
system. Variations of inductand®) depending on currenffand position(— are given in Fig. for all SRMs.The
color bar is about electrical degree wittY20 gap.The magnetic flux density distributions of terenotors are
presented in Fig. @), (b), and (c) which are performed in the ANSYS. The torque performances of SRMs a
compared to averagertue andtorque ripple in Fig. 7and Table Il respectively. The speed performance
comprisons are presented in Fig. 8

173



11. EUROPEAN CONFERENCE ON RENEWABLE ENERGY SYSTEMS Riga/L&®iaMay 2023

()
Figure 5. (a) Inductance value of 6/4, (b) 8/6, and (c) 10/8 related phase current and electrical degree.

The energized phase poles are seen in green or close to green whereaenmnyized is blue on the magnetiaxfl
density distribution in Fig. .6The maximum magnetic flux density value of 8/6 is higher than 6/4 and 10/8, witl

1.54 T.ltis as it should be becse the magnetic flux is proportional to the current and has the highest current val
of 8/6. Their fluxdistributions are seen in Fig.(8), (b), and (c).
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Figure 6. (a)Magnetic Flux Density Distribution (B) of 6/4, (b) 8/6, (c) 10/8, (&) Bharacteristic of M19_24G.
The 8/6 has a maximum average torque®ah SRMs according to Table Because of its highower value. The
torque performances of the 6/468and10/8 are seen in Fig. While 6/4 has maximum torque ripples with 50%,
8/6 has a minimum value of 16.6%he torque ripple percentage formula can be given as follows:

“y

I pTT 6)
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Figure 7. Comparison Torque Results of6/4 8/6, and 10/8 SRM in MATLAB/Simulink

Table3. Comparison of SRMs

SRMs Average Torque Volume Efficiencies Maximum Torque Total Weight
of Matlab (&) of Ansys Flux Density  Ripples (%) (kg)

6/4 4.7 Nm 701.77 83.36 % 0.42T 50 4.39 kg

8/6 15 Nm 2662.3 86.21 % 15471 16.6 18.49

10/8 4.5 Nm 734 84.52 % 0.97T 27.42 21.51

The analysis results of Ansys and MATLAB are like in TableAdcording to Pl control gains, seen in Table IV,
speed performances 8RMs are illustrated in Fig.. 8 he 8/6 reaches the reference speed value the fastest, whil
the steadystate error is smallest in 10/8. The gains are obtained by the Pl Tuning mé&tiechotors, which are
transferred their data from ANSYS, operate at their nominal loads. The load values are 2.75 Nm for 6/4, 13.6
for 8/6, and 3.22 Nm for 10/8. The optimal results are obtained in 8/6 for the torque performance, efficiency,
torque ripples.

(a) (b)
Figure 8. Comparison Speed Results of 6/4, 8/6, and 10/8 SRM in MATLAB/Simulink: (aPEui@yPI Tuning.
Table IV. Pl Tuning control @fficients

SRMs Proportional(P) (DIntegral
6/4 1.18 0.28
8/6 1.2 0.08
10/8 1.04 0.04

The 8/6 has mamum flux densityand 6/4 has maximum torque ripple. 10/8 performedesiot the reference
speed

6. CONCLUSION

In this paper, design, control, apérformance analysis of SRMs over the examples of 6/4, 8/6, and 10/8 ai
comprehensively studied. Ansys/Maxwell and MATLAB/Simulink software programs are run together to ha
more powerful analyses and to present more detailed information faimeadplications. The SRMs are designed
with the same power density in Ansys while their controls are performed in MATLAB. SRM models and contt
circuits are integrated for emmulated system. Gsimulation is performed to analysis the motor operation
performances for all states, from transient to steady state in detail. Pl Tuning and Rurzy Pl methods are
applied to realize the optimal controls. Additionally, the motors are compared to each other in magnetic flux der
distribution, efficiency, speed,nd torque ripple.Using the cesimulation model, the optimal performance
characteristic is achieved in the 8/6 with FuZzyned Pl methods. For future works, sleicture desigandcontrol
systemof SRM can be updated.
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Abstract: Consumption elasticity implies saving energy duringhh@nsumption peaks. Principally, tot
energy consumption could be reduced during the high peaks and thus less energy capacity"
needed. If the high energy consumption peaks could be avoided, this would lead permanent
energy capacity needThe high consumption peaks could also be covered using spegidmmed
energy reserves but energy savings would not be achieved. In this article the elasticity in el
consumption, as well as in heat consumption, is discussed. It is posgijgeenergy savings fror
different sources. Since 2021 in Finland possible electricity communities are expected to i
savings, and their feasibility is analyzed in this article. Also, the optimizing of electrical and tr
loads using smart comirtechnology decreases consumption. Some results of case studies in
heating communities are given. The awareness of consumers using online monitoring
electricity and heat consumption helps to save energy, and practical examples ategris2022,
less electricity was used in Finland, although the industrial and business activities were high.

Keywords Community, consumption, elasticity, electricity, heat
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Nomenclature
CHP | Combined Heaand Power
DSO | Distribution Supplier Organization
IEA | International Energy Agency

PHEV | Plugin Hybrid ElectricVehicle
PV | PhoteVoltaic

TSO | Transmission System Operator
VPP | Virtual Power Plant

1. INTRODUCTION

Energy production and consumption aoelay marketdriven in manycountries.Due to the continuous global
warming of climate, changes in enengfated political decisioma ki ng and peopl dleesisemi
of energyis expected to increasAccording to IEAscenariosa green transition from fossil sourcesrénewable
ones willaccelerate [1]Natural resources and readiness to commission renewable sources vary from country
country. Recent political changes in Eastern Europe imply new energy source arrangements in most Euro
countries. Some ways to edhis too slow green transition are the promotion of distributed, soalé production
and the increase of energy consumption elasticity. The consumption elasticity mostly stands for transferring
energyusagdrom high consumption peaks to low consuimp periods.
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People are encouraged to consumption elasticity both in homes and in energy communities. According to Fir
laws it has been possible to establish energy communities sinc§20¥ittual energy communities work for the
sharing of theirpr t i ci pant sd6 energy resources in a sustai
possible to get some economic advantages, as well. These virtual energy communities may have power ant
production, and storage capacity, and they are pariiogpat the consumption elasticity by optimizing their loads
in a profitable way. The energy communities may have virtual power plants (VPP) which are digital platforms. T
VPPs are aiming at the controlling of energy consumption, especially in diffeneist & residential, public and
business properties

2. ACTIVATION TO ELECTRICITY CONSUMPTION ELASTICITY

Generally, power transmission is regarded as a monopoly business. High voltage netWwraksmission System
Operatos (TSO) deliver electricity fromcentralized, largscale power production to the networks of Distribution
Supplier Orgardations (DSO) and directly to large consumers. Finland has one TSO called Fingrid. The DS
transfer electricity further to low voltage networks where small consuanersonnectedistributed, weather
dependnt renewable power production to low voltage netwankseasedrom wind turbines and solar pheto
voltaic (PV) systemaMore dasticity is needed in the management of networks, and in the consumption behavic

In their energy usage consumers are encouraged to participate inbasg@tconsumption elasticity. In principle
there are three different mechanisms for consumption elasticity to choose:

1 The power consumption is reduced in high consumption periods, igsathgiproduction will not be
compensated. Consumers are asked for energy savings.

1 The power consumption of high consumption peaks is changed over to lower consumption periods. TF
mechanism is often desired.

1 Invery high consumption peaks different kirafgeserves are commissioned in order to cover needed
energy consumption. TSOs have resenazhanisms

A virtual electricity community stands for a body that produces, delivers, aggregatsteres energy, or offers
energy efficiency servicemndrechaging services of vehicles to its shareholders. Instead of getting pure financic
profits, the virtual electricity communities are aiming at economic, environmental and social benefits for the
shareholdersThe virtual electricity communiesutilize local low and medium voltage networgEDSOs,andhigh
voltage transmission linekocal energy communities can operate inside single properties or be extended outs!
properties using separate connection lindsle distributed energy communities are gemgically distributed

Local electricity community inside a property

An electricity community inside a property consists of power consumers located in the same property or prop
group. The costs and profits of solar PV systems, for example, are shaheddommunity participants, and in a
longer term, electricity costs can be reduced. There is no taxation for the consumed electricity which has |
produced by the community itself. The FinnBh ect ri ci ty Mar ket Act AdlitAsidet at
a property or property group without a permission from Finnish Energy Autf@yityheenergy community inside

a property can utilize two cost distribution methods: compensation calculatigrostmeasuring[3]. The
ownership of buildings detmines if an energy community can operate inside a single property line. The propel
group is not defined in the Electricity Market Act but based on the inquiry made by a local energy company, Fint
Energy Authority stated that a property group cary bel established between the buildings with a same ddher

The investment costsf large PV systemare shared by the community participants, for example based on the
housing area. In a compensation calculation, the electricity production from tegsRm is distributed to the
participants based on their share of the investment. There is no taxation for the consumed electricity which has
produced by the community itself if the yearly production amount is less thad08dd/NVh[5]. The compensain
calculationis a good option for completdmlildings because it utilizes the existing electricity meters of properties.
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In a postmeasuringnethod the consumption of every participant is measured with a separate electricity mete
With the utilizationof accurate measuring of electricity consumption and production inside the community, the
is no need to divide the solar PV system into segments. This increases the flexibility between participants and |
further investments such as electric vehigeharging facilities. The pesheasuring model needs an operator to
control the electricity usage and the property will be operated using a single electricity contract. This method img
that participants cannot manage and thidir own contracts. Theogtmeasuring method suits best to novel
buildings[3].

Electricity communities of several properties

An electricity community extending outside a property has electricity consumption and production in separa
neighboring properties. This community netw is connected to the low and medium voltage networks over one
single connection point. This community model is feasible in villages where solar PV power production could t:
pl ace on one neighboroés field, acosts and ipreduqgpian.rNeighboiring a
properties with different owners have been able to share a large solar PV system in Finland since 1.8.2021. L
solar PV systems utilized by many participants decrease investment costs for single consumers cothpared tc
own small systems. In this energy community model, the production plant must be divided into smaller segme
Thus, the solution is limited in terms of flexibility between the consumers.

A geographically distributed electricity community comprisdsigger unit of power consumers and producers
which are in any location in Finland. Distributed communities aim at utilizing own power production as effective
as possible. Those communities utilize low, medium and high voltage networks, and thus pagrdpay for
power transmission. The distributed energy communities virtually utilizepsatiuced electricity from different
locations. The production that cannot be consumed on own property is soddjtml and some other participant

of the communy can utilize that overproduction for own consumption. This kind of community working is
profitable if buying from the national grid is more expensive than selling to the grich&ation with local DS&®

is needed.

Smart measurement and control technolgy

Since about 30 years electricity retailers have guided consumers to rough consumption elasticity by offe
inexpensive night tariffs in loyeak electricity consumption periods. It has been common to heat floors and war
water boilers, for example,sing this inexpensive, timdepenént taiff. These night tariff have been fixed
agreements, adapting night tariff chargifay example from 220 7. In old houses the heating control of floors and
boilers have been implemented using simple-ardd technology. The floors and boilers are heated at night when
needed, and room radiators are switched off when sauna heating is switched on.

Electric residential and office heating, as well as the heating of warm water boilers, are regarded as poteastial ok
for electricity consumption elasticity. It is estimated that there is a large, aboul800MW heating load, in the
electric heating of Finnish residential houses and warm water bi@]erBhe national TSO would like to give up
the stiff, timedepement day and night tariff arrangements organized by DSOs. Due to green transition, there
pressure to come over to more matkased heating optimization than before. The electricity market prices shoul
affect the heating control. Thus, advanced heatamrol optimization methods are called for.

In Finland the firstigeneration smart electricity meters were commissioned mostly in2008 byDSOs and the
coveragds almost 100 %47]. These first meters have allowed the remote monitoring of electecioitgumption
data by DSOs and retailers in order to charg¢oegate. The meters have been able to compute incoming anc
outgoing electricity. The consumease ablgo get informatiornonline Unfortunately, the lifecycle of this first
generation metermtechnology has been only about 15 years. The first meters should be replaced in coming ye
20222028 mainly due to the commissioning ofitinute imbalance settlement time. The next generation meters
are expected to fulfil also other requirements sashoad control8]. Besides electricity metering, these smart
meters should have control capacity to optimize the heating load of homes and offices. Some Finnish DSOs
already announced coming next generation met¢gg
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Role of private consumers irelectricity elasticity

Privateconsumers are encouraged to electricity savings and load optimization. DSOs offer their customers or
services with monitoring the consumption of electricity. The hourly consumption of electricity in a home
presented atrend curvegFig. 1). The total electricity consumption has been 22 kWh during one day. A higt
consumption peak at nigljppears aPHEV recharging, while another peak in the evening stands for Saturda

sauna heating.
@ Kymerdaskson Ornat Lecsat Lrmrgiatmone®t Tom wlbOIKITIIUN
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Figure 1. Authentic view oélecticity consumptiorin a home on Saturday, Aug.'2@022 (blue: hourly electricity
consumption, green: outside temperature, black: previous day).

Principally, the control l ogic for optimizi migty el
meters or in consumersdé own devices. S ma fort lessvbedy i ¢
times The recharging periods could be chosen based on market prices in the future. With increasing recharg
electric vehicles, batteriesf vehicles could serve as shtgtm electricity storagem the future These vehicle
battery storages, or other local battery storages could be used to cover occasional high consumptibimepeak
incentives of private consumers to electricity consuompélasticity areneeded|t is suggested that DSOs could,
for example, give reduction to basic electricity fees if consumers offer some elasticity from their properties
network needs. This kind of a working principle would be easy for customergjniresenew business behaviour
and services from DSOs

3. ACTIVATION TO HEAT CONSUMPTION ELASTICITY

In Finland, 25 % of final energy consumption is used for space heating, while industries need 48 %, transport
others 27 %9]. District heating is widelyised for space heating in Northern and Eastern Europe. These effecti
production facilities are called Combined Heat and Power (CHP) pamigheir total efficiency lies in 885 %.

Two thirds of district heating come from CHPs and one third comes $gparate heating plants. District heating
as a heating method covers 46 % of residential, commercial and public buildings in Finland. In 2019, the CHP:
district heating and electricity used 41 % renewable fuels and 10 % heat recovery and heatupcespléh
Unfortunately, 49 % of CHP fuels were fosdihere is plenty of potential in the development of district heating.
More waste heat of industries and data centres can be utilized. Surplus PV and wind power can be utilized in di
heating naworks. The use of different kinds of heat recovery and heat pump systems can be increased. Both s
term and longerm heat storage capacities can be develofedtor couplingn district heating networkss
increasing The heat consumption elasticitiygarticipants in district heating networks could be strengthened
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Industrial power and heat communities

Sincea long time, heat and electricity production and consumption have been optimized in pulp and pa
industries, and this development work is gding on. Recovery boilers are needed as a part of recovery process
of cooking chemicals. Black liquor, a waste mixture of cooking chemicals and remaining wood components with
fibres, is combusted in the recovery boilers producing heat and elgctAtsp, renewablebark, sludges and
product wastes are combusted in pulp mills. The produced heat as steam is used in evaporation stations belc
to the chemical recovery, in pulp drying and some other fibre line processes. If there are paperroatitael
lines in the same mills, heat is also needed in web drying sections. The produced steam is mostly used a
pressure components of-1@ bar and & bar, for example. The steam turbines of modern pulp mills produce the
needed electricity in theitis. In many pulp and paper mill communities the mills provide also local residential
buildings with district heating

Heat elasticity methods in apartment house communities

The attitudes and awareness of district heating consumers towards heat camsalagticity in apartment house
communities were studied based on an inquiry in SBastern Finland, in 2022022. Based on the 148 inquiry
responses, over 90 % of consumers generally pay attention to their heat consumption significantly, while the
consumption elasticity is not a very well identified concept among consumers. The heat consumption elast
mostly refers to the optimization of heat consumption. Momentary high heat consumption peaks should be avc
or transferred to low consumptiperiods. Almost all consumers would accept optimizing control actions in heating
systems if they would take place automatically, and if the consumers would get financial profits.

The inquiry concerning heat consumption elasticity was followed Ipjlot project using automatic control
technology in the adaptation of heat consumption. In an apartment house pilot, the heating of apartments was ¢
as a control object for heat consumption elasticity. The temperature of the incoming water to apartment hee
circulations waseducedduring the high total heat consumption peaks of the community. There was also a cont
action to decreasedhemperature slightly at night. €lmigh total heat consumption peaks ie #partment house
community come mostly fra plentiful warm water usage in showers and household activities mornings an
evenings. The control actions in the apartment heating water circulatibom®d i nf |l uence on t
water flow or temperaturdhe pilot project scarried out toggher with a local energy company, a local apartment
house company and a technology provider compaing smart control technolog$2].

Heat elasticity in private homes

The heating of spaces and warm water boilers needs plenty of energy. The warnoieiteeduipped with solar
thermal systems help to reduce the electricity consumption needed for warm water heating. The heating takes
at the daytime when warm water is also needed Sdlar thermal systemalso work as shorterm heat
accumulatorsSolar thermal systems are provided with digital control systems to maximize their heat trans
according to conditions.

Figure 2. Authentic tend curves of heat transfer from a solar thermal collector to a warm water boiler in a home on Saturda
Aug.20", 2022 (ed: upper temperature in boileijue: lower temperature in boiler, orange red: solar collector temperature,
magenta: circulation fluid temperature before collectarguoise: cumulative heat energy in kWh, green: pump speed)
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The heat transf of solar thermal systems can be monitored in online services of suppliers. The status of a s
heating system is presented as trend cufivgs 2). The pumped circulation fluid transfers heat from the solar
collector to the lower part of the warm waboiler. In the case of August,"2®022, the solar heating increased
the enthalpy of the boiler water 4,5 kWh taking
heating was needed

4. CONCLUSIONS

More renewable, emissiefiee energyand consumption elasticitare neededo avoidvery highenergy prices.
Already in the fall 2021 exceptional high electricity prices waoedin the Nordic electricity market. Finlariths
not beerself-sufficient with electricityduring the last deennials.Now wind energy capacitiias beerincreaing

significantly. One novel nuclear reactor is expected to start in full productiérelimuary2023.

District heating is a widely used, efficient heating method of residential, commercial and pullicgsuilwo
thirds of district heatingn Finlandcome from CHP production sources. Both renewable fuels, like black liqguor an
other woodbased materials, and fossil fuels, such as oil and some natural gas, afdeisedre interests imsll
modular nelear reactors for district heating.

Private people and companiase encouragetb more energy savings and consumption elastiitly electricity

and heat communities. This requires some new technology, new generation electricity meters and comigol sys
for optimizing electricity and heating loads, butilsogives additional business opportunities. The significantly
rising energy prices increase the awarersss needs otlectricity and heat consumption elasticity but the
incentives should become neovisible to energy consumerSinland has been able to reduce the electricity
consumption in 2022.
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their technological evolution, and future prospects. The study delves into the various con
materials utilized in battery systems, including active electrode materials, supplementary con
materials, refining and purifidain processes, and battery management systems. Furthermo
principles of battery design and optimization in EVs are discussed, including the mechani:
reaction of lithium ion migration, setfischarge performance of different battery types, apdaty
fade rate. Theoretical models for electrochemical modeling of lithium batteries, perfori
evaluation through cycling tests, and calculations of system capagige Cand capacity are als
covered. The article also explores the phenomenonstétesis and irreversible capacity effects,
well as the use of in situ diagnostic methods for-tiea monitoring of battery performance. Finall
the study projects future developments in EV battery technologies through analysis of radai
and maket trends
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1INTRODUCTION

The construction of battery gigafactories, which produce large quantities of batteries, has increasedh® mee
growing demand for EVs. China has the most battery gigafactories in operation or under construction, with Eul
also having a significant number. These facilities require significant investment and the trend is expected to con
as companies seel neet demand and take advantage of economies of scale. The goal of these efforts is to incr
the energy density of batteries, which allows EVs to have longer ranges and appeals to consumers. Advanced k
cells for EVs should have energy densititatdeast 350 Wh/kg by 2020[1]. Predictions for future lithium batteries
forecast energy densities will increase to around 200 Wh/kg after 2020 and 300 Wh/kg toward 2030[2].

Researchers are working to improve the performance and reduce the cost @shiatiexfious ways to accelerate
the widespread adoption of EVs. The HORIZON 2020 program of the European Commission is focused on
development of nanotechnologies, advanced materials, anditpiogh-ion batteries for use in EVs [3]. Other
efforts indude research on new cell chemistries and the development of recycling technologies. Additiona
researchers are focused on improving the thermal stability, charging speed, safety, and environmental impe
batteries, as well as better understandimgating mechanisms of batteries to improve their lifetimes and reduct
the need for frequent replacement. Overall, the development of advanced batteries is critical for the widesp
adoption of EVs.
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2.EV BATTERY TECHNOLOGIES AND COMPONENT MATERIALS
Inter national standards and future developments in EV battery technology

There are several international standards that pertain to EV batteries, such as ISO 12405, ISO 16750, 1SO 2
and IEC 62133, which provide guidelines for the design, performancegtestohsafety of EV batteri¢4]. These
standards help ensure that EV batteries meet certain minimum requirements. Future battery development inc
technologies such as sckthte electrolytes, lithiuraulfur batteries, and lithiurair batteries whicloffer better
energy density, longer lifespan, and improved safety. Other technologies such as supercapacitors, flow batt
and thermophotovoltaic batteries are also being researched for energy storage $6/6fions

Electrode active materials

EV bateries use a variety of electrode active materials, including lithium cobalt oxide (LiCo0O2), lithium mangane
oxide (LiMn204), and lithium iron phosphate (LiFePO4). These materials determine the energy density :
stability of the battery. LiCoO2 offerké highest energy density, but lower thermal stability, LiMn204 has a lower
energy density, but higher thermal stability, and LiFePO4 has a moderate energy density, but high thermal sta
and longer cycle lif§7,9]. The stability of a battery is alstetermined by the active materials used in the electrodes.
Impurities in the materials can greatly impact the performance and stability of the battery. For example, LiCc
can develop impurities and defects during processing, which can cause the battgmatte over time and even
lead to safety issugd]. LiMn204 can suffer from transition metal impurities, leading to poor cycle life and
capacity fading. LiFePO4 is considered purer and stable than other materials, but can still suffer from impuri
like FeO or Fe203.

Other component materials

The electrolyte, current collectors, and separators are important components of an EV battery system.
electrolyte is a chemical solution that allows for ion movement during charging and discharging, whilé curr
collectors transport electrical current in and out of the battery. Separators are thin, porous sheets that prevent
electrical contact between electrodes. Impurities in these materials can negatively impact battery stab
resistance, condueity and overall performance, leading to issues such as defairitation and shottircuiting.

Tablel. Common types of batteries and the materials used in their anodes, cathodes, and elétfolytes

Battery Type Anode Material Cathode Material Electrolyte Material

Leadacid Lead Lead oxide Sulfuric acid

Nickel-cadmium (N+Cd) Cadmium Nickel oxide Alkaline solution

Nickel-metal hydride Metal hydride  Nickel oxide Alkaline solution

(NiMH)

Lithium-ion (Li-ion) Graphite Lithium cobalt oxide or Lithium salt solution
lithium iron phosphate

Lithium-polymer(Lipoly)  Graphite Lithium cobalt oxide or Polymer electrolyte
lithium iron phosphate

Zinc-carbon Zinc Carbon Zinc chloride

Alkaline Zinc Manganese dioxide Potassium hydroxide

Refining and purification process

The purity of the materials used in the construction of EV batteries plays a crucial role in determining tr
performance and key characteristics. Studies have shown that impurities in the active materials, such as lithiun
phosphate and lithin cobalt oxide, can decrease the capacity and stability of the battery, and that purifying the
materials can improve their performanté][ Researchers are also developing new and more efficient methods fc
purifying these materials, such as acid waghtcentrifugation, electrodeposition, cheminschanical polishing,
solid-state synthesis, garecipitation, sclgel methods, etc. each one with specific advantages and disadvantage
It is important for researchers to consider all factors when chotsengest method for a specific materia0]
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The purity of other components in the battery, such as the electrolyte, current collectors, and separators, is
important for the overall performance of the battexy].[ Overall, it's a field of active rearch to improve the
material purity of EV batteries to achieve higarformance and stable batteries to use in the electric vehicles.

Battery management systems

BMS monitor and control various parameters, including state of charge (SOC), current, ardtiem@pto prevent
overcharge, overdischarge, overcurrent, and overheating. Key functions of BMS include SOC estimation, cur
estimation, temperature monitoring, and safety control. Algorithms such as Kalman filtering, model predict
control, and aificial intelligence techniques are used to perform these functions. BMS can improve EV batte
performance, safety, and lifespan, but can also present challenges in practical applications due to comple
scalability, cost, and lack of standardization.

3.PRINCIPLES OF BATTERIES IN EVS: DESIGN AND OPTIMIZATION OF BATTERY SYSTEMS.

Mechanism and reaction in Lithium battery migration
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Figure 7. Crosssectional view of a lithium battery cell, showing the anode made of graphiteattit@e made of lithium

metal oxide ,the separator made of polyethylene, the electrolyte made of lithium hexafluorophosphate (LiPF6) in an org
carbon

In a lithiumrion battery, the movement of lithium ions between the cathode and anode is drivendyraaetion,
where electrons are transferred between the electrodes and lithium ions are transferred between the electroly
electrodes. The efficiency of this redox reaction is crucial for the overall performance and lifespan of the bat
[13]. Thetype and purity of the materials used, the design of the electrodes and electrolyte, and the temperatu
the battery all play a role in determining the efficiency of the redox reaction. Additionally, there are various tyj
of batteries used for diffené applications such as leadid, nickelcadmium, nickemetal hydride, lithiurrion,

and lithiumpolymer batteries. Each type has its own unique combination of anode, cathode, and electro
materials as well as specific characteristics such as capautgge, current, and lifespan.

Tabl.Gener al compari son of the technical <chadPacteristic
Battery Type Energy Voltage Lifespan Operating
Density (V) (cycles) Temperature
(Whrkg) Range (A
Lead-acid 30-50 2 500-1,000 -20 to 50
Nickel-metal hydride (NiMH) 60-100 1.2 500-1,000 -20 to 60
Lithium -ion (Li-ion) 100250 3.7 1,00065,000 -20 to 60
Lithium -polymer (Li-poly) 100250 3.7 1,0005,000 -20 to 60

Seltdischarge performance of different batteriesn EVs
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Thesefldi scharge rate of a battery is a measure of h
not in use. The selfischarge rate is an important metric in evaluating the performance of a battery, as it indica
t h e bsability@ormaidtain its charge over time. The sidfcharge rate is typically expressed as a percentage
per month.

Table3 SeltDischarge Rate: The percentage of the battery's capacity that is lost per month when ndtZh use[

Battery Type Seltdischarge rate (per month)
Lead-acid 20-30%

NiMH 10-20%

Li-ion 1-5%

Li-polymer <1%

Lithium-ion and lithiumpolymer batteries have significantly lower sdi§charge rate compared to other types of
batteries, making them suitable for applications wheredltery is not frequently used or required to be available
on demand14]. This makes them ideal for standby power applications where the battery is required to provi
power during power outages. Additionally, the sB#fcharge rate of lithiuAon batteres is not affected by
temperature, making them suitable for use in a wide range of temperatures and environments. Overall,
discharge rate is an important metric in evaluating the performance of a battery, andibthiand lithium
polymer batterieare favorable in this aspddty].

Capacity fade rate

The capacity fade rate is a measure of how much the capacity of a battery decreases over time as a result of ct
and discharging cycles. It is typically expressed as a percentage of the inaiatycger cycle. It is an important
metric to consider when evaluating the performance and lifespan of a battery, as it can impact the batt
availability and overall lifespan. The capacity fade rate can vary depending on the specific battery design
application, but is generally lower for lithidian and lithiumpolymer batteries than for leaatid and nickemetal
hydride batteries. The capacity fade rate can be reduced by minimizing deep discharges, overcharging, and by
high-quality materialsand optimizing the manufacturing proc¢&§]. Additionally, using a battery management
system (BMS) and optimal charging and discharging algorithms can also help to minimize capacity fade

4 THEORETICAL MODELS

Electrochemical Modeling of Lithium Batteries:

There are several theoretical models that have been developed to predict and analyze the performance «
batteries. These models take into account various factors such as the electrochemical reactions within the be
the transport of charge camsethrough the electrodes and electrolyte, and the temperature and state of charge

the battery.

Table4. Main theoretical models that have been developed for EV batteries

Model Description

Single Particle  This model describes the transpaira single lithium ion through the electrodes and

Model [17]. electrolyte of an EV battery. It is a simple model that is useful for understanding the ba
mechanisms of lithium ion transport.

Diffusion This model describes the transport of multipleitith ions through the electrodes and

Model [18]. electrolyte of an EV battery. It takes into account the concentration gradients of lithium

within the battery and the effects of diffusion on the transport of ions.
Electrochemical This model describefie electrochemical reactions that occur within an EV battery,
Model [19]. including the reactions at the electrodes and the transport of charge carriers through tt
electrodes and electrolyte. It is a more detailed and complex model than the single par
diffusion models and is useful for predicting and analyzing the performance of an EV b
under different operating conditions.
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Thermal Model This model describes the temperature changes that occur within an EV battery during

[20]. charging and dischargingl.takes into account the heat generated by the electrochemica
reactions within the battery, as well as the heat transfer between the battery and its
surroundings. The thermal model is useful for predicting and analyzing the temperatur:
profile of an EV lattery and for designing temperature control measures.

Electrochemical modeling is an important tool for understanding the behavior of EV batteries and informing
design of EV battery systems. Different models such as single particle model (SPM)figidas®del (PFM),
porous electrode model (PEM), and equivalent circuit model (ECM) can be used to understand the fundams
physics of lithiumion transport, and to predict the behavior of the battery under different operating conditior
Each model haits advantages and limitations, and the choice of which model to use will depend on the spec
application and the level of detail required. For example, SPM can provide detailed insight into the physic:
lithium-ion transport, but PEM or ECM are maeitable for systeAevel design and optimization. Equivalent
circuit models (ECM) are based on circuit theory and can be used to identify causes of performance issues. C
the main advantages of ECM is the simple and fast simulation which is suitabdystem design, but a
disadvantage is that it lacks the ability to predict detailed physical phenomena.

Cycling tests for performance evaluation of Liion batteries

Cycling tests are used to evaluate the performance of litloarbatteries. These tesitsolve repeatedly charging
and discharging the battery to simulate #watld usage. The data obtained from cycling tests is used to determin
the battery's capacity, energy efficiency, and longevity. Common cycling tests include: Constant curregedisch
(CCD) cycling, Constant power discharge (CPD) cycling, Constant current charge (CCC) cycling, Constant volt
charge (CVC) cycling, and Hybrid cycling. These tests measure the battery's ability to store and release en
maintain a consistent poweutput, charge efficiently, handle different charging and discharging conditions, an
simulate realvorld usage. Overall, cycling tests provide a comprehensive evaluation of a battery's performal
and help identify potential issues that may arise inweald usagd21].

Calculation of system capacity, @ate, and capacity

In evaluating the performance of a positive electrode material in a Itioinrattery, it is important to consider
key metrics such as discharge capacity, capacity retention, -aae.(Discharge capacity is a measure of the
material's energy performance and can be determined by analyzing charge/discharge curves. Capacity rete
over time is a measure of cycling stability. Thedafe, which quantifies the rate of charge or dischaefative to

the battery's capacity, can greatly impact the battery's performance and longevity:ndigh €an lead to reduced
battery life, diminished performance and an increased risk of thermal rud@Jayt's crucial to consider the
appropriateC-rate for the given application and to use a battery management system to regulate it. In addit
factors such as safety, cost and environmental impact of the materials should be considered when selectir
appropriate positive electrode material éospecific application.

Study of hysteresis and irreversible capacity effects
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Figure 2. Ohmic drop,polarisation and overvoltage in a cell
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Hysteresis is a phenomenon that occurs in lithiombatteries, which refers to the difference in potential between
the charging and discharging processes. It can affect the performance and longevity of the battery. The irrevel
capacity, which represents the energy lost during the cltigsgbarge cycle, is another metric that can be affected
by hysteresis. The @fic drop, caused by the internal resistance of the battery, can also lead to a voltage d
across the electrodes and affect the performance of the battery. Additionally, the overvoltage caused by tra
polarizations can also negatively impact the lbgesnergy density and overall performafi2gg]. To minimize
these effects, researchers and manufacturers use materials with lower resistance, design electrodes with
surface area, and use electrolytes with higher conductivity. These factors gamgrelve the performance and
longevity of the battery. However, it is worth noting that hysteresis and these other factors are complex phenor
that can be affected by temperature, aging,raechanicastress, and further research is needed to fullgrstand

and mitigate these effects.

Diagnosis operando to monitor battery performance in reatime

Characterizing lithiumion battery materials at the nanoscale is crucial for understanding the mechanisms
operation and degradation of these matdf#8). Transmission Electron Microscopy (TEM) is a commonly used
technigue that allows for the imaging of the internal structure of the materials, including the morphology &
composition of the active materials, electrolyte, and interfaces.-téggiution EM (HRTEM) can be used to
visualize the atomic structure of the materials and identify defects. Scanning Transmission Electron Microsc
(STEM) is another important technique that allows for the elemental mapping of the materials at the nanoscale
can be used to study the formation of lithium dendrites and other degradation mechanisms. Scanning P
Microscopy (SPM) techniques such as Atomic Force Microscopy (AFM) and Electrochemical Force Microsca
(EFM) can be used to study the surface and intifgcoperties of the materials and can provide important
information on the formation of lithium dendrites. These techniques provide important insights into the mechani:
of operation and degradation of lithium battery matefiads23.
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Figure 3. Chenical degradation: The electrodes, electrolyte, and separator can degrade chemically over time, leading to
loss of active material and a decrease in overall capacity.

5.FORECASTING THE DEVELOPMENT TREND OF EV BATTERY TECHNOLOGIES

Radar Graphs:

A radar chat can be used to compare the characteristics of different rechargeable batteries, includingplithium
nickelcadmium, nickelmetal hydride, and leaacid batteries. This can be useful for quickly visualizing the
strengths and weaknesses of differertdrg types. It can also help to compare the potential performance, safet

and cost benefits of advanced lithiiiom battery technologies such as sditdte, lithiumsulfur, and lithiurair
when compared to traditional lithiuran batteries.

188



lituim batteries other types

. : D .
Z 7
\ D" 4 Lat
/"H' \
v (
e ¥

Figure 4 Comparison of energy density, thermal stability and cost of various lithium batteries and others
Market Analysis and Future Predictions:

The EV battery market is projected to grow significantly in the next few years, driven by increasing demand
electrtc vehicles. According to a report by MarketsandMarkets, the EV battery market is projected to grow fre
USD 29.5 billion in 2020 to USD 93.1 billion by 2025, at a CAGR of 25.3% during the forecast perioe2(Z&)0
[26]. Furthermore, in recent years, l@agiplayers such as Tesla, Panasonic, and CATL have been increasing the
market share and investment in EV battery technology.

Advanced lithiuraion battery technologies, such as sdlidte batteries, lithiuraulfur batteries, and lithiurair
batteries, hve the potential to improve the performance, safety, and cost of EV batteries. The analysis of gra
can also be used to identify the areas where current technologies fall short and predict the potential fi
development trends of EV battery technoésgiFor example, graphs have been used to compare the performan
of different EV battery technologies in terms of energy density, power density, cost, safety, and lifespan. Accort
to radar graph analysis by Navigant Research, lithium iron phosphesedsaturrently have a lower energy density
than other lithiurdon batteries, but they have a longer lifespan and are moreftestive and safer2[7]

6.CONCLUSION

comparing the potential performance, safety, and cost benefits of these advanceddgieshtmoimaditional L-ion
batteries, it is clear that they have the potential to significantly improve the performance of EV batteries. Howe
these technologies are still in the early stages of development, and significant challenges must stilblreeover
before they can be commercialized for EV applications. Additionally,-stéitd batteries are considered closer to
commercialization thadithium-sulfur and lithiurmair batteries, but still require improvements in cost and
scalability before they came adopted on a large scale.

In conclusion, the EV battery market is expected to grow significantly in the next few years and advanced lithit
ion battery technologies have the potential to significantly improve the performance, safety, and cost of
bateries. However, these technologies are still facing significant challenges and further research and develop
is needed before they can be widely adopted
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Abstract: The paper presents the balance of electricity and fuel oil consumption of a rezkah?4hour
store. Measurements of electricity consumption of individual components of the balance wer:
Their shares over the 12 months of measurements were detrn@peortunities to reduc
electricity consumption by changing the type of lighting of the facility were identified. . ligt
replacement reduced electricity consumption by 38535.8 kWh, a total reduction of 21.2%
store's annual electricity consutigp.
Keywords Energyefficiency, electricity consumption, lighting
E 2023 Published by ECRES

1. INTRODUCTION

Energy generation in Poland has been a matter of course for many years, the vast reserves of coal and lignite
as fuel in our power plastmeant that for decades people were relatively unconcerned about energy consumps
in their daily lives. Electricity was cheap, and at one point also readily available to almost every resident. In
daily lives, we use electricity to power virtuallyegy goto household appliance. A similar situation occurred with
heat generation. Heating with coal was a skelbwn and easyo-use technique, and the availability of the fuel was
high and at a good price. Therefore, in the vast majority of entrepremeLiosvaers of domestic farms, wishing to
avoid wrong decisions and high initial costs, chose traditional coal or, at a later stage, electric heating as the
source in their facility. Only changes in the EU's 3x20 package forced a change in apprasincéoGO2
emissions, increase energy efficiency and increase the share of renewable energy sources. Electricity in Pol:
produced primarily in utility thermal power plants. In 2020, the volume of production at these facilities amount
to 120.5 TWh, with accounted for 76.3% of total production. The share of thermal utility power plants i
production has decreased by 11.6 percentage points since 2014. The efficiency of public thermal power plant
remained at a similar level for years, and amoumt@®DR0. 42,6%. Industrial power plants generated in 2020. 16.8
TWh, which accounted for 10.7% of total generation. In this case, a significant increase in production and efficie
can be observed, which reached 57.5% in 2020. The remaining productiectii¢iey is the result of independent
power plants, mainly wind power. In 2020, the structure of energy generation in Poland, unfortunately, was
largely based on hard coal and lignite. The most important fuel for electricity generation in 202érdvasal,

with a share of 44.1%, and lignite with a share of 24,1%. The share of these fuels in production decreased by
percentage points since 2014. Production from renewable energy sources accounted for 17.9% and increas
5.4% since 20141]. The most important carriers in this group were wind energy and biomass and biogas. Sc
energy has the smallest share, but has the highest growth rate. Increasing energy efficiency is related to perfo
enery audits. An energy audit of various types of facilities is nhow a mandatory activity for various types
facilities. Conclusions of the energy consumption analysis are presented to users with proposals to reduce e
intensity for the facility within tk framework of reasonable economic solutifjd43],[4],[5],[6]. IT systems are
also proposed to optimize the energy consumption of facilities

The study analyzed the electricity consumption of 0@dr store that also provides fastdasales services. Energy
consumption was metered over arh@nth period (July 2029une 2020). The studied facility is representative of
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a large chain of mediwsized stores, amounting to almost 1,100 facilities in Poland. The analysis of consumpti
makesit possible to isolate the components of electricity consumption and propose to increase their ene
efficiency.

2. ANALYZED OBJECT

The mediums i zed store open 24 hours a day, also offer
heated areaf the store is 313 fnwhile the area available to customers is 120There is an illuminated parking

lot in front of the store. Heating and cooling of the facility is provided by compressooraditioning units with a
heat pump. Domestic hot waterdasupplementary heating are provided by an oil furnace.

Electricity and fuel oil consumption were measured from July 2019 to June 2020. During this period, the num
of customers visiting the store was 33,500 people, or an average of about 2,800ppeaptmth. Electricity
consumption was measured for indoor and outdoor lighting, air conditioning, refrigeration equipment, equipm
for the cafeteria (fast food). Nonmetered equipment represents the difference between total electricity consum
and ttat of metered equipment.

The outdoor lighting was sodium lamps, while the indoor lighting was fluorescent lamps in open fixtures. T
measured electricity consumption for the lighting is presented in Fig.1.

Electricity consumption: lighting
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Figure 1.Electricity consumption of lighting ding the study period

Electricity consumption presents a stabilized consumption throughout the year with an average value of about Z
kwh/month. Interior lighting is practically not correlated with the length of the day, while exterior lighting Ig clear
correlated with the length of the di},[9].

As for the electricity consumption of refrigeration equipment, which are 3 refrigeration counters, an open fr.
refrigerator, an ice maker and a freezer, there is a stabilized consumption throughout the year, with an avera
2844 kWh/month. The situation is similar for cafe equipment (oven, coffee maker, microwave oven). The aver
monthly consumption of electrigitis 443 kWh/month. Nonmetered appliances are mainly electrical outlets t
which various current consumers (e.g. vacuum cleaners, hand dryers) are connected periodically. A summa
the electricity consumption of groups of appliances during the yehowsnsin Fig.2.
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Electricity consumption: other sources
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Figure 2. Electricity consumption by various sources during the study period

In the case of air conditioning in the store, compresseragiditioning units with heat pump function were used.
Electricity consumption of aiconditioning ispresented in Fig.3. It can be seen that electricity consumption is
clearly higher in the summer months. In the other months, consumption is at an average level of 1500 kWh/mc

Electricity consumption: air conditioning
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Figure 3. Electricity consumption of air conditioning during the studyqakri

Domestic hot water and main heating in winter is provided by an oil furnace. Figure 4 shows oil consumpt
throughout the year. The highest consumption is in the winter months (Dee&prider

193



11. EUROPEAN CONFERENCE ON RENEWABLE ENERGY SYSTEMS Riga/ll&&®0 May 2023

Fuel oil consumption
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Figure 4. Fuel oil consumption during the study period

The share of electricity consumption by source is presented in Fig. 5. Interior and exterior lighting consumes 2€
of the electricity needed for this store. The same level of consumption is-tmraitioning equipment 28.3%.

In the case of the analgd store, the aiconditioning and refrigeration equipment and for fast food are relatively
new equipment.

Structure of electricity consumption

m outdoor lighting m interior lighting = air conditioning
m refrigeration m fast food unmetered appliances

Figure 5. Structure of electricity consumption in the study period

Based on a preliminary analysis, it can be concluded that improving enerdgneffican focus primarily on
lighting replacement. Based on the literature on road lightirtd,[11],[12]], there is amxisting potential to reduce
the electricity consumption of outdoor parking lot lighting. Accordind16]], replacing the installation of high
pressure sodium lamps with higifficiency LED lighting resultén electricity consumption savings of 31%, while
maintaining uniform luminance levels. Similar values of 21.9% reduction in electricity consumption are presen
by [13]. The use of an additional mufttage dirming system reduces electricity consumption by a further 20%
over the year. Similar values for savings from the use of dimming systems are presghdédioting an increase

in installation costs by a simil@0%. In the case of road lighting, sodium lamps are preferred due to their lightin
quality [11], the use of LED lamps does not always result in savings in electricity consumption when high lighti
standardsare needed. The use of LED lighting generates reactive power consumption. The occurrence of rea
power causes an increase in current, which increases electricity losses in AC power generation and transm
equipment (generators, transmission liaesl transformers). The use of electronic dimming systems in LED
lighting additionally, further increases the generation of reactive p¢t@;[L4]]. The analysis oincreasing the
energy efficiency of the store assumes a 25% reduction in electricity consumption for lighting. In a year, 385
kWh is consumed for lighting. At an electricity price of 0.15Euro/kWh, savings of 5780 Euro/year were obtaine
In the currehyear, electricity prices in Poland for entrepreneurs are four times higher than in the analyzed 202
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3. RESULTS AND DISCUSSIONS

The paper presents the balance of electricity consumption chaut4store. Measurements were taken from July
2019 to Jun€020. Various components of electricity consumption were analyzed in conjunction with the existir
state of the equipment. In order to improve the energy efficiency of the facility, it was proposed to replace
lighting from fluorescent lamps inside thtre and sodium lamps in the parking lot. In the case of the parking lot
dimming systems were not used, due to the cost of replacement and the increased generation of additional re
power. As a result of the lighting replacement, electricity consiompvas reduced by 38535.8 kWh, a total
reduction of 21.2% in the store's annual electricity consumption. In 2020, savings of 5780 euros/year were obta
In the current year, electricity prices in Poland for entrepreneurs are four times highertkieaarialyzed 2020.

References

[1] Energy statistics in 2019 and 2020, Statistics Poland, Warsaw 2021

[2] Rusowicz, A., Grzebielec, A. Refrigeration equipment as essential elements of a heat recovery system in public
buildings.Rynek Energii, 2014,13, 125129

[3] Rusowicz, A., Grzebielec, A., Ruci ki, A. Energy con
Tollazzi (Red.) 9th International Conference on Environmental Enginedeng). 2014, Vilnius Gediminas Technical
University Press Tectika. https://doi.org/10.3846/envir0.2014.281

[4] Grudzie® A. M., Rusowicz, A., Leszczy@®ki, M.Ryhekal ys
Energii, 2019, 4i752.
[5] Rusowicz, A, Ruci Gski, A., Laskowski, R. The A~rParfoynancedData f M

Centers. A Case Study. W Poceetlinggadthe 18th IiRernatidraliCorferemca i t e (R
Environmental Engineerin@. I 6). 2017 \ilnius Gediminas Technical Universitiyttps://doi.org/10.3846/enviro.2017.273

[6] Rusowicz, A., Grzebielec, A., Laskowski, R. Madification in cooling systems forégformance data centes case
study.Rynek Energii2017, 128, 6i772.

[7] Zi Nbka, T., Grzebi eilmuetigent8ystem oREnargy Efficierrylodein EndingeHrig, 2020j &0.

[8] Doulos, L.T., Kontadakis, A, Madias, E.N., Sinou, M., Tsangrassoulis A. Minimizing energy consumption for artificial
lighting in a typcal classroom of a Hellenic public school aiming for near Zero Energy Building using LED DC luminaires
and daylight harvesting systeniergy & Buildings 2019 194, 20217.https://doi.org/10.1016/j.enbuild.2019.04.033

[9] Jakubowsky, M. , elainents Booreom jlluminatipn withaintegratesl microstructures for daylight redirection
and LED lighting Energy & Buildings 2022, 266, 11210@tps://doi.org/10.1016/j.enbuild.2022.112106

[10] Djuretic, A., Kostic, M.Actual energy savings when replacinglijgressure sodium with LEminaires in sket lighting.
Energy 2018 157 (2018) 3&¥78.https://doi.org/10.1016/j.energy.2018.05.179

[11] Suntiti Yoomak, Atthapol Ngaopitakkul. Optimisation of lighting quality and energy efficiency of LED luminaires in
roadwy lighting systems on different road surfacgastainable Cities and Society 2018, 38,i333.
https://doi.org/10.1016/j.scs.2018.01.005

[12] Polzin, F., von Flotow, P., Nolden, C. Modes of governdoicenunicipal energy efficiency services e The case of LED
street lighting in Germanyournal of Cleaner Production 2016, 139, 1B%5.
http://dx.doi.org/10.1016/j.jclepro.2016.07.100

[13] ByunlJ., Hong, I., Lee B., Park, S. Intelligent Household LED Lighting System
Considering Energy Efficiency and User Satisfacti&fEE Transactions on Consumer Electronics, 2013 Vol. 59, No-1, 70
76

[14] Farahat, A., Fl orea, A. ez H,d.sA Eneargy Efliciehcy Qdnsideraiansafdr aBsed Ch .
Lighting of Multipurpose Outdoor Environment&EE Journal of Emerging and Selected Topics in Power Electronics,
2015, Vol. 3, No. 3, 59608

195


https://doi.org/10.3846/enviro.2014.281
https://doi.org/10.3846/enviro.2017.273
https://doi.org/10.1016/j.scs.2018.01.005
http://dx.doi.org/10.1016/j.jclepro.2016.07.100

IRESE;

RIGA 2023
State ofCharge Estimationby Online OCV Evaluation using anAuxiliary
Controlled Load

Abdelaziz Zermout
Signals and Systems Laboratory, Institute of EIl ect
Boumerdes, Boumerdes, Algeré,.zermout@unipoumerdes.dzZORCID: 0000000342191901

Hadjira Belaidi
Signals and Systems Laboratory, Institute of ElectricdlarE|l ect r oni ¢ Engi neeri ng, U
Boumerdes, Boumerdes, Algerfadjira983@yahoo.fiha.belaidi@unisboumerdes.d2ZORCID: 000600032424626X

Ahmed Maache
Signals and Systems Laboratory, Institute of EIlect
Boumerdes, Boumerdes, Algeraamaache@unisoumerdes.d2ORCID:0000:0001:50696972

Zermout, A, Belaidi, H, Maache, A. State of charge esttmdy online OCV evaluation usin

Cite this paper as: an auxiliary controlled load11. Eur. Conf. Ren. Energy Sys-A@May 2023, Riga, Latvia

Abstract: Several methods and strategies were established for online Lithiom b at t-ef-Chamge
(SoC) estimation; dwever, the load consumption of batteries fluctuates intireal as a result o
supplied device actions. Therefore getting an accurate online (while the load is suppliel
estimation is still a challenge.

This paper suggests a new technique for oripenCircuit-Voltage (OCV) evaluation for onlini
batterybéds SoC estimati on. The devel oped ¢
can be used to force certain predefined s
condiions which help to enhance, and facilitate the online OCV calculations. The proposed 1
is described in details in this work, and a number of tests were performed to validate its effect|
The obtained results prove its efficiency with acceptabhlme OCV estimation accuracy, genera
the error is less than 8.5mV, and in some tests close to 0 mV.
Keywords SoC, OCV, Auxiliary controlled load, Lithiuimn battery, Dynamic load
E 2023 Published by ECRES

1. INTRODUCTION

SoC can be one of the mastportant parameters of lithiwon batteries for efficient and secure use in different
fields such as control of photovoltawindi battery systemgl], Electrical vehicle[2i 4], microgrid energy
managemenfs, 6], and numerous other applications. There exist many methods for SoC estimation such
Coulomb counting7, 8], open circuit voltage (OC\P, 10], Modetbased methofiL1], impedance spectroscopy
[11,12], Kalman filter[13, 14], datadriven modelq15, 16], etc. é& Each of t hese m
disadvantages, and still, more investigation is required.

Coulomb counting is one of the simplest and most effective ways to estimate SoC; however, it might suffer fi
drift caused by errors in cant measurement and must be recalibrated from time to time. One of the calibratic
methods is Open Circuit Voltage (OCV); yet, this method requires the battery to be at rest (offline) for a Ic
duration, which is not a favored option for many applicaidnline OCV estimation is possible, and some online
OCV estimate algorithms by adopting a certain Equivalent Circuit Model (ECM) were proposed for SoC estimat
in the literature, which processes the 1@k current and voltage of the load using Katnkalter (KF), Extended
Kalman Filter (EKF), Recursive Least Squares (R[13j 19].
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However, the online OCV estimation is computational complex, andeahallenging with the existing methods
because, in most applications, the load current, and voltage cannot be easily predicted or tracked effectively o
its drastic variations to be used for evaluating the OCV online. The proposed method in ¢his gapdd an
auxiliary controlled load, which can be employed to get a known predefined shape of the current curve under <
conditions (for instance, during the test, the dynamic load current cannot exceed a certain level) that will hel
faciltatet he onl i ne OCV calculations. The proposed tec
used, and a number of tests were performed as r e:

The proposed approach, the performed tdséscalculations, results and discussion, and finally the conclusion an
future work are described next in this work.

2. THE PROPOSED OCV ESTIMATION TECHNIQUE

The proposed configuration is shown in Fig. 1(a). The main load of the system is a dynairikeldzome,

microgrid, as well as other systems, and its current cannot be predicted; hence, an-aortiiatied load is added.

Therefore the battery current can be controlled, so, it will be the sum of the current consumed by both loads:
O O O 1)

Test Setting:

Our method relies on the first order RC equivalent circuit of the lithamp] illustrated in Fig. 1(b), and the time
constant is assumed to be less th@dsaccording to Table M4].

Tablel. Lithiumion 1-RC model time constant in different states of chajdjes

SoC U/s R/ Y C/10°F
0 56.2430 0.0382 1.4743
0.05 42.8082 0.0263 1.6265
0.1 51.3875 0.0226 2.2758
0.15 47.5964 0.0244 1.9491
0.2 55.9597 0.0237 2.3622
0.3 34.7826 0.0203 1.7126
0.4 35.8938 0.0204 1.7612
0.5 41.9287 0.0211 1.9919
0.6 37.5657 0.0267 1.4049
0.7 40.6504 0.0242 1.6798
0.8 38.5654 0.0272 1.4178
0.9 37.3134 0.0235 1.5878
1 46.2321 0.0240 1.9287
l}hmeq i{\namlf VRO -
4/ Icontrotied Ib RO —{:}—
1 b 1 T
<
t = | Voc Vel T Vb

@) (b)

Figure 1. The used circuits. (a) Dynamic load with auxiliary controlled load. (b) First order RC equivalent cioziet.
lllustration tests scenario were conducted as shown in Fig. 2 wher® fod00s the current was random and less

than500mAs i mi | ar to the dynami c500sma00G the curcent is xadtBOOMAIN t e |
order to simulatéhe controlled load intervention. Then, the current pul896MmAwas created &at000s At 1030s
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the current was forced &8)0mAagain for30s Finally, at1060s the battery current A, in real scenario after the
OCV is estimated, the controlled loagrrent become8A, and the battery current will be equal to the dynamic load
current, however in the preformed tests scenario the battery was disconnected forldmountb get the open

circuit voltage and compare it to the estimated OCV using the@pedpmethod. Fig. 3(a) illustrates the points used
for OCV calculation method.
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Figure 2. Conducted test illustration.

OCV Calculation:

First, the OCV drop peB0sat 500mAmust be calculated. Since the current W@8mAfor 500sthe capacitor C1
can be asumed to be at its steady state and the voltage dro@#0sto 1000scan be expressed by Eq. [2]:

O 6 AOWBTOs v tmiOp 0C 2)

Then, the OCV drop p&0sat 800mAmust be calculated from000sto 1030s Assuming that the OCV drop rate
per current is constant during the test, so:

0 6 KO 0o Y il AOWd Os v nft iy T T TT ©))

When the pude of300mAis applied fronb00mAto 800mAthe capacitor can be considered in the charging phase,
as shown in Fig. 3(b). The charged voltage can be found using Eq. [4]:

o@1 QQlc 0t 0§ 6 e ds g ! 4)
Whereas, the discharged voltageadculated using Eqg. [5] (see Fig. 3(b)):
WQMH QDI QY Ou U 6 AOTdTOs vl ! (5)

The circuit charging equation can be expressed by Eqg. [6] as follow:
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Whereas, the di$arging equation can be written as follow:

QW HQQD &I Qom— (7
Therefore, from Eq. [7] the time constant T can be extracted by Eq. [8]:

LOQWHHQQQ

Y o &I Img ®)
Then, T can be subasiiied in Eq. [6] to calculate R1 as explained in Eq. [9]
v w@i QQQ
p —
™ p Q ©)
And
0¢ Uo
: 10
v —— (10)
P1 P2
P6 vel(mVv)
30 v
. I_//—.A"
PS \
« e
{ 30 S
P3 - : S T
P4
. 100 Timel(S)
@) (b)

Figure 3. Zoomedh voltage of the test. (a)lllustration of the pointes used for the OCVlatitmu (b) Illustration of voltage
charging and discharging curve shape of C1 during the test.

Finally, the estimated OCV can be calculated based on the model shown in Fig.2 where Voc=Vb+VR0+V
assuming that Vcl is in its steady state.

0 6a0¢ 0¢ 'Y Yp z1@® (11)
Hence, the OCV in this test is calculated at P6; hereafter, it will be compared with theurr@@CV.
0 6o009 U 6o0¢ U 6 AOWDTOs prmilld AdHdT Os v mmi ! (12)

C1is not used to calculate the OCV; on the other hanegeified it can be calculated using Eq. [13]:

" Y
6p (13)
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3. RESULTS AND DISCUSSION

The tests were performed on an aged lithiomcell that has the characteristics shown in Table 2.

Table 2. Characteristics of the used LithHon battery cell
Manuacturer Model Rated capacity = Maximum voltage Minimum voltage

LG LGABD18650 3000 mAh 4.35V 3.0v

The used test bench diagram is shown in Fig. 4, it has already been used in previous work for battery characteri:
(the temperatureontrolled chambewas not usedpR0]. Where the ESP32 is the main control unit that controls the
Relayl, Relay2, charging and discharging load for different battery tests. The ADS¥115a 16bi t 20
ADC that reads the battery voltage and also the shunt resistor voltage to get the current. It measures als
temperatures and then sends the data to the ESP32; then, the ESP32 sends the data to the computer to be st
processed. The test bench characteristics and the system performance are summarized in Table 3.

Table 3. The test bench performances

Voltage Current Configured Maximum Maximum Load hysteresisVoltage current
resolution resolution  sampling rate voltage  current at1lA error error
0.187mA  0.153mA 10 Samples/S 5V 5A <3.5mA 0.6mV <1.5%

Table 4 (given as an appendix) summarized the results obtained from the tests as illustrated in Fig. 2. These
are performed in a complete discharge cycle with room temperaroundl 6 tAT9 . Ah@ error of the
estimated OCV compared to theMICV (onehour OCV) is consistent; on another side, some of it can be justifiec
by the drift in the current sensor (see Table 3). The resulting error can be minimized by adidfagtaril13.90

mV (the average error) to the estimated OCV, as shown in Table #,hber OCV, the estimated OCV, and the
estimated OCV with the offset. When comparingXheurOCV with the ( estimated OCV with offset), the error

is very low, especidf in the range where SoC is betwe®f and0.4 the plots almost identical, the error is less
than3.3 mV(as illustrated in Fig. 5). The error in general does not ex@&aahVexcept for one error spike &b.7
mVwhere the SoC is arourd63,and alsovhere the SoC is very low the error is high.

F
P * ™ "5 conboiing

- 5 wvors
LCD 162 o l‘

a |

4 A " _OC convating Chargng

mods ( 2 e BRicod Transistor Rexyl
7 | PAM ) I |

MicroSD - " »  ESPX> - T » ADS11S Lo veliga 2 _'( St

-
T voltsge 1 —
I L Tamgarates reading — J—

[ Push Butiors —
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Tumparature controlang
annal

Uy el

Figure 4. Battery test diagram used in this w{Zg].

TR

As it can be noticed in the last tests where SoC is lesDtBahe error is not consistent, and that can be due to the
rapid drop rate change of the Battery OCV. Hence, this method is not recommended at low SoC.
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OCV comparison
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Figure 5. Comparison between théndur OCV, the estimated OCV and the estimated OCV after addioffsbe

Fig. 6 (given as an appendix) summarizes the working principle of this proposed method. For example, this me
can be used with coulomb counting method to calibrate its SoC that can happened from time to time to omil
drift that occurs. FBt, it reads the actual SoC that was tracked by coulomb counting; then, if the SoC is very I
or the battery current is high, the recalibration should not be performed. Otherwise, the dynamic load maxin
current during the estimation time should be agsiito be less than certain value X. After that, predefined current
shape is applied by using the controlled load where the battery current should be equal or superior to the ass
current X. However, if the dynamic load current suddenly raised morethikasssumed current X, the wanted
current shape for calculating the OCV will be distorted. Therefore, the OCV estimation process will stop and
controlled load current will become zero, and start the process from the beginning.

On the other hand, if thesstimation process completed successfully during the estimation time; then, the controll
load will become zero, and the online OCV can be calculated using the proposed method as described above.
the SoC can mapped using the QSWC lookup table ahfinally the coulomb counting SoC can be recalibrated.
This process can be repeated periodically once recalibration is required.

4. CONCLUSION AND PERSPECTIVES

This paper described the working progress of an online OCV estimation method which i©dsetng a
predefined current curve using an auxiliary controlled load, this novel technique can be ideal for coulomb coun
calibration. The obtained results were acceptable according to the used battery test system which is not of
performance. fius, some drift in the current sensor showed up. The potential advantages of this proposed me
is that it is simple and has low computational complexity; moreover, it obtains the equivalent circuit moc
parameters online which enhance the accuracydiadbility, thus it can be not affected by temperature and aging.
Concerning our future work vision, our objective is to repeat these testa saffhisticated shunt resistor, and with
using calibrated and higherformance battery test bench system. In addition, the work can be tested under varia
temperatures and also estimating the OCV wihequivalent circuit model or other models. Funth@re, more
tests can be carried out for better forced currel
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APPENDICES

Table 4. The results table thfe performed tests.

test
ref

P1
(mV)

P2
(mV)

P3
(mV)

P4 P5
(mV) (mV)

P6
(mV)

RO
(mOhm)

R1
(mOhm)

estimated
ocv

U (s(mv)

1H-OCV error

(mv) (mv)

error
with
offset
(mv)

1.1

4129.89

4127.68

4087.19

4066.974108.22

4117.1¢

134.950

83.243

27.229

4228.91

4239.6

-10.693.21

1.2

4069.64

4067.61

4027.75

4007.884048.60

4057.6(

132.850

83.497

27.538

4169.18

4181.94

-12.761.14

13

4018.71

4017.29

3978.43

3959.503998.92

4007.64

129.533

91.155

31.940

4124.39

4129.88

-5.49 8.41

1.4

3967.86

3966.05

3927.44

3908.803947.54

3956.6(

128.683

75.962

25.563

4063.13

4079.59

-16.46-2.56

15
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3857.933896.73

3905.5¢

128.367

77.722
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4012.17
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1.6

3867.70

3866.23
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129.123
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Figure 6. The flowchart representing the described method
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Abstract: The paper presents the results of an experimental investigation of the thermal energy storage
phase change material (PCM) and finned tubes for heat transfer fluid (HTF). The reseal
focused on the discharge of the storage unit, mainly on the temperature variations of HTF at tl
of the unit during this process. This temperature shbegjtiality of heat released from the stor:
unit and the exergy efficiency of the thermal energy storage process. In the research reporte
paper, the influence of HTF temperature at the inlet to the unit and HTF flow rate were analyz
expermental tests were performed at a specially developed stand allowing also for visualiz:
the process of PCM solidification. The results showed that the removal of heat from the stor:
is of relatively low intensity, even with the finned surfamea on the PCM side, resulting
substantial losses of the quality (exergy) of accumulated heat. To reduce these losses temp
HTF should be very close to the melting point of PCM or relatively small flow rates should be a

Keywords Phase change materials, thermal energy storage, experimental investigation

E 2023 Published by ECRES

1. INTRODUCTION

Latent heat thermal energy storge (LHTES), the technique based on the use of phase change materials (PCN
medium accumulating heat,d8ll the most promising technology of thermal energy storage. PCMs, thanks to the
high thermal capacity in the temperature range around melting point, are able to absorb (during charging)
subsequently release (during discharging) large amountbfaiin relatively small changes of temperature of the
medium transferring heat to and from TES unit. Although, heat storage technigues utilizing enthalpy of chem
reactions or heat of sorption processes are characterized by much higher thermal, dapdbity are not yet as
mature as those with PCMs [1, 2, 3].

Although LHTES is a mature technology, it is still the subject of many scientific studies, also of a basic natt
because there is still potential to increase the efficiency of heat stdregenost important problems that require
special attention include the stability of the thermophysical properties of PCM materials (especially the inorge
ones), supercooling occurring during solidification of sdtmels PCMs, as well as the low intensibf heat
transport resulting from relatively low thermal conductivity of PCMls To improve heat transfer to/from the
PCM, thus increasing the rate of charging/discharging of the storage unit, different configurations of h
exchangers (storage unitiisfact a kind of a heat exchanger) are considered. The most often used configuratior
based on the shell and tube HEXx, where heat transfer fluid flows inside tubes that have finned external su
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(embedded in PCM zone) [5, 6, 7]. Other storage wsscapsulated PCM, in the capsules of different shapes
embedded in the tank filled with e.g. water [8, 9]. There are also concepts with PCM inside tubes [10].

Thermal performance characteristics of PCM based storagearenitlefined in a different wag.g.: time of
charging/discharging, rate of these procesg®wer per unit mass of PCM during discharging, also detailed
characteristic of melting procefs 6, 10, 11, 12]. Specific research goals are: optimization of fin configuration [5
6, 13], varigion of PCM and heat transfer fluid temperatures during charging and discharging [8, 12, 14].

Reviewing literature it can be seen that the majority of studies, related to the performance of storage units
focused on detailed analysis of heat tranpfeccess during charging and discharging, especially on melting anc
solidification of PCM. The research is conducted both experimentally and/or using mathematical modelling
numerical techniques. It is very important iséorecognitive reasonoweverfrom the point of view of the user

of heat which is accumulated, the most important is the quality of heat delivered to him during discharge of
store. In other words the user is rather interested in the temperature of heat transfer fluid durirggrdjs@ladang

the above into consideration an experimental study was proposed, which is basically focused on the investig
of the influence of different parameters on the performance characteristics of the discharge phase on the stc
with particularemphasis on heat transfer fluid temperature variations with time. The storage unit with finned pif
(external fins) was selected. An experimental stand was designed in such a way that pipes with different fins ¢
be investigated.

2. EXPERIMENTAL SE T-UP AND METHODOLOGY

Experimental tests were conducted in a specially prepared model of TES unit in a form of a rectangular bo
dimensions consistent with dimensions of the heat exchanger. The heat exchanger, the duct for heat transfer
was madef stainless steel pipes with a rounded fines. External dimension of the pipe is 10 mm, thickness of
wall 1 mm. The thickness of the fin is 1 mm, the height 10 mm, the distance between the fins is 10 mm (9 mm ¢
In this paper the results for the aledinned configuration are presented. The complex research includes the stu
of fins with of different heights and made of different materials (copper and aluminum). The heat exchange
made of 6 pipes, each of 1 m length, so the total (effectiveed)nliength of HEX is equal to 6 m. Individual pipes
are connected with a plastic pipes, in some of them (the connectors) temperature sensors are inserted. The pl
the heat exchanger/package of the finned pipes is shown ifh. Higis package is locad in the rectangular box
which is then filled with PCM. The box is made of PMMA (plates of 10 mm thickness) thus allowing visualizatic
of the process of PCM solidification. For the external diameter of finned pipe equal to 30 mm the with of the
is equal to 34 mnm the distance between fins of neighboring pipes and the pipe and the wall of the box is equa
2 mm. During the tests the whole box was thermally insulated with the plates, 30 mm thickness, made of a foz

TN -
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T ————eessa it bbb S T TR B RS
P AT A PRSI T BRI

S AV A AT
bt L L Ty T —

- .-.A~M~“‘-\HH$H‘.‘.‘.. SLRsESHAL

.m.um,g.,m"m,‘l RN
Figure 1. Finned tubes basedatexchanger.

During charging of the unit hot water flows from the top (upper pipe) to the bottom. During discharging the flc
is reversed. This allows that the melting starts in the upper part of the box, while during solidification solid ph
starts tacreate in the lower part.

In the study discussed hear phase change material RT62HC (Rubitherm, Germany) was used. The melting p¢

around 62C. Heat storage capacity in the temperature range from 55 @ig@stimated to 230 kJ/kg, however
the majoity of thermal energy, nearly 200 kJ/kg, is absorbed/released in a narrow temperature@Hhge[63)].

206



11. EUROPEAN CONFERENCE ON RENEWABLE ENERGY SYSTEMS Riga/LatiaMag 2023

Thermal conductivity 0.2 W/(f&), density of solid and liquid 0.85 and 0.84 kgfdthermophysical data provided
by manufacturer). The provider of $hPCM declares its corrosive effect on metals, this was a reason for th
selection of stainless steel pipes in the initial part of the research [16].

The box, TES unit, was filled with melt PCM just above the edge of the fins in the upper pipe.

Heat trasfer fluid (watel) temperature was controlled in the thermal bath @DF, Julabo, Germany), with a
volumecapacity equal to 25 litre$he thermal bath also provided control of flow rate of water. More precise setting
of the flow was done by means of @we in the water path.

The main aim of the research was determination of performance characteristics of the storage unit durin
discharge, especially the variations of heat transfer fluid temperature at the outlet of the unit during the time of
process. Based on this measurements also output heat power can be determined.

For this purpose four temperature sensors were located along the path of water flow. The thermogoeigles (
diameter 0.5 mm, manufacturer Omega, USA) were inserted ingddastic pipes at the inlet and outlet of the
heat exchanger and inside connectors (red pies visible in Fiterbperaturevas measured at the inlet after 2 and
4 meters from the inlet and at the outlet. Temperatures were recorded using an ADDA cdhativaal
Instrument, PGB281 with module SCH8)[17, 18, 19] After connection to the signal convertor all thermocouples
were calibrated in the temperature range from 20 t€ 8&ing mentioned above thermal bath. In the water path
there was a threway valve allowing a precise control of the flow through the heat excharsgge TES unit. The
actual value of the flow rate was controlled by means of a rotaniatgre(, USA)

Figure 2. Heat exchanger inside the box (TES unit), thermocouples insertieel water pipes

Before the main test the TES unit was charged with a hot Wwagenperature 7@C, set in the thermal bath until
PCM inside he box completely melted. In the charged state temperature of the PCM was af\(rahGseratures
indicatedby the sensors inside the box).

The tests were performed in different operational condition, the influence of two parameters on the proces
discharging was investigated:

1 water flow rate three values were selected: 0.5, 1.0 and 1.5 I/min; thesespgona to water velocities
in the pipes: 0.165, 0.33 and 0.49 m/s;
1 cooling water temperature at the inlet to the TES unitC235 C and 45C.

T
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3. RESULTS AND DISCUSSIONS

Figure 3 shows the set of results obtained for the case with inlet water tempegatires 35C and for different
flow rates. In each figure temperature variations of water in different points of heat exchanger aré ahthen
inlet (T_in), after passing two first pipes (T_2), two meters from the inlet, after passing four pipe$dldr deters
from the inlet and at the outlet (T_out). The time of each test is different since with increasing flow rate the inten
of cooling also increases. The test was finished when water temperature increase in the TES unit dropped to
5 K (which can be seen in the following charts). These tests show also that the experimemtalesetres
improvement since in this configuration it gives no possibility to stabilize inlet temperature of water during t
process although water capacity gfiermal bath is rather high, its cooling capacity is insufficient for heat power
rates of discharging (this problem was not observed during heating/charging of TES unit).

0 m
Wates flow rate 0.5 /min Water fiow rate, 1.0 Y/min

— r 1 &5 —_ T n T2 T4 T _out

Temperature, C

Temparature, C
a.

Water Bow rate 1.5 Ymin

— T_in 1.2 1.4 I_out

Temperature,

Time, &
Figure 3. Water temperature variations in time of discharging for diffitfeow rates and for inlet temperature equal to
35C.
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-~

Figure 4. A photo of a heat exchanger with the shape of solidification front after 14 minutes from the beginning of
discharging; water flow rate 1.0 I/min, water inlet temperatureCl5

Similar testavere performeddr other values of inlet water temperature, i.e. fo2and 45C. For these tests only
cumulative measurement resudie discussed later.

In Fig. 4 one can see a photo of the part of the finned heat exchanger during solidificatioreafioa of solid
phase of PCMnN the surface of the pipgvisible. The thickness of the solid PCM is clearly greater on the surface
of the pipe, much lower on the surface of the fitlsis is due to the fact, that stainless steel has rather pooratherm
conductivity and heat transfer along fins is not so intense. Also, much larger amount of solidified PCM can
observer on the first pipe in the package, i.e. at the boftbis.is the pipe into which the cool water flows directly
from thethermal bathThe water heats and its temperature is higher in the subsequent pipes. However, it looks
the intensity of solidification on the other pipes was on the same level.

In the following chart$ Figures 5 to 7 cumulative results for all tests are pmagel. For each value of inlet water
temperature under consideration the following results are shown: increase of heat transfer fluid temperature d
heat removal (discharge of the TES unit) as a function of the time of the process (left charts) arad temgtions

of heat output power during the discharge of the unit (right charts).

What seems to be obvious, temperature increase of the cooling water is much higher when its flow rate is lo
And the temperature rise decreases much slower withntieedti the process, and the process of discharging (with
the criterions of its end mentioned earlier) lasts lorigelue lines in the charts. Left charts show also a distinct
difference between curves for flow rates 0.5 I/min and 1.0 I/min, but the dietsetween curves for 1.0 and 1.5
I/min is not so significant. This suggest that the change of the flow rate form 0.5 to 1.0 I/min (change of we
velocity form 0.16 to 0.33 m/s) is associated with the substantial change of the intensity of heatdratiser
water side.
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Figure 5. Water temperature increase (left) and output power (right) during time of discharging for inlet temperature eque
to 25C.
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Figure 6. Water temperature increase (left) and output power (right) during time of didolyefiay inlet temperature equal
to 35C.

In right charts one can see temporal variations of heat output power for TES unit for different inlet wa
temperatures. What is interesting, output power seems to be independent from the water flow ratenSignifi
differences are observed in the initial phase of the process, but this could be the result of inaccuracy of
measurement , instability of the flow rate (which was noticed during the tests) and the differences in the initial s
of the unit (PCM temperature distribution in the box). After rather short time all curves of heat output power hay
a close track. From these charts it can also be seen that heat output power ate the end of the discharging p
decreases to the level of. 0.2 kW, in eackecaf inlet water temperature. But in the beginning the values are
substantially different about 1.2 kW for 25C, about 1.0 kW for 3% and about 0.7 kW for 4&. That means
that with the inlet water temperature closer to the melting point of phaseecheatgrial (the level of temperature

at which the majority of heat is accumulated) the characteristics of discharge, here characterised by the o
power, are more stable in time.

14 0,5 Jmis L0 min 1.5/ min

w, kW

o 020 12m 1820 2400 2000 $00 1200 4800 00 1 200 0 4900
Tiewer, &

Figure 7. Water temperature increase (left) and output powegh@) during time of discharging for inlet temperature equal
to 45C.

210



4. CONCLUSIONS

The paper present the results of the preliminary experimental study focused on the thermal behavior charactel
of latent heat thermal energy storage unit with heah@xger made of pipes with finned external surface. One
configuration of the unit was tested, i.e. the unit with fins of 10 mm height, but different parameters of operat
(charging/ discharging) were taken into account. The study was focused on tlaegiggbf the TES unit.

Based on the tests performed, a few conclusions/observations can be formulated:

1 Although the length of the heat exchanger (heat transfer fluid path) was rather long (6 meters), and
PCM side was finned, outlet water temperatgidly decreased during discharging process. With the
assumption that the process finished when water temperature rise in TES unit decreased to 5 K, the dur
of the process was from about 35 minutes for flow rate 1.5 I/min to about 80 minutes ficatéd@nb I/min.

1 Itis much better to use heat transfer fluid of an inlet temperature closer to the melting point of PCM.
such a case outlet water temperature during discharging is higher, that also means that exergy losses
process of heat storagle lower. With higher inlet water temperature also heat output power tempor:
variations are more smooth than in other cases (lower inlet temperatures).
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Abstract: The paper presentleresults of numerical simulation of thermodynamic processes in a hydi
hydrogencompression systempplicableas a booster compressor in hydrogefuelling stations.
The modelling has been per f &0softwdre with theCED aGK
Heat Transfer modules. To keep calculations relatively simple, the superposition method is
simulate the hydraulic compression of hydrogen. In this case, the properties of working flL
hydrogen are uniformly distributed and their voksmo not mix during the compression proce
The calculations are carried out for several volumes of staistesscompressiochamber having
heightof 145, 290, 435 and 72Bm inner diameter 106imand wall thickness Bim The simulations
for inlet hydrogen pressurd?; = 3.0 MPa and20.0MPa at a temperature of 300 are evaluated
The authors consider thermodynamic processes performed during a singlé,stvitkedurations in
the range of 0.5 to 209 with a compression factét: =5.0. The purpse of these simulations is 1
investigate the temperature change limits of hydrogen and working fluid. The results are give
form of curves of temperature change for hydrogen and working fluid, allowing to esi
temperature conditions in the corapsion chamber and to estimate the energy consumption ¢
the compression process. The results of the study can be used to enhance the efficiency c
using the principle of hydraulic gas compression

Keywords Hydrogen refuelling stations, hydulic compressors, numerical simulations, CFD modelling.

E 2023 Published by ECRES

1INTRODUCTION

In recent years, the use of hydrogen energy in transport and the concept of a hydrogen economy has benefite
another wave of strong political support.the same time, rapidly evolving technologies have raised the possibility
of using hydrogen as a driver for future carm@utral energy systesmnAt the heart of this initiative is the need for
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energy security and independence. At the same time, thedaurdfnion has set an ambitious goal to become the
first climate neutral continent by 2050, which is in line with the guidelines of the European Comniiksion [

The conversion of hydrogen energy into electric current without burning it allows this a¢reicérgy source to

be used to power electric cars. Currently, there are already examples of successful implementation of hydr
technology for cars and tru¢R, 3]. However when deploying hydrogen infrastructure for vehicle refuelling, it is
essentiato take advantage of simple and affordable devices for hydrogen compression tasks. The earliest kn
gas hydraulic compression application dates back to 1906. This solution was used in an internal combustion el
for pumping water, known as the Humphgaymp [4]. The Humphrey pump followed the Atkinson cycle and
demonstrated efficiencies of between 5% and 10% [5]. The use of a liquid as a piston allows a significant incr
in the efficiency of gas compression. Using a simplified model, it has beenrdérated that this concept can
increase the compression efficiency from 70% to over 83% [6]. Several new technical solutions proposed by
authors [7- 10] can also be used to solve this problem.

The results othestudy of thermodynamic processes cadrigut bythe means of numerical simulations presented
in this paper allow to examine the temperature patterns of hydrogen and working fluid in the compression char
and to estimate the energy consumption required for the hydraulic compression prbgdesgein These findings

can be used to improve the efficiency of devices using the principle of hydraulic gas compression.

2.THE NUMERICAL MODEL OF HYDROGEN HYDRAULIC COMPRESSION

The thermodynamic processes associated with hydrogen compression havevbestgaied using COMSOL
Mu |l t i p 6 soitware with CFD and Heat Transfer modules. As a reference computational modek, a se
symmetric stainlessteel cylinder with 14%5nmheight, 100mminner diameter and Bimwall thickness, with a
volume of 1.14, shown in Fig. 1, was used. Initial parameters and physical properties of hydrogen, liquid pist
and cylinder used in the model described in [11]. In the humeiitallations in the beginning of the compression
process the inner space of the cylindefilisd with hydrogen with pressurd® = 3.0 MPa and20.0 MPa at a
temperature of 30&. The thermodynamic compression process, takes into account heat exchange between
working fluid and cylinder walls, as well as the process of convective hedetremghe surrounding space.
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Figure 1. A basic model of a stainlesteel cylindershaped chamber where hydrogen is compressed by the working fluid
coming from below in the direction of the arrow.
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: Hydrogen

It should benotedthat the gas compression processatsompanied by high heat generation and the high
temperature of the compressed gas has an immediate effect on the working fluid. In fact, the fluid and the ga
compressed together, but since the fluid has a higher density and a higher heat capaeifit,ganerated during
compression is effectively absorbed by the fluid and the surrounding walls of the compression chamber.
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The analysis of the results of these numerical simulations makes it possible to investigate the effect of diffe
compressionltamber geometries on the final gas temperature dtlmexgompression. Consequently, this allows
to estimate the energy consumption required to raise the pressure at a given compreskipdepgoding on the
speed of the compression process.

An exampé of temperature field distribution patterns derived frdm numerical simulation for thaydrogen
confined inside the cylinder body can be seen in Eighis figure shows changes in the gas temperature during &
single 20second stroke for time interngl0, 10, 15 and 28 Thecolour palette witra scale corresporsdo the
temperaturdimits of 3007 550 K.

=

10s ISs 20s
B |
300 350 400 450 500 550
Figure 2 Distribution of the temperature of hydrogen in the compression cylinder dasimgyle 26secondcompression
stroke.The hydrogen avage temperature rises from 300 K to 48R, at theinitial pressureof P, = 3.0 MPa and
compression ratio K= 5.0.

To keep calculations relatively straightforward, the superposition method is used to desgrnibeess originating

in the compression ember.The process of increasing pressure in the cylinder chamlzeresult of discrete
changes of volume, which is filled with hydrogen and working fluid, taking into account the increase of g
temperatureThe ime ofthediscrete change of workinguild volume used ithecalculations is constant aisiset
equal togts = 0.01s. Each step ofhe discrete change increases the height of the fluid by a certain amoun
determined by a given stroke tiraeln this case, we assume that at each time st bf/draulic compression of
hydrogen in the modelhe properties of working fluid and gas are uniformly distributed and their volumes do not
mix. Heat transfer between hydrogen, working fluid émelwalls of stainlessteel cylinder occurs only due to
thermal conductivity of these materials.

The paper considethe processes occurring during a single compression stroke, théstifnehich ranges from
0.5 to 20.0s. Initial temperature of hydrogen and working fluid is 300 compression coefficiert, = 5.0.
Calculations are made for two scenarioghainitial gaspressuref P, = 3.0MPaand 20.0MPa.

3.THE RESULTS OF THERMODYNAMIC MODELLING OF THE HYDROGEN COMPRESSION
PROCESS

The purpose of the simulation is to investigate the temperature change limits of hydrogen, cylinder walls
working fluid during pressur@crease bghrinkingthe gas volume in the compression chamber. Calculations have
been carried out for several volumes of compression chamber, which have heights of 145, 290, 43%namd 72!
with wall thickness of Bnmand a constant inner diameter of It

The use of the superposition method makes it possible to consider the rise in temperature in each medium sepa
The model specifies that tlomly heat source isompressibldydrogen.The presented resalshow the maximum
temperature of the hydgen under the assumption that the mediums do not imi& real compression process, if
the gas and fluid are intensively mixed, the gas will transfer heat to the fluid much more rapidly.

The energy consumed in the process of hydraulic compression aigeyddepends on the rate of filling the
compression chamber with fluid to achieve a certain compressiorKea#hs a result, the structure of distribution
of this thermal energy is shovim Fig. 3. Thedistribution of total energ®r between workindluid Qr, hydrogen
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Q+ andstainlesssteelcylinder bodyQs is shown for different durations of the compression stitgk&heinitial

hydrogenpressureareP: = 3.0MPa and 20.0MPa, compression ratiget toK= 5.0. It can be noted that with
raising inlet pessure up to 20.MPa most of the energy is concentrated in hydrogen as its mass increases wi

increasing pressure.

Duration of the compression stroles

0% 10% 20% 30% 40% 50% 60% 70%
The thermal energy accumulated in:
= hydrogen = walls of the compression chambem working fluid

Initial hydrogen pressur@, = 3.0 MPa, mmpression rati&, = 5.0.

80%

Duration of the compression strokes

0%

10% 20% 30% 40% 50% 60% 70%
The thermal energy accumulated in:

= hydrogen = walls of the compression chamber= working fluid

80% 90% 100%

Initial hydrogen pressure, = 20.0MPa, @mmpression ratit, = 5.0.

Figure 3. Diagram of total thermal energy distributionr®etween energies accumulated in hydrogenv@rking fluid Q
and compressin cylinder body ¢or different duration®f thecompression stroke dt initial pressures P= 3.0 MPa (left)
and 20.0 MPdright).

As can be seen from Fid, the increase in hydrogen temperatlfg duringthecompressiomprocessignificantly

depends on the duration of the compression stroke and tends to increase slightly with increasing compre:
chamber volume and initial hydrogen press@greducing the compression speed, the final gapédeature can

be lowered considerably, resulting in lower energy consumption.
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Figure 4. The curves of temperature increase in hydra§enfor different durationof thecompression stroke &t initial
pressures P= 3.0 (left) and 20.0 MPa (right). Ehcompression chamber height varies from 145 mm to 725 mm.

The change in temperature of the working fldit:, shown inFig. 5, grows slowly as the compression stroke time
extends. The volume occupied by the fluid and its high heat capacity generaliyidetdre overall temperature

inside the compression chamber.

The studyof thermal processes taking place in the compression chamber shows that cooling the working fluic
anexternal heatsink can also effectively reduce the temperature of the compreeeeim and hence reduce the

undesirable gas pressure resulting from the high gas temperature.

In real applicationshydrogen compression process takes place uhéaonditions of intensive gas and fluid

stirring, leading tothermal energy transfer frolmydrogen to the working fluid anslibsequenpass througtihe

walls of the cylinder. Fotheacceleration of heat transfer from gas to working fluid, it is suggested to use cylinde

design with tangential fluid feed into the compression chamber [12].
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To canpare different compression scenarios, includimgkst duration, initial pressure and cylinder geometry
overall temperature of the systdiio, equivalent to the energy consunfiedhydrogen compressipis employed
Thechangeof the DT, for thedifferent durations o€Eompressiorstrokets are shown irFig. 6. As the pressure in

the compression chamber increases,dhgincreases proportally, as can be seen by comparing the curves for
an initial pressure of 3.0Paand 20.0MPa.
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Figure 5. The curves of temperature increase in working fluid for different duration®f thecompression stroke ét
initial pressures P= 3.0 (left) and 20.0 MPa (right). The compression chamber height varies from 145 mm to 725 mm.
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The results obtained with the considered numerical model allow to calculate the energy consumption and to esti
the powerW, corresponding to thgower of the motor thatriyes the liquid pumpFig. 7 shows curves of power
consumption for hydrogen compression for different durations of the compressiontstookeitial pressure$;

= 3.0MPaand 20.0MPa.
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Figure 6. Increase obverall system temperatu@lo for different duration®f thecompression stroke at initial pressures
P: = 3.0 MPa (left) and 20.0 MPa (right). The compression chamber height variesIif&mm to 725 mm.
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Figure 7. Curves of the power W required for hydrogen compressiatifferent durations of the compression strojat t
initial pressures P= 3.0 MPa (left) and 20.0 MPa (right). The compression chamber height varies from 145 mm to 725 mr

4.DISCUSSION

The study of thermodynamic processes during hydraulic compressigairaigen makes it possible to assess the
heating limits of the gas, working fluid and walisus providing for a methodology determine the optimum size
of the compression chamber.

The results of simulations allow to estimate energy consumption andvideéthe setupconditionsleadingto the
increase of efficiency of operation of the hydrogen compression system under consideratjam.tdimsmakes
it possible to determine the most suitable power rating for the motor that drives the liquid pump.

The analysis of the simulation results for a compression chamber with heights of 145, 290, 435 amdwigtba
constant radius shows that the power required for compression increases in proportion to the initial hydrc
pressure and the mass of hydrogetthie chamber volumé should be noted that the power required to drive the
liquid pump decreases with increasing compression stroke duration.
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Abstract: Ensuring microgrid continuity and improving system reliabilitgiid-connected and islanded mod
is crucial for a reliable and sustainable power system. With intelligent EMS (Energy Manac
System), appropriate sizing, and resource optimization, the microgrid can handle the peak
even under challenging weathmnditions, in both (Connected/Islanded) modes without consul
any extra power from the grid facility or any external resources yet maintaining a reliable
supply. In this paper, a case study of load profile and power consumption estimatioe bfiddings
in our institution IGEHInstituteof Electrical and Electronic Engineering used to test and illustra
our EMS performance via MATLAB Simulink. The DBV (Diesel GeneratePhotovoltaic panel)
synchronization technique is adopted to overedhe gridtied PV system limitation and make
functional in offgrid mode. We used The same DERs (Distributed Energy Resources) sizing f
and BESS (Battery Energy Storage System)) in both modes, with advanced control algoritr
monitoring to esure that our microgrid can have the ability to operate in both modes with a s
transition from one to another. Hence, by improving the overall system reliability and continui
can benefit from all the microgrid mode's advantages to make oumsy&bk more efficiently anc
sustainably.

Keywords Grid connected/Islanded mode, microgrid, supply continuity, -tieid PVs, Desel Generator,
Battery System

E 2023 Published by ECRES

1. INTRODUCTION

Regarding power supply continuity, gridnnected andslandedmode microgrids offer unique advantages and
challenges. Griconnected mode allows for seamless integration with the main power grid, providing a stable ¢
reliable power supply and the opportunity to sell excess energy back to the grid @ahgheHowever, it can
also leave the microgrid (MG) vulnerable to power outages caused by issues on the main grid. On the other |
the islanded mode offers greater autonomy and control by relying on the microgrid's DERs (Distributed Ene
Resources)uch as solar panels, wind turbines, and ESS (Energy Storage Sytetns)

This mode is particularly useful in remote or-gffd locations where the mainywer grid is unavailable. However,
it can be challenging to ensure a stable and reliable power supply without the backup of the main grid.
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When it comes to renewable energy, one of the most popular options is thiedyfy/ solar system. This solar
power system is connected to the main power grid and generates electricity using photovoltaic (PV) panels.
generated energy is used to power the buildings, and the excess energy is sent back to the grid. One of the
significant advantages of the gtied PV solar system is that it can help reduce electricity costs by decreasing tt
reliance on traditional fossil fuels. It also helps reduce carbon emissions, making it a more environmentally frier
option. Another advantage is that it allows for net mietg which means that the excess energy generated by the
PV system can be sent back to the grid. The homeowner can receive credits on their utility bill for the extra en
generated. However, the giiiéd PV solar system also has its disadvantagesofthe main disadvantages is that

it can only generate electricity when the main grid is available, and during power outages, the system ca
generate energy. It can also be affected by shading, which can decrease the system's [@ficiency

Incorporating the DG (Diesel Generator) is a powerful and depensialblion to overcome the most significant
disadvantages of a PV gritkd system when the main gridusavailableby providing power references (voltage
amplitude, frequency, and phase) for the -tied solar inverter to be synchronized and functio@ade of the
essential factors for D@V synchronization is the MLF (Minimum Load Factor). It is set ad@® of the DG
maximum capacity. This will ensure that the engine is working in the best conditions. It also helps to s:
maintenance costs and maximigngine life. The MLF guarantees that the engine runs optimally, reducing fue
consumption and emissiof# 7].

Nowadays, MG faces the formidable challenge of maintaining a consistent and reliable power supply wi
operating in both connected and islanded modes. The current inftagratall MGs relies on a mix of different
DERs technology with varying sizes, which makes it challenging to optimize energy generation and stor
capacity and handle the power demands in various weather conditions. This results in an unreliablgppbwer s
and higher maintenance and energy consumption costs.

This paper aims to propose a solution to this problem by implementing a new approach that incorporates usin
same DERSs technology with the exact sizing for the (ESS andiPWsth modesAdditionally, developing an
intelligent EMS that can adapt to the changing power demands, ensuring a consistent and reliable power supp
both connected and islanded modes. A case stuslyroé buildingsur IGEE load profile and power conception

is usedo lustrate our proposed approach and algorithms to maintain a continuous and reliable power supply du
the peak demand period, in the two MGs' different modes under challenging weather conditions.

2. SYSTEM DESCRIPTION AND SIZING

In this paper, two miogrid modes are addressed: the &@mthnected mode, where our microgrid is supposed to
be connected to the main conventional grid, and the lSladded mode, where the microgrid is considered totally
disconnected from the conventional grid, therefotait to use its resources to satisfy the load needs. The systel
is built on ESS (Energy Storage System), PV (Photovoltaic Generator), and DG (Diesel Generator) in additio
the conventional grid (in case of gridnnected mode). The system sizingjiigen in Tablel in the appendices
section, then the system functionality and our obtained results are given after.

3. THE PROPOSED CONTROL STRATEGY

Fig. 1 describes the load profile and power consumption estimation of some buildings in our InstituteicAElectr
& Electronic Engineering (IGEE). The peak demand period typically occurs during the late morning and ec
afternoon hours when classes and research activities are in session. During this time, lights, heating, co
systems, and various electricahchines and electronic devices such as computers, servers, and lab equipment
in use, resulting in high power demand. The peak demand period lasts almost 2 hours, from 11 amto 1 pm.

Based on the power consumption estimation, the electronic facultyniysiin the IGEE consume around 2500
KW during the peak demand period [6h to 8h].

As the day progresses and classes end, the Students leave the buildings, and lights and other electronic devi
turned off. Thus, the power demand begins to deerddowever, some research activities may continue in the lab:
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during the evening hours, which could result in moderate power consumption. The power consumption estime
during evening hours [8h to 16h] is around 20D KW.

When most buildings are unagued at night, power consumption decreases significantly. Due to the lights bein
turned off, heating and cooling systems are set to a lower esavijyg mode. Additionally, many electronic
devices such as computers, servers, and lab equipment arediiragdvell. The power consumption estimation
at night period [16h to 24h] is around-800 KW.

Grid -Connected ModeSystem Functionality Discerption:

The gridtied PV solar power is connected to the utility grid creating a bidirectional MG, allowingyetoeflow

in both directions between the customer and the grid. The clients will be able to use power from the grid w
needed and also sell power back to the grid when there is excess. This allows for more efficient energy use ar
also help reduceustomer costs (net metering).

*"Load (W)

load Graph
Load Peak

A

. Night Time
Day Time

Imr i

Figure 1. DaytimeAnd NighttimeLoad Profiles.

The gridtied PV system has a thrpbase grietie inverter with a PID control that helps to synchronize the power
generated by the solar panels with the power that comegHiogrid. Ensuring the PV power is in phase with the
grid power and can be easily integrated into the system. The PV system is connected to a Maximum Power |
Tracking (MPPT) Controller that uses the "Incremental Conductance + Integral Regulatorjuedonoptimize

the energy extraction from the PV panels.

When the solar panels generate more power than is needed by the system, the excess energy goes to the
System, which has an advanced thpbase inverter containing a PID controller for poflew synchronization

and control. The Battery stored energy can be used later when the solar panels are not generating enough |
such as at night or on cloudy days. Additionally and most importantly, we can use it for peak shaving to reduce
peak &mand on the grid. Using the PV system's stored power during the daytime will help reduce the grid's st
and lower the customer's electricity costs. The algorithm summarizing this approach is given in Appendix A.
abbreviations used to refer to thenstants and the variables used in the flowcharts of EMS for both modes al
given in Table2 in the appendices section.

Grid -Islanded Mode System Functionality Discerption:

Our islanded MG system contains a DG, PV system, and BESS to provide contisuipplyfand handle the peak
demand with the peak shaving strategy and utilizing the different characteristics of each energy source
coordinated and optimized way.

The DG is a traditional power source that provides a reliable and consistent powerf@otireeMG. It can be
used as the primary power source during times of high demand or when the PV system is not producing en
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power due to weather conditions. The DG can also be used as a backup power source in case of an unex
outage or failurefathe PV system or the battery system.

The main objective of the suggested control algorithm is to minimize the DG system's consumption and maxir
the PV power output while considering The minimum load factor of the diesel generators (MLF), whictois se
guarantee that the engine works in the best conditions to save maintenance costs and maximize.gmhéeslife
often between 30% and 40% of the D&ed capacity. The diesel generator operates optimally by adjusting it
power accor diemgnd4]i¢/].t he MGds d

The PV system, mthe other hand, provides a renewable and clean source of power. It can be used as the pril
source when weather conditions are favorable. The PV system can also be used to charge the battery system,
will be used to store excess energy and propmiger to the MG during periods of high demand or when the PV
system is not producing enough power. The PV system is connected to MPPT Controller uses to optimize the el
extraction from the PV panels.

The battery system, through an advanced tpraseinverter, contains a PID controller. It can be used for both
supply continuity and peak shaving. It stores the excess energy generated by the PV system during periods c
demand, which can then be used to provide power to the MG during periods déirighd or when the PV system

is not producing enough power. The battery system can also provide backup power to the MG in case C
unexpected outage or failure of the PV system or the DG. The algorithm summarizing this approach is give
Appendix B.

4. RESULTS AND DISCUSSION
Grid -Connected Mode (GCM):
From [0 T 6.5] hours (Battery charging):

With the correct sizing and optimization for our PV system, we can provide enough power to satisfy the load
charge the Battery system simultaneously with Hgbility and efficiency. The battery charge power in Fig. 2
(Graph 5) represents the extra energy the PV system provides, which can reach a maximum value ofhE30KW
negative values of the Battery charge power indicate the opposite direction of gre owing to the battedy
During the 6.5 hours of charging time, the battery SOC (see Fig. 2 Graph 6) increases from 29% to 57%, and i
go even higher with better weather conditions.

Grngh (21 OV Puses

Tt Towwi®l

Crapds (31 Madhary Chan bty Moarvmne Crapty 1

»

— Trwe

Figure2 GridcConnect ed Modeds Simulation Results.
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From [6.5 - 8] hours (peakshaving):

The graphs demonstrate that we handled the peak demand when load power consumption surpassed 250K
reached 300kw for 1.5 hours (Fig. 2 Graph 1), even with challenging weather circumstances, without consur
any power fromthe grid facility. When the PV system power dropped under 300KW (Fig. 2 graph 2) due f
unforeseen weather conditions. As a result, the peak shaving technique is used by reinforcing the PV system
with a maximum power of 46KW from the Battery (FigG2aph 3) to provide a reliable and continuous power
supply to the load, which decreases the Battery SOC (Fig.2 Graph 6) from 57% to 55%.

From [8 1 12.3] hours (Battery charging or injecting power into the grid):

As the graphs show, during the daytime, wgthod weather conditions, our PV system was successfully able tc
satisfy the load (Fig.2 Graph 1) and deliver the eptnaerto charge the Battery (Fig.2 Graph 5) with a maximum
power of 5KW for 4 hours. That increased the Battery SOC (Fig.2 Graph 6p&%nio 56%. Additionally, with

the bidirectional power flow, the extra power can be injected from PV and sell it to the grid facility if our Batte
system is fully charged with SOCmax equal to or more than 90%.

From [12.3 - 16] hours (Grid-Tied PV Systen's performance):

To demonstrate the performance of the @ried PV System during the daytime, where the PV solar radiation
decreased due to various reasons such as weather conditions, evening time, or just a cloud passing. We can ¢
the PV power iseduced (Fig.2 Graph 2). As a result, the grid power (Fig.2 Graph 4) starts increasing to satisfy
100KW load with a stable and continuous power flow.

From [16 - 24] hours (Night time):

The last 8 hours of the (load graph shown in Fig. 2 Graph 1)semsethe nighttime, where the load reaches its
lowest value (L00KW to 80KW). The Battery system is connected to deliver stable and continuous power thro
the night using the stored energy from the PV system during the daytime. As a result, the B&ttérigS2 Graph

6) decreased from 56% to 20% during the 8 hours of nighttime.

Grid -Islanded Mode (G M):
From [0 T 6.3] hours (Battery charging):

The output in Fig. 3 Graph 4 shows that DG operates at a minimum load MLF (30% to 40%) of its rated po
400KVA to provide stable frequency and voltage references for ourtigddPV solar system for power
synchronization. During the 6.3 hours, the PV system (Fig. 3 Graph 2) produces enough power to simultanec
meet the load power consumption and chargebtteery (Fig. 3 Graph 5) with high stability and efficiency.
TheBattery charge Powerepresents the extra energy of the PV system produced throughout the day, which
go up to a maximum of 252KW (Fig. 3 Graph 5) or even higher to increase the b&x@ifyodn 29% to 89% (Fig.

3 Graph 6) During the 6.3 hours.
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Figure 3 Grid-Islanded Mode Simulation Results.
From [6.3 - 8] hours (peakshaving):

During the peak demand period, where the load power consumption can go from 250KW to 300KW for 1.7 ho
the PV system power shown in Fig. 3 Graph 2 drops due to unforeseen weather conditions. The battery cha
process stops (Fig. 3 Graph 5). So, the Battery system power, can be incorporated to support the PV ( peak st
technique) to provide a maximunower of 56KW (Fig. 3 Graph 3) during 1.7 hours, which reduces the Battery
SOC from 89% to 84% (Fig. 3 Graph 6) without drawing additional power from the DG.

From [8 - 16] hours (PV-DG synchronization performance):

The PV system power (Fig.3 Graph 2) stastecreasing, referring to a rainy day, evening time, or just a clouc
passing during the daytime because, as we can see, the system load is still relatively higher than 100KW.
result, the DG (Fig. 3 Graph 4) will respond quickly to the PV power fatimn and keep providing continuous
energy for the system requirements.

From [16 - 24] hours (Night time):

The last part of the graph represents the 8 hours of nighttime, where the load power consumption reaches its |
value (100KW to 80KW). Thus, tHaG (Fig. 3 Graph 4) is disconnected and the Battery system is connected (Fi
3 Graph 3) to deliver stable and continuous power with a maximum value of 200KW through the 8 hours of ni
using the stored energy from the PV system during the daytimeh wddaces the battery Soc from 84% to 50%.

The Two Modes Comparison:

Based on the simulation results and the two system comparisons presented & it ahfebe concluded that both
systems can maintain and ensure the continuity of the supply. Mordmibrsystems have advantages and
disadvantages considering the five comparison factors given in 3ableere the most considerable advantages
for GIM are the battery charge time and the reliability control and supervision. On the other hand, GCMhas be
PVs exploitation and bidirectional power flow which can reduce the cost with the net metering by selling exc
power to the grid facility. However, in this study, the most crucial factor to be considered is the reliability a
supply continuity of ousystem which make theIM more efficient and suitable choice due to the relative ease of
supervision and control management to eliminate unexpected interruption from the main grid regarding the
and the bidirectional power flow. This last, can be impbby implementing more advanced technology and
resource optimization technics.
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Table3. Grid-Connected and Gritslanded Mode comparison

Comparison factors

Connected mode (GCM)

Islanded modeGIM)

Battery charge time

PV exploitation

Bidirectional power flow

Reliability

Daily cost

During the daytire, the battery charge pow
relies on the PV's excess power, which me
that the load power consumption w
determine the battery charging power.

100% of PV power can be used all the time,
PVs extra energy will be used to charge
battery, or it can be sell back to the grid facili

In GCM, the system can take power wh
needed or inject it and sell it to the grid facili
when the battery system is fully charged.

In GCM, our system reliability will be directl
linked to the main grid reliability, which make
the system supervision very challenging ¢
vulnerable to unexpected power intercepti
from the grid facility.

In GCM, we are only charged for our pow
consumption from the grid. Additionally, An
excess power generated by our solar panels
be fed into the grid and credited to our acdo
(net metering).

During the daytime, the DG will constantly supg
the load with 30% to 40% (MLF) of its rate
capacity. Thusthe PVs can provide more power
charge the battery even faster.

Only 100 % of PVs poweran be used to charge tt
battery; otherwise, PV power should be reducec
Lp >= 30% Pdg + Ppv

In GIM, the MG is disconnected from the gri
Hence, no power can be sell to the main grid.
extra power can only be used to charge the bat
Otherwise, the system's power must be reducec

In GIM, the system reliability only depends on ¢
DER's reliability; thus, giving us more coat and
supervision of our system performance ¢
reliability.

The DG power production dilly cost can va
depending on many factors such as the cost of d
fuel, the generator's size, and the maintenance
However, running the DG with 30% to 40% all d
to provide synchronization referencetfars to the
PV and the battery will increase the bills.

5. CONCLUSION

A case study of the load profile and power consumption estimation of some buildings in our institution (IGEE) v
used to test and illustrate our EMS algorithm's performance und@iL®B Simulink. Handling peak demand
while maintaining a reliable and continuous power supply in both modes was the primary goal of our study.
obtained simulation results showed that both systems can maintain and ensure supply continuity with eompa
advantages and disadvantages for each, which makes favoring one system over another vary depending on the
criteria. In our case study, supply continuity was prioritized over all the other ¢rilegpite the cost and net
metering limitations. Hete, the relative ease of control and supervision in the GIM makes it a more suitable a
reliable choice based on our usage benchmarks.
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Abstract: In this paper we're going to discuss the application DC nano grid in a harbor, to charge small
recreational boats and exchange solar engetlyeen the boats. The main problem is the fact tha
harbor is quite large, and the charging power at the end of the line could be comparative
causing a large voltage drop across the line. Furthermore there should be the possibility taee
solar energy between the boats. Therefore we looked for a DC nano grid solution where we ¢
the voltage drop across the line. The DC nano grid allows us to charge the boats, and also a
to exchange energy between the boats. The conttbisoDC nano grid is based on a voltage ba
droop control. This allows us to exchange energy between the boats and to control the
charging depending on the amount of available energy available in the DC grid. Solar pt
available on most dhe boats and is also used to charge the boats and via the DC nano grid a
to charge the surrounding boats.

Keywords AC grid, DC grid, DGNano grid, Caspoc, corrosion, Ssalfistainable
E 2023 Published by ECRES
Nomenclature

AC | Alternating Current
DC | Direct Current
PV | Photovoltaic

MPP | Maximum Power Point
SoC | State of Charge

1. INTRODUCTION

To make small recreation boats more energy efficient and environmentally friendly, users install solar panel
their boats. But often enough nothing happeitk the excess energy that is generated by the solar panels. It woul
be useful if the boats could utilize all this energy or return the excess energy to the grid.
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Currently the boats are charged from an AC grid wall connection, but because of tledengdhere is a sincere
voltage drop along the line, making it impossible to charge the boduseatd of the harbor.

At the dock in Vlietstreek at Laakhaven in The Hd@lieNetherlands, there is space for a maximum of 150 boats,
which are currenthcharged from the public AC grid. Most of these boats have solar panels for charging the
onboard battery. However, when the battery is fully loaded, there is excess of potential solar energy, not b
utilized.

A DC-Nanogrid could be useful in this sition, as it allows bidirectional power exchaj@eThe excess solar
energy will be used and redirected to the grid by using thisfNeGogrid. The main idea is to create a sustainable
DC-Nanogrid on every boat moored in the Laakhaven. This system caatepetependently of the main power
grid. Furthermore, the boats can charge each other if needed and deliver the surplus power back to the mair
so a larger extended BRanogrid will be created.

In section 2 we discuss the problem of voltage dropeéncurrent AC grid, for which we introduce an alternative
system architecture in section 3. In section 4 the concept of the DC grid is explained, which is first simulate
section 5. In section 6 the demonstrative setup is shown, which is build insideczd.

2. CURRENT SITUATION
Currently the Vlietstreek has a dock with a total of 150 docking places shown in Figure 1. All of those docki
spots have available wall sockets for each boat to plug into. At the start of the dock there is a main bteaker

which carrybds all the power from one wall socket
Figure 1 the path of the dock is shown by the white line drawn on the photograph taken from above.

(A P TR i U"Inau
i

Flgure8 Docking o the Vlletstreek (Google mapEr)aln grid (white), 15m(blue), 115m(red) 215m(I|ght blue) 315m
(green).

Currently at the Vlietstreek there @aheeemain issues with the system:

1. Voltage drops from 230 Volts at the beginning of the distributiontbrier5 Volts at the end of the line.
2. No power congestion management in the system, and no exchange of energy.
3. Charging more than two batteries, will trip the main breaker.
4.
A. Voltage drop

In Figure 2, a graph with corresponding colors and distancespkged theseare15 meters (blue), 115 meters
(red), 215 meters (light blue315 meters (green). The graph shows 4 different measurement points at differe
distances from the main breaker ufitthis simulation instance 3 boats where plugged in adt®rs, 215 meters
and 315 meters to simulate a real life scenario of people coming to the Vlietstreek and charging tf&ir boats
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Figure 2. AC voltage drop. Figure 3. Charge power depends on the henof loads connected.

Assuming that at the start of the dock there is a 230V RMS value. In Figure 2 (light blue) there is a notices
voltage drop at 21%neter The voltage at this measurement point is 210V RMS which is 10 percent lowel
Furthermore aB15metera voltage level of 175V RMS is shown. This is dangerously low and is not allowed onl:
a 10 percent deviation is allowed according to NEN.O norml].

A too low of a voltage is not safe for the battery, as for the same power level the cwekinickeases. This will
create excess heat on the battery which is dangerous. The main reasons for the big voltage drop is, when bo
docked and plugged in a wall socket, the battery wants to instantaneously fully charge and draw full power. W
multiplelargerl oads are connected, t he i mpedancedsThioldng t h
line, with high current demand, develops a large voltage drop across the line.

B. Power congestion

At the Vlietstreek the flow of energy is nggulated, This means that the PV solar energy generated by all th
boats cannot be stored or fed back to the grid. In practice this means a lot of wasted energy. Currently the Vliets
has a 3 phase 230V voltage 16A line coming out of the main breakehis equates to 11kW of maximum power
rating for the breaker. It is assumed all the charging poles are equally divided over the 3 phases which means
pol e canoét handle more than 2 boats at a ¢pomds. |
shown(red) and the power delivered to the boats is shown (hlo@king at Figure 3, 1 Boat is plugged in at 38
minutes so in the graph it shows a peak to 2.3kW (blue) plugged in, the value 2.3kW was taken from the surve
took at the Vlietsteek.The redine in the graph shows the maximum allowed power of the circuit breaker whict
is a 3 phase 16A fuse, which is a total of 5.7kW. At 70 minutes 2 other boats are connected to the system so «
of 3 boats are plugged in to the system. Laogkit the blue line it shows crossing the red line, meaning the circuit
breaker trips leaving the system powerless. The circuit breaker trips because the power goes above the al
5.7kW, to a total of 6kW. This is because the power is not regulatbd Bystem.

3. SYSTEM ARCHITECTURE
The DC Nano grid at the Laakhaven, The Hague is dividedthréemain parts as shown in Figure 4

1. The main distribution line will be converted from 230V Alternating Current to a new 48V Direct Current grid.
2. Boatto boat power distribution in the 48Vdc line through the charging stations.

3. Creating boat setups which can bidirectionally charge boats or feed it back in to the grid using only available
the shelve products.
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Figure 4. System overvievthe greedine includes the 350 volt DC grld W|th bldlrectlonal conversion to the 48 volt DC grid.
4.DC GRID

To overcome the voltage drop problem and to be able to exchange energy among the boats, a DC g
employedb]. A DC grid with a nominal voltage of 350Y{avas installed for the power distribution in the harbor,
seeFigureb. Inside each boat a DC nagad of 48 volt is designed and coupled to the 350volt grid via a commercia
available Buck or Boost converter with contactor, Sgere6.

BEETPTY Nuew Ot °C Qwe 35bv

DC Grid
= > = . - Boost Contactor
350V
Buck
v
Contactor

Figure5. 350 Volt DC grid Figure 6. Coupling DC grids.

The 350 volt DC grid is continuously powered from the wall power connected to the AC gridnithisational
connection provides power to the 350 volt DC grid, whenever there is power demand on the DC grid. The AC
convertef6] is simply maintaining the 350 volt on the DC grid by simple voltage control. No further drooy
contro[7] is implemented he. The 48 volt DC nanogrids inside the boats are simply powered from the 350 va
grid or from the onboard battery. Depending on the state of charge [SOC] of the battery and the amount of avai
solar power as well as the power demand on the bodt ttemle is bidirectional power flow between the 350 volt
and 48 volt grid.

If the battery is not fully charged and there is no solar power, the 350 volt DC grid powers the 48 volt grid via
Buck converter, from which the battery is charged and theamoads are powered. If the battery is charged and
there is excess solar power, this energy is returned from the 48 volt grid into the 350 volt grid using the B
converter. The two contactorskigure 6 control the power transfer.

The final droop cotrol is implemented in the battery charger, Bepire 7. Depending on the amount of solar
power, energy from the 48 volt DC grid is used for charging the battery according to the droop characteristi
Figure 7. If the battery is fully charged and thiretill excessive power, it is transferred into the 350 volt DC grid
via the contactor and Boost converteFigure 6.

Nearby boats, still charging their batteries from the 350 volt DC grid are then using the energy from the boat w
is feeding baclnto the 350 volt DC grid. This amount of power does not have to be delivered from the wall A
grid, giving two main advantages

1. Less power from the main AC grid is required and solar power is shared among the other boats

2. Less voltage drop, as thewer is no also coming from the nearby boats.
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Figure 7. Droop control for battery charging. Figure 8. Solar panelpowerat the harbor during 202and 2022until
April.

5. DG-SIMULATION

The DC simulatio[8] gives an indication of what the nesystem should look like and the solution for the
Laakhaven. With the simulations made, the values of the components can be chosen, for a realistic use for the
in the Laakhaven and for the demonstrative test.

A. Droop control

The simulation of the D@art is done using the droop control of the DC/DC converter of 350V/48V or 350V/24V
A droop control should adjust the voltage output so that the system stabilizes, whatever the input \ltgge is[
A DC voltage above the nominal value causes it td fesck to the D&yrid and a DC voltage below the nominal
voltage of the battery causes the voltage to be compensated with 1Beid@grid

B. Solar energy Laakhaven

The solar panels cannot provide constant energy, this can be due to the placemerntiaf tameals on the boat,
shadows and location. A research has been done on the generated energy at the location laakhaveR.itn Figt
can be seen that in 2021 in there is about 497kWh of solar energy generated at the location Laakhaven. This
is used during simulation to give an indication for the new boats.

C. Simulation design

The simulation schematic showelowin Figure9, is a design of simulated operation of DC Droop contfdie
simulation is divided into 5 parts. The red part is theddi@ of 350VDC. The blue part is the B@C converter of
350/48 or 350/24 with droop control. The yellow area is the battery. With the battery, there isD© &Dverter
placed of for example 24/24 VVDC for a stable power supply, because the droop mostragceive voltage at both
ends to work in the simulation. Otherwise the simulation will not work. The green part is solar panel with the MI
The solar panel is set with the data from Figure 7. TheD@Xonverter at the load provides a stable poweplgup

so that the equipment is not damaged or does not get enough voltage.
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Figure 9. DC simulation of the Droop Control.

6. DEMONSTRATION SETUP

A test set up in the laboratory was build, B&gire 10 andFigure 11, according to the simulation schematiorfr
Figure9. Figurel0shows the 3D rendering of the setudpich represents the a installed installation on a, lvdaite

the final implementation is shown Kigure 11 on the right.

Figure 10. Solar inverters, chargers and batteries Figure 11 Test set up (left) and final application
(right)

The final schematic for the setup is shownFigure 12. Here contactar are used to connect the commercial
available inverters and chargers to the DC ghiith the four states in witch the contactors can be switched from a
microcontroller, charge mode (grid and PV), return to grid mode (PV only), return to grid modey(Battd?V)

and fully charged mode (staiadone).
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Figure 12. The four onnection diagramwith contactors to control the DC grid operatlon

7.CONCLUSION

Using commercial available solar converters and battery chargers, a DC Nano Grid was build, tecteatienal
electric boats. In the harbor is a 350 volt DC grid where the boats connect to. Each boat has an internal 48 vo
grid. Using the contactors, power management was implemented, although droop control was not possible
the commercially aailable chargers. The droop control was implemented in the onboard 48 volt DC grid for tt
battery charger and the onbododds. Excess solar power can be delivered into the 350 volt grid to charge batteri
on other boats, and thus saving energy fromniaén AC grid wall connection. Using commercial available
components it is possible to build power management systems with a minimum droop control functionality. T
enabled two of the main goals, firstly, power congestion management to avoid congestierwall connection
and secondly, energy exchange between the boats.
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Abstract: In ORC systems, refrigerants are commonly used as working fluids. However, due to the fact
European Parliament is increasingly restrictive towaigksses, new solutions should be sought. ¢
of the ideas is to use hydrocarbons as working fluids in ORC systems. This paper presents tr
of experimental studies of a small ORC system using propR®©0a as a working medium. Tt
results show that isobutane is well suited to work in ORC mygstand the efficiencies obtained
heat exchangers can be even higher than with typigasés. The device was filled with 2.6 kg
isobutane and generated electricity up to 0.8 kW. During the experiment, the boiling poi
maintained at a very lovevel of 667 5 C and st i | | quite good
of the ORC system was 4.5%. It is worth noting that compared to the Carnot cycle for th:
temperatures, efficiency is 40%.

Keywords ORC, isobutane, R600a, energy efficignwaste heat recovery

E 2023 Published by ECRES

1. INTRODUCTION

Organic Rankine Cycles (OR@nplement the basic Rankin cycle. However, instead of water, they use othe
working media. This is due to the fact that they work with a much lower temperathesupper heat source than

in a traditional power plant or combined heat and power [ldnThe most popular refrigerants in ORC systems
are: R245fa, R236fa, R227§33,4]. Unfortunately, all these factors have high GWiobal warming potential
[2,3]. As a result, some of them are already banned in new installations, and others will be banned in the col
years. For this reason, device manufacturers are lookirgrfew solution. It becomes natural to wsfigerants
from the hydrocarbongHC) group. While previously used refrigerants were safe for peopleflaonmable and
nonexplosive, hydrocarbons are flammable and explogw®. For this reason, for years they have not been
treated as good refrigerants or as a medium in ORC systems. Nowalagser, the use of HC is becoming more
and more common, in refrigeration (R2R1L270, air conditioning and heat pumps (R29D)8,9]. Therefore, as
part of this project, it was decided to check the possibility of using isobutane-terhgverature ORGystems.
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ORC systems are used to utilize waste heat with temperatures ranging from 70Q0T130€ temperatures can be
also utilized and stored by systems with PCM and TEG [10,11,12], but for ORC system efficiency is an hig
level.

Such lowtemperature range, especially the lower range, would cause steam to wodeipressure even in the
evaporatarFor this reason, lowoiling fluids are used in ORC.

Figure 1 shows a typical ORC system. The device consists of an evaporator, an expander, a regdagrative
exchanger, a condenser and a refrigerant pump

A

turbine

generator

evaporator

temperature

\j

entropy

Figure 1.Typical ORC device

This what should be rememberédring using flammabldluids in sealed devicesand this is the case in ORC
systems, it does not mean that the entire environment, automation must meet the EX requirements. The device
first of all meet the tightness ng@igements. But this is the principté both refrigeration equipment and ORC with
nornflammable refrigerant®o. The only legal restrictiofor such machineis the location of the device. Therefore,

a device in which the working medium is, for exampebiutaeis an amount exceeding 150 grams must be placed
outside the buildinglt should beremindedthat in almost 100% of European refrigerators the working medium is
isobutane, and these devices are located inside builiegause there is less tha&d0lgrams).

2. EXPERIMENTAL SET-UP

The device was built from commercial components. Plate heat exchangers have been used as evaporator, cor
andregenerator. A diaphragm pump with the ability to work up to 200 bar was used, driven by an asynchron
mator. The speed of which can be changed using an inverter. A screw expander (Fig. 2) was used in the tests, \
allowed the output of the generated power outside. Where, by means of a belt transmission, the energy
transferred to a DC generator. Figleshows a diagram of the measurmmgparatus|t consists of three sub
systems: the proper ORC system, the system simulating the upper heat source and the system simulating the
heat source. In the proper ORC system, pressures and temperaturessaredriaetween all elements of the device.
On the other hand, in heat source systems, temperatures and streams of the flowing medium are measured
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Figure 3. Experimental setup schema
(T-temperature measurementpiessire measurementfliow meter, eelectric power meter
EM-electromagnetic valve, ZZheck valve, Z5 service valve)
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Figure 4. Experimental setip

The test stand allowdo:

=A =4 =8 -8 -8 =9

Work with or without regenerator;

Changing the temperature of the upper heatce;
Changing the temperature of the lower heat source;

Changing the stream of the medium flowing through the upper heat source
Changing the stream flowing through the lower heat spurce
Adjusting the speed of the refrigerant pump in the ORC

3. RESULTS

In previous publications, it was estimated that for a finite heat flux on the side of the upper heat source, the gc
not to achieve the highest system efficiency values, but to achieve the maximum gesiectiiegower[6]. For

this reason, it washecked how the system would behave for various operating parameters of the upper heat sol
The system was tested in the mode of operation with the regenerator and operation without the regenerator.

The operation of the system without a regeneratdreisimplest possible cycle implemented in ORC systems. On
the other hand, the use of a regenerator enables the transfer of part of the enatyy lireiefore the condenser
to the line before the evaporator.

Figure5 presents the temperatures measurdiade upper heat source for both cagégure6 shows the power that
was obtained in the upper heat source

ternperaturs, C
o
a2

%0

=
o

e

-~
-

~
=

2

o
o

)

T e

P
Py ~

A et s, T ¥ T v ™
af\ww‘.

= Haat sourte - Inlet
heat sowrce - outlet

WVARCEAtION Tringwratuiv

4000 4250 4500

3750

time, s

3000 3250 3500

temperaturs, C

= Haet sourte

W i Frih .';‘\lf‘\'v il il Y
\ ‘a"~/“; ’
:"?‘;".N

M,«W’

PSS
| A" e —
———
/"’,..—

inlot
heat sowrce - outiet
WVARCIATION THIngwr atuiw
—r ~— - — + -
2500 2730 3250 3500 3750 4000

time, s

3000

Figure 5. Temperature change in evaporator
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Figure7 shows the measured isentropic efficiency of the expander. The obtained value is around 40% for the sy
without regenerator and 45% for the system with regenef@iure8, in turn, shows the results obtained for the
power obtained in the expanddhe obtained values oscillated between 500 and 600 W for the system without tf
regenerator and reached almost 800 W for the system with the regenerator
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Figure 9. ORC Efficiency
(without regenerator left side, with regeneratdr right side)
* according to evaporation/condensing temperature
** according to heat sources temperatures

Figure9 presents the obtained efficiency values of the entire ORC system. The measured value for the sy
without regenerator oscillated between 3 and ##tile for the system with regenerator this value was stable at
4.5%. The graphs also show the Carnot efficiencies in order to illustrate the limits of the system's capabilities
such low temperature heat sources. Since the evaporation temperatdsdibeately kept low in the system, the
Carnot efficiency was shown in two ways. The first is related to the vaporization/condensation temperature
isobutane. The second is related to the temperature of the upper and lower source at the inlet extiahgars
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Figure 10. Carnot efficiency
(without regenerator left side, with regeneratdr right side)
* according to evaporation/condensing temperature
** according to heat sources temperatures

Figure 10 presents the efficiency results in refatito the Carnot cycle. This parameter is often used to compare
different circuits. Here, too, the comparison is presented in two ways.

4. CONCLUSIONS

As part of experimental research, it was possible to obtain the results of the operation of the @R@itevi
isobutane working medium for a system with a very low temperature of the upper source. The boiling point wa
the range of 60 to 8. It has been proven that this solution has great potential for using this device in commerc
solutions. In tke ORC system without the regenerator, efficiency was achieved at the levé&gfeéhd with the
regenerator at the level of 4.5%, which confirms that the use of regenerators can increase the efficiency of the d
by 28% (for the upper source temperatairlevel85 C). The use of the regenerator did not reduce the amount of
heat in the upper heat source, but it increased the efficiency of the expander and allowed for highmstpotver

on the expander.
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The disadvantages of the tested device include the efficidritye @xpander a value of 4660% was achieved,
however, this is caused not so much by the construction of the expander, but by too low rotational speed tha
achieved in the experiment. At higher speeds, the results should improve the resultstofetisgstem
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Abstract: As solar energy has become increasingly popular around the worlejirdity PV panels have bee
developed. Modeling and identification of solar cell parameters must be accurate. The
renewable energy is a major factor meiieasing energy potential and protecting the environme
many countries. Solar energy accounts for a significant share of renewable energy. In order
an increase in production costs, the issue of increasing the efficiency of photocells heaagenta
It is crucial to correctly evaluate solar cells' parameters to determine their efficiency. Experi
data on polycrystalline silicon solar cells are presented in this paper. The results of the sin
experiment of individual solar cell:d polycrystalline cells via the NI Multisim simulator a
presented.

Keywords Solar sell, photovoltaic, Fill Factor, CurrentVoltagecharacteristics
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1. INTRODUCTION

In recent years, there has been increasing scientifiesttar the efficient use of solar energy to prevent the cost
of manufacturing photovoltaic converters from increasing. To this end, new dilismd structures have been
introduced to reduce optical and recombination lossi3].[1n the production of phiovoltaics, it is crucial to
accurately calculate the parameters that characterize the solar cell. One of the most important parameter
determine the efficiency of a photoelectric converter is its cuk@tdge characteristic. It is therefore esgeib
study solar photovoltaic parameters such as sait current (SC), ndoad voltage (VOC), fill factor (FF), and
the efficiency of converting solar energy into electricity [5].

Silicon is the most commonly used semiconductor material in sdlardee to its high efficiency, low cost, and

long service life. Manufacturers of silicon solar cells offer warranties of more than 25 years if the cells produce
average of more than 80% of their maximum power [6]. However, other semiconductor mstiehads cadmium
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telluride (CdTe) are also widely used in solar cells. While CdTe solar cells are less efficient than silicon solar ¢
they can still be effective under certain conditions [8]. Additionally,-tifim solar cells are commonly used in
practice, and they are made by depositing one or more thin layers of photovoltaic material onto a substrate mat
which is often glass, plastic, or metal.

Recent research has found that one way to increase the efficiency of photovoltaic cells isify staltkayer
semiconductors, similar to how solar cells are made. Each layer has its own frequency band, which enables
absorb a different part of the solar spectrum and make more efficient use of solar energy. For ihsiayee,
solar cells ca achieve efficiencies of approximately 40% [5]. While the manufacturing technology for these cel
can be challenging and expensive, photovoltaic materials become more efficient as light becomes n
concentrated. Therefore, higher overall efficiency lsamchieved with concentrated photovoltaic (CPV) cells and
moduleg4,7].

A recent study published in the journal Energy & Environmental Science found that the use of nanowires
photovoltaic cells could significantly improve their efficiengy. Nanowires are tiny, wirdike structures made of
semiconductor materials that can be used to capture and transport electrons in a photovoltaic cell more effici
than traditional solar cell materials. While nanowiiased photovoltaic cells are still in thepermental stage,
they show promise for improvirgplar energy conversion efficiency

2. THEORY

Shortcircuit current (SC) is the maximum current that a solar cell can produce undecishgattconditions,
meaning that the positive and negative termiélthe cell are directly connected without any load. The short
circuit current is directly proportional to the intensity of the incident light and the active area of the solar cell.

No-load voltage (VOC) is the maximum voltage that a solar cell can peoghen there is no current flowing
through it, or in other words when it is operating in an egiecuit condition. The ndoad voltage is directly
proportional to the energy of the incident light and the type of semiconductor material used in thélsolar ce

Fill factor (FF) is a measure of how effectively a solar cell can convert sunlight into electrical power. It is defin
as the ratio of the maximum power output of a solar cell to the product of thecshoitt current and the open
circuit voltage. e fill factor is affected by factors such as the electrical resistance of the cell, the presence
defects in the semiconductor material, and the uniformity of the cell.

The efficiency of converting solar energy into electricity is the most importaatreaer of a solar cell. It is the
ratio of the electrical power output of a solar cell to the energy of the incident light. The efficiency is affected
several factors, including the spectral response of the cell, the thickness and quality of thedsietoicoraterial,

and the design of the cell. Increasing the efficiency of solar cells is essential to reduce the cost of solar energ
make it a more competitive alternative to fossil fuels.

The pn junction, which is formed by placing pnd nrtype seritonductors in close contact with each other, is a
crucial component of a photovoltaic cell. The electric field created at the border ehthegtion accelerates
minor charge carriers, which generate drift currents, while the main charge carriergiffesion currents [4].

R .5 Nl 2 " e
a) b)
Figure 1. a) currentvoltage characteristic of a séconductor diode at a4 junction, b) currenvoltage characteristic of a
diode manufactured by Toshiba (1BH62), taken in the National Electronics company's Multisim simulator
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In the theory of semiconductors, it is stated that the cuw@tige charactestic of an idealy € junction is
described by the Shockley equation [4]:

W 0 Qok— ph (1)

where e is the electron chardg®, is the Boltzmann anstant,”Yis the absolute temperature. Since at room
temperaturgthe thermal voltage iss— 18t ¢, ¢herefore, at positive voltages greater than 0.1 V, in equation (1)

the right side in brackets can be neglected compared to the exporentidl. in the case of nepolarity, on the
contrary, the exponential term can be neglected, comparing it with 1. We conclude that with reverse polarity,
tail current, which is created by minority charge carriers, is practically independent of thye \asitnge and is
equal to the saturation current. The expression jpnction open athe direct current” is derived because a
relatively large currentlows through it. On the other hand, with reverse bias, the current is small, anehthe p
junction is gid to be closed. The value of the reverse voltage at which the reverse voltage is zero is called the ¢
voltage.

At a certain value of the reverse voltage, an electrical breakdown gf the junction is possible. fid. a) the
currentvoltage charaeristic of the pn junction is shown. which is ndmear. Thenonlinearityof the light source

is such that the direct and reverse are significantly different from each other. This means that the properties c
p-n junction change dramatically wheretpolarity of the external voltage changes. In other words -thieipction

has unidirectional conduction.

Table 1. Dependence the open circuit voltage to temperature

N| EhA | e Al = [ K [0, 1V
1 300 | 0.27

2 200 | 0.36

3 500 | 0.451
4. 600 | 0.541
519 | 9® |0 750 (0631
6 800 | 0.721
7 900 | 0.811
8 1000 | 0.901

Short circuit current and open circuit voltagehe maximum current and lage of the solar cell. At this time, the
power of the solar battery is zero. One of the important parameters is the "fill faté", which is defined as
the ratio of the maximum power of the solar cell to the produét oandO [6]:

00 —, @

0 1 is goen circuit voltage. It is maximum aatithis stage solar cell current is zero. An equatiorforis found
by setting the net current equal to zero in the solar cell equation to give:

6 —ae- p, ®3)

“Q is Light Generated Current)- Dark Satuation Current¢ - Ideality Factor. So, if we consider tfi@ ‘Q

A,'O o ®e Ag p, we can easily calculate for differenttemperatureftable 1).It can be seen from the data

in the table that the open circuit voltage depends on the saturation current of the solar cell and the light
generation current. In turn, the value of saturation curi®@niepends on the recombination factor of the
semiconductor material of the solar cell.

Theoretical calculations were made lthea standard parameters of crystalline silicon= 350 A6 =0.67 V.

If we consider that the solar cell likes as an ideal diode, the fill factor can be calculated as a function of open ci
voltageo  [7]:
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is normalized voltage.

The efficiency of converting solar energy into electrical energy can be calculated by the fatmeut@nversion
efficiency is calcudted as the ratio between the maximum generated power and incident power:

o]

- — —=— pa@r @

whered "0 JO'@ - the maximum generated powér, 'O  -is irradiance of incident light.

3. EXPERIMENT

Experiments were performed one regular solar cell, found othe market, withthe following characteristics:
sample manufacturérNUZAMAS, dimensions 90x60x2mm, with ared v tcn?, 0 6V,0 &
W. Using the multimeter,we measured , 'O, O (current at maximum power pointf (voltage at

maximum power point) and by changing resiseameasured current voltage at different values of external
resistance.

AsaresultO 1 @e AQ vpV,"0 =34, & ¢€=B9V.Usingthese results fill factor and conversion
efficiency (d) were calculated:

- 0 80 8
00 5 558 ™ p
VB J00 1 VAW p
- - ™o poB
(@] PTTT
Volt-ampere characteristics of the solar cell are shown o8 &jg.
I, pA P, W I, mA; P, mW
60
1 300
0 & e e & & E 60 °
——— e s &
40 - = 0 4
. 2 40 -
30 3 h " 151 ¢ 0 "\
Y P i g 100 o 9 ‘L
o : il "717» cygmo?ooooooooﬂ
10 - S0 0 ooee8S8Eltecee®? hhas s T TN
) \ o 10 0 10 20 30 40
0 1 3 4 f > ’
V. volt = POwer i Current
a) b)

Figure 2. a)characteristics of solar cell manufactured with NURZAMAS/ (L) and PV (2)'0 1 @ve AG LRV,
'O =34 A® €=3,9V; b) characteristics of solar module with the specification of the PV module at STC (1000 W/m
and 250C)0 =50W,6 =182V,0 =27A06 =227V,O=3.1A
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We conducted a comparisorpeximent on the solar modukgth the specification of the PV module at STC (1000
W/m?and 28C):0 =50W,6 =18.2V,0 =27A6 =227V, 'O =3.1 A, Minimum Bypass diode
=12 A, Maximum series due = 10 Rpwer tolerance =-8% (fig.2 b). To calculate the surface area of the solar
cell, we can use the formula:

e 0 J0 P& I
0 =53 e ™

next we can calculate the surface areghefsolar cell:

"0 06 000 op X &I G

U Ut

&

T 1T cay

Finally, we can calculate efficiency:

Ua 66 U Tt
- 6:pnrpnnnpn8) ncqpnrpnnnme B
Thus, b make a comparison between the solar cell with NURZAMAS parameters and the solaa witd&TC
specifications, we need to consider the characteristics of both déMieesolar cell with NURZAMAS parameters
has dimensions of 90x60x2mm and an area of 54 cm2. It has a maximum voltage of 6 V and a maximum pow
0.6 W.The solar module wh STC specifications has an area of typically 1 square meter and is designed to opel
at standard test conditions (STC) of 1000 W m2 a
dependent on the specific model and manufactumsportant caclusions that can be made based on this
comparison arel. The solar cell with NURZAMAS parameters is a sraalile device, suitable for use in low
power applications or in small portable electronic devices; 2. The solar module with STC specificdtsignisd
for use inlargerscaleapplications, such as residential or commercial solar power syseiirise efficiency of the
solar module is less (9.94%) than that of the NURZAMAS solar cell (13%), as modules typically have bet
efficiency due to theipptimized designd. Both devices have different characteristics and applications, and th
choice between them will depend on the specific requirements and constraints of the application.

4. SIMULATION EXPERIMENTS

For comparison, here are three modelsadar photovoltaic (PV) cells, on which a simulation experiment was
carried out in the NI Multisim simulatoA solar cell is represented as an ideal current source with a semiconduct
diode and load resistance connected in parallel.

Two DC power supplieare connected to the model: Virrad represents the illuminated level at which 1000 V
1000 W/, and Vbias allows you to change the offset point for measuring output Culeltage Characteristic.
In a real application, Vbias will be replaced by a |¢igl3).

——1
—s —s
Vbias 11 ! % % U1
=1 oo
u oy e |
:I: T Rsh R Virrad Vbias
— 1000V — 1V
a) b) c)

Figure 3. a) Solar sell model simulation in NI Multisi@. o0& & 0, The reverse saturation curre@ p 1 & 6, solar

cellareaisd0  pcm2 , b) PV cell circuit; cBolar sell connected in series. Simulation model in NI Multisim. The short

circuit current:'O0  od )0, The series resiahce’Y 1@ X , The shunt resistancey p® @ W , The temperature
coefficient of the powefQ m™® T8t Y The number of solar cells in serigs: X ¢
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Figure 4. g) Currenti Voltage(1) and Poweil Voltage (2) characteristics for the individual solar cell; b) Figurdie
effect of temperaturen theCurrentVoltagecharacteristics of the solar cell

Solar cells, like semiconductor devices, are sensitive to temperature. An increase in temperature decreases th
gap of the semiconductor, so the electronic energy increasesol@heell's temerature increase most affected

by the open circuit voltage. The effect of increasing temperature is shdvign hb) andrFig. 5a). In figure 5 b)
present$oweri Voltage characteristics for differetemperaturesp(m v 1O ).

|-V Characteristics for Different Temperatures P-V Characteristics for Different Temperatures

— 10C — 10C

< 20C £ 20C

13 [}

8 — 30C D%_ — 30C
— 40C — 40C
— 50C — 50C

0 100 200 300 400 0 100 200 300 400
Voltage (V) Voltage (V)
a) b)

Figure 5. Simulation modeling ofthe solar module. a) Current Voltagecharacteistics for differentemperaturesb)
Poweri Voltage characteristics for different temperatsire

The fill factor is an important parameter that characterizes the performance of a sd¢fay.@gllt represents the
efficiency of the solar cell in conkting sunlight into electricity, and is defined as the ratio of the maximum power
that can be obtained from the solar cell to the product of the open circuit voltage and short circuit current

|-V Characteristics P-V Characteristics
Current (A) Power (W)
0.8} 30+
06! FF 25 FF
— 0.7 20+ — 0.7
0.4} — 08 15} — 0.8
10+¢
0.2+ — 0.9 — 0.9
5¢
: : : Voltage (V) : : : - Voltage (V)
10 20 30 40 10 20 30 40
a) b)

Figure 6. Simulation modeling of solar moduléY ¢ v0): a) Currenti’ Voltagecharacteristics for different FF; b)
Poweri Voltage characteristics for different FF
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5.CONCLUSIONS

Solar cellp a r a maeépendende orthe photoelectric properties ofemiconductorswas studied. Using
experimental radts, thevolt-ampere characteristic chart was created and from this chart short circuit current, op
circuit voltage, fill factor and conversion efficiency were defined. Polycrystalline Silicon Solar Cell paramete
were calculated theoretically. Theacal and experimental results showed that ordinary solar cells, fouttteon
market, have low fill factor and conversion efficiency and in most cases, they produce less electric current
voltage than according to the model description from the manuéactatasheet. The manufacturer of a PV system
usually provides information on open circuit voltage, short circuit cyreemt maximum power points. Though
knowing specific parameters (fill factor (FF) or conversion efficiency) of PV cells is crucigdefdormance
evaluation, control, efficiency computatio@sd maximum power point tracking of solar PV systems.

Simulation experiments were performed using NI Multisim. The-awlpere characteristic is constructed
individual photovoltaics and for alao panel model (polycrystalline photovoltaic) consisting of sevedavidual
photovoltaics. it is shown that under laboratory conditions the cuvddtatge characteristic of photovoltaics is
similar to ideal.

Finally, it's worth noting that the perfoemce of a solar cell can be improved by using various techniques, such ¢
anttreflection coatingssurface texturing, and material dopifignese techniques can heiprease light absorption
reduce reflection losses, and improve the collection of clangeers.
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Abstract:  Solid-state lighting technology with LED equipment is the principal tool in the energy effici
of public lighting systems. Particularly in Ecuador, state policies establish the exclusive pt
of LED systems frmm 2023, except for special projects. Ecuador has a large amol
biodiversity. National parks rich in flora, fauna, and natural wealth, are protected by intern
institutions and agreements such as UNESCO, CBD, CITES. However, the measure of
efficiency, in general, is the reduction of electricity consumption. In this article, aspects s
the correlated color temperature in lighting in protected areas, light pollution, and reduc
energy quality due to harmonic distortion are consiflea@alyzed, and discussed in additior
energy consumption. It developed measurements of the electromagnetic spectrum of light
The high CCT can change some cycles of ecosystems. Additionally, the research
measurements of light pollutionaim the night skies and a considerable presence of harr
distortion in the electrical network. The use of simulation in the prediction of the behavior o
variables presents an alternative to preserve protected environments and the quality o
supply maintaining energy savings.

Keywords energy efficiency, harmonic distortion, light pollution, LED, environment

E 2023 Published by ECRES

1. INTRODUCTION

The energy efficiency of publitghting systems is a relatively new goal in some cousitoiethe world[17 3].
Regions like the European community have seen this transiii@oie yearaga However, Central America and
South America regions have recently started their chgdfieBcuador, for example, since 2023 ligermined
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that purchases for public street lighting will be exclusively with the use of LED technology except for speci
projects[5].

Efficient lighting is a sulgct analyzed from the technological and design aspect. The first stage of analysis is frt
the point of view of the light sources. The SShlid-statelighting) technology with its greatest exponent, the LED
(light-emitting diod#, is today the most widglused technology for energy saving in lighting without affecting
lighting levels. However, the second stage of analysis discusses the lighting design topic. The lighting design |
be according to the activity and the users. In most cases, standardsGUEHL 15[6] promote recommendations
on the levels that are required in street public lighting.

A great number of naturaéserves in the world for its biodiversity are in various countries of South Anfiéfica
Generally, some international treaties and organizations are responsible for protecting this natural wealt
different countrés. Ecuadgqrfor example, has lprotected nature reservémational parks)[8]. The most
emblematic is the Galapagos National Park. It has national and international protection agreenteatshe
United Nations Educational, Scientific and Cultural OrganizafitdESCQ, Convention on Biological Diversity
(CBD), Convention on International Trade in Endangered Species of Wild Fauna an(CFIdEs), among others

Efficiently lighting in protected areas is a real challenge. Energy efficiency is usually associated with the reduct
of electrical energy consumption. However, in protected areas, different parameters should be considered. Th
a significant influence on night sky polionh, the electromagnetic spectrum of the lighting sources disturbs differen
ecosystems, and the harmonic distortion produces a poor quality of energy in the lighting dimming processes.

2. METHODOLOGY

The parameters of interest are analyzed through measotg in the Galapagos National Park of Ecuador. The
brightness of the night sky was measured using a Sky Quality MeterlSQDL at 2 points with a lighting system,
also having a measurement in an area far from lighting systems as a controlltpe@eletromagnetic spectrum

of the luminaires installed in these lighting systems was measured with a StelarNet UVIR spectrome
Subsequently, using a mathematical approach, its correlated color temperature (CCT) was calaidted.
harmonic distortion was easured with a METREL 2892 power analyzer. In this case, an installed luminaire we
isolated in the laboratory and powered with a LISUN HSRVA adjustable source. The results were compared
with the total harmonic distortiofT HD) of the dimmed luminairat 60% of its nominal luminous flux valuk is
important to measure in the laboratory since THD measurements are sensitive to paréousters such as
temperaturd9]. Finally, through a simulation in Dialux, the analysis of the photometric behavior afcthal
instalation is carried out. A new installation is proposed that allows contributing to the solution of the problems
the parameters of interest, maintaining the lighting service with the required levels.

3. RESULTS AND DISCUSSIONS
Night sky quality

Values ofnight sky brightness' measured ir—— were obtained during 1days andights Temperatures vary

approximatelyfrom 283 during the day to 16 degrees at nigl{see in Fig. 1)The measuring equipment is not
affected by the environment in this teenpture range.
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Ambient temperature in zones of light pollution detection Night sky brightness values in zones of light pollution detection
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Figure 1. Behavior of the temperature in the measurement zones (left). Measured night sky brightness values (right).

Figure 1 shows that the same levels of sky darkness are reachedightry is found that at the darkest point of
the nights monitored in the two sampling areas, the highest val¥eist &% . Which implies a 4.5 on the

Bortle scale or a visibility of the Milky Way with lacks detailshe reference measurement was carried out in a
sector of the national park without lighting close to 3 km in all dioestiand anY value of¢ @ was

observed, corresponding to a scale of 2 on the Bortle scale. That is a visibility of the milky way rich in detail.

Light pollution produced by uncontrolled lighting is affecting the sharpries® might sky in a protectethtional

park on 2 levels of the Bortle scaf@ne of the factors that can affect these measurements is the inclination of tl
luminaires in the system. At the momen tsusuallguysefuito e
meet street lighting levels both in luminance values and uniformities. However, it allows a certain amount
luminous flux to exit towards the sky, which can cause the measured behavior.

Electromagnetic spectrum and correlated color tenperature

The electromagnetic spectrum of 11 installed luminaires was obi@ieedh Fig. 2)It was found that qualitatively
the spectra of the set of luminaires is very similar.

Electromagnetic spectrum of LED luminaires used
in an electrical network of a protected area
1,0t . . .

0,8

0,6 4

0,4 4

0,24

Normalized Radiation power per wavelength

0,0

T T T T
400 500 600 700
Wavelength (nm)

Figure 2. Electromagnetic spectrum of the irltgd LED luminaires, each color is a different luminaire.

To quantify the similarity obtained, tl@&CT is calculated. For thigjivenan electromagnetic spectrign _ , were
_ is wavelengththe prametersy, &, andd mustbe found according tBgs. [£3].
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Then,calculate thevandwparameters usinggs. [56]
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Finally, using equatioiq. [7] calculate the TCC.
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Where, @ T@& oG TP Yy ¢ TOoXO o@mm @UepQ v @ip These values are
suggested bji1].

It was obtained that the average C@fthe lumhnaires in nominal operation is 6051akd when they are dimmed

to 60% theCCT is 6218 K According to NOMO031[12], there areCCT intervals where the user can consider that
the color is the same. In this cagey o+¢ L p Fis accepted. Therefore, there is no perceptible variation by the
user in color temperature when the system has been dimmed.

Although for human users this colomperature does not have much influence since it is a transit street, ecosystel
are seriously affecteld 3], [14]. Several species of invertebrates, bats, and turtles can be affected by the bl
radiation of LED luminaire$14]i [17]. Figure 2 clearly shows an important load of blues represented in CCT:
greater than 6000 K. Thcan significantly affect the haal functioning of ecosystems on national parks.

Power quality in dimming

Power quality is one of the main problems when using LED techn@l®jyLED luminaires need to convert AC
voltage to DC. The driver is the element that is in charge of this conversion, but it introduces harmonics in
network. One way of quantizing is called Total Voltage Distortion (THDv) and the other is Total Custenti@n
(THDi). In the dimming process, the light emitted by the luminaire is reduced and, in general, its power is &
reduced. This dimming can alter the energy quaiityre electrical network.

From the measurements obtained, it is observed thegdated power the amplitude and order of harmonics
increase. Figurd shows the increases in THDv and THDi during the dimerization prota&scauses a greater
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deformation of the current wayvihe reference were the signal of nominal power voltage anehtuneet in Figure
3.

Noliage behavr o Basction of sase Curron 1 s bor i Posction of e

Figure 3. The red line is voltage signéeft) and current signal (rightyvith the harmonics in nominal power. The black
signal is fundamental voltagkeft) and current (right) at 60 Hz frequency.

A total harmonic distortionfovoltage for nominal and reduced poweri§9% Both nominal and reduced power
arecomplying withTHDv according tdEEE 519[19].

N oliage behavor o Baaction of Sane Currout belvas bor (o havctas of e

Figure 4. The red line is voltage signéeft) and current signal (rightyith the harmonics imeducedpower. The black
signal is fundamentaloltage(left) and current (right) at 60 Hz frequency.

The THDI of nominal power is 46.5% ar@iP.17%for reduced powelThe luminaire at nominal power presents a
distorted current wave (see in Fig. 1). However, when its power is reduced, its amplitbdettofd harmonic
increases by around twice, causing a greater distortion of its current (see in Fig. 2). It is known that the main e
of the third harmonic is increaséhe current in neutraline which results in higher current and losses in the
distribution network.The organizations in charge of managing lighting systems must be aware of the number
luminaires installed per circuit to comply with the regulations, especially with dimmer or reduced power

Lighting design proposal

The street lightinglass is M6, according to the criteria contained in the I3E6]. A roadway R3 is considered
with a coefficient reflectancef q0=0.07, with two lanes of 7maa According to Table 1, the two installations,
the current one and the proposed one, comply with the requirements demanded in CIE for class M6. Howeve
proposed installation presents better efficiency in the LED luminaires. With the existingirtfarst, the luminous
flux can be lowered with the proposed luminaires (2Bpand at the same time meet the lighting quality criteria.

Tablel. Installation arrangement and lighting performance for each stage

Street Arrangement Lighting performance

Luminous . Lav TI

Sta TCC flux L\L;Vg?;'f Efficiency Height Overhang 220E EeonoTh [ cd/ uo - ul [%6]
® K] (Luminaire) [W]g ImwW]  [m] [m] [ /ng [m? 6 6 06 0
[Im] 0.30 0.35 0.40 15

Actual 6000 4672 44.0 106.2 8.250 -0.650 15.0 0.5 0.38 0.37 04 8
Proposec 2200 2960 23.9 123.8 7.482 -0.650 0.0 0.5 0.3 0.47 0.43 10
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4. CONCLUDING REMARKS

The results and the preliminary analysis show that the parameters of interest of the installation are a clear affec
on the ecosystem of the natlpark and the quality of energy. The electromagnetic spectrum of the installed LEI
luminaires and the position of their installation affect the biological cycles of some species and also the pollu
of the night sky. The dimming process reduces the pguality of the electrical network. The proposal presented
shows that, by changing the CCT to values | ower |
to 00U, the impact on the ecosyst enycantrdlingghe THDuat theo n
time of dimerization, contamination of the electrical network would be avoidleehs donevhile maintaining the
quality of the lighting system at the required lighting levels.
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field of production and life. By collecting data and constructing atmégsion mechanism, this artic
uses a twaway fixed-effects model to analyse the relationship between digital finance and ind
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regions. Basedrothe findings, the paper offers constructive suggestions to the government ir
of accelerating the process of digital finance and improving industrial green total factor produ
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1.INTRODUCTION

Since the 21st century, with the rapid development of global industifronmental issues are becoming
increasingly prominent and pose a serious threat to plbditth[1]. Considering this backgrounslstainability
mindset has attracted public attention; resources and environment are no longer simply endogenous vari
affecting economic developmefR], but have become the greatest rigid constraints on agonand social
development. As one of the most industrialized countries in the world, & lengironmental problems are a matter
of great urgecy[3]. In addition, Chiné longstanding path of sloppy growth that relies on consuming resources
and pollutirg the environment has endf]. In 2015, China has brought together economic development an
sustainable development, seeing them as driving forces for each lothaslies that the growth of total factor
productivity will become the most significantieing force of Chinés economic growth in the futufé], while
resources will be used more efficiently and the environment will be better protected, thus achieving sustain
economic development.

It is well known thafinance is an importamtartof the economic systef8,5]. However, Chinés financial system

still suffers from a number of problems and pitfalls, and there is severe scale discrimination and owner:
discrimination in the allocation of financial resources. Considering Ghioarrent stagef slowing economic
growth and economic structural transformationproving the quality of China's financial system is an important
part of meeting the needs of society. In recent years, thartke torgency of digital transformation, artificial
intelligence, blockchain and othekgitization skills, Digital Finance has emerged and become a powerful
complement to the traditional financial systfh
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The possible innovations and contributions of this paper are as folliostsbased on the twway fixed effect

model, the impact of digital finance on industrial green total factor productivity is discussed from the perspec
of real economy. Second, on the basis of theoretical mechanism analysis, we explore the intermediary chann
technological inovation, industrial structure and entrepreneurial vitality, and expand the depth of existing reseat

2.THEORETICAL MECHANISM

2.1Direct Action Mechanisms

Digital finance can accelerate the free flow and effective allocation of capital, informatibal, @ligl other factors.

It provides more efficient and convenient financial services for economic agents, thus enhancing the industrial gr

total factor productivity. Based on the above analysis, hypothésigroposed in the following.

Hypothesis 1: The development of digital finance is conducive to enhancing industrial green total factor
productivity.

2.2.Indirect Mechanism ofAction

2.2.1 Technological nnovation

Technological innovation activities are characterized by high risks, long cyclesgridvestment. digital finance
can also bridge the supply and consumer sides, providing direct feedback from codguoderst demand to

producers, which in turn forces enterprises to increase technological inndghtord improve the efficiency of
innovative products to the market. Based on the above analysis, hyp@tisegi®posed in the following.

Hypothesis 2: Digital finance can improve industrial green total factor productivity by promoting
technological innovation.

2.2.2 Industrial Structure

Digital finance can promote the development of Higth industries which have high technological content and
high added value, and their development will also contribute to industrial total factor productivity improveme
Based on the above analysis, biesis3 is proposed in the following.

Hypothesis3: Digital finance can enhance industrial green total factor productivity by promoting industrial
structure upgrading.

2.2.3 Entrepreneurial Vitality.

The rapid development of digital finance provides Hrespportunities for startups to finance and promote
entrepreneurship development. Based on the above analysis, hygathpsigosed in the following.

Hypothesis 4: Digital finance can enhance industrial green total factor productivity by stimulating
entrepreneurial dynamics.

3.MODELS AND VARIABLES
3.1Model Construction
3.1.1GreenTotal Factor Productivity MeasurementM odel

Traditional DEA or SBM models cannot handle the situation that both input and output variables have radial
nonradial charactéstics, so the EBM (EBMased metric) model proposed®ien et aJ7] is adopted. The model

can consider the radial ratio of the target value and the actual value at the same time, and handle the radial an
radial relaxation changes between the immoud output elements at the same time, so as to improve the relativ
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comparability oDMUs. However, when there are multiple input and output indicators, the EBM model measur
the result so that the efficiency value of multiple decision units is 1 athe me, and vertical comparison cannot
be made. In order to improve the comparability of dmu and consider the complexity of the relationship betw
industrial economy, energy and environment, EBM model is further constructed on the basis of EBM mot
including the undesired output EBM model as follows.

p £,BY =Y

v 9% A
v £ By '—>. B TE

3.2Variables Selection

All data are from China Statisticgearbook, China Statistical Yearbook of Energy, China Statistical Yearbook o
Industry, China Statistical Yearbook of Environment, China Statistical Yearbook of Science and Technolo
Peking University Digital Comprehensive Finance Index (No.3 (ZII2). Some missing data are completed
through interpolation. Descriptive statistics of the data are shown in Table 1

Table 1. Results of descriptive statistics of the data

Sample Average Standard

Variable types Variables Symbol : o Minimum  Maximum
size value deviation
Explainedvariable Green total
factor gtfp 300 1.3586 0.5763 0.7639 5.6340
productivity
Core explanatory variable Digital finance dfi 300 5.2193 0.6683 2.9085 6.0683
Technological - - 300 01033 0.0527 0.0202  0.3516
innovation
Mediators Industrial ins 300 0.4055 0.8487  0.0167  7.9231
structure
Entrepreneurial - 300 8.1439 14250 3.7842  10.5976
dynamism
_ Levelof ind| 300 0.4097 0.0807 0.1597  0.6196
industrialisation
Human capital hc 300 9.2360 0.8940 6.7665 12.6811
Infrastructure infra 300 0.0651 0.0559 0.0198 0.2901
Control variables
Foreign trade open 300 0.2743 0.2898 0.0076 1.4638
Environmental 300 12.1034 12.3761 0.0855  110.3387
regulation
Urbanisation urb 300 0.5901 0.1222 0.3504 0.8958

4. EMPIRICAL RESULTS AND ANALY SIS

In order to ensure the scientific and credibility of the regression estimation results, the panel regression moc
selected by using Hausmann test. The results show that the null hypothesis of the fixed effect model. Therefor
choose the fixedfeects model. Panel fixed effect model 1 tests the impact of digital finance on industrial gree
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total factor productivity. In order to avoid multicollinearity of explanatory variables;ugiepgression method was
adopted for variable selection and resgien analysis, and the estimated results were shown in Table 2

As shown in columr{l) of Table 2, under the condition of controlling time and individual fixed effect, only the
influence of digital finance on the total industrial green factor productisitgonsidered, and the influence
coefficient is significantly positive at the 1% level. After gradually adding control variables, the benchma
regression test results as shown in column (7) are finally obtained. Comparing the regression results {fi)colum
with those in column (7), there is at least a positive significance level of 10% except for column (4), although tt
is a specific change in the effect of the size of the digital finance coefficient. In addition, after the introduction
control vaiables, the significance level is improved, which indicates that the total green factor productivity
digital finance industry has a significant impact, and preliminarily verifies hypothesis 1.

Table 2 Resultsof the benchmark regression
Variable Q) (2) 3) (4) (5) (6) @)
0.4435 0.3980 0.4454 0.2150 0.5167° 0.5160° 0.609T

i (1.7987) (1.6970) (1.9104) (0.9459) (2.0114) (2.0056) (2.3425)
indl 7.1522" 6.9360" 6.1887" 6.0105" 5.9725" 6.238™
(5.3602) (5.2361) (4.8572) (4.7546) (4.7046) (4.9134)
he 0.4104 0.3860° 0.3491° 0.3477 0.3306
(2.4436) (2.4044) (2.1857) (2.1730) (2.0756)
infra 6.5791" 6.9832" 6.8676" 8.0403"
(5.0650) (5.3833) (5.1680) (5.5604)
open -0.9678 -0.9748 '0'?_297
(-2.4400) (-2.4515) 0.6456)
ey 0.0014 09015
(-0.4146) 0.4616)
urb 5.34_77*
1.9955)
-0.4980 - - - - - 4 1{350*
_cons (- 3.6388" 7.3727" 6.1651" 6.5248" 6.4707" e
0.5561) (-3.5209) (-4.0085) (-3.4766) (-3.7017) (-3.6551)
1.9929)
Ind Yes Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes Yes
N 300 300 300 300 300 300 300

R? 0.1496 0.2345 0.2518 0.3197 0.3352 0.3356  0.3459

F 45732 7.2128 7.2363 9.2913  9.2192  8.5882  8.3945

Note: *, * *, and * * * indicate the significance levels of 10%, 5%, 486, respectively, and the values in parentheses
are tvalues, the same as in the tables below.

5.CONCLUSIONS And POLICY RECOMMENDATIONS

To promote the development of digital finance green total factor productivityhis papepropossthe following
policy recommendations

First, accelerate digital finance while preventing financial ri€ks.one sidethe construction of financial data

centres and cloud computing centres should be further improved, and the technological applications of emel
financid industries in different scenarios should be promoted to provide guarantees for digital financial service:
the real economy. On the other hand, while vigorously developing digital finance, it is also necessary to gt
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against possible market risks dimital finance, build a digital financial risk prevention and control system with
digital technology, strengthen big data risk control,-teaé risk control and intelligent risk control, strictly guard
the risk bottom line and maintain the sustainable stable development of digital finance.

Second, deepen financial market reform and unblock channels for disseminating the impact of digital finance
industrial green total factor productivity. First, give full play to the advantages of digital fisaoheas low cost,
high precision and convenience, actively provide financial support for enterprises' innovation activities, &
promote regional technological innovation; Second, we will build a financial service platform for the digit:
industry, active} distribute new industries and advanced manufacturing, and optimize and upgrade the indust
structure. Third, local governments can encourage and stimulate entrepreneurship through a series of policies
as fiscal subsidies, tax cuts and supporefarepreneurship.

Third, identify priorities and implement differentiated digital finance development strategies based on lo
conditions. On the one hand, the breadth and depth of digital finance are more important to use in improving
total factorproductivity of green industry than the degree of digital, so the focus of development should be
increase the coverage of the breadth and depth of digital finance. On the other hand, the eastern region shoul
full play to its role as a model andalder, pay attention téqualityd improvement, radiate and promote the
development of digital finance in the central and western regions; The central and western regions sh
consolidate the foundation of digital finance development, focus on indugipiadagion, and narrow the gap with
the eastern regions.
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Abstract: In this paper we explore viability to use expert knowledge driven Explainable Al for heating ¢
using low power loT device with limited computational resouByeincorporating XAl we aim to
provide understandinthe decision made by the model and make it more trustworthy for the ent
The Arduino platformwaschaosenfor 10T development due to itsidespreadise and low cosModel
of heating control was implemented using temperature and presence senskirgy \Bfototype was
benchmarked measuring time between input data and decision making with explanation, to de
if there is a bottleneck obstructing functioning of microcontroller
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1. INTRODUCTION

Power efficiency is a critical factdr-8] in the Internet of Things (loT) due to the widespread deployment of loT
devices and their limited battery life. 10T devices are often small, battemgred, and depleg in remote
locations, making it challenging to replace or recharge their batteries. This requires the devices to be design
be as poweefficient as possible to ensure their longevity and reduce the costs associated with battery replacel
or mainteance.

Moreover, 0T devices typically communicate wirelessly over long distances, which requires significant power
transmitting data. A power efficient 10T device will consume less energy when transmitting data, which prolor
its battery life and ragtes the impact of 10T devices on the environment.

In addition to extending the life of 10T devices, power efficiency also plays an important role in the scalability
IoT networks. As the number of IoT devices increases, the overall energy consumptien naftwork also
increases, leading to higher energy costs and increased carbon emissioneffRoerdrloT devices can help to
mitigate these negative impacts and make |oT networks ermvieonmentallysustainablePower efficiency is a
crucial aspecdf 10T design, as it impacts the longevity, scalability, and sustainability of 0T networks

Deep learning algorithms require specialized hardware and significant computational resources to func
effectively. This is because deep learning algorithnesaosnplex mathematical modelsieural networksvhich

can contain millions of parameters and require intensive computation {@Jtrdihis computation requires large
amounts of memory and processing power, which can be difficult to achieve with t@dtoonputer hardware.

In order to overcome this challenge, specialized hardware, such as Graphics Processing Units (GPUSs) or T
Processing Units (TPUs), are often used to accelerate the computation required for deep learning algorithms.
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In addition tohardware, deep learning algorithms also require access to large amounts of data for training.
data is used to "teach" the neural network to recognize patterns and make predictions. The volume of data u:
deep learning algorithms can also be alehgk, as it requires large storage capacitiediameto gather required
amounts to train algorithms properly

On the other hand, Fuzzy Expert Maps utilizes any hardware capable of running C++ code, does not rec
advanced processing power, data ctibecis not needed[5], because expert knowledge[3][4] is used in the proces:
system functioning is described using rules based @rMAEN sentences whidk a lot less time consuming than
training algorithms with raw data and easily explainable[4][$II6lising computing with words.

2. MODEL

A fuzzy heatingmodelshown in figure 1 wamade with the MATLAB Fuzzy Toolbox package that provides a set
of tools for building and simulating fuzzy models in MATLAB. It includes functions for defining fuzzy sets,
creating membership functions, and building fuzzy inference systems.
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Figure 1.Heating system model in Matlab Fuzzy Toolbox

A fuzzy input function for temperature is a mathematical representation of the membership of a temperature v
to a fuzzy setln the case of temperature, a fuzzy input function repreiemdifferent degrees of membership of

a temperature value to fuzzy sets suchvasy'cold", " cold

, "warm", and "hotas shown in figure.2
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Figure 2. Input function for temperature

A fuzzy input function forpresencés representation of presencevalue to a fuzzy set. In the casepoésencea
fuzzy input functionrepresesit f per son i s Apresento or fAnot prese

Figure 3. Input function foipresence

A fuzzy output function for heatinghown in figure 4s a mathematical representation of the relationship between
the inputs of a fuzzy model and the desired output, in this case, the heating lexaltdatdunction for heating,

the inputs tahe fuzzy modet} temperatur@nd presencere combined using a set of rules that describe how the
inputs affect the desired heating level. These rules can be defined using arbadabie syntax, such as "If the
temperature is cold, then the heatingeleshould be high".

Figure 4. Outputfunction forheating levels
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Once the rules have been defined, the fuzzy model can be simulated to evaluate the outputs for a given set of i
The fuzzy output function then maps the inputs to the outputs, ugimgcass known as defuzzification. The
defuzzification process converts the fuzzy outputs into a value, which can be used to control the heating syste

3. RESULTS AND DISCUSSIONS

eFLL (A Fuzzy Library for Arduino)} a software library thatvas usedor the implementation of fuzzy logic in
Arduino. It is designed to be easy to use and provides a simpleehighinterface for building and running fuzzy
models on an Arduino microcontroller.

To use eFLL for a fuzzy model, the first sigpsto define the iputs and outputs of the model, as well as the fuzzy
sets and membership functions for each input. This information is then used to define the rules that describ
relationship between the inputs and outputs.

Next, the fuzzy model is implemented in thedAino environment using the eFLL library. This invalweriting

code that integrates the inputs and outputs, defines the rules, and performs the fuzzy inference process. The
library provides functions for this process, allowing the programmer t@ fosuhe implementation of the model
itself.

Once the fuzzy model is implemented, it can be run on the Arduino microcontroller and its outputs can be use
control the systemn the case of heating control, the outputs of the fuzzy newdaked to adjst the heating level
based on the inputs of temperature presenceMultiple iterations of reading inputs and producing outputs, as
well as generating verbal explanations were made, with benchmarks how much time it takes to complete
iteration of cottrol cycle. Results are provided in figure 5, in graph describing the time for each iteration.

Figure 5. Time measurements of iterations for control cycle

A total of nine rules were checked during the experiment. Each rule triggered different expsafiaatiba user to
understand why current decision was made.

Twelve iterations were recorded, and time measured. Minimal iteration ran for 39 milliseconds and maxim
iteration took 74 milliseconds to complete. Considering the experiment was running enoAdtho, with 8Mhz
clock results are satisfactory, considering that reaction time is lower than 1 second, so response to us
instantaneous.

Even in a case of more complex scenarios, microcontrollers with similar architecture can be used for exar
ESR32, whichruns at ten times higher clock speeds than Arduino, while eFLL software library and explanati
interface code is fully compatible Arduino family.
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Abstract: Indonesia has a geothermakegy resource potential of 40% of the world's potential and only ¢
of Indonesia's geothermal potential has just been utilized. The spread of various geothermal |
in Indonesia will affect the characteristics of Geothermal Power Plants withediffierocess types
S0 an analysis is needed to compare geothermal process technology and the conditions of t
generation system between flash steam and binary cycle to find out the technology. gec
process and suitable system conditions etlthhendong area expansion location. In this rese:
simulation of double flash steam and binary cycle with regeneration were carried out and the
were then analyzed based on the highest power output and efficiency. It was found that the
flash steam system produces a power of 3125 kW with a thermal efficiency of 89.8%. Mea
the binary cycle system with generation produces a power of 5433.25 kW with a thermal eff
of 8.68%. Based on the simulation results that have been cartjgdeauitability of the process fc
the expansion of the Lahendong Area Geothermal Power Plant location uses binary cycle tec
with a binary cycle with generation system.

Keywords Binary Cycle, Power, Efficiency, Flash Steam, Geothermal Poweit Pla

E 2023 Published by ECRES

1INTRODUCTION

The need for energy use in Indonesia continues to increase in line with the pace of industrial growth and popul
growth. Under these conditions, relying solely on fossil fuels whose reserves are depikting be able to meet
national energy needs [1]. Geothermal energy resources in Indonesia have a huge potential of around 40%
potential worldwide with an estimated reach of 28i§a watt electrica GWe). However, until 2019 based on
data from he Directorate of Geothermal, only 8.9% of Indonesia's geothermal potential has only been utilizec
around 1,130.6 MW. As one of the most potential renewable energy sources, the Government continue
encourage the increase in the use of geothermahdonksia. The government itself targets an increase in
geothermal utilization to 7,241.5 MW or 16.8% in 2025. Efforts to increase the utilization of potential geothern
energy sources by the Government of Indonesia are carried out by establishingr@sddosver Plants through
stateowned companies or by granting Geothermal Working Area (WKP) management permits granted
Independent Power Producei®Ps).
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One of the companies that received direction from the Indonesian government to run a geotbeassing and
project businesss located in the eastern part of Indone3iamohon City, North Sulawesi Province since 2001
hasa total capacity of Geothermal Power Plants currently operated 120 MW consisting of a total of six units w
a capacityof 20 MW each unit and currently plans to expand the Geothermal Power Plants unit seven locate
Lahendong and unit eighicatedin Tompaso to maintain the availability of energy supplies as well as renewabl
energy.The characteristics of the steanoguced from thevell consists of 70% water and 30% steavhich has
been directly injecting hot water from the cooling pool into the eaftie scheme of Lahendong PLTP Unit 3 is
given in Fig. 1.

2.STUDY OVERVIEW

In this study, the data on the operatimgditions of brine in Tablé came from brinevellhead clusteb which is
in Unit-3 Lahendong

Steam Manifold

o

o Separator | Rock Muffler
LHD5
—_—
5 Turbine Unit3

Separator Il

LHD23
— [e)

LHD21 >

Brine Manifold
o

b Process to Utilize

Reinjection Well ¢ |

Figure 1. Lahendong PLTP Unit 3 Scheme

Table 1 Operating conditions on a cluster 5 reservoir [2]

Parameters Value
Brine Temperat@ 180.8C
Brine Pressure 10.23 bar
Mass Flow Rate 624.82 tons/hour

Through this expansion plan, the residual heat in the brine can be utilized to generate electricity before b
injected into the injection well. In unit Bncondensable gasem the brine will be removed usin@ scrubber
before entering the turbine. Thus, the brine that will be used in the expansion unit only contains chemicals dissc
in liquid waste brine.

In this study, itwas analyzel the use othe type of Geothermal Power Rla flash steanor binary cycleto
determine the selection of geothermal generation process technology in the expansion of the Lahendong Ares

3.METHODOLOGY

This research methaslas carried out bgollecing data from geothermal power plants in lahendamgandfrom
journal reference datagiven inTable 1. This data wasused ageedin the Lahendong expansion area.

In simulating geothermal power plant modelsuble flash stearandbinary cycle with generation technolqgy
Aspen HYSYS V11 softwarevas usedT he resultavere then used to calculate the thermal efficiency and power
generated in each technology.
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In addition to calculating the thermal efficiency and power output produced in each simulated PLTP model, si
scalingwere alsoconsidereds one of the criteria in designing geothermal plasiteesilica (SiQ) is one of the
causes ofcalingin geothermal plants. In the analysis of the potential for silica formation, two relevant forms a
used, namely quartz and amorphous silidz corentration of silica in the geofluid produced from the reservoir
can be correlated with the geofluid temperature using quartz solubility as a temperature function so that
calculation of quartz concentration using Qudrtz concentrationpased on reseoir temperature with the
following equation:

0 TAWYMowdg ™IppPXGC PP X PEOTIO )
P& X TIPPTT O
Where,x = the quality of the geothermal fluid on tivein separator

Twine = temperature brine (180)

X1 = qualty of geothermal fluid enterinfiash vesselésecond separatpr

At lower temperatures encounteredaaste brineafter use in power generation, the solubility is controlled by an
amorphous form of silica. With the equations of Fournier and Marsha#pthbility of amorphous silici] :

GOEDN PP OMIP QYUK LYPpTTY VEULXPTTY @
Where, T = brineoutlettemperature (K)
S = silica solubility

Saturated silica concentrations can be analyzed usirgilibe Saturation IndexSSl) as an empirical approach.
SSlindex is the ratio of silica concentration brine and amorphous silica solubilif2]. The equation of SSl,
namely:

Flash system:

“Y"Y"OHY
i )
Binary system:
“Y"Y"OHY
i (4)
Where, $ = silicabrine concentration ithe main sparator
Si = silicabrine concentration irfilash vessel

For the calculation of %nd & are as follows :

. 0 o
. Y
Y oTTe ©)

4 RESULT AND DISCUSSION

The liquid that is separated from the GeothermakdtoPlant uni#3 of the lahendong area still has a high
temperature to be reused. Data were obtained that the temperauastebrinevas 180.8C, with a pressure of
10.23 bar, a mass flow rate of 624.82 tons/hour. There are several types of PLT® gysiesss that can be used
in the use ofvaste bringincludingdouble flash steamndbinary cycle with regeneratiom herefore, a simulation
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of PLTP modeling was carried out using these two technologies to compare the corresponding PLTP technolo
theLahendong area PLTP expansion.
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Figure 2 PLTP Scheme with Double Flash Steam Technology on Aspen HYSYS

Figure 2 is a simulation of Double Flash Steam technology on Aspen HYSYS. Based on the simulation that |
been carried out, databed ortable 2 is obtained with the variable operating pressure of the flash separator th:
gives the optimal pressure to produce greater power.

Table 2 Operating Conditions PLTP Double Flash Steam Technology with Aspen HYSYS with the first Pflashirg of
and the second Pflashing of 2 bars

Flowsheet P(bar) T (C) (¥:r?sslr?oagf)
Brine 10.23 180.8 624.8
Brine Geo 6 158.9 624.8
V1 6 158.9 30.46
L1 6 158.9 594.3
L1 2 120.2 594.3
TURBINE OUT 1 99.59 30.46
V2 2 120.2 46.94
L2 2 120.2 547.4
TURBINE2 OUT 1 99.59 46.94

In table 2, turbine power XHigh Pressure turbine) is 1963 kW and turbine powdrd®v(Pressure Turbines
1162 kW so that the total power produced is 3125 kW. Therefordle flash steanechnology obtainethermal
efficiency of 89.96%. As for th€arnot cycleefficiency in thedouble flash stearsystem itself is 21.06%.

Binary Cycle with Regeneration
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Figure 3 PLTP Scheme with Binary Cycle with Regeneration Technology on Aspen HYSYS

Figure 3 shows a simulation IASPEN H®Y Susingbinary cycle with generatiotechnology using4pentane as
the working fluid. The mass of thepentane in this cycle is 600 tons/hour (166.67 kg/s). Based on the simulatic
that has been conducted, data is obtained basedbles.

Table3. Sinulation Results of PLTP Binary Cycle with Regeneration Technology on Aspen HYSYS

Flow P(bar) T (C) Mass Rate (Tons/hour
A 10.23 180.8 624.8
B 10.23 180.8 624.8
C 10.23 85.2 624.8
1 4 90 600
2 1 64.89 600
3 1 64.89 600
4 1 36.1 600
5 4 36.25 600
6 4 36.29 600
7 4 90 600

In table 3, the turbine power is obtained to produce 5526 kW, while for the pump it requires 92.75 kW of pow
Therefore, this binary cycle with generation technology produces 5433.25kW of clean electrical power wit
Carnot cycle efficiency in thebinary cycle with generationsystem itself of 21.06% and for its thermal cycle
efficiency of 8.7 %. This is in accordance with the literature which showsttteimalefficiency in binary cycles

is in the range of -82%.[3]
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5.RESULTS ANALYSIS

Table 4 Comparison of Electric Power, Efficiency, and SSI Index on Each Geothermal Power Plant Technology
Power output (kW) Thermal

Process System W otme Wiot Efficiency SSI
Double Flash Steam 3125 3125 89.96 % 1.265
Binary Cycle vith Regeneration 5526 5433.25 8.68 % 1.260

By modeling and simulatinBouble Flash StearandBinary Cycle with Regeneratidechnologies using Aspen
HYSYS V.11, the largest electrical power is obtainebliirary cycle with regeneraticiechnology. This iBecause

the use ofBinary Cycleis intended forbrine heat sources that have low and medium temperatures with &
temperature of < 20Q. Binary Cycleitself uses a working fluid that has a lower boiling point and has a higher
vapor pressure than water [4]

In addition, saturated silica needs to be analysed using the Silica Saturation Index (SSI) as an empirical app
considering that the brine used in geothermal power plants contains silica (SiO2) which can cause scaling. E
on thetable 4, it was found that the SSI values in the double flash system and binary system were 1,265 and 1,
respectively. The design of process conditions in the simulation of geothermal power plant research on binary ¢
with generation technology and in double flash istéachnology can still be operated without scaling from silica

since from the experience of some developments in Geothermal Powerplant, it is possible to operate with SSI v
greater than one where in doublel fOazhosys5tems O

6.CONCLUSION

Based on simulation data that has been obtained using ASPEN HYSYS V.11 software, the calculation results
obtained that in the double flash steam system using different variables of first flashing pressure and se
flashing,it was found that in producing the greatest power in the conditions of the first flashing pressure and
second flashing successively by 6 bar and 2 bar by producing power of 3125 kW and thermal efficiency of 89.¢
and SSl value of 1,265. Meanwhile,tive binary cycle with generation system using variable temperatures on th
evaporator, power of 5433.25 kW was obtained with a thermal efficiency of 8,678% and an SSI value of 1,26C

Based on the results of simulations and calculations that have bekrctah the suitability of the process at the
Lahendong Area Geothermal Power Plant expansion site is to use binary cycle technology with a binary cycle
generation system because it produces more power than double flash steam technology.
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Abstract: As global energy consumption steadily increases, research and development of technologies t(
energy challenges flourishes in developed countries. However, this situadiemaioacknowledge th
reality of the most remote areas of the world, and little is known about the problems they face, ol
their energy challenges are the same as those of the rest of the world. Energy Informatics, a st
information systemshat focuses on the analysis, design and implementation of information syste
reduce energy consumption, emerges as a fundamental concept in energy challenges. Nonetheles
energy informatics itself is still unclear and must be adapted hadie@ll existing contexts. This pap
investigates energy informatics through a scoping review to provide a comprehensive definiti
analyze to what extent the term includes the particularities of energy challenges in developing col
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1. INTRODUCTION

In recent decades, he wi despread introducti on o faccesgto bnergy a g i
fundamental part of what is considered decent livigcording to the World Banlground13% of the population,

or 940 millions of people, do not have access to electryatyl]. Meanwhile, he continued electrification of the
world, driven by growing global energy consumption, is puttingsgure on the global systeand he energy
sector facesnany challenges conditioned by political and environmental drivers. The traditional structure of
generation, transmission and distributioalsochanging rapidlyand &ents in recent years, suah the pandemic
caused by COVIEL9, havestressed thglobal energyandscape, witlinprecedented increasia energy demand
worldwide, andwhere fossil fuels accounted for almost 70% of the grd@jthToday, this demand is more than
double the measured rate of growth since 2010. As a result, global-eaktgg CO2 emissions increased by 1.7%
to 33 gigatons (Gt) i2018][3], [4].

Our society's inevitable dependence on a reliable energy supply has made the energy problem a top priority &
the board. Therefore, by 2030, the seventh Sustainahtel@pment GoalSDG7)establishes the need to ensure
universal access to energy in an affordable, secure, sustainable and modern way. At the same time, the Eur
Union has set the loAgrm goal of reducing greenhouse gas emissions 19580 from 199devels by 205Q5],
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under the"The European Green Deal" to achieve carbon neutralityeconomy with zero net greenise gas
emissions Thiscreats the needor decarboniing the energy system while ensuring security of energy supply.

The various challenges described above can only be addressed in oaewtydisciplinary approach, based on
digitalizationto ensureghat bmorrows energy systesareat least as reliable as todayEnergylinformatics (El)
emerges athe main precursor driving all other elemeuitsligitalization El includesdifferentfields of application

that will play a key role in tomorrois enegy system and will be essential in developing countaesdvance in

the global energy challengaitially defined inthe US by6], a s @®&ncérriea Witkl andlyzing, designiramd
implementing systen® increase the efficiency of energiemand and supply system ( p . orignates,from t
the need to address climate crisi$e initial proposal states that there different ways in whichinformation
systems couldhelp solve the problensince thatnitial definition, multiple authors have proposed different theories
and approaches to the term, although it does not appear that these approaches have included the cont
developing countries.

The main objective of this research is to contextudliz@nd define its role in the energy challengeboth
developed and developing countries. The remainder of this study is organized as follows. Section 2 details
methodology followed to prepare the scoping review and summarizes the main resultstofiyrend Section 3
presents the main conclusion and provides some guidance on the role of Energy Informatics in energy access

2. METHODOLOGY

Scoping reviews are an ideal tool to deteiindrthe scope or coverage ofteliterature on a given topic andving

clear indicatios of the volume of literature and studies availadnhelan overview of its focus, which is exactly
what we intendWe follow theguidelinesin [7] for conducing the scoping review(1) identifying appropriate
researh questions, (2) identifying relevant studies, (3) study selection, (4) data charting, and (5) collation, sumrr
and report of results.

Initial research questions

The main objective of this research is to understand IE and analyze its use in developirigscGonsequently,
the study proposes the following research questions:

RQ1: What is Energy Informatics (EI)?
RQ2: In which fields and contexts is the term used?

RQ3:Is the concept of El applicable to the realitydefseloping countries?

Identificatio n of relevant studies

The identification of relevant studies has been performed by searchigthef Sciencand theScopuslatabases
using theermfiEnergy Informaticg as keyword.

Study selection

The criteria used for the screening are: publicatfom® Web of Science or Scopus, published from 2@iEe of

the first mention of Eljo 2022 in English or Spanish, thaiclude definitions ofhe termEl or the aspects related
to it. The screening process was carried out starting with a total ofitfli@giions After removal ofduplicates

the number of items wels’5. Theepublications were subjetd a preliminary review of abstracts and subsequent
in-depth analysisafter which the set of valid publications was reducetbtol he main reasons fecreening were
that no aspestrelated to Energy Informaticaere addressed79 items removed for this reasorgnd that the
definition of EI was not included in the documemthich led to the removal af7 items) The selection of articles
follows the PREMA Statemenf8] and is graphically illustrated in Figufie
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Figure LPRISMA flow diagram for article selection.

Data Charting

To analyze the fifteen publications resulting from the previous phase, a bibliographic analysis and a content anc
wereperformed. For the bibliographic analysis, eansideredhetype of publication, the date of publication and
the country/countries of origin of the authors. For the content analysis, two descriptive aspects of the publice
wereconsideredwhether the study isf theoretical or empiricalatureand whether thetudymentionsdeveloping
countries, developed countriesthe scope of application is not mention&tie analysis categorizes the various
definitions by differentiating the technologies covered by EI (Information Systems, Energy Systems, Intelliger
Sydems, Information and Communication Technology Systems). In our review, we also captured what was
purpose and main objectives set for El, with a cumulative view (this is further detailed in the content analys
Table 1 summarizes the results of tinalgsis, identified by author, year, type of research, scope, definition, an

objectives of EI.

Table 1. Data Charting articles

Author(s) Year T/E Scope
Watson et al[9] 2010 E -
Watson et al[6] 2010 T -
Califf et al.[10] 2012 T -
Watson et al[11] 2012 T -
Brocke et al[12] 2013 T -
Goebel et al[13] 2014 T -
JRBrgengin 2015 T -
Kozlovskiy et al[15] 2016 E DEV
Zhou et al[16] 2016 T -
Huang et al[17] 2017 T -

Liu et al.[18] 2017 T -
Heghedus et a[19] 2018 T -
Bordin et al[20] 2020 T -
Bordin et al[21] 2021 T -

Schmeck et a[22] 2022 T -

@)

X X X X

Definition
ES IntS ICTS 1

X X X X X X
x

Objective
2 3 4 5
X X
X
X
X X
X
X X
X X
X
X
X X

X

T/E A T: Theoretical; E: EmpiricalScopey DEV: Developed country;: non specifiedDefinition A Sl: Information Systems; ES: Energetic Systems;
IntS: Intelligence Systems; ICT Information Communication Technologi8ystemsObjectiveA 1: To reduce consumption; 2: To increase demand and
supply efficiency; 3To improve the use of renewable soureed o acheve sustainability5: SDG7

Collation, summary, and report of results
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Firstly, upon thebibliographic analysiswe observe that the publications are distributed homogeneously from the
first definition of the term in 2010 to the present. No increase lifigations has been observed in recent years
however,the term is still recent, san increasén its usemight likely happenn the coming years. Regarding the
type of publications, there are journal articles (8; 53.3%), book chapters (1; 6.66&on&mencepublications (7;
46.66%). Finally, there is a predominancepablications with origin irdeveloped countries (12; 80%yith only

3 articles(20%) from developing countriesnoteworthy all these 3arefrom China, the richest country of all
developng countries in 2021.

The content analysis focuses on the analystheinore theoretical aspects of the selected arti€lest, aspects
related to their definition are addressed. The definitiof6phasits origins in the need to address the problem of
the climate crisis. Wats raises the potential that Informati®gstems could bring to address the problem and
presentsEl as a subfield of Information Systerf]. Since then, the term has undergone numerous relevan
variations.Only two years after the first definition of the tefi)] argued that the initial definition was too focused
on Green ISfiefers to the use of lofmation Systems to achieve environmental objeal)vaad expands the
definition by keeping information systenimut with a broader objectivéo improve an energy supply and demand
process to promote a sustainable outconfe authors state th&l involves multiple aspectsnvironmental,
individual, organizatioal and/orsocietal As of 2013,El is no longerconsiderec subfield of Information Systems
but rather a discipline relatedétectronic and/or intelligent systefd®], [13]; later, it is definecs an orchestrator

of different systems carried out through the ud€af[17], [19]i [22]. In these publicationshé objectives pursued

by El focus on the energy challenges of increasing supply and demand efficiency and reducing congginption
[17], [18], [23], [24] More recently, we observe the emergencetbér aspects related to the cormaetnagement

of renewable sourcg$4] and(from 2015 onwardsto theSustainable Development Go@l$], [17], [20].

Finally, when analyzing thecope of application, most publications do not distinguish between developed ar
developing countries. However, and especially after observing the challenges defined and the technolc
mentioned, it is reasonable to assume that the energy contextebdmlayg countries has not been considered in
the definition of EIl. The main challenge facing developing countries at the energy level is to democratize ene
access and reduce energy costs to make access affordable for households. Els can play ia kegreaking
energy access rates in remote areas by facilitating the management of less conventional supply topologies, s|
microgrids and isolated systems. Moreover, thanks to the increased connectivity that is occurring in develo
countries, it$ becoming easier to sensor energy devices to optimize domestic consumption and, above all, re
monthly household costs. The approach that we propose after conducting this research is a broader work obj
that includes global energy challenges, botdeveloped and developing countries, designing and implementing
solutions that take into account the contexts of action, both when setting the objectives and when designin
technology, since the characteristics of the place of action will sigrifjcaondition the success or failure of the
projects.

As a result of this analysigie propose théollowing definitionof EI: A Bergy Informaticsgs the use of information
and communication technologies (ICT) as enablers in the management of energy dgsieet the energy
challenges set out in Sustainable Development Gdlachieve these objectives, a multidisciplinary approach
combining engineering, informatics and energy profiles should be used.

3. CONCLUSION

This study addresses the concepEbfnitially proposed ir010 by[6], as a subfield oinformationsystems that
should work together from different areas of knowledge to meet the energy challenges of the planet. After analy
the existing literature on the term, several relevant ceimis have been obtained.

First, Elis still in its infancy.For the time beingEl has beemostly studiedn developed countries, despite its
great potential to address the energy challenges of developing countries. This is bexstaggproacks to El

havebeen based on energy challengesareas with close to access to endrgyalmost all the population

Regarding the definition dl, our proposedhclusive definitionviewsthe use of ICTs as enablers of global energy
challenges. The role they playithin energy systems is to act as a link between the different devices an
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technologies to make the most of the information generated and to be able to design and implement solu
adapted to the needs of each area and user.

Finally, it is essential thahe formulation of energy challenges be done with a global perspective that leaves no ¢
behind; otherwise, EI will only be able to solve the problems of developed areas, leaving out the majority of
world's population.
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Abstract: n ltaly, the establishment of Renewable Energy Communities (RECs) around photovoltaic ¢
built on public buildings represenas optimal solution to counter energy poverty, ensuring the
stakeholderfiave access to cheap, reliable, sustainable, and modern energy systems. In th
we hypothesize a methodology for definiRgSCsthat considers dimensional, morphological, &
social factors to maximize induced community benefits. To this end, vethiocessual efficienc
program for building energy communities, the first studies of a calculation for their sizing in dif
urban settings are presentédintifying the RESCawith criteria that are not exclusively technic
opens the way to regaimg good social practices, largely lost in the aftermath of the Pandemic, !
in many cities has exacerbated the economic differences between the different strata of the pc
The elaborated study can provide guidance to local administrators tenieq sustainabli
technologies by preparing a map of potential energy communities.

Keywords Urban morphology, energy requirements, housing density, energy production suitability, com
services
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Nomenclature

REC | Renewable Energy Communities
RESC | Renewable Energy Solidarity Communities

FTT | third-party financing
ENEA | Agenzia nazionale per le nuove tecnologie, I'energia e lo sviluppo economico sostenibile
ESCo| Energy Service Company

1. THEORY

An energy community i€n orgarzation wherea group of citizens produs@enewable energy, in sufficient
guantities to sustaiits sel-consumption [1]. In Italy, the establishment of RECs around photovoltaic systems bui
on public buildings represenas optimal solution to countenergy povertyin organizational terms, ensuring that
all stakeholders have access to cheap, reliable, sustainable and modern energy systems [2]. The new regulati
RECs encourage the association of public and private entities through the use-pértyirinancing (FTT)
instruments In this way,the relevant projects no longer have to be supported byapayable public grants or
traditional creditout cansimply be foundedy private capitalto guarantee the investor an adequate return, in line
with market rules [3].
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This emergingpattern suggests thatetlexperience can be replicatbg implementingthe photovoltaic systems
serving Renewabland SolidaryEnergy Communities on the roofs of educational institutionsbgrelipporting
projects that cajoin the two goals of social and climate justiceynteringenergy poverty and education) [4]. In
fact, the establishment & ESCsinvolving citizens' associations, businesses and public administrations can brir
benefits not only on the energetic andmamic level, but also on the social and sustainable development of th
area through mutual exchange actions. In this study we hypothesize a methodology for REBGsihat takes

into account dimensional, morphological and social factors in orderxonza induced community benefits. To
this end, within a processual efficiency program for building energy communities, the first studeedoniation

for their sizing in different urban settings are presented

2. METHODOLOGY

From a technical and techlogical point of view, in Italy the possibility of creating RECs in urban areas is subjec
to both the availability of solar radiati@mthe building hosting the system and the energy potential of the plant. |
is possible to identify certain factorsdonsider in the design phase of an urban photovoltaic installation, such a
conformation and orientation of roads, study of shading, ratio between the height of buildings and the width of
roadway (Urban Aspect Ratio), morphology of the built envirammand albedo of surfaces. According to the
considered elements, it is possible to assume that some public buildings, particularly higher education plext
could be the reference for the construction of photovoltaic systemgalvat RESCsln fact they can already be
considered by destination and spatial scope as aggregative elements, and their size andwaddchetignallow

the installation of appropriate PV systems to transform them into hube @dmmunities. The Metropolitan City

of Naples manages 292 school buildings for higher education in an area of 1171 Sg. km that encompasse
municipalities. As part of the collaborative research work between the Authority and the team of the Departmr
of Engineering of Luigi Vanvitelli Universify we studiedhe intrinsic characteristiasf the compound&om the
'interpretation of data in their database,plan strategies for energy efficiency. Contextuallye study the
morphologicalenvironmental characteristics of urban fabrics to assessfftbierey of the RECs that can be
constituted around the differehigh schools Some typicatase studiebave been extrapolated from the variety
that characterizes the urban landscape of the Metropolitan City of Neqregleringhe implementability bplus-
value services in comparable realities.

For this purposgthree school buildings located in different municipalities of the Metropolitan City of Naples wer:
identified Thecharacteristics of eaanewere analyzed in foutomains the local spatieand climatic contextthe
settlement and urban morphologiye building envelope, analygj morphological and construction characteristics;
energy requirements, analygi consumption and needs at the settlement scale [5]. At the urban tissue level, \
aralyzed the characteristics of one square kilometer of land area around each plex assumed to be an e
community hub. Within these areas, the destinations of existing buildings and their height, housing density decl
in the average number of occupigaellings’, and the orography of the area were identified.

The three considered areas differ from each other in building density and land use. Building density varies f
mediumlow (Municipality of Melito di Napoli) to medium (Municipality of Giuglianam iCampania) to high
(Vomero District of Naples) (Fig. 1).

In the first density range falls the "Emmanuel Kant" institute in Melito, housed in a building with a reinforce
concrete loadbearing structure that dates to 1989tands in a plain area on therderbetweena lowdensity
industrial zone (warehouses, sheds) and a residential one characterized by the widespread presence of det
semidetached villas and a few isolated apartment buildings between 6 and 10 stories high.

The area around the "Mioni" Institute(reinforced concret&991), in the municipality of Giugliano in Campania,
is an urban expansion zone with predominantly residentialvitbeseveral public services (hospital, municipal
offices); the number of floors of the buildings is stant around 4 above ground. Finally, the area in which the

1The Metropolitan City is the lat entity that replaces the province of large Italian cities and comprises both the city and all the
municipalities of the province itself.

2Coordinated by Prof. Arch. Renata Valente.

3 Istat 2022 figure of the average number of housing units per building in each municipality.
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"Mazzini" Institute is locatedr(c., 1969) is a central area of a hilly district of the city of Naplets ina regular
urban layoutbuilt at the end of the 19th century that has undergsti®ag urbanization as a result of the building
speculation after World War.IThis context can therefore be defined as one of high building density.

e

Q

-

Evrvanst Kant - Mats 6 Heos Wezors - Gugoers: » Carczeve Wz - N

intended use

\ B high-school buiking Bl other school pubbiic bullang resdentian bulkin other buldings A v A

Figure 1. Use maps of the areas considered.

From the technological and environmental point of view, theee considered areas are characterized by the
prevalence of reinforced concrete buildings of a few stories, except for the Vomero, eibteiet the buildings are

on average tall (5 to 10 stories above ground). The first two school buildings, latatezh$ of the respective
municipalities characterized by low/medium building density, are distinguished by the large extent of covered «
free of obstructions (taller buildings), which could decrease the uptake of PV Jdmsetituation of the Neaptdin
instituteis different. Being embedded in a context of high urban dengifg,affected by the shadows generated by
contiguous buildings. The result is a significant decrease in available area for the installation of properly expc
PV panels.

3. MODEL

A model integrating morphologicalrban assessments, such as those previously outiasdbeen studied,
including the societerritorial characteristics of the sites on which the schools insist. The analysis is validl
supported bysoftwaresimulatiors performed using ENVMet and GSI datgstudy of shading, UAR, irradiance
parameters), which complement the plalgctrical and technologichuuilding ones so far represemg the
conceptual standard for defining the benefita ®EC Within this techital dialectic, it is appropriate to bring in

an additional variable, which considers flaether benefits from the association of individuals and public and
commercial activities in RECs. In these, the environmental returns are complemented by thetbenaifin
increased social interaction (condominiums, technicians, public agencies). In fact, if plant and technol
assessments represent the main investigative factor for implementiogrssliimption within small and/or isolated
communities (residentiglarks, villages), in urban ameéri-urban situationsuch asonsidered, social interactions
are often residuallThosemay represent a decisive additional element compared to the mere economic benefit
saved energy, which may also be less than in tymioafigurations.By extending the reach of REC to the
neighborhood scale, as the economic savings in electricity bills decrease, the potential human capital tha
community could draw on will increase.

Therefore, the proposed model integrates morphaddgrban assessments through the graphical construction o
maps, identifying built and environmental features useful for an informed design of energy communities. To |
end, a computational methodology for the dimensioning of these communities watkedeStarting with the
achievable power installed on the analyzed school buildings, it is possible to estimate the perimeter of the R
based on the expected bill savings for individual households. Effective ways of perimetering can be assume
balanchg community benefits, proportionate to their szensidering in the variables the commercial activities
and public and private spaces that can provide a sewplus service to the community.
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There are several tools available online by public andatientities to estimate the achievable bill savings, by
indicating the number of building units that will make up the REREA offers theRecontool*, the GSEESCo

has developed a simplified model useful for calculating even the payback of systeratiostalhd maintenance
costs. These calculation modelsfer to the individual building, thus being insufficient to set up a holistic
neighborhooescale approach. In fact, two diriment factors are not considered for the purpose of calculation:
morphologcal and technological characteristics of the place and the potential arising from the existence of str
social ties among stakeholders. The first step in constructing an appropriate assessment method peopaiys to
demarcate the perimeter of the ®E-or this reason, an attempt was made to identify a balancing equation betwe
the selfconsumption of the individual building and the perimeter of the REC with respect to the amount of install
power that is shared.

The basic assumption is that the @whhosting the PV system is able to achieve the-czaiumption
Given

- &= School roof area expressed in square meters;

- Smp(T) = Useful surface area for a photovoltaic system depending on the type of roofing, expressec
mg/kWh;

- h =% of surface areaccupied by the panels, amounting to 80;

- n=the peak operating hours of a photovoltaic system within a day, i.e. 3.5 h

With this data, it is possible to derive the energy E produced by a photovoltaic system, expressetdléakWh/

hJY

0O
N Y

Zoou

Given
- Cs= Average annual electricity consumption in a school [ky&a;
- Cu.. = Average annual electricity consumption in a building unit [kWh/year];
- ¢c= unit cost of electricity [U/ kWh];

through them it is possibte derive:

Y w0 P&
Y oD P
v Y Y 8
5 p
Where:
- (1.2Y shows the total bill savings [U0];
- (@3Yindicates the school's annual bill savings

(2.4)°Y indicates the annual bill savings of the buildingp i t [ (4] ;
A is the number of building units served by the CER.

Given the annual electricity bill saving of a building unit and the annual electricity consumption in a building ur
the annual electricity cost of a single building unit can be derived:

0 (’:):jj 338 Y p8)
Replacing (1.5) with (1.2), (1.3), (1.4), we obtain_ .
5 w0 wd
5B o0 P®

4Web application developed by ENEA and aimed at supporting preliminary energy, economic and financial assessments for the
establishment of renewable energy commusiffgtps://recon.smartenergycommunity.enea.it).
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The relation (1.6) is always true as long as @ OCu... As Cu,. changes, it is possible to derive the building units

served in theCER. Similarly, it is possibléo derive A, as a function of the annual bill savings, by substituting in
(1.4)le (1.2) e (1.3):

. 00 @B
(o} T pS(

The graphical representation of equations (1.6) and (1.7), in whichakis shows respectively the average cost
and the average saving of eacHividual U.l. and the yaxis the U.I., defines a diagram that can be compared with
the supplydemand diagram (Fi@). The calculation of the building units weasrried out starting from the ISTAT

data of the density of residents per residential buildinghe Metropolitan City of Naples, equal to 23.44
inhabitants

Table 1.Nimber of building units for each municipality.

Municipality Inhabitants/apartments Dwellings per building
Melito di Napoli 3,40 6,90
Giuglianoin Campania 2,40 9,80
Napoli 3,12 7,90
Tab

annual unit cost “E. Kant”

annual unit savings “E. Kant”

annual unit cost “Minzoni”

flats

- = annual unit saving "Minzont”
— annual unit cost “Mazzini”

— — annual unit savings “Mazzini”

€100 €200 €30 €4

Figure 2.7 Demandsupply diagram of a Renewable Energy Solidarity Community at the Minzoni Institute: cost and avera
annual bill savings

4. RESULTS AND DISCUSSIONS

With the data obtained from relations (1.6) and (1.7) for each school, inedidfe Map of the potential extensions
of the RESC (Fig.3) present in the 1sg. km area considered in the case Stuidyallowsto estimate, albeit
approximatethe extent of the RESC based on the number of housing units potentially servéeidny3it
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Figure 317 Mapping of possible REC perimeters according to the units served.

According tatheanalysedtase studieshetotal savings in terms of electricity costs (net of system costs) are realise
in communities of between 20 and 100 househdipending on the power that can be installdgds can
potentially invest the economic savings to satisfy other needs, not necessarily related to comfort or energy sa
On the other hand, in communities that are both territorially and numerically langez than 250 households),
the lower economic savings may be more edsilgncedy indirect returns inherent to community activities, such
as time banks, family services, individual bendiits discounts in business and personal services.

Enhancing theconcept of Community within these associations means overcoming the dichotomy betwe
‘prosumer’ and ‘consumer’ by not limiting the possibility of sharing goods and services but also expanding it tc
capabilities of individuals or their time and thespibilities of associated small entrepreneurs. Identifying tHeRE
with criteria that are not exclusively technicalimmediatdy economic opens the way to regaining ancient good
social practices, largely lost also in the aftermath of the Pandemic, whitlany cities has exacerbated the
economic differences between the different strata of the population. In particular, the establishment of appropri
sized RECs can significantly improve the living conditions of those socially disadvantaged urkeareencl
characterized by high population density, low financial resilience and difficult access to essential services.

5. CONCLUSIONS

Installing photovoltaic systems in schools helps reducing their energy costs, which are often among the r
operating cost$or public institutions. In additiorthesesystems can be used as an educational tool for students
representing a teaching resource and tangible example in the learning path of science and technology sub
The presence of solar installations in palsichoolscan also help develop local energy communities, extending
benefits to different areas and sectors, such as health, safety, environment, culture and economic activities
environmentatiesignerhas the skills to coordinate these instances.céheful study of the processes triggered for
land transformation helps tmagineand implement interventions integrating economic, social and environmenta
needs. It also helps to preserve and enhance the environmental and landscape heritage, gaatiibufirality

and attractiveness. There is a need for good design practices to be acquired within the administrative proces
redevelopment, especially with a focus on an ecological transition already envisaged in national and internati
regulatbns, through the establishmefRECs This will be possible by effectively implementing energy efficiency
solutions within an integrated redevelopment process which often cannot get underway duedatbeiktijng
stock in need of extraordinary andgent maintenance. This inevitably affects the availability of funds for
innovative projects. In this scenario, it is desirable to implement the proposed method within an integrated prog
that is capable of holistically consider the several aspecteddtmthe management and retrofitting of the building
stock, such as safety (structural, seismic, fire, etc...) and thebeialy of users (environmental comfort,
accessibility, etc...). This represents the next step in the research work, which, atstheéugmount of data that
can be obtained for the different purposes, alibw to improve the identification of areas and define in greater
detail the characters of the social samples involUde: case studies selected and analyzed represent typice
recurring settlements in Italy, particularly in the southern part of the country. This would allow the study to
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extended to more related contexts to verify its replicabilitye study can provide valuable guidance to local
technicians and administrators implement sustainable technologies by preparing a map of potential enerc
communities. Furthermore, the proposed calculation parameters can provide a basis for defining strategie
facilitate administrations in the process of integrated environmesttal’elopment.
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Abstract: Theficarbon peaking and carbon neutrality t ar get i s a sol emn
address global climate change and an essential guarantee for China to aclsiss@tiezentury
goal. As a market player in economical development, the green transformation of enterg
of great significance to the realization of trearbon peaking and carbon neutrdlitgrget in
China. Based on a systematic review of relevd@atature, this paper identifies the ma
chall enges faced by enterprises in Chi
energy structure and improving energy efficiency is still arduous, the supply of
technologies is insufficient, drthe cost of innovation is high, the carbon pricing mechanis
inadequate, and a carbon tax has not yet been imposed, and enterprises lack the incentiv
statistical standards and disclose information on carbon emissions. To this end, ti
development stage should promote the green transformation of enterprises, accelerate t
transformation of enterprisesd energy,
and better form the promotion strategy for the green transfornmtion e nt er pr i s

Keywords carbon peaking and carbon neutraligrporate green transformation, theoretical mechanis

1.INTRODUCTION

Climate change is a common challenge for all humankind, and théeied of future generations is at stak

On 22 September 2020, President Xi Jinping, in his speech at the general debate of the 75th session of the
United Nations Ge n er achrbormpeskiagndnt garbon meutditp g @ed | a ofi ¢
significance to the world and China. To this etitg Party Central Committee and the State Council have

i ssued a series of policy measures and i mpl ement
Committee and the State Council on the Complete and Accurate Implementation of the New Development
Concept and Good Wora&nadont hCearfbMNmt iNceeutafaltilte 0St at e
Acti on Pl an on Carbon Neutrality by 2030o0abonwhi ch
peaking and carbon neutralitwork [1]. As explaind earlier, the leading cause of climate change lies in the

carbon dioxide generated by h wbasac eneagy stiucturet whicls | e
determines the enormity and letgym nature of the task of reducing carbon dioxide emissiortheAsading
mar ket player in Chinads economic devel opment, en;

By the end of 2021, the number of enterprises in China reached 48.42 million, covering 20 industries such as
agriculture, forestry, amal husbandry and fishery, mining, manufacturing, electricity, heat, gas and water
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production and supply, and construction, which has become an essential support for the rapid development of
China's economy. At the same time, enterprises are also thecneaimt r i but or semissionsChi n a
especially those in high energpnsuming and higkemission industries such as coal power, iron and steel,

and building materialg].

Promoting the green transformation of enterprises is the primary choice to dcliiege g caebdn peaking i

and carbonneutralily and i s the necesquarly tway etve |l apmeeave oli
the 14th FiveYear Plan and even in the longer term, as well as an inevitable requirement to achieve Chinese
modernizaton |t can be said that Chinads enterprises h

devel opment and achieved speci f icarbon geaking and carbdtio we v
neutrality 6 t he gr een tr ansf oesmeyproblems,dhkt task is stikardoous, and the st
road is still long and windiri§]. Based on the above considerations, it is of great theoretical significance and
practical value to analyze the main challenges facing the green transformation devetdmnrprises and

propose strategies to promote the green transformation development of enterprises in the new development
stage.

2.GREEN TRANSFORMATION OF ENTERPRISES

The green transformation of enterprises requires significant and stable finarmiatess which undoubtedly

poses a considerable challenge to them. Fiscal policy is a critical institution in the public policy system. To
address climate change, the existing fiscal policy should be reformed from a holistic, systematic, and forward
looking perspective, and the coordination between fiscal policy and other public policies should be
strengthened to highlight the effectiveness of fiscal policy in the "governance" of climate change. Improve the
incentive mechanism for green credit by strengtigrihe exploration of green credit policies, innovating
green credit products and services, and increasing environmental sydkidiestablish a longerm
mechanism to support the green development of enterprises by deepening the structural refdimanditie

supply side and building a credit guarantee and credit granting mechanism for green credit. Improve the
governmenbased green subsidy and tax concession mechanisms, and developoniemked green credit

and other mechanisms to effectivelyoypide necessary financial guarantees for enterprises' green
transformation and development.

Some scholars have also studied the relationship between green financial reform and innovation, inclusive
digital finance and corporate outward direct investmend, @rporate green transformation development. In
2017, the State Council approved the establishment of green financial reform and innovation pilot zones in
five provinces (autonomous regions), including Zhejiang Province, to accelerate the utilityrofigaeee

for environmental improvement. The study found that compared tériabzones, the financing constraints

of manufacturing enterprises in the green finance reform and innovation trial zones were alleviated and
promoted green technological inntieen among enterprises. The study also shows that green credit has a
catalytic effect on the overall innovation and transformation of enterprises. Therefore, the experience of the
Pilot Green Finance Reform and Innovation Zone can be precisely promtteduture, and green financial
products and tools can be continuously enriched a
more quickly5]. The green transformation of enterprises in China is vital to facilitate production and life and
has gown considerably, especially during the New Crown Pneumonia epidemic. The outward investment
activities of Chinese enterprises have gradually shifted from passive participation to an active search for
markets, efficiency, technology, resources, etc. Asesllt, the outward direct investment of Chinese
enterprises has become a driving force to boost green development and is beneficial to improve the level of
green transformation of enterprises.

Af t e rcartorhpeakifig and carbon neutrality t a r grepbsedwaseriespof policy measures have been
introduced at the national level around the green transformation development of enterprises, but an
indisputable fact is: why do enterprises stumble in the green transformation development? Why is there not a
strong sense of selfinovation and selinnovation in the green transformation development of enterprises?
What are the challenges faced by enterprises in green transformation development? What strategies should be
adopted to promote the green transforaratievelopment of enterprises in the new development stage to help
achi eve tcdron ppakiad andocérborineutrality The st udi es above provi
references and practical lessons for answering these questions. At the sartieetens still some room for
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expansion in the existing literature: firstly, most of the existing studies have focused on a particular aspect of
the green transformation development of enterprises, and there is little literature that systematicaly studie
the green transformation @nterprisesat a macro level; secondly, there is still a lack of research that
systematically analyses the challenges faced by the green transformation development of enterprises,
especially around the issues of carbon emissiatistical accounting system and carbon tax, which is also the
critical starting point of this paplé].

Enterprises are the main contributors to China's carbon dioxide emissions, and their green transformation is
an essential strategy for achieving @ig ‘tarbon peaking and carbon neutrdlitgrget. However, the green
transformation of enterprises still faces a series of bottlenecks that need to be broken through, mainly reflected
in the task of optimizing the energy structure and improving the eneff@ciency of enterprises, the
insufficient supply of green technologies, and high innovation costs of enterprises, the inadequate carbon
pricing mechanism and the lack of carbon tax, and the lack of carbon emission statistical standards and
informationdisclosure motivation of enterprises.

3. THEORETICAL MECHANISMS
3.1A Mechanismfor Pushing BackRestraint

Enterprises' degree of green transformation is closely related to the intensity of carbon emissions. It is
governed by several factors, the most ingior of which is the guiding role of the government, especially the

local government, as this guiding role can directly change thebeosffit structure and thus have a decisive
impact on the allocation of resources. In an institutional environment ¢dazed by centralized
governmental authority and economic decentralization, the ability to exert practical constraints on local
governments directly determines the intensity of their efforts. Once the central government tasadtme "
peaking and carbioneutralitytarget" as an essential basis for assessing the performance of local governments,
an invisible incentive mechanism will be formed among local governments, which will not only ensure that

t h earbdn peaking and carbon neutralitya r g e t cessfillys achgeved or even completed ahead of
schedule, but will also serve as an incentive for local governments to develop their regional economies and
bringin externalcapitff]. Thi s i ncent i ve wicdrbdonpeakihgamdrcdropeutealitys ur e t
targeto is successfully achieved or even compl et
constraint for local governments to develop the regional economy and bring in external capital, thus
fundamentally changing the cdsénefit $ructure of regional production and consumption, and thus
accelerating the green transformation of enterpribles.green transformation of enterprises' production and
lifestyle through a pushack constraint mechaniszan be improved bicarbon peaking ahcarbon neutrality

goab.

3.2International Monitoring Mechanisms

Chinads ficarbon peaking and carbon neutralifgrget at international conferences such as the UN Biodiversity
Summit, the Climate Ambition Summit, and the Davos Agenda Dialogue at tHd Bt@nomic Forui8].

This goal is also widely seen as the most critical climate change commitment in many years, which means that
the international community, especially international organizations, will be an essential driving force behind
the green trasformation of Chinese companies as external witnesses and monitors of China's achievement of

t h earbdn peaking and carbon neutraifyo al . 6 Under t kabord peakidgeandsdarbom o f

neutralityt ar get , 6 t he gr een twillalsosbhbcomemad imppmantfar fChina tot er pr
improve the international environment and reflect the role of great power. In particular, given the current
fundamental changes in the domestic and international situation and the riseficblthevaid mentality,
Chinads ability t o fanborfpeakihgamndicaborcneumatitiatr meen to tom tskeé e
to achieve the green transformation of its enterp
international status and imt&tional imag@®]. T h e r e €atbonegeakinty hnel cafbon neutratitya r g et 0
will further strengthen the internal mechanism of pushing back and restraining and linking supply and demand
through the external international monitoring mechanism, thusleaating the green transformation of
enterprises.
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4.SUMMARY

To enhance economic and social benefits, enterprises must grasp the opportunitycafblaw green
devel opment , respond to the nat i canban peakiegind carboa nd f
neutralityd t hr ough i mproving r el ev an tcarboraproductamtechnolagy ul at
raising awareness of leearbon production and strengthening the training of logistics management personnel,

to bring legal, technical ankduman resources to the green development of entefiG$e8y improving

relevant laws and regulations, innovating foarbon production technologies, raising awareness of low
carbon production, and strengthening the training of logistics managememrgdrgeey will bring legal,

technical, and human resources protection to the development of enterprisbe\aage beneficial for
enterprisesta ¢ hi e v e tcdrbon pgakiaglandadrborineutrality
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Abstract:

Among Distributed Generation (DG), the Photovoltaistributed Generation (PVDGs one of the
DG types that produces no greenhouse gases and require little maintenance. Consequentl
found numerous applications in distribution networks, onewbith is to boost the network'
performance. This research article utilized the Dingo Optimization Algorithm (DOA) for optim
the allocation of PVDG so as to elevate the distribution network performance. A single ob
function for the distributio network was formulated and solved using DOA. The NeuRaphson
power flow solution approach was applied to solve the power flow problems in the networ
effectiveness of DOA in allocating PVDG was assessed using the voltage profdeeaatiactive
power loss as performance metrics. The approach was developed in MATLAB and applied
IEEE 33bussystem The results revealed that bug8s 25, and 38vere the optimal buses for PVD
locations, whileB33, 532, and 866 k\Were appropriate PVDG sizeThe network performance wx
remarkabljimproved as thkeastvoltagevaluewaselevatedo 0.96 p.u. and the overall active pow
was reduced bg1.21% Therefore, DOA successfully optimized PVDG for distribution netw
performance enhancement.

Keywads:

Distributed Generation, PVDG, Dingo Optimization Algorithm, Voltage Profile, Active Power |

E
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Nomenclature

PVDG
DOA
GHG

DG
PSO
SPV

ALOA

Photovoltaic Distributed Generation
Dingo Optimization Algorithm
Greenhouse Gas

Distributed Generation

Particle Swarm Optimization

Solar Photovoltaic

Ant Lion Optimization Algorithm
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1. INTRODUCTION

The power system has proven to be the driving for
the classification ohations around the globe as limcome, lowermiddle-income, uppemiddleincome, and
high-income economies based on their levels of income. The power system was divided into the genera
transmission, and distribution systems as a result of deregu]aii One of the key components of the entire power
system is the distribution system, which is plagued by a number of technical issues, including a terrible volt
profile, extremely poor efficiency due to huge power loss, voltage collapse, etc. Bystem engineers and
academics have developed a wide range of strategies to address these issues to date. Many attempts are sti
made to develop new methods to address these issues in order to enhance the effectiveness of the distri
networks.The intent is to significantly lower the overall active power loss as a consequence, leading to m
effective distribution networks. Distribution Generation (DG) deployment is one of the most popular and succes
techniques. There are four differentiesies of DGs: type 1, type 2, type 3, and type 4 [2]. These four distinct DG
types have a significaeffecton reducing the overall active power loss in distribution networks. However, becaus
of the push for green energy, type 1 DG, or photovoltaiciliged generation (PVDG), is the most often utilized
because of its lack of greenhouse gas (GHG) emissions into the environment. It is capable of injecting active p
into the distribution network to enhance network performance and active power dedéipatility [3]. Similarly,

it lessens the burden posed by the load demands on the distribution network, thus enhancing the netw
reliability. In general, the deployment of DGs on distribution networks necessitates the proper allocation of DC
orderto meet the set objectives. Scholars have authored literature on the best deployment of DG, particu
PVDG, on distribution networks to optimize operational performance. In order to reduce network dependency
GHG emissions as much as possible, [4kedained the best locations and sizes for solar photovoltaic (SPV)
systems in distribution systems using the Archimedes optimization algorithm (AOA), which was inspired
physical principles. In order to reduce reliance on the grid and GHG emissiongdditional power plants, the
search space for sites was predefined using loss sensitivity parameters, and SPV system locations and size
identified using AOA. Albadi et al. [5] investigated the best placement of photovoltaic (PV) systems in tl
distribution system. Particle swarm optimization (PSO) and genetic algorithms (GA) were used in a case study.
problem's objective was to reduce transmission loss while enhancing the voltage profile. The network of Mas
Island, Oman, was used as a cagdyssystem in the study. Khenissi et al. [6] found the best size and allocation ¢
a photovoltaic distributed generation (PVDG) system to decrease overall power loss and improve the voltage
frequency profiles of the IEEE dus network. In this studgn objective function was utilized to decrease network
losses, and two optimization techniques were employed to tackle this function: the PSO and the GA. Furthern
two scenarios were described in the research to examine theoéffechangeable PV iegration level, an hourly
load consumption profile fluctuation, and an atmospheric condit@iation on size optimization resolution.
Albadi et al. [7] provided a case study that used PSO to find the ideal positicaaddityof solar systems in a
distribution systemresulting in a better network voltage profile and reduced losses. The Masirah Island distributi
network in Oman was chosen as a case study. The Ant Lion Optimization Algorithm (ALOA) was suggested
[8] for optimal allocation and scaliof DG-based renewable sources for distribution networks. First, utilizing loss
sensitivity parameters, the most likely candidates for implementing DG were identified. The suggested ALOA \
then used to determine the positions and capacities of DGseoselbcted buses. On a-IB3s network, the
suggested method was tested. Ahmed et al. [9] investigated the distribution network performance when single
multiple P\+based DG were incorporated in distribution systems. To decrease overall power lossssazoe

the system voltage profile, the appropriate location and size of DG in the distribution system were found.
Augmented Grey Wolf Optimizer and Loss Sensitivity Factor were proposed to attain this objective. The sugge
approach was tested usiag IEEE 6%us distribution network. The acquired results demonstrate the efficacy o
the suggested approach. According to the literature examined thus far, the optimal allocation of PVDG has |
addressed using existing metaheuristic methods. Theieéfieess of these metaheuristic algorithms in allocating
PVDG has been demonstrated. However, to further improve the distribution network's performance and drasti
minimize total active power loss, it is necessary to employ a novel optimization algaitd compare its
performance in optimally allocating PVDG with other existing optimization algorithms, which is the mai
contribution of this research. The innovative aspect of this study is the use of a hitherto novel Dingo Optimiza
Algorithm (DOA) to tackle the problem of PVDG allocation on distribution networks. A MATLAB program was
developed to implement the method and tested on the IEEB®&E3system.

288



2. PROBLEM FORMULATION
Objective Function

The primary goal of PVDG deployment on distributiogtwiorks is to minimizeoverall active power loss. The
overall activepower loss is the overall active power loss across all network branches. Hence, in this study,
objective function (OF) to be minimized is theerallactive power loss, whicis expressedby Eq. [1}

VIN©) SG Y 1)

where,n, = total network brancheg = line resistance ant||=i" line current.
Constraints

These are the equality and inequality constraints which the OF is subject exprdsged[aS]:

0 0 Wwsw 0OAT-O 6 OFE4 2
0 0 Wwsw OO0EF 6 Ai-O 3)
® ® @)

0 WO 0 0000 ®O 0 (5)

whereV; andV, = voltagemagnituds, Psi andPp; = active power generated and demandggandQp; = reactive
power generated and demanded, @pdndB; = line conductancandsusceptanceespectively

Dingo Optimization Algorithm

Dingoes are social creatures that live in packs of 12 to 15 and are very clever. All other members of the pack st
to the Alpha, who is the pack's most powerful and domimsmber{10]. A dingo is regarded as a subordinifite

it is neither an alpha nor a beta. Scouts are responsible for keeping an eye on the areas and alerting the group
hazards or situations that may arise. Dingoes hunt in packs and exhibit a peculiar social behavior that invc
pursuing, pesteringsurrounding, and attacking prey. Dingo social organization and hunting behavior are utilize
by DOA.

Mathematical Modeling of Dingo Optimization Algorithm

A mathematical model of the circling and attacking of prey is used to execute thfQDOA

Encircling

The mathematical Eg§si 10] are used to model the dingoes' encircling behd iy

o ®P e Po (6)
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where, ® = separation between the prey and dingq, (= prey and dingo position vector®, & = coefficient
vectors@® = random vectord =random vectorP= at each iteration, it decreases linearly from 3 16=01,2,3,...,

Imax-
Hunting

The dingoesd hunt i npthdmaticadiwby Eggliil6hr e model | ed

| ®a» (1
@ ®H O 12)
(I e 123> 13)
® »® P00 (14
® ® &0 19
® » &0 (16)

Individual dingo intensity is calculated by E¢&7-19]:

p

D 01 50 pnT[p (17)
o~ 3 P
D 1] 50 pnnp (18
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where,FpandF,= U -dimgd fitnkess values, respectively, afg= other dingo fitness value.
Attacking prey

If there is no update on the victim's position, dingo has concluded the search by attacking the target. In ord
mathematically design the techniquds value mustlecrease linearly. It should be noted tfatlso reduces the
changing range d® .

Searching

As a result®is used for random variables, where a number less-thanplies fleeing the hunter and a value

greater than 1 suggests being chasethe pack. Using this technology, the DOA can scan tagiaally. ®is
another aspect of DOA that presents the potential for exploration. The flowchart is depicted in Fig. 1.

3. RESULTS AND DISCUSSION

The proposed DOA technique was implemeniélizing MATLAB software, and its effectiveness in handling
numerous PVDG locations was evaluated using the IEEBU88ystem Line and load data for the network were
sourced onlineAccording to Fig. 2, the IEEE 3usnetworkconsists of 33 buses and 3aifichesIn this study,
the network three PVDGsere deployed on the distribution network in order to enhance its perforriidnecOA
variablesutilized in this studywere the population, = 1000) and the maximum number of iteratioisrax =
200). The simulation converges after three iteratiansl he simulation results are shown in Tabld-allowing
PVDG optimization, buses 13, 25, and 33 wereahppropriatdocations for the PVDG units, and Table 1 reveals
that the best PVDG unit sizes for thbéssesvere 833, 532, and 866 kW, respectivélige allocation of the various
PVDG units and its effects on the network voltage profile, as weltthgeand reactive power losses, are covered
in the following subsections.

Table 1. OptimaPVDG allocations

PVDG size (kW) Location

532 25
866 33
833 13
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Figure 1. Implementation of the DOA PVDG allocation
Voltage Profile

The test network's voltage profile is depicted in Fig. 2 both with and without the deployment of PVDG iamits. Pr
to the deployment of PVDG units, the voltage profile was insufficient since the majority of the bus volta
magnitudes violated the permitted voltage limits. According to Fig. 2, all of the voltage magnitudes at bus 7 an
until bus 18 were below thgermitted 0.95 p.u. minimum voltage requirement, with bus 18 having the lowes
voltage magnitude at 0.913 p.u. As indicated in Fig. 2, the voltage magnitudes of the buses whose vol
magnitudes had previously violated the allowable voltage limits dieaigtimproved, with bus 30 having the
minimum voltage magnitude at 0.966 p.u. The voltage profile of the entire network increased significantly a:
result of this. The performance of the test network was enhanced by employing DOA to optimize a numbe
PVDG units, as illustrated in Fig. 2.
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Figure 2. Voltage profilewithoutandwith PVDG placement
Active Power Loss

Before the placement of PVDG units, the total active power loss was 202.71 kW. When the DOA optimizat
algorithm was used to optimallylatate PVDG units, a remarkable 61.21% reduction in total active power, ol
78.62 kW, was achieved. The maximum active power loss of 0.05 MW, which occurred in bizofhh2 test
network without the deployment of PVDG units, was reduced to 0.02 MW §@&@reduction) following the
optimal deployment of PVDG units. Similarly, there was a tremendous decrease in the active power losses i
the branches of the test network, which resulted

4. CONCLUSION

The use of DOA to optimize PVDG units to increase distribution network performance was proven in this stu
The suggested optimization approach was effective since it distributed PVDG units as efficiently as was fea:
on the tested distribution netwk. Therefore, DOA is advised to address the optimization problem of incorporating

PVDG units to enhance the effectiveness of the distribution networks.
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Abstract: The aim of this article is to provide a détd processnapdescription of the reverse supply chain-
electric vehicle batteries. In particular the main processing options of remanufacturing, repu
and recycling. This will be achieved by a qualitative approach in which the main stakelanél
interviewed in order to provide a detailed picture at the operational level of the main proces
decisions involved in the eraf-life reverse supply chain for electric vehicle batteries. The foct
this study is on theepurposingndof-life option which extends the lifetime of the battery pack i
different industry or application such as storage for intermittent renewable energy séiongs
with an estimation offuture electric vehicle enaf-life capacity this will enable estimates tbfe
amount and timing of battery capacity that will be available for repurposing for renewable ¢
applications.

Keywords Electric vehicles, endf-life batteries, process mapping, renewable energy storage

E 2023 Published by ECRES

1INTRODUCTION

Global EV sales are expected to increase steadily in the coming years, increasing from 3.1 million in 2020 tc
million in 2025[1]. Electric vehicldEV) batteries are the most critical component of electric vehicles because the
account for a significant paof the vehicle's cost and are highly relevant for EV development and adoption. Sinc
EV batteriegypically last between 8 to 10 years, dratof-life (EOL) supply chain of this component needs to be
prepared to handle the increasing volumes of ba#tdtiat are going to reach their efdife in the following
decades.

The EV battery industry is a developing industry that needs to ensure its sustainability. Some of the drivers the
encouraging the development of reverse supply chains for EVibattae the finite criticalaw material supply
[2,3], the negative environmental impact of EV battery production and digggslhnd governmental regulations
associated with used EV batter[ds5]. Several barriers that affect the EV reverse suppiyncimplementation
have also been identified, such as the early development stage of suppliers, capacity, a major investment for
management facilities, and the labdotensive nature of activities. Therefore, EV manufacturers need to builc
sustainabl&OL reverse supply chains on time to address future industry challenges.

Al-Alawi [6] found that there is significant potential for EOL EV batteries to deliver energy for alternativi
applications such as storing surplus energy. Specifically, batteredsatfic vehicles obtained at theind of-life

can be repurposed as storage systems to integrate with renewable energies such as intermittent wWifjd pow
Volan et al[8] state that for the most optimistic scenario, EOL batteries will account foo86é%ergy storage for
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wind and 36% for solar PV in 204the decision about the best EOL alternafiweprocessing batterietepends

on the batteryds design characteristics, quality
Previous studies have attempted to provide predictions of EOL battery availability at a strategif8]level
characterising the value proposition of the use of EV batteries in stationary battery energy storage systems (B
[9], the technical viability of @purposingretired EV batteries (REVB)[6] and the sustainability of the use of
repurposing EV batterid3].

The aim of this articlés to provide a process description of the reverse supply ¢R&Q)for EV batteries. In
particular the main processimgtions of remanufacturing, repurposing and recycling. This will be achieved by :
gualitative approach in which the main stakeholders are interviewed in order to provide a detailed picture at
operational level of the main processes and decisions ewdaivthe EOLRSC for EV batteries. Along with future
estimation of EV EOL capacity this will enable estimates of future amount and timing of battery capacity that v
be available for repurposirig renewable energy application3.he article is structed as followsA literature
review of the main options for EOL EV batteries of remanufacturing, recycling and repurposing leads
identification of the processes and actors in the EOL RSC for EV batteries. Then a qualitative study will prov
operationabetails of the activities involved in theprocesses. Thaim of this analysiss to provide théasisfor

the construction o predictive simulation model that can be used to estimate the future amount and timing
battery capacity for repurposing use renewable energy applications.

2LITERATURE REVIEW

The capacity of electric vehicle batteries reduces with the passing of the years due to the cells' degradatiot
growth of the internal resistan§®0]. After reaching the end of their first lifeleetric vehicle batteries still have
enough energy to be used in a second life that demands less c@f@|cityhe decision about the best EOL
alternative depends on the batteryds design o9gbfar e
the battery and cells. Remanufacturing and repurposing are the prefered options to maximise the recovered
from EV batteries and minimise the energy consumption after-lifesttreatment [11,12] However,
remanufacturing is the most exigent alaive in terms of quality and SOH requirements. The second desirabl
option after remanufacturing is repurposing of EV batteries for second life in a different industry such as intermit
renewable energy sources such as wind and solar. Recyclirgléath favourd option from a circular economy
perspective because of the reduced benefits, loss of material and energy consumption of the recycling proce
Nevertheless, recycling is still better than EOL EV batteries' disposal. Through recyclireduhiele material of
batteries can return to the EV battery supply chain reducing the extraction of raw nib2griahe three options
are now outlined in more detail.

Remanufacturing

Remanufacturing is the process by which a product can be rebuitsarmhiponents repaired and replaced to use
the whole battery packin its original automotive applicati@. The remanufacturing strategy includes diagnosing
the battery modules and cells, replacing or repairing damaged cells and modules, and regsaéinthén
components into a new battery pgtR]. Remanufacturing is the preferred EOL alternative for battery packs wher
their SOH is sufficient for EV use. According to the US Advanced Battery Consortium (USABC) standard or
batteries with a higher capity than 80% can be used in an EV. EV batteries with a lower SOH than 80% do n
have enough energy and capacity to be used for automotive applida8hna study made by Fostet al.[14]
suggested that using remanufacturing batteries saves apptelim0% of the cost of producing a newitm
battery. However, remanufacturing also poses challenges. There is a wide variety of battery pack designs
different sizes, chemistries and formats (cylindric, prismatic and pouch), which adds compdexie t
remanufacturing process due to the lack of standardisHittn By 2015 nearly 250 new EV models will be
introduced to the market, produced with batteries from more than 15 manufaftGiers

Repurposing

Repurposing is the second prefered EOLapfor EV batteries after remanufacturing. It extends the lifetime of
the battery pack in a different industry or application, e.g. energy storage. This alternative is recommended fol
batteries that are in good condition and still have high capattityle it is not enough to continue using them for
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EV applications that normally require a capacity above 8Bf Repurposing EV batteries does not involve only
replacing and repairing battery cells anddules. Repurposing also involves reconfigurimghselements into new
modules and packs and a new battery management system to adapt them to the new applications needs. In c
to remanufacturing, repurposing EV batteries poses different challenges. Some of the challenges are the acc
of the quéity grading of the repurposed battery pack, difficulty to disassembly battery packs with different desigt
reconfiguration costs that should compete with new batteries and transfer of lidjityrinally, EV batteries
were created for and to be usadEVs. Moreover, EV manufacturers are responsible for collecting and treating
these batteries at their EOL. For this reason, the risks and legal responsibilities of using these batteries in a diff
application are not clearly defin¢ti3].

The decigon to repurpose EV batteries should pass through careful economic analysis. Repurposing batte
involve testing, grading and repacking, which are significantly expensive and could make the decision to repur|
not economically viabl¢l2]. As Chenetal. [12] suggest these costs may be reduced by using more advance
technology to measure the batteries’ SOH and grading. Repurposed batteries can be used for different applic
such as peak shaving, backup energy storage, renewable energy stor&écharhing[11,16] For one of the
repurposing applications, General Motors (GM) work with Empower Energies, a renewable energy servi
platform. They use the used Chevrolet batteries, solar arrays, and wind turbines to provide energy to the
enterprig data centre in Michigga7].

Recycling

Recycling is the third and last EOL option that can be used for EV batteries. The recycling option can acc
batteries with all SOH levels. However, recycling is more expensive than remanufacturing and neguapaolsit

is the process that loses the most valuable battery material. Sending EOL EV battery packs directly for recyt
would imply the loss of their remaining energy when they could still be remanufactured and repurposed if tl
have enough capacif$8].

Figure 1 shows the main processes and actors involved in the EOL RSC for EV hattbeddK whichincludes
vehicleDealerServiceCentres and aspecialisedduthorised Treatment FacilityATF) network These companies
are key players in the EQiupply chain for EV batteries since they are responsible for collecting the EV batterie
from EV users The batteries then progress to the three types of companies offering recovery options
remanufacturer, repurposer and recycler.

Processes
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Figure 1. Processeand actors in the EOL RSC for EV batteries.
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3.DISCUSSION

This study useselected companighat offer different recovery alternatives to extend the life of EV batteries,
components, and materials. All the companies involved in this research dvadgldThe UK was chosen for this
research since it is one of the most influential electric vehicle markets in Europe; however, its RSC is develo
and requires supporting tools to establish its {mrg plans. Even though this study focuses on the UK context,
the methodology can be used to study other contexts.

The real names of the companies are not presented to keep the confidentiality of the participant companies.

(1) Remanufacturer_A hasdertakemefurbishing work and has experience working in some refhitg and
remanufacturing pilot projects with electric vehicle batteries.

(2) Repurposing_A was chosen for this study since it is developing projects to build Litnuratteries for
storage applications using used EV battery cells.

(3) Recycler_A is a UKbasel material recycling company that offers lithition battery recycling services
with a dedicated factory area and specialised personnel.

Current process- Remanufacturing company

When Remanufacturing_A receives batteries from their clients, one of ghstéps to follow is the discharge of
the batteries if required. Then, the battery needs to be isolated by checking if the cooler pipes have come loc
split within the pack because they could cause a shortcut. The next step is the diagnosis. 0his di§V
batteries is a key step to identify what the faults are, and based on that information, decide where to sen
batteries. The diagnosis of the battery involves the measurement of the state of health of a battery (SOH
measure the SOH ofdhbattenyit is necessary to have either a reference from a new battery to benchmark agai
or have information about how exactly the battery was meant to perform. This process requires developing mul
tests that need to be designed to be flexibleighoo chek batteries from different manufacturers and EV models.

Remanufacturing_A has identified three possible routes with three separate lines for the batteries. The first lii
for the batteries that are not good to use. In this first case,ieatsrould be dismantled to a module level and
prepared for recycling. The parts that still can be reused would be kept at the facility. The second option for batt
is harvesting. Harvesting in this context refers to gathering the useful parts aftprtudstore them and use them
later for remanufacturing. For instance, if there is a battery with 18 modules and one string of 6 modules is 1
and the other two strings are broken, the good string with six modules combined with other useful pales coul
used to build a full battery again. Finally, the third route would be for good functional batteries that can be eit
refurbished or remanufactured. The diagnosis for the third route is challenging since it would have multiple ne
For instance, meaaring the state of health of a battery is not a straightforward process, and it will vary dependi
on the brand, model and technology of the batteries. Figure 2 shows a simplified map that includes the acti
performed by the Remanufacturer.

EV battanas

/\
N
Discharge B isolaton | Diagnosis | ISEsemoy 1 »/Module
\ modude level e
J L storage
)

for recycling

Disassembly for
harvesting

——»| Remanufac u»r:}—o‘ TestPack ——»ZA

= '_‘i

Figure 2. Process map Remanufacturing company.
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Current process- Repurposing company

The process starts when Repurposing_A receives the waste battery cells from suppliers. Then, the cells pass tt
a visual inspection to identify vi¢h cellsarein good coulition. Next, the cells are labelled and loadaulto the
testing machine. Then, the testing machine measures the SOH of the celitasiislestheir grading category.
When the battery cells performance is too low, these cannot be recovered. Theateflant be recovered,
depending on their performance they can be used to build new batteries for different applications, for example t
energy storage or turn them into a battery that goes into a boat or for powgrsanpigles. After the cells testing
the new battery assembly takes place. Afterwards, the whole battery pack needs to pass through a final testi
the battery doesndt pass the final test the batt
again. Figure 3 shows simplified map that includes the activities performed by the Repurposing company.
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Figure 3. Process map repurposing company
Current process- Recycling company

The process begins when Recycler_A receive the EV battery packs. Then, the operatorsentiaketba batteries
are discharged. The next step is the dismantling process which is done by hand and with the help of specific 1
First, the batteries have to be dismantled to a module level. Then, the cells are taken out from the modules, an
these are sent to the recycling plant where the recycling machines are set up. In the recycling plant, the cel
split up to pass through various mechanical and chemical processes to separate copper, plastic and cathode p
On average, Recycler_ @xpects to recover 80% of the total weight of the batteries. Figure 4 shows a simplifie
map that includes the activities performed by the Recycling company.

The manager from Recycler A suggest that dismamtng mo
and discharging because the diversity of batteries configurations add complexity to the activities. When worl
with different types of batteries, the operation staff have to follow different procedures and use different tools
eachtypeobattery, extending the total processing tim

EV battenes \ r
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Figure 4. Process map Recycling company
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4.CONCLUSION

The aim of this article has been to provide a process description of the reverse supply chain for EV batteries
the result of interviews with ingtry participants. In particular the main processing options of remanufacturing
repurposing and recycling are detailed. Further work is proposed in developing this work at an operational lev
providing a discret@vent simulation of individual EOL biary flows. The purpose of this being to provide an
estimation of the future amount and timing of EOL battery capacity. This can then assist in planning repurpo:
applications for renewable energy storage.
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Abstract: Solar PV is one of the most used and prominent renewable eny sour ces i n
increasing energy needs because of its advantages. As a result, there is an increase in s
installations worldwide. Considering its average lifetime of about 25 years and installation ca
solar panels malgecome a source of waste in the next decades. Environmentally friendly and
disposal of these panels is of the utmost importance. This paper reviews and summarizes the
recycling strategies of different solar panels such as crystallinepsoials, thin film, Organic sols
cells, Gallium Arsenide (GaAs), Perovskite and Dye Sensitized Solar Cells (DSSC). Finding
the review show that though some recycling methods exist at the commercial level, a lot of r
is underway. CrystallinBV recycling methods are advanced, followed by thin film technology. ¢
PV recycling is an evolving field that requires more research to make the processes efficie
complex, economically feasible and energy saving. PV recycling can reduce méhptasaibly CQ
emissions. This review informs companies and researchers who are active in solar PV recyc

Keywords Solar panel, solar PV recycling, waste management
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1INTRODUCTION

Solar photovoltaic is one of the most used mature renewable energy sources worldwide because of the variol
advantages it hd4, 2]. It is a clean and environmentally friendly source of energy, reliable, safe, and the cost
installation keeps decrsimg over the year8]. Because of these advantages, it is considered a prominent sourt
of generating and meeting the worldébés increasing
in its indallation and market and commitment in terms of research in order to increase its efficiency. The global
installed capacity in 2017 was about 400GW and is expected to attain about 4500GW [y 203 Bie corihuous
production and installation of solar PV worldwide will be a source of hazardous waste due to some metals use
its production. Solar PV panels are known to last for an average time of 25 years, after which they coulc
considered waste and theyed need to be discarded. Considering the continuous increase in solar PV installatic
and their lifetime, solar PV waste is forecasted to be between 4% and 14% of its total installation by 2030 ar
further increase to about 80% by 2050, evaluateabtiut 78 million Tonnes of wasf&, 4, 5]. Land filling has
been one of the methods used in disposing of this waste and due to the possibility of land destruction and poll
and hazards from the metals useB\hmanufacturing and the increase scarcity of semiconductor materials in the
manufacturing?], an environmentally friendly option such as PV recycling is being consifigrespart from the
endof-life modules, other modules like those with defects during production, damaged ones during transporta
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and installation and malfunctioned ones during operation will equally need to be ref§klécherefore,
appropriate solar PV recycling technologies and waste management are of utmost sighificarigle The figure
below shows the estimated cumulative worldwide solar PV module wasteg3)a20162050[1].
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Figure 1 The estimated cumulative worldwide solar PV module wasteng} 2016 2050 Sourcgl].

The aim of this review is to outline the variousasdPV recycling strategies for different PV panels. It highlights
the importance of recycling solar panels, gives an overview of the level of engagement of different countrie
solar PV recycling. A review and summary of the different recycling stratégiehe different types of solar PV
technologies, and a conclusion and recommendation are provided. The review will be useful to companies
researchers interested in solar PV recycling to make informed decisions.

2.RECYCLING PROCESSES

Solar panel was can be generated during any of its production phases, including panel production, transportat
installation and during its service lif¢]. The recycling strategy depends on the type of solar technologyd®eca

of the difference in their manufacturing processes. While two solar PV recycling strategies have been establi
at the industrial level, some are still under research. Several crystalline PV recycling strategies exist, followel
the thin film techology. The life cycle of a PV module and the possible stages of waste generation is shown be

[3].
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Figure 2. Typical life cycle of a PV module. Sour¢gt
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Based on thetructure of PV modules, three basic processes can be applied for complete recycling. These
delamination, separation, and purification of the different elenj@htShese processes can be accomplished either
physically, thermally, or chemically], as explained below.

A Physically: The panels are dismantled to remove the Aluminum frames, junction boxes and cables.
junction boxes and cables are then inspected fpoda, while the panels are then crushed for the next
process.

A Thermally: The crushed panels are heated in furnaces. In one of such methods, the crushed panels a
in a high temperature furnace anld 9o ené leodr, andmt t
450AC/ h heating r a[O)ethe hdarof therdumnack is gradualytinbreased &t @ rate of
10AC/ min until i t en beldaththisgemBeidre fAr@bhout amhdur. D119 obglags I
recovered by this method.

A Chemically: Different solvents and solutions are used to recover the different metals and materials fol
in the solar panels. The desired materials determine thgossluln a study[10] used phosphoric acid
paste to recover solar wafers. In another stuydyl] soaked crystalline silicon solar panels in
trichloroethylene for 10 dayat 80 degrees Celsius to completely remove Ethylene Vinyl Acetate (EVA)
and recover Si cell§ he panels obtained were successfully ugEd] recorded a high recovery rate of 90%
by separating Cd and Te using chesis such as Sulphuric acid solution, sodium carbonate and sodiun
sulphide. Kim and Le¢13] tested and used different organic solvents such as trichloroethylene, C
dichlorobenzene, benzene, and toluene at diffaeamperatures to chemically enhance the dissolution of
EVA. EVA fully dissolved in Toluene after 1 hour at 70 degrees.

Figure 3below shows the different types of solar PV recycling processgq.by

Glans, Aumiesan, 238
other commpontaty

Physacal
yepaabon
mal
nent
v

Figure 3 Different types of Solar PV recycling processes.Soljfje:
3.DIFFERENT COUNTRY DEVELOPMENTS/STATU SREGARDING PV RECYCLING

Different countries have initiated discussion and research about solar PV recyclingotises in Europe have

adopted the EU Waste from El ectrical and Electr o
step towards their engagement in PV recycling. The EU rules on WEEE aim at treating electrical and electr
waste whilec ont ri buting to sustainable devel opment. I n

waste regulations including targets for esfdife PV collection, recovery, and recycling. The cost is expected to
be financed by all producers supplying Pahels to EuropEl, 5, 7]. Some other countries like Japan and the US
have undergoing research regarding solar PV recycling. Developing countries are still lagging and are yet to ini
discussions regarding solPV recycling. Table | below shows the developments/engagement of various countri
in Solar PV recycling.
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Table 1.The engagements of different countries in Solar PV recycling
Country | Status on PV recycling

UK - First European country to adopt EU Wafitom Electrical and Electronic Equipment (WEEE)
directives that relate to disposal and recycling of solar PV in th§1([§].
USA - The state of California Department of Toxic Substances Control (Doff&Ced to take

responsibility for solar wasteeatmen{1].

- First Solar, a USAbased solar panel manufacturing company has established factories in the |
States, Germany, and Malaysia, and employs recycling methods eatrerg rates of 95% for Cd
and 90% for glasgl,4,6,8].

- Washington state passed a senate bill that modifies state renewable energy system tax incen
include take back and recycling programs for-efitife PV. The senate bialso urges PV module
producers who want to sell their products to provide recycling plans for their products by Jany
2021.

- In North Carolina, PV modules are subjected to Toxicity Characteristics Leaching Procedure
test before disposal foppropriate waste management. PV waste is treated as hazardous wast
indicated by the waste generator to be hazardous. Otherwise, they are treated as Universal w
Rules making must be done to add PV modules as Universal jA&te

Germany| - Second country to adodit the EU WEEEOGs dir

- Also, a German based company called Solar World recycles crystalline PV panels.

- A branch of First Solar in Frankfurt an der Oder, Germany recycles PV panels.

Czech - Entered a joined venture with EU for the recovery and recycling ofdEhéde (EoL) PV panel§l].

Republic

Italy - A Legislative Decree No. 49 of 14 March 2014 was passed, that implements the Directive on
(Directive 202/19/EU)[1,5].

South - Has adopted and initiated the discussion on PV waste. The industrial wastes in Annex Table 4

Korea. Article 4.2 of South Koreabds Enforcement
paneld1].

Japan - The Japanese environment ministry and solar panel manufacturers participate with local com

in research on recycling technology.
- NPC.Int, a solar panel and equipment manufactureretitased a joint venture with Hamada (an
industrial wasterocessing company), to recycle solar panels.
Switzerla] - SENS and SWISCO RECYCLING, major recycling industries in Switzerland (recycling ovens,
nd washing machines, fridges, etc.) adhered to the WiiEEtives in 20145].
Korea - There are existing funded research projects on PV recycling. Also, other projectsR&Daexist
for the formation of a PV recyclingenter]5].

4PV RECYCLING STRATEGIES
Crystalline solar cells

Crystalline solar cells are known as the first generation of solar cells, and are those cells manufactured using si
They are one of the oldest solar cells technologies and equally the most common ones with a greatéheshare
solar PV market. There are different methods used to recycle crystalline solar cells. Some of these methods ar
commercially in some companies while others are research based. Table Il (in the appendix section) giv
summary of some of the ekiisg recycling methods for crystalline solar cells.

Thin film

These solar panels are known as the second generation of solar panels and are made by depositing thin fi
semiconductor material on glass. Depending on the semiconductor used, thdferare tipes of thin films solar
panels such as amorphous, Cadmium Tellurium and Copper Gallium Indium Diselenide. Materials for thin fi
production using Cadmium Tellurium and Copper Indium Disulphide/ Diselenide are on increasing f&mand
addition, Indium and Tellurium are scarce materials whose prices continue to increase. As a result, recycling
of life thin film solar panels helps to recover these elements, which can be used to produce new fmdls. Ta
(in the appendix section) summarizes some of the existing thin film recycling technologies.
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Organic solar cells

Organic solar cells are known as the third generation of solar cells technology. In this type of solar cell,
absorbing layer is bad on organic semiconductors. It used casbased materials and organic electronics, rather
thansiiconas wused in crystalline solar PV. They are s
Organic solar cells are more flexible and cleraghan the conventional crystalline solar PV, though their efficiency
is still low. Due to their flexibility, they are an appropriate option for integrated building PV.

Even though itds a new technol ogy aendy anddfstima sonb
recycling technologies already exist. Y. Zhou e{HI],reported a study in which they recycled organic solar cells
fabricated on Cellulose Nanocrystal substrate (CNC). They separateetgoldd the solar cell components using
low energy processes at room temperature. The CNC substrate was observed to disintegrate completely witt
minutes after they were immersed in distilled water, leaving solid residues which were separatderyagpéi.

The photoactive layers were then separated from the electrodes (made with Ag and Molybdenum oxigje (Mo
by rinsing the solid residues in chlorobenzene on filter paper.

In another study|,18] recoveredsilver (Ag) from roll to roll processed organic solar cells. In their study, the organic
solar cells were incinerated (combusted in heat) at 800 to 1000 degrees Celsius and later treated with diluted
acid. They realized a complete and high silveg)(fecovery from the ashes of about 101-38:8%. From the
recycling methods above, it can be deduced that the final material of interest determieegcting process used.

Gallium Arsenide (GaAs)

GaAs solar cells are a type of direct bandgap ctirsdPV material based solar cells with a band gap of é\42

at room temperature. With studies indicating efficiencies up to 28.8% on single junctiq2@edisd efficiencies
reaching up to 42.3% on triple juian cells[21], GaAs based PV technology is one of the most efficient in the
current market. GaAs solar cells are mostly used in outer space power generation and concentrated PV
generation due to its highgistance to radiation damage and insensitiveness to overhgz®ndhe global
availability of gallium is moderate, being not naturally existing in its purest state, gallium is often found in combin
form with Aluminum and Zind23]. Almost 85% of GaAs is wasted as scrap during produ¢@i8h With the
increase in demand for gallium due to its applications in semiconductorrindhst need for recycling strategies
has increased in the past years.

Materials like glass, gallium and other useful organic components can be successfully recycled from solar cell
using methods like nitrogen pyrolysis and vacuum decomposition. Maeparation of cathode, anode and the
antireflective layer is also still being widely practiced now. An experiment conducted by Shanghai Key L
assessing the feasibility of recycling gallium and Arsenic frewastes using pyrolysis and vacuum metalurg
shows a stable gallium and arsenic recovery rate at 123]KOther processes of recycling such as sulfurizing
thermal treatment, leachirgglective precipitation and vacuum thermal reduction are also beiegycbed of25,

26, 27]. Vacuum metallurgy separation of solid gallium under optimized experimental conditions provides
recovery efficiency of 93.48%28]. A reliability analysis on IHV GaAs solar cells grown on recycled GaAs
substrate shows degradation in perfor mancecamdile t
factor. Even though considerably old methods like pyrolysis and vacuum decompogtgtill éeing used the
most for GaAs solar cell recycling, the development in new methods appear promising.

Perovskite

Perovskites are crystal materials that generally have a chemical formula gfnkége the first two (X and Y) are
cations and Z beinglzonding anion. Halide perovskites are showing great progress in research making it potentic
the face of third generation solar cells of the fu{@@. In the last two years, the progress made in perovskae so
technology is impressive with efficiencies reaching up to 25% in experimental confBhriBeing cost efficient,
perovskites have the potential to compete with Si based technologies to become the nf@gttasadology in

the future. Commercialization of perovskites is however going to inevitably increase the presence of toxic wa
such as lead. Thus, development in waste management and recycling technologies is crucial for perovskit
develop a commeral market.
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A cost analysis studjBl] analyzing the feasibility of recycling toxic lead and other valuable conductor material;
shows impressive results. Out of the total material cost of perovskite module wasch24.8/f) the value of
recycled materials was $12/mnaking the results considerably promising. Weakly acidic cation exchange resi
was used to separate lead from the test module with a recycling efficiency of 99.2%. Another life cycle assess
study [32] of perovskite recycling strategies shows results of energy payback time reduction up to 72.6% ¢
greenhouse gas emission factor reduction of 71.2%. Under-edsestecycling scenario, the energy paybiwk t
for a recycled perovskite module is 0. 09kWhenichss a |
lower than the respective values of silicon solar modules. Closed loop recycling and recrystallization us
butylamine of perovskite solaells is also an efficient recycling method with a recovery efficiency of 98.9%. A
solar cell produced by recrystallization shows a similar performance as that of a fresh s¢&8].c€Eibmmon
methods like striping down layers of perovskite cells is also feasible as the collected materials can be reused \
little or almost no reduction in performance. The ®idich is recycled using this method can be recrystallized,
and reused and has a power conversiomieffty of 13.5%34]. With perovskite PV technology making fast
progress, future developments in perovskite recycling are crucial to make the technology commercially viable.

Dye-sensitized solar cells (DSSC)

DSSC(dyesensitized solar cell) is a solar cell type that is a type offiininsolar cell. The typical components of
a DSSC solar cell include these materials: two layers of glass, two layers of TCO (transparent conducting ox
TiO (anode), platinum (¢hode) and an electrolyte (liquid conductor).

[35]. Since DSSC is a growing market N. Jamalullail, I. S. Mohamad, M. N. Norizan, N. A. Baharum, and N.
Ma h me d, AShort review: Nat ursadn spiitgineeend ss dEEERpStudentol sl
Conf. Res. Dev. Inspiring Technol. Humanit. SCOReD 2(rdc., vol. 2018January, pp. 34849, Feb. 2018,
doi: 10.1109/SCORED.2017.8305367.

[36] and is expeted to at least double in revenues by 2030, the amount of DSSC solar that will need to be recy:
in the future decades will increase substantially i¥f2QG/ears from now (2023). Recycling DSSC solar cells is a
complicated task due to the thin film acampact nature of the cells.

The first step in lowering the amounts of raw materials required in the DSSC lifecycle is on reducing the 1
materials used through building DSSC with recycled materials. Extending the lifetime of a solar cell is also be
researched.

[38] Met hods of reducing the environment al i mpact
materials in the solar cells (i.e., ruthenium, cobalt, silver, and platinum). However, the eegdtising other
options are lower power conversion efficiencies and/or lower cell lifetime.

Recovering TiQglass from old decommissioned DSSC solar cells is an option that is available to recycle a value
and rare component which can be reused for ¢cells. The recycled Tigcan be gathered from Perovskite cells
and reapplied with CsPblIBand carbon layers.

All these methods to recycle DSSC solar cells require more research and development, as alternative materi
be used which can be more easdgycled than conventional DSSC materials are not yet commercially availabl
or efficient enough.

[39] Mechanical processing and separation of the components is expensive, especially if there is a module fi
invol ved. Crushing DSSC6s can be done which is a n
components. Pyrometallurgical processes could be an alternative approach to the shredding and crushing m
however it is difficult to extraatnore than one type of metal easily through this process.
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Figure 4 Diagram Flow Chart of Recyclifig9
5.SUMMARY OF END -OF-LIFE PV RECYCLING STATREGIES

Table 4 A summary of endf-life PV recycling technologies

Technology Methods used Status Module type
Delamination Physical disintegration [3 Research/commercial C-Si /Thin film
9,10,15]
Thermal [3,9,10,15] Research C-Si
Milling/ shredding [3,15] Commercial Thin film
Material separation| Manually [3,9] commercial C-Si
Classifier[3] Commercial Thin film
Sieving [9,10] Research C-Si
Mechanicamilling [9] Research C-Si
Vibrating screerj16] Commercial Thin film
Etching[3] Research/Qomercial C-Si
Precipitation]3,16] commercial Thin/film
Leaching[3] Research/Commercial C-Si
Mechanical attritior{15] Research Thin film
Floatation[9] Research Thin film
Vacuum blastindg9,16] Research Thin film
Electrowinning[15] Research C-Si
Chemical solutions (organi Research C-Si
solvents, acids, chlorine etg
(3, 9,10,15]
Filtration [4] Research Thin film
Purification Acidic oxidation [16] Research Thin film
Precipitation] 16] Research Thin film
Hydrometallurgical proced®] | Research C-Si

6.CONCLUSION

Solar PV recycling is an evolving field that requires further research. This will reduce waste, a&hi€ons,
while contributing to a sustainable environment. This review gives an overview of PV recycling adbiyities
country and elaborates the different recycling strategies for different end of life solar cells. Some of the challer
discovered during this review are, given the continuous variation in PV panel composition introduced in
different manufacturingechnologies, the existing Solar PV recycling strategies are known to be complex.
addition, some proposed recycling methods are not economically viable, while some use materials which migt
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dangerous. Energy is required for recycling, and the camlectetworks of the endf-life PV panels are not
efficient. Furthermore, there is a need for policies to encourage producer responsibilities. While a few count
have initiated the discussions and are working towards PV recycling, most developinges@ustyet to initialize
such discussions. While recycling strategies for recent solar technologies like organic solar and perovskites ar
under research, there already exist recycling strategies for crystalline solar and thin film technoldges at
commercial level. It is expected that the research for efficient PV recycling strategies will accelerate as the
industry grows and as many more organizations and government are working towards a sustainable future.
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APPENDIX

1.
Table 2 A review of Crystalline solar PV recycling
Company/ | Tecmolog | Solutions/ | Output/Results| Process Advantage( | Disadvantag | Refere
Researcher | y/processes methods efficiency s) e(s) nce(s)
Huang et al.{ - -Leaching | -Thermal -N/A -waste -Solar cells | [14]
2017) Mechanical| solution: process: glass handing is | can be
/Physical HNOs from cells efficient damaged
-Thermal | -Etching -Leaching: Ag, -Full -Other
(furnace soluions: Pb, Cu and Sn elimination | materials
heating) (HF) and - of EVA mix with
-Chemical | (NaOH) Electrowinning -Process is | EVA
(leaching, . separates eac| Simple and | -Consumes
electrowin metal from the effective High energy
ning) others (Ag, Pb, -Recovery | -Dangerous
Cu, Sn) of high emissions
-(HF): SiN purity
layer and Al materials.
back electrode
- (NaOH):
emitters and
backsurface
field
Solar World | -Thermal [ -Heating at | -Heating: solar | -more than | -High -Thin wafer | [3]
decomposit| 600 cells, glass, 90% of recovery defects and
ion degrees metals glass rate of degradation
-Manual -Etching on -95% of valuable due to high
Material solar cells: semiconduct| materials temperature
separation wafers or materials | -High purity | -Inefficient
-Chemical (Si) of the manual
(etching) -Up to 97% | recovered | separation
of intact material -Potential
wafer (4200 | -Possible harmful
e m) direct reuse | emissions
of wafers
Fiandra et | -Manual - -Mechanical | -N/A -Reduction | -N/A [16]
al., 2019 material Mechanical| milling: in pollutants
separation | milling Flouropolymer emisson
- s, Tedlar -Reduction
Mechanical material in energy
treatment - Thermal: used
-Thermal Silicon, glass,
treatment metals
Shinetal., [-Chemical | -Nitric acid | - Nitric acid: -N/A -N/A -N/A [10
2017 treatment | -Potassium| Ag
hydroxide | -Potassium
- hydroxide: Al
Phosphoric| -Phosphoric
acid acid: wafer
Pagnanelli e{ -Manual -Acid -Manual -91% -N/A -N/A [9]
al., 2017 -Physical/ | leaching dismantling: Al
Thermal frame
treatment -Acid leaching:
-Chemical metals (Al, Cu,
treatment Te, etc.) and
glass
Doi et al.,| -Chemical | -Organic - -N/A -N/A -Cracking of| [11]
2001 solvents Trichloroethyle PV cells
ne: EVA
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Table 3.A review of thin film solar PV recycling

Enrichmen and
Decontamination
, coordinated by
the Federal

-chemical treatment

and CIGS product
-acid oxidizing
solution: Cd and
Te

Institute for
Materials,
Research and
Testing [2]

End-of-life

modules:

-Crushing

-Thermal dismantling
(furnace at 500
degrees Celsius)

-Vacuum blasting

-Furnace: EVA
destroyed
-Vacuum blasting:
semiconductor
materials

Company/ Technology/process{Solutions |Outputs/results  [Process |Advantages |disadvantages Referg
Researcher used efficienc nces
y
First solar -Physical - leaching: |-Leaching, sold |- 90% of |-Capable of |-Breakage of solar [[14]
disintegration )Acid and [liquid separation: [glass |mixedwaste |cells
(shredding+ hammejhydrogen [Glass and laminat{-95% of [treatment  |-not possible to reus
milling) peroxide. [material semicon(-High -wafer reproduction
-Leaching -Screening: Glass|uctor  [recovery raterequired
-Solid-liquid from Laminate  |materialgof glass and [-High energy deman
separation -Precipitation: (Cd, Te) [semiconduct-Complicated proces|
-Vibrating screening metal rich liquid [-More |r materials |Use of chemicals,
-Precipitation (Tellurium and than 80%-very Expensive equiment
Cadmium) of Te of j[automated
99.7% [process
purity
ANTEC Solar |-Physical -Oxygen at- Oxygen at 300 |-N/A -Capable of |-High energy deman([3]
GmbH Disintegration 300 degreesEVA mixed waste [-Breakage of solar
-Pyrolysis treatment(degrees |-Etching: CdCI2 treatment  |cells, not possible to
-Dry etching - Etching: [and TeCl4 -High reuse
-Precipitation Chlorine recovery ratg-Wafer reproduction
and of glass and [required
atmospher semiconduct¢-High effort required
c gas at 40 r material  [for purification
degrees -Less use of
chemicals
-less
complicated
process
Held, 2009 -Physical -Leaching [-After leaching: |-N/A -N/A -N/A [15]
disintegration solution: |Glass separated
(shredding+ hammejSulphuric [from solution
milling) acid, -Solution
-Leaching Hydrogen |precipitated and
-Solid-liquid peroxide ffiltered. Metals can
separation then be obtained
-Precipitation
The EULIFE  Broken modules:  [acidic |- wet mechardal [-99.99%|-Requires leg-N/A [2]
project -Crushing/ milling (oxidizing [attrition process: amount of
RESOLVED -wet mechanical solution  [semiconductor chemicals
(Recovery of [attrition layers are
Solar Valuable [-wet mechanical separated.
materials, floatation -Floatation: CdTe
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Abstract: The steam boiler used in the distillation process in a company was investidgetdtbal losses th:
occur during the production, distribution, anetr@nsmission processes are discussed in detail.
FMEA (Failure Modes and Effects Analysis) technique which is one of the quality improve
tools, was used to reduce losses and asgréoiler system efficiency. By determining the risks -
cause energy losses, various improvement suggestions are presented taking into accour
technological possibilities. The PRN (Risk Priority Number) scores before and afte
implementatia of the improvements are calculated and shown in the FMEA table. The ma
energy flow diagrams of the steam boiler system for the current situation and after the implem:
of the recommendations are presented. When the proposed systems aremtgoeenergy losse
will decrease. Also, water savings of around 21% will be realized, and the net steam pro
capacity sent to the process will increase by 9.2%. It is thought that this study will set an e
for other industrial organizationkat use industrial boilers.
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1. INTRODUCTION

Energy should be used as effectively as possible to protect natural resources. It is estimated that naturagas re
have a life span of 60 years, oil reserves 47, and coal reserves approximately 119 years in fig ®odoyy
resources should also be used efficiently in industrial organizatimsthis purpose, the amount of energy
consumed at all stages afopuction should be reducetihe steam system takes its first place in energy recovery
studies Steam has been one of the greatest forces in the service of humanity for nearly 29hgaasin reasons

for the widespread use of water vapor until todayas followd 2]:

Steam has the highest amount of energy that can be transferred per unit mass (in the form of latent he
Steam flows inside the system without assistance from external energy sources such as pumps. Thu
electrical energy consumeg the electric motors driving these machines is saved.

1 The system temperature can be controlled very precisely by changing the steam pressure going to th
uses

T
T

Boiler systems are widely used in industries pader plants to produce steam.[Steam bilers are devices that
produce steam at the desired pressure, temperature, and amount. For this, the heat energy obtained in any
given to the water in a closed container and evaporatetithermal energy of the steam is used in steam turbines
steam engines, and processes like heating, drying, sterilization, cookingylete.a few kilograms of steam per
hour can be produced in processes such as laundry and dyeing, steam production capacities of hundreds of tc
hour can be reached in thernp@wer plantsThe pressure of the steam produced n exceed 370

[4].
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Significant energy savings can be achieved by optimizing the operation of steam Boildtgs purpose, it is
necessary to identify the main sources of energy losskt® aacover the wasted energy. 5 this study, the steam
boiler system is considered holistically. The FMEA technique is used to evaluate the energy loss during the st
productionprocessThe risks that may lead to energy loss throughout the prlioeskave been examine@ihese
risks were shown by preparing the Energy FMEA table. The effects of the failures on production and ene
efficiency were investigatedPossibilities of the occurrence of risks and measures to prevent them are present
RPN (Risk Priority Numbers) for each risk has been determifibdse with an RPN score below 40 falls into the
insignificant risk category and are shown in gréémse between 40 and 100 are shown in yellow, and those ove
100 are shown in re@Red areas wht high RPN scores are priority areas for starting improvement Wworkhigh
priority energy risks, improvement suggestions have been made following today's technological pos3ibéities.
RPN scores are recalculated and shown in the FMEA [able

Therear e many studies on energy management i n stean
explained the energy recovery applications in a steam boiler used in a fd¢tdtgrakurt (2006) examined the
steam boiler in a leather processiagtbry and compared the current state of the factory with the new state whe
energysaving methods were applidde stated that 14.5% of energy savings can be achjgyel é nar ( 2
selected six textile factories operating in the textile setterlisted the findings regarding the energy savings
detected in their boiler rooni8].} nl ¢ (200 9) e x-sawrig stediks in thedndustry eand gxplained
the losses thiaoccur during the generation, distribution, and consumption of energy in boiler sy8femsK a n o j
(2010) presented some important enesgying methods for industrial faciliti€s0]. Ostrowski et al. (2020) found
that energy losses decreased from 3% 3o 0.98% by modernizing a steam boiler rdad]. Dhanre et al. (2014)
prepared a review on energy auditing in boilers used in thermal power[@nSaidur et al. (2010) analyzed the
energy flow in a boilerThey stated that there are various mdthto reduce the energy use of boil&s

2. METHODOLOGY
Failure Mode Effects Analysis (FMEA)

FMEA is a failure prevention tool that, can be used to improve production quality by reducing failuwases
where it is difficult to obtain data, this metth which incorporates team experience, can also be used to improv
the existing systentn this method, the risk priority coefficients of all failures are calculated, and then the necess:
precautions are determined for all risks, starting from the patéailure with the highest risk priority coefficient.
After the implementation of the measures takbe risk priority coefficients are recalculated. FMEA study can
also be used as a tool for improvements in the field of eneBptailed information o the use of the FMEA
technigue ca be found in previous studies,13

Steam Boiler Heat Losses

The steam generated in the boiler is transported to the places of use. After the steam is used in the proc
condenses and completes its cycle by senitimack to the boiler. Naturally, as soon as the steam leaves the boile
it will start losingits heat.Condensate water should be collected appropriately from the processes and sent to
boiler with minimum losses. The losses that occur during theuptioa, distribution, and consumptiaf steam

are shown in Figure I7[9). By performing the operations in this cycle efficiently, the total efficiency of the systernr
increaseslt is possible to minimize these energy losses in the boiler system witleffseiras to be taken. A highly
efficient steam boiler operation can be achieved with the necessary heat recoveryatelimeslern automation
systems [14]
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e Boiler Losses

Losses in the Boiler System Distribution Losses

— Process Losses

Figure 1.Losses in the Boiler System
Reducing Heat Losgsof Steam Boiler System

D o | BakixLeather Factory, which has been operating in the textile industry since 1991, was chosen to ana
the heat losses in a boiler system in detail. The facility has a steam boiler with a steam capacity of 5000
producing steam at 10 bar opéngtpressure. The boiler is operated for an average of 5760 hours per year in t
distillation process of coagulation production.

Currently Boiler System Mass and Energy Balance
The steam boiler in the facility produces 5000 kg/h of steam at a full Hadever, some of the total steam

produced is used for deaerator heating. Net steam production is 4540 kg/h. Currently, the mass afidvenergy
diagram in thaleaerator is given in Figure 2 [6]

— Waste steam
—= 25kgh
] 0.2 bar
— < Fresh steam
1 M 460 kg/h
> | l Deaerator | Dtar
\ - |
A
Condensate
3463 kg/h ~!|v
152G H
Fresh water .
o Feedwater Boiler
5697 kg/h
102°C . e

Figure 2. Mass and Energlflow Diagram forthe Current Situton
Energy FMEA Study After Improvements
FMEA study was conducted to assess the risks leading to energy loss in théateasystem.Improvement

suggestions have been developed for risks with an RPN score abovi#d@he proposed improvementseth
new RPN scores arecalculated and given in Table 1. In this way, themisisk in the redisk group [6]
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Boiler System After Improvements

Table 1. Boiler System After Improvements Energy FMEA Study

Energy Failure Mode and Effects Analysis (FMEA)
m
(4] [} P
@ | Potential > 2| § > 8|8/ &g
9 | Failure mode Potential Failure Potential Failure Precaution, 5| g2 Bl & Suggestion for Tl glB| < g
2 | for Energy Causes Effects Currentcontrols | 3| 3| 2| @ Improvement 3l 3|2l z3
o 0| ol A 0wl olal & 3
o (@] @ g
The excess air Temperature
Excessive excess air coefficient contfol with
. increases — Fuel/air ratio controlled
High flue gas A lot of energy is indicators and flue 8|4 |4 O, Trim control system| 8 | 2
temperature thrown into the gas analyzes should be installed
Boiler overload performed every 6|
atmosphere from
) months
the chimney
Lack of excesq Improper Q/fuel ratio The energy lsle 215
air Low chimney draft pro:uced:ec(rjease Fuel/air ratio controlle
) The air that does O, Trim contol system
Improper Qffuel ratio e ; . 2 }
proper Q not participate in | Flue gas analysis should be installed,
. the combustionis|  every 6 months condensing economize
o IO(? gwsct; Insufficient fuel supply|  heated in the 701416 should be added toth{ 7 | 2
- - furnace and system
Excessive chimney expelled from the
draft chimney
It causes some of
the useful energyni
Formation of Emission of water the boiler to be Condensing economizg
water vapor in|  vapor as a result of discharged from - 8|5]|4 should be includedin| 8 | 1
the flue gas combustion the chimney in the| the system
form of water
vapor
c The amount of hea Increase in boiler L
£ | Surface heat transferred to the outer surface Insulation jacket,
S Temperature differenc - ) 6|5]|4 tracking with thermal | 6 | 2
S loss fluid and the boiler temperature,
3 - . camera
& efficiency decreasq surface being hot
c -
S Over-plowdown | oL e
& | Performing Improper blowdown leads to high is available yWate
more pse?tin hiah energy losses. Fug softenin s'stemi Reverse Osmosis, Heg
blowdown 9. fig and chemical gsy 8|5]|4 recovery wih flash 8|1
o conductivity of ’ used. Some of the
than it is consumption steam
feedwater . heat has been
necessary increase ;
recovering by a
heat exchanger.
Loss of energy|  Loss of steam with Boiler efficiency
in the corrosive gases decreases, energy ) 6lals Recovery of waste heg 611
deaerator due| separated from the fee| loss occurs using a heat exchange
to waste stean| water
Energy loss .
due to the use Lrjsgnugcézei;rfﬁg sSti?emn Kazan ver Use of flash steam fron
of fresh steam| P Y - 7161|5 condensate instead o] 7 | 1
) to separate the gaseg
in the fresh steam
from the feedwater
deaerator
Flash steam formationy The flash steam
Flash steam by removing the escapes from the
loss from the pressure on the _ air pipe of the Visible 4156 Flash steam unit usag| 4 | 1
condensate | condensate at the poir] condensate tank.
tank where it is discharged|  5- 15% of the
into the tank condensate is lost|
Heat loss in . .
Valves and Leavmg thle v;(ajlves Heat losses occur| - 6(6|4 Valve jaciet, 'II'_her_maI 6|2
Flanges uninsulate camera application

Boiler System After Improvements

The new view of the system after the implementation of the recommendations is shown in Fgyutlee3flash
steam system and heat exchanger placed at the blowdown outlet, tHedoeslater temperature can be increased
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from 18 AC When tie@ondesing ecanamizer is included in the system, the recovered heat can
used for secondtage heating of the fresh feed waténus, the feed water temperature can be increased20

AC t o 9 Ostaetheating bfifreshi feed water entering the system can be realized by placing a copper |
heat exchanger at the deaerator outlet, which is another improvement suggestion. According to the energy ba
the temperaturedf he fr esh water can b eAfterithe imgleanengaton 6f the Revets®
Osmosis system, the new boiler feed water flow rate will be 5100 kg/h instead of 5693ikgéthe flash steam

of the condensate is used, the steam that rieduls sent to the deaerator will be met with flash steam instead o
fresh steamBy using the mass and energy balances, the amount of steam to be sent to the deaerator was calc
as 210 kg/hThe amount of flash steam obtained from the condensaté ikgd and all the steam needed by the
deaerator can be provided from the flash sté&hile the net steam production was 4540 kg/h in the previous case
it will be 5000 kg/h in the new case. In addition, the need for fresh feed water will be reducéd@@@ikg/h to
1418 kg/h, thus saving 382 kg/h of wateetailed information can be reached in the previous d&jdyrhe mass

and energy flow amounts in the new state are shown in Figure 3.

Figure 3. Mass and energy flow diagram in new condition
3. RESULTS AND DISCUSSIONS

Fossil fuels are rapidly depleting, and greenhouse gas emissions threaten ouk &iguméicant part of the world's
energy consumption is used in boildfsr this reason, it is of great importance to reduce ermygsumptiondy
minimizing lossesA minor improvement in boiler efficiency will help save large amounts of fossil fuels and reduc
environmental pollutionEnergy saving is an energy source that can be obtained very quickly and cheaply, an
will contribute undeniablya the solution of energy supply problems of countries.

In this study, the steam system in a textile factory was investigled FMEA technique, one of the quality
improvement tools, was used to determine the situations that may cause inefficientnegyfand the solution
proposals for thenSome waste heat recovery options and today's cudtilyg technologies that can be used to
increase energy efficiency have been revealed in FMBRAen the proposed systems are implemented, it is
predicted that esrgy losses will decrease and around 382 kg/h (21%) of water will be saved and the net ste
production capacity sent to the process will increase by 460 kg/h (9.2%).

It has been demonstrated that FMEA technique, which is used as a risk analyisisuamgrevention method

within the scope of preventive process improvement studies, can also be used easily in increasing boiler er
efficiency. FMEA is neverending work. As existing technologies and possibilities evolve, they should be
incorporated intahe systemandthe FMEA study should be updated accordingly. Also, the research metho
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