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FOREWORD
Dear Colleagues,
We are glad to see you and your contribution for the Eight European Conference on Renewable Energy Systems
(ECRES 2020). The event has been organized in Istanbul/Turkey on 24-25 August 2020 by the organizers Gazi
University and Projenia. Besides, many institutions world-widely take a part as the cooperating institutions.
Turkish Science-Research Foundation (TUBAV) and Journal of Energy Systems (JES) support the event.
Historically, the first, second, third, fourth, fifth, sixth and seventh conferences were completed very successfully
in Alanya/Antalya (2012), Antalya (2013), Kemer/Antalya (2015), Istanbul (2016), Sarajevo / Bosnia and
Herzegovina (2017), Istanbul (2018) and Madrid/Spain (2019), respectively. In averaged, 170 papers/abstracts
were presented in each event from all over the world, and published the highly amount of selected ones in
Thompson SCI and SCOPUS indexed reputable journals. This year, 304 papers are received. Among them, 128
papers from 35 countries are accepted and 164 papers are included into the final event programme after
withdrawals. We gratitute all authors for their respects to the organizing committee on the mutual communication
in order to make a good event from preperation stage to the post-event one. Besides, we acknowledge the
reviewers for their efforts to select the high scientific level studies.
The purpose of the ECRES is to bring together researchers, engineers and natural scientists from all over the
world, interested in the advances of all branches of renewable energy systems such as wind, solar, hydrogen,
hydro-, geothermal, solar concentrating, fuel-cell. It aims to present and disseminate the cutting-edge results to
the international community of energy in the form of research, development, applications, design and
technology. It is thereby expected that it can assist researchers, scientists, manufacturers, companies,
communities, agencies, associations and societies to keep abreast of new developments in their specialist fields
and to find innovative solutions in their problems.
All accepted papers will be published in a special Conference Proceeding
after conference and will be delivered online from www.ecres.net to only participants. In addition, high amount
of good papers, which are going to be presented in the Conference will be published in Science Citation Index
(SCl-indexed), SCOPUS-indexed and EBSCO-indexed journals, after the peer-review.
We would like to send our greetings to all of you and looking forward to having your future contribution to the
future events for a much green and peaceful word.

/» Ce s C

Prof. Dr. Erol KURT

Chairman of ECRES Series

Gazi University, Technology Faculty

Department of Electrical and Electronics Engineering
06500 Besevler ANKARA TURKEY

E-mail: ekurt52tr@yahoo.com






CONTENTS

KEYNOTES
Title Presenter Page
ELECTRICAL ENERGY STORAGE — THE FUTURE ROLES AND CHALLENGES Ahmed Faheem Zobaa 17
WIDE BAND-GAP SEMICONDUCTOR POWER ELECTRONICS Shadi Shahedipour-Sandvik 18
GEOTHERMAL INVESTIGATION FOR THE SOURCE OF RENEWABLE ENERGY Nur Islami 19
THE NEED FOR INCREASED FLEXIBILITY IN MODERN POWER SYSTEM Ozan Erding 20
OPERATION
RECENT ADVANCES IN WAVE ENERGY CONVERSION Ossama Abdelkhalik 21
HETEROGENEOUS CATALYST ASSISTED TRIGLYCERIDE AND GLYCEROL Amjad Al I
CONVERSION INTO VALUE ADDED PRODUCTS
SINGLE COMPONENT SOLUTIONS OF CONDUCTING POLYMERS AS INTERFACIAL | [ oo -3
LAYERS FOR ORGANIC ELECTRONICS
REGULAR ABSTRACTS
Paper 1D Title Authors Page
8 INVESTIGATION OF A FRANCIS TURBINE PERFORMANCE USING CFD ;S?;F(UAIL‘;?:: lé’l]z’y'a’lze'b?o“gﬁk?c':'xy“ -
AND SITE EFFICIENCY MEASUREMENTS » Rutay ' '
Oguzhan Ulucak, Selin Aradag
90 STOCHASTIC OPTIMAL CONTROL OF RENEWABLE ENERGY ?:;Z;O'r\]’:g“e' Caballero Rosas, Raul Fidel 27
APPLICATION OF ELECTROCHEMICALLY DEPOSITED MOS2 FILMS [ oo oo Moo o
214 FOR HETEROGENOUS ~HYDROGEN ~EVOLUTION ~ REACTION | 2t 8 -2 168 ' 28
CATALYSIS
220 THE EFFECTS OF BOUNDARY LAYER TRANSITION ON THE OVERALL | o, -~ "
EFFICIENCIES OF WIND TURBINES
222 NUMERICAL INVESTIGATION OF HIGH TURNING BLADES WITH | [ o " e o my o 20
BOUNDARY LAYER BLOWING TOWARDS WIND TURBINES :
NANOPOROUS FE-GA ALLOYS WITH MAGNETOELECTRIC | AllonaNicolenco, Xiang-Zhong Chen,
223 CAPABILITIES Natalia Tsyntsaru, Henrl_kas Cesu_JIls, 31
Salvador Pané, Eva Pellicer, Jordi Sort
231 IRON GROUP-BASED ELECTRODEPOSITS FOR EFFECTIVE Natal_ia Tsynt_sar_u, Edita Vernickaite, 32
ELECTROCATALYSIS Henrikas Cesiulis
»33 ELECTROCHEMICAL FABRICATION OF (BI2)M(BI2TE3)N THIN FILMS égﬁ:gs'gaagk;‘gﬁf*,I:;;:‘;”T'z;r']?;::’l;‘:h' .
WITH CONTROLLABLE BISMUTH CONTENT ‘ 1sna, '
Henrikas Cesiulis, Eugene Streltsov
235 ULTRASONIC (CONTACT METHOD) WELD PENETRATION DEPTH | Bulent Kiliaslan Serkan, Koten Hasan, 2
MEASURING STUDIES Yucel Necla
013 EXERGY ANALYSES AND INTEGRATED GAS COMBINED CYCLEFORA | oo oo o W 2
HIGH EFFICIENCY OF A NUCLEAR POWER PLANT :
248 ELECTRODEPOSITION OF CO AND CO-PT METAL FOAMS FOR WATER Modgstas Vai_no'ris, Natalia Tsyntsaru, 36
ELECTROCATALYSIS Henrikas Cesiulis
252 ELECTROCHEMICAL IMPEDANCE SPECTROSCOPY AS AN EFFECTIVE | |-l bl o -
TOOL TO CHARACTERIZE MATERIALS FOR ENERGY APPLICATIONS :
267 HYBRIDIZATION OF A GEOTHERMAL POWER PLANT WITH BIOMASS | Balkan Mutlu, Derek Baker, Feyza Kazang 28
DRIVEN SCO2 CYCLE Ozering
OPTIMIZATION OF ZNO-BASED NEAR UV SOLAR CELL AND LIGHT | Bilgehan Baris Oner, lrem Oner Alp, Esra
297 Eroglu, Saime Sebnem Aydin, Yasemin 39
EMITTING DEVICES LTOS, Saime
Oztekin Ciftci
REGULAR FULL PAPERS
Paper 1D Title Authors Page
o A CLASSIFICATION TOOL FOR THE MOTION OF A PIEZOELECTRIC | Erol Kurt, Mehmet Tekerek, Kayhan Celik, 42
ENERGY HARVESTER VIA NEURAL NETWORK Mehmet Gok
20 NUMERICAL INVESTIGATION OF HEAT TRANSFER AND PRESSURE | Aslan Erman, Yildiz Omer, Kartun Hagop, 2
DROP ON FIN-TUBE HEAT EXCHANGERS Gungor Gokhan
TRANSESTERIFICATION OF WASTE COOKING OIL USING BONE AND | ... . -
42 EGG SHELL MIXTURE AS A CATALYST Ali A Jazie, Amar J. Albaaji 55
e INFLUENCE OF ELECTROLESS COATING OF NANO REINFORCEMENTS | "oy o
ON MAGNETIC PROPERTIES OF FECO ALLOY COMPOSITES : :
5 EFFECT OF OPTIMIZED INTAKE MANIFOLD GEOMETRY ON | Rafaa Saaidia, Raid Oyouni, Haider 72
BEHAVIORS AND EMISSION LEVEL OF H2CNG FUELED ENGINE Almuslam
AN FDTD-BASED = SIMULATION = STUDY ON DISTINGUISHING | o e oo o mn
66 CHARACTERISTICS OF INVERTER SWITCHING AND PULSE FAULT | 070 S0l ' ’ 87
DURING SUB-CYCLE TRANSIENT PERIOD '
LIMITATION OF FUNDAMENTAL ANALYTICS FOR FAULT ?\/A‘Tlr:g JF; f/';‘(;‘i"agﬁn?rogircurg?'ﬁfpé”;r;h;”'
67 TRANSIENTS ON PLANNING OF TRANSMISSION SYSTEMS WITH HIGH ' ' ' 95

PENETRATION OF SOLAR PV RESOURCES

Ramakumar, Dhruv Sharma, Guomin Ji,
John Jiang




USING FLOATING-INTERLEAVING BOOST CONVERTERS FOR SMALL

69 WIND ENERGY CONVERSION Moncef Justin Lalou, Capone Michele 103
COMPARISON AND ANALYSIS OF PERFORMANCE VALUES OF FIXED
72 ANGLED SYSTEMS AND RADIATION TRACKING SYSTEMS IN SOLAR | Kaplan Yusuf Alper, Saldamli Mehmet Ali 110
POWER PLANTS
76 (E)QIET?EGI\:(EX\\/(AQ?FE%SSAND THE RESILIENCE OF SOCIO-TECHNOLOGICAL Amadi-Echendu, Joe, Thopil, George Alex 116
CFD INVESTIGATION ON PISTON HEAD GEOMETRY EFFECT ON IN- . . .
80 CYLINDER FLOW FOR HYDROGEN FUELED ENGINE Raid Oyouni, Rafaa Saaidia 123
81 RENEWABLE ENERGY UTILIZATION AND POLICIES OF TURKEY Unalds, Giilizar Gizem, Kaplan, Yusuf Alper 135
83 g\F{IID_IGEQ_\EEEIOSWOF THE EFFECT OF H2CNG BLEND NATURE ON IN Haider Almusallm, Rafaa Saaidia 141
EFFECT OF MOLAR FRACTION OF THE INTRINSIC LAYER ON THE PIN . . . .
86 STRUCTURE FOR SOLAR CELL BASED AN INDIUM GALLIUM NITRIDE I"B"(fu“;i';n"eat'fa’ Benmoussa Dennai, Azeddine | 454
USING AMPS-1D
93 UPGRADING OF PERFORMANCE OF AIR TO AIR HEAT PIPE HEAT | Kerim Martin, _T.pek Ayta(;, Cagdas Filiz, 160
EXCHANGER BY USING CUO+ZNO HYBRID NANO FLUID Adnan S6zen, Umit Iskender
EXPERIMENTAL INVESTIGATION OF THE USE OF MGO+ZNO MIXTURE Kerim Martin Tpek Aytag, Cagdas Filiz
94 IN THERMOSIPHON TYPE HEAT PIPES WITHIN THE SCOPE OF AIR-TO- Adnan Sézen 1Cuma Kllml; ' 165
AIR HEAT EXCHANGER DESIGN ’
o METHOD OF DETERMINING A RATIONAL DESIGN REFRIGERATION X'g’é‘r?i'a;;ggﬁgﬁﬂ';%?gﬁg‘g:;fg'l'g\'l‘ov' 71
CAPACITY OF OUTDOOR AIR CONDITIONING SYSTEMS - ’ P '
Veniamin Tkachenko, Oleksii Zielikov
98 THE IMPACT OF EXTREME WEATHER ON ELECTRICITY DEMAND | Chesser Michael, Lyons Padraig, O’Reilly 178
FROM HOMES HEATED BY AIR SOURCE HEAT PUMPS Padraic, Carroll Paula
107 RESEARCH OF CHARACTERISTICS OF THE FLOW PART OF AN a;i":QOKEEZfE;’\z:OQ’;igfg’r'i‘:'}igi?g:fgko' 184
AEROTHERMOPRESSOR FOR GAS TURBINE INTERCOOLING AIR ! s '
Roman Radchenko, Vitaliy Maksymov
114 DYNAMIC ANALYSIS OF TRI-FLOATER WITH VERTICAL AXIS WIND | Asadulla Thoppil, M. Abdul Akbar, V. 190
TURBINE SUPPORTED AT ITS CENTROID Mustafa, DadiRamBabu
116 AN APPLICATION OF A WIRELESS POWER TRANSFER AT LOW E_rol Kurt, Fatemeh Zafarmand, Hikmet 196
FREQUENCY RANGE Fidanboy, Sevki Demirbag
119 IUI\gI:’I\I_EI\éil}I\IT?g_II_ON OF 30KHZ SINUSOIDAL CURRENT GENERATOR BY Liang-Rui Chen, Zi-Yu Lin, Ying-Lin Chen 203
123 WIND POWER FARMS MODELED BASED ON THE WAKE EFFECT Victorita Radulescu 209
124 FREQUENCY AND VOLTAGE CONTROL OF SEIG-WT SYSTEM Nasir Bilal Abdullah 215
127 ALGEBRAIC MODELING OF A NEW ELECTROMAGNETIC | Erol Kurt, Aigerim Issimova, Bekbolat 291
MECHANICAL VIBRATION ENERGY HARVESTING Medetov
EXPERIMENTAL VALIDATION OF AN ARTIFICIAL NEURAL Amadou BA, Sengahne Mbodii
128 NETWORKS (ANN) MPPT CONTROLLER OF AN INSTALLED SOLAR Alphousseynyi Ndiaye ’ 227
POWER PLANT AT POLYTECHNIC HIGHER SCHOOL
Andrii Radchenko, Mykola Radchenko,
133 A NOVEL DEGREE-HOUR METHOD FOR RATIONAL DESIGN LOADING Dariusz Mikielevicz, Roman Radchenko, 238
Andrii Andreev, Igor Esin
134 THE RECOVERY OF HISTORIC CENTRES: A MULTIPLE STRATEGY FOR | Losco Giuseppe, Pierleoni Andrea, 245
THE ENERGY SAVINGS Roncaccia Elisa
FEATURES OF MOBILE PLATFORMS' EQUIPMENT SECOND ORDER | Hanna Ukhina, Ivan Afanasyev,
137 DIGITAL FREQUENCY-DEPENDENT COMPONENTS PHASE- | ValeriiSytnikov, Oleg Streltsov, Pavel 256
FREQUENCY RESPONSE AT TUNING Stupen
138 HOW CAN ROMANIA IMPROVE THE POTENTIAL OF SUSTAINABLE Laurentiu Ciornei. Paula Munteanu 264
ENERGY DEVELOPMENT USING FOREST BIOMASS ; !
ARTIFICIAL NEURAL NETWORK DESIGN FOR AN AXIAL FLUX
140 PERMANENT MAGNET GENERATOR Adem Tekerek, Erol Kurt 273
144 NG AL SERROXIMATION OF THE HYDROLOGICAL TIME OF | parrn-Feméndez, 1.R., Calvo-durado C. 285
INFLUENCE OF TRAFFIC AND ROAD SURFACE PROPERTIES ON , .
145 ELASTIC BEHAVIOR OF LAYERED PAVEMENTS Roldan-Oliden P., Calvo-Jurado C. 291
147 SUPER TWISTING ALGORITHM- BASED DISCRETE-TIME CONTROL OF | Farhi Sal_ah Eddine, Sakri Djamel, Goléa 297
INDUCTION MOTOR Noureddine
Mykola Radchenko, Andrii Radchenko,
152 RATIONAL LOADS OF TURBINE INLET AIR ABSORPTION-EJECTOR Se)r/hiy Kantor, Bohdan Portnoi, Anatolian 308
COOLING SYSTEMS L
Zubarev, Ivan Kalinichenko
153 INTERRUPTION-LESS CHARGING OF PLUG-IN ELECTRIC VEHICLES | Abdul Ragf Bh_atti, Arslgn D.awood Butt, 315
USING THE GRID-CONNECTED PHOTOVOLTAIC SYSTEM Yawar Ali Sheikh, Kashif Nisar Paracha
HOW DO STUDENTS’ COMPETITIONS LIKE SOLAR DECATHLON
154 INCREASE RENEWABLE ENERGY AWARENESS AND WHO DOES | Liudmila Cazacova, Eka Sediadi 322
BENEFIT?
158 MAPPING THE SOLAR ROOF POTENTIAL OF THE NORTH CAMPUS | Joseph Nofech, Nima Narjabadifam, Hadia 330
BUILDINGS AT THE UNIVERSITY OF ALBERTA Awad, Mustafa Giil
Andrey Lebedev, Anna Naumova, Boris
159 INXGAL-XP AND INXAL1-XP HETEROSTRUCTURES FOR CASCADE | Zhalnin, Nina Vagapova, Evgeny lyschenko, 338

SOLAR CELLS INVESTIGATION

Sergey Sharov, Ekaterina Obrucheva, Sergey
Didenko, Anatoliy 1zotov

10




BOOSTING THE ELECTRIC OUTPUT OF A CANTILEVER

Claudia Irina Borzea, Constantin Daniel

162 PIEZOELECTRIC HARVESTER BY TIP CURVATURE BLOCKING Irina Borzea 344
ELEMENTS Comeaga, Adrian Savescu
166 EEEE?(RMANCE OF THE FIRE-FIGHTING SYSTEM: ALGERIAN CASE | oo " ouh Samia 251
THE STUDY AND OPTIMIZATION OF PRODUCTION/FERMENTATION
172 PROCESSES IN BIOFUEL PRODUCTION FOR MAXIMIZING ENERGY | Amardeep Singh 360
OUTPUTS
A MULTI-AGENT APPROACH FOR DECENTRALIZED VOLTAGE
175 REGULATION IN ELECTRICAL DISTRIBUTION SYSTEM WITH | Omer Giil, Emre Koksal 366
RENEWABLE GENERATION
NUMERICAL MODELING OF A NEW WIND FARM BASED ON LOCAL | ., . .
177 MEASURED ENVIRONMENTAL PARAMETERS Victorita Radulescu 375
ENERGY AND EXERGY ANALYSIS OF SOLAR BASED HYDROGEN
181 PRODUCTION BY HELIOSTAT FIELD AND PARABOLIC TROUGH | Alper Karakog, Yalim Giiltekin, Birol Kilkis 382
COLLECTOR
PRELIMINARY EXPERIMENTAL CALIBRATION AND VALIDATION OF | Antonio Rosato, Francesco Guarino,
185 A DYNAMIC SIMULATION MODEL FOR FAULT DETECTION AND | Vincenzo Filomena, Sergio Sibilio, Luigi 386
DIAGNOSIS OF AIR-HANDLING UNITS Maffei
PRELIMINARY ASSESSMENT OF IMPACT OF TYPICAL FAULTS ON | Antonio Rosato, Francesco Guarino,
186 ENERGY PERFORMANCE OF AIR-HANDLING UNITS BY MEANS OF A | Vincenzo Filomena, Sergio Sibilio, Luigi 393
DYNAMIC SIMULATION MODEL: A CASE STUDY Maffei
188 A SIMPLE METHOD FOR PARAMETER EXTRACTION OF A PV MODULE | Nader Anani 400
19 ADAPTIVE OVERCURRENT PROTECTION FOR ELIMINATE TO | 5 o m i fo o 209
MISOPERATION IN ELECTRICAL DISTRIBUTION NETWORKS :
195 THD ANALYSIS FOR A PMSG WITH DIFFERENT MAGNET STRUCTURE | Adem Dalcaly, Erol Kurt 418
1D MODELING OF OLIVE OIL MILL WASTEWATER EVAPORATION | ~ . ... _ . V
199 WITH A PARABOLIC TROUGH SOLAR COLLECTOR Ozel Binboga, M. Zeki Yilmazoglu 425
202 HIGH VOLTAGE SOLAR INVERTER STRUCTURES g?g‘eite\r(”d‘z’ Onder Ozgener, Leyla 437
NUMERICAL SIMULATION OF AN ON-GRID NATURAL GAS PEMFC — | oo o ron oo i o
203 SOLAR PHOTOVOLTAIC MICRO CHP UNIT: AN ENERGY AND | poie?cf i Mot J0r s oo "
FINANCIAL ANALYSIS FOR RESIDENTIAL AND INDUSTRIAL | (0% o e o Viera
APPLICATIONS :
o1 NAVIER-STOKES-MAXWELL EQUATIONS FOR MHD EFFECTS WITH éﬁg?:;g:gggélz‘;g{;“;relzaz(Z’;df:]”YAosgf""z 454
TURBULENT FLOW IN ADVANCED ARIES-RS FUSION TECHNOLOGY . : REZ ietzaden, :
Ali Madee, Ettahir EI Hadi Ali Omar Swese
Ashraf Mohammed Abusida, Aybaba
213 THE LOAD SHEDDING PREDICTION IN GECOL USING ARTIFICIAL | Hangerliogullari, Javad Rahebi, Erol Kurt, 469
NEURAL NETWORK Segil Karatay, Yasemin Giiltepe, Rezvan
Rezaeizadeh
ECO-TOXIC METAL POLLUTION IN SURFACE WATER AND ITS [/ o i o e Ash
216 SUITABILITY FOR IRRIGATION AROUND A LIGNITE-FIRED THERMAL | poret HCim Y8 e HEEe 08, art 479
POWER PLANT IN TURKEY : :
METAMODELING THE INFLUENCE OF FORM AND SHADING ON THE | piccono oo o) oo
219 HEATING AND COOLING LOADS OF A RESIDENTIAL ZONE IN THE | s el ot 18 oo e i 487
MEDITERRANEAN :
AFEASIBILITY ASSESSMENT OF OFFSHORE WIND POWER POTENTIAL | oo o o ore e
225 BASED ON ENVIRONMENTAL, SOCIAL AND ECONOMIC IMPACTS: A | (S0 P Posts: ' 493
CASE STUDY ON THE KIRKLARELI COASTLINE IN TURKEY
DETAILED FEASIBILITY STUDY ON ENERGY AND ECONOMIC | pnve o B o ore o
228 APPLICABILITY OF OFFSHORE HYBRID ENERGY SYSTEMS: A CASE | & POV T o e ’ 501
STUDY SAROS BAY :
229 THERMAL-FSI OF MINICHANNEL HEAT SINK FOR CALCULATING THE | Shoukat Ahmad Adnan, Anwar Muhammad, | o
OPTIMUM FLOW RATE: A NUMERICAL APPROACH Koten Hasan
230 THERMODYNAMIC ANALYSIS OF A REFRIGERATION CYCLE USING | oo = 515
NATURAL REFRIGERANTS WITH LOW GLOBAL WARMING POTENTIAL :
232 EXPERIMENTAL STUDIES OF NOVEL HYDROGEN PRODUCTION | S.Senthilraja, R.Gangadevi, Hasan Koten, 510
SYSTEM INTEGRATED WITH NANOFLUID BASED PVT SYSTEM P.Ravichandran
239 A WIND EMULATOR ASSOCIATED WITH DOUBLY-FED INDUCTION | Hallouz Mohamed, Kabeche Nadir, 5o
GENERATOR Moulahoum Samir
STUDY OF THE EFFECT OF PREPARATION PARAMETERS ON THERMAL
240 CONDUCTIVITY OF METAL OXIDE NANOFLUIDS USING TAGUCHI | Nikhil S. Mane, Vadiraj Hemadri 531
METHOD
" CHB CONVERTER WITH BBESS SUPPORT FOR LARGE SCALE | Alvaro Pérez Mayo, Ainhoa Galarza, 537
PHOTOVOLTAIC POWER PLANTS Fernando Martin, Javier Vadillo
PHOTODEPOSITION OF PD ON MOS2/TIO2 NANOCOMPOSITES FOR
242 ENHANCED PHOTOCATALYTIC HYDROGEN PRODUCTION UNDER | Giiy Nuray 545
VISIBLE LIGHT
DESIGN OF A VISUAL TESTING SYSTEM IN A ROBOTISED WELDING | (o oo oo o
244 WORKSHOP OF JACKET NODES BY MEANS OF DES AND ERGONOMIC : 549

SOFTWARE

Alvarez, Inés Taracido Loépez

11




ACCELEROMETER MASS LOADING STUDY BASED ON A DAMAGE

246 IDENTIFICATION METHOD USING FUNDAMENTAL LAWS IN CLOSED | Tarik Tufan, Hasan Kéten 556
SYSTEMS

47 gggEEaSTING THE POWER PRODUCTION FROM A MICRO GRID PV [ oot/ Georgieva c63
PMSM PARAMETER ESTIMATION USING A KIEFER-WOLFOWITZ

250 BASED SEARCH ALGORITHM Artun Sel, Cosku Kasnakoglu 570
MULTICRITERIA OUTRANKING METHODS AND THE HYDROPOWER ) .

251 EXPANSION PLANNING IN BRAZIL Raupp lgor, Climaco Jodo, Costa Fernanda 578
SATELLITE CARRIER STRUCTURE ANALYSIS AND AERODYNAMIC i

253 CHARACTERISTICS FOR LOW ALTITUDE DELIVERY SYSTEM Koten Hasan, Tufan Tarik, Demir Enes 585
MAXIMUM POWER POINT TRACKING UNDER PARTIAL SHADING i . ]

254 CONDITIONS USING NOVEL MINE BLAST ALOGRITHM Denis Karabetsky, Victor Sineglazov 590

255 HYBRID ENERGY STORAGE SYSTEMS Victor Sineglazov, Denis Karabetsky 596

256 ASSESSING S-CO2 MIXTURES FOR POTENTIALLY IMPROVING | Robert Valencia-Chapi, Luis Coco-Enriquez, | ¢/
SUPERCRITICAL POWER PLANTS PERFORMANCE Javier Mufioz-Anton
NUMERICAL SIMULATION ON MATHEMATICAL MODELING OF i o

257 VERTICAL CONTACT MODE TRIBOELECTRIC GENERATORS Shimna Shafeek, Mohammad Asim Riaz 607

258 MICROCONTROLLER-BASED, LOW COST IMAGE-GUIDED SOLAR | Rughooputh Hridayesh Deepak, 614
TRACKING Gooroochurn Mahendra
NUMERICAL INVESTIGATION OF NACA 2412 AIRFOIL USING CFD | . )

259 TECHNIQUE Koten Hasan, Akkaya Kerim 621
FIRE MODELLING AND SMOKE EXTRACTION IN THE ENCLOSED CAR .

260 PARK ZONE USING CFD TECHNIQUE Koten Hasan, Akkaya Kerim 625

261 DEVELOPMENT OF HEMP SHIVE WALLBOARD WITH INTEGRATED | Edgars Kirilovs, Gusovius Hans-Jorg, Inga 631
PHASE CHANGE MATERIAL Zotova, Silvija Kukle

262 PERFORMANCE EVALUATION OF POWER CONVERTERS & ARTIFICIAL | Vidhya K Viswambaran, Akram Bati, 637
INTELLIGENCE BASED MPPT TECHNIQUES IN GRID-TIED PV SYSTEMS | Erping Zhou
SUITABLE SITE SELECTION TO WIND POWER PLANTS FOR [ ... 0 oo

265 ENVIRONMENTAL AND SOCIAL IMPACTS BY USING GIS AND MCDM: Kaer‘nal iﬂ;‘;gg u, Mustala serdar &eng, 645
A CASE STUDY DEVELI KAYSERI
RESEARCH OF ENERGY AND EXERGY MODEL OF THERMOSIPHON | Yedilkhan Amirgaliyev, Murat Kunelbayev,

266 CIRCULATION SOLAR COLLECTORS WITH THERMAL PUMPS FOR | Aliya Kalizhanova, Omirlan Auelbekov, 653
HEATING AND HOT WATER SUPPLY Nazbek Katayev, Ainur Kozbakova
DRY COOLING OPTION FOR CONCENTRATING (CSP SOLAR POWER) .

269 PLANT FOR THE DESERT REGION, INDIA Satya Sekhar Bhogilla, Rama Sreekanth P.S 659

271 POWER MANAGEMENT SYSTEMS FOR AN INTELLIGENT HOME Hiﬂ?:'s;haway Shyaa Al-Atwan, Mircea 665

272 METAL ORGANIC FRAMEWORK MATERIAL (MOF) FOR ATMOSPHERIC | Ibrahim Al-Hashemi, Raya Al-Dadah, Saad 672
WATER HARVESTING IN ARID REGIONS Mahmoud
THE EFFECT OF CATHODE CAVITIES TO THE MODES OF A CAVITY

273 MAGNETRON Yunus Yildiz, Erol Kurt 679

074 OVERVIEW OF PHOTO-BIOREACTORS USING COMPUTATIONAL FLUID | Yucel Necla, Koten Hasan, Kilicaslan 688
DYNAMICS TECHNIQUE Bulent Serkan
DESIGN OF ARTIFICIAL NEURAL NETWORKS FOR FUNCTION [\ /.00 \nac o o

275 APPROXIMATION OF MAXIMUM POWER POINT TRACKING IN PV | [ iny Zhou : : 695
SYSTEMS Ping

276 EA(SAV(\;:FIQNE LEARNING MODELS FOR PREDICTING PV GENERATED | ..\, Georgieva, Alexander Ivanov 703
NEW ANALYTICAL METHOD DEDICATED TO CALCULATING THE

277 ENERGY GAP VALUE OF NIO/FTO THIN-FILM MATERIAL OF | Slimani Hamza, Bessous Noureddine 710
PHOTOVOLTAIC SYSTEMS
SIMULATIVE EVALUATION OF TRIBOELECTRIC POLYMER PAIRS IN ) . ]

278 VERTICAL CONTACT MODE Shimna Shafeek, Sibgatulla Sharieef 717
THEORETICAL STUDY ON PRESSURE EFFECTS ON PHYSICAL .

279 PROPERTIES OF SEMICONDUCTOR COMPOUND LICDP Yasemin Oztekin Ciftci 25

280 COMPOSITION EFFECTS ON ELASTIC AND ELECTRONIC PROPERTIES | /o oy o i o 730
OF RU DOPED OSHF (RUX0S1-XHF) ALLOYS: AB-INITIO STUDY asemin Lzterin titer

281 FINE STRUCTURED RED-BAND TAIL PHOTOLUMINESCENCE (PL) [ g it jbpo o 735
SPECTRA OF NANOCRYSTALLINE CDS:IN THIN FILMS : y

282 ARITHMETIC STUDY ON ENERGY SAVING FOR SOME COMMON DATA | Pedro Juan Roig, Salvador Alcaraz, Katja 244
CENTRE TOPOLOGIES Gilly
PROTON EXCHANGE MEMBRANE FUEL CELL DEGRADATION: AN - -

284 EXPERIMENTAL ANALYSIS Sujit Sopan Barhate, Rohini Mudhalwadkar 752

) Penka V. Georgieva, Milen Baltov, Maria

285 KINATION- STUDENTS' EXPLORATION OF A FUTURE RENEWABLE | oo ® o o Kalina Hristova, 759

ENERGY SOURCE ! c
Georgi Karavasilev

287 3D FLOW SIMULATION OF A HORIZONTAL AXIS WIND TURBINE WITH | Mustafa Serdar Geng, Khalida Sekhoune 264
A FLAT PLATE ON PRESSURE SIDE Ozden, Tuna Murat Bodur

289 FLOW-INDUCED MECHANICAL ANALYSIS OF A HORIZONTAL AXIS | Mustafa Serdar Geng, Tuna Murat Bodur, 770

WIND TURBINE WITH A FLAT PLATE ON PRESSURE SIDE

Khalida Sekhoune Ozden

12




IMAGE-BASED WATER LEVEL ESTIMATION FOR REDUNDANCY

Fleury Gabriela Rocha de Oliveira,
Nascimento Douglas Vieira do, Galvio Filho

290 INFORMATION USING CONVOLUTIONAL NEURAL NETWORK Arlindo Rodrigues, Carvalho Rafael Viana, | 776
Ribeiro Filipe de Souza Lima, Coelho
Clarimar José
A PRELIMINARY IN-SITU MEASUREMENT AND SIMULATION OF THE . o
201 PERFORMANCE OF GROUND-COUPLED HEAT EXCHANGER SYSTEM gaa%cl’(rec)eoltimshl;/lua:hear:girséSeegobm Budhiraj, | 75,
IN THE TROPICAL CONTEXT OF MAURITIUS
292 THERMODYNAMIC MODELLING TO OPTIMIZE THE PERFORMANCE OF | lbrahim Albaik, Gavin Tozer, Raya Al- 789
SMALL SCALE ORGANIC RANKINE CYCLE (ORC) SYSTEMS Dadah, Saad Mahmoud
COMPARATIVE STUDY OF DISCHARGE EMISSION AMPLIFICATION IN
293 AR-DRIVEN GAS DISCHARGE SYSTEM WITH MICROPOROUS ZEOLITE | B.G. Salamov, H. Hilal Kurt 796
CATHODE
294 THE PLASMA SYSTEM WITH INP PHOTODETECTOR H. Hilal Kurt, F. Karip 802
295 | LHE ELECTRON CURRENT DENSITY PATTERNS IN SEMICONDUCTOR- " 410t ur, .G, Salamov, B Tannverdi | 805
296 EEEECCngFEAE\CTERISTIC FEATURES OF THE COLD PLASMA WITH ZNSE H. Hilal Kurt, S.Kizisar 808
STEP BY STEP MODELLING, ANALYSIS AND SIMULATION OF A HIGH-
298 EFFICIENCY BATTERY CONTROL SYSTEM BY USING MATLAB | Mohammed Ayad Alkhafaji, Yunus Uzun 811
ENVIRONMENT PROGRAM
Alejandro Ballesteros-Coll, Unai Fernandez-
209 | PERFORMANCE STUDY OF THE CELL-SET MODEL FOR A GURNEY | Gyniy iy Aramendia, kaltz Zulucta, | 820
Jose Manuel Lopez-Guede
losu Ibarra-Udaeta, Koldo Portal-Porras,
300 LARGE EDDY SIMULATION OF A RECTANGULAR VORTEX | Unai Fernandez-Gamiz, liiigo Aramendia, 826
GENERATOR ON A FLAT PLATE WITH AN INCIDENT ANGLE OF 25° Ekaitz Zulueta, Javier Sancho, Jose Manuel
Lopez-Guede
301 ATOM SEARCH OPTIMIZATION ALGORITHM FOR OPTIMIZATION OF | Wafeega Abdulrazak Hasan, Issa Ahmed 831
POWER GENERATION IN MICROGRID Abed, Diyah Kammel Shary
Ekaitz Zulueta Guerrero, Ander Sanchez
302 ARTIFICIAL NEURAL NETWORK-BASED STOP CRITERIA FOR A | Chica, Daniel Teso-FZ-Betoﬁo_, Unai 841
GENETIC ALGORITHM Fernandez-Gamiz, Jose Antonio Ramos-
Hernanz, Jose Manuel Lopez-Guede
HIGH TEMPERATURE LEAD ACID BATTERY SOC AND SOH | Javier Olarte, Ekaitz Zulueta, Raquel Ferret,
303 CHARACTERIZATION BASED ON ELECTROCHEMICAL IMPEDANCE | Erol Kurt, Jaione Martinez de Ilarduya, Jose 847
SPECTROSCOPY DATA Manuel Lopez-Guede
304 EFFECTS OF SUBSTRATES ON THE GROWTH OF BETA VULGARIS | Tran Trong Nhan, Ngo Van Tuan, Nguyen 853

SUBSP. VULGARIS IN HYDROPONIC SYSTEMS

Phuc Thien

13




14



ISTANBUL
2020

THE RECOVERY OF HISTORIC CENTRES: A MULTIPLE
STRATEGY FOR THE ENERGY SAVINGS

Losco Giuseppe
University of Camerino, Italy, giuseppe.losco@unicam.it, ORCID: 0000-0002-3260-236X

Pierleoni Andrea
University of Camerino, Italy, andrea.pierleoni@unicam.it, ORCID: 0000-0002-7902-0068

Roncaccia Elisa
University of Camerino, Italy, elisa.roncaccia@unicam.it, ORCID: 0000-0002-4982-5850

Losco, G, Pierleoni, A, Roncaccia, E. The recovery of historic centres: a multiple strategy for

Cite this paper as: the energy savings. 8" Eur. Conf. Ren. Energy Sys. 24-25 August 2020, Istanbul, Turkey

Abstract: Sustainable criteria and comfort objectives are nowadays the basis of any design process that seeks
to rise the liveability of an urban context and the opportunity of use of its built heritage. This study
starts by considering the same criteria and objectives for the reconstruction phases of those small
historical cities severely hit by the earthquake: case study is Arquata del Tronto, located in central
Italy and affected by the seismic activity starting in 2016. The study we propose illustrates a
methodology for achieving the energy efficiency from a multilevel perspective, identifying three
different dimensions -the territory, the urban context and the building-. For each dimension we
move from a cognitive framework to a phase of planning, providing a series of operative
indications. The strategy is not to consider the possible energy solutions independently from each
other, but to think about an integration of solutions, by combining the retrofit interventions on
buildings with the use of various type of renewable energies. In this regard, the understanding of
the territorial resources becomes necessary to suggest reconstructive solutions consistent with the
characteristics of the place, while the knowledge about the features of the buildings allows to
carefully evaluate the possible impact of the interventions, so to identify the most appropriate
energy strategies in respect of the historical value.

The study therefore outlines how to supply all the energy demand of the urban center with only
retrofit intervention and renewable sources, so to minimise the need of fossil energy. It provides a
comparison between the investment cost required to perform all the interventions planned and the
total energy savings over the years, so to calculate the amount of time necessary to the full return
of investments.

In conclusion, the project provides a multi-scale guideline text usable for supporting the
reconstruction process and, in general, the recovery of the built heritage, orienting the design
activities towards the sustainability requirements and the energy efficiency.

Keywords: Recovery, guidelines, integrated strategies, energy efficiency
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1. INTRODUCTION

The energy efficiency of buildings has undergone an important evolution from a regulatory point of view, which
was also matched by a satisfactory response from all the private players who invested in energy savings — thanks
to political-economic strategies such as the 65% ecobonus. The achievement of the objectives of the European
Action Plan for Energy Efficiency of 2011 (known as "Europe 20-20-20") is still far away though and by 2030
further targets are expected to be pressing with the scenarios developed at EU level, such as the Clean Energy
Package. The most important challenge that the Italian building sector will have to set in order to get closer to
these objectives is to intervene on the existing public and private building heritage. In fact, around 60% of the
built fabric of the country is made up of buildings characterised by the lowest energy efficiency class (G) and
the 88% of Italian buildings are prior to 1991, when the first framework law came into force regarding the
rational use of energy, energy saving and the development of renewable sources. That is why it is so important
to consider the issue of energy improvement in the minor historic centres that widely characterise the national
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territory and on which the freedom of design is constrained by the need to preserve the original technical and
architectural features. The current study arises from dramatic circumstances such us the earthquakes that struck
Central Italy from 24 August 2016, which become the occasion to try out an operational mode to promote a
reconstruction oriented to sustainability and energy efficiency criteria. An historical centre strongly affected by
the earthquake is Arquata del Tronto, whose municipality commissioned the present research to the School of
Architecture and Design of Ascoli Piceno. The aim was to provide public administrations and designers involved
in the reconstruction phase with guidelines to suggest technological solutions for the energy improvement from
the territorial scale to the single building.

The actual shape of an historic centre, characterised by several construction techniques and an irregular
distribution of closed and open spaces, is the result of a series of successive transformations over the centuries.
It is therefore the understanding of these transformations that allows to identify the historical values and the
identity of the built areas, providing real indications on the elements needed to promote an active conservation
of the urban-fabric. At the same time, in order to improve liveability and environmental comfort conditions, it
is necessary to study the climatic context in which the historic center is located. This research starts from a
climatic study of the territory of Arquata del Tronto and then goes on to provide the operational suggestions in
order to support the project activities, both on an urban and building scale.

1. CLIMATE ANALYSIS

The bioclimatic analysis of the Arquata del Tronto area started with the assessment of the parameters of
sunshine, radiation, ventilation, humidity and consistency of precipitation, carried out in both summer and winter
scenarios.

Combining the values obtained, it is possible to identify the critical environmental zones and the areas which
are potentially predisposed to the introduction of renewable energy systems, through which we can maximise
the comfort perceived by the inhabitants and minimise the use of fossil energy.

The case of Arquata del Tronto, whose urban context is notably widespread and fragmented within an
altimetrically articulated territory, has required to adopt a cognitive path divided into successive levels of in-
depth analysis. The research was therefore structured on different phases: the territorial climate, the urban
climate and the climatic analysis on the scale of a single building.

1.1. Territorial climate analysis

Arquata del Tronto is the last municipality in the province of Ascoli Piceno, on the border between Abruzzo and
Lazio. It extends for 92 km square in a mountainous area and is the only municipality in Europe to belong to
two national parks: the Monti Sibillini National Park and the Gran Sasso and Monti della Laga National Park.
The territory is crossed by the Tronto river which runs along the flat area where the narrow and steep valleys of
the northern and southern slopes converge. According to the Decree of the President of the Republic n. 412 of
26 August 1993, which establishes a subdivision of the Italian territory into climatic zones, the municipality of
Arquata del Tronto falls within the climatic zone E.

Figure 1. View of the land of Arquata del Tronto with its 14 hamlets
1.FORCA CANAPINE - 2.CAPODACQUA - 3.TUFO — 4.PESCARA DEL TRONTO - 5. VEZZANO - 6.SPELONGA - 7.FAETE 8.TRISUNGO — 9.ARQUATA CAPOLUOGO - 10.BORGO
—11.CAMARTINA - 12.PIEDILAMA - 13.PRETARE — 14.COLLE

The territorial location data (latitude, longitude and height above the sea level) were entered into the Meteonorm
7 software, using the climatic data reported in the UNI10349 standard. It was possible to obtain the files about
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the climatic data that characterise the 14 different locations in the municipal area of Arquata del Tronto
(temperature, humidity, wind speed and direction, solar radiation). Using an additional software, Weather Tool,
the outcomes have been reprocessed and it has been possible to obtain graphs and to conduct comparative
evaluations which are useful for a more comprehensive understanding of the case study.

It was found, for example, that directionality and frequency of the wind are common to almost all the localities,

with some differences which are more evident as the speed increases — since Spelonga, Colle and Forca Canapine
differ from the other fractions. According to the parameters of temperature and humidity, Trisungo and Tufo,
situated in the valley, differ from the centres at higher altitudes, like Colle and Forca Canapine. Focusing on
rainy or snowy perturbations, we observed their distribution over time: it was found that the villages in the valley
and those south of the Tronto river receive more precipitations, while those of medium height north of the river
are less rainy.

This first general climatic analysis allowed to organise the localities of Arquata del Tronto in homogeneous
climatic zones, grouping them according to similar climatic and geomorphological conditions.

FORCA CANAPINE

ZONE 4 @

ZONE 5

Figure 2. Homogeneous climatic zones grouping the 14 hamlets of Arquata del Tronto according with climatic and
geomorphological similarities.

The territory is in fact characterised by multiple exposures and environmental situations, since there is a short
distance between the valley floor and the mountain ridges, passing from an altitude of 600 m (Trisungo) to 1500
m (Forca Canapine). Five distinct climate zones were outlined (Fig.2):

- Zone 1. Villages on the valley floor and on the first hills (Trisungo, Vezzano, Pescara del Tronto, Tufo, Arquata e
Capodacqua)

- Zone 2. Piedmont villages north of the Tronto river (Pretare, Piedilama, Camartina e Borgo)

- Zone 3. Piedmont villages south of the Tronto river (Faete e Spelonga)

- Zone 4. Mountain villages north of the Tronto river (Forca Canapine)

- Zone 5. Mountain villages south of the Tronto river (Colle)

1.2. Urban climate analysis

After identifying the climatic zones, we assumed some fractions as representative case studies for the three
central homogeneous zones of the territory: Trisungo for the zone 1, Arquata Capoluogo for the zone 2 and
Spelonga for the zone 3.

Under the assumption that the buildings will be reconstructed preserving the original volumes, the climatic study
was deepened, aiming to obtain indications strictly related to the relationship between soil and buildings. A fluid
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dynamics analysis was then carried out using the ENVI-met software’ (the results are described in sub-chapter
3.1) while the climatic data relating to solar geometries and psychrometric diagrams were elaborated.

On the three localities assumed as case studies, we simulated the distribution of the shadows and the lighting of
the building fronts. Since they are located in three distinct areas, the fractions differ in exposure. In the mountain
villages, a mountain or a woodland area can be a barrier to the winds but also an obstacle for a correct daytime
lighting. The 3D solar path was then simulated through the Ecotect software. It allows to provide a study of
daylight during standardised periods of the day and year: morning, noon and afternoon on the days of summer
solstice (21 June), winter solstice (21 December) and equinox (21 March). Once the simulations were completed,
critical situations have been noticed: persistent shadow in winter and continuous sunlight in summer. After
evaluating the degree of illumination of the fronts in the different locations it was possible to quantify the average
duration with which the fronts of the buildings are hit by the sun's rays.

According to the calculated sunshine we can consider four types of building fronts:

- Fronts with less than 1 hour of sunshine

- Fronts with 1+4 hours of sunshine

- Fronts with 4+8 hours of sunshine

- Fronts with more than 8 hours of sunshine

Observing the maps obtained, we note that in the village of Arquata, located on the hill, the north-facing parts
present a critical situation, because they are significantly shady, especially in winter (Fig.3).

For Arquata del Tronto we wanted to carry out a study on the pre-earthquake situation in order to understand
the critical points of the urban-fabric currently destroyed and to provide useful suggestions for a possible
reconstruction. In fact, some fronts could be lowered to allow the illumination of the secondary streets, in order
to improve internal comfort both from a luminous and thermal point of view. In general, considering the
reconstruction or reconfiguration of the existing villages, a study of this type is useful to reorganise the
distribution of interior spaces by dedicating more illuminated areas to day use destinations.

The study of the sunshine follows the reading of the psychrometric chart. Normally the psychrometric diagram
is used during the design phase of a building but the same can also be used for the assessment of the thermo-
hygrometric comfort of an existing building.

21 DECEMBER

sunshine hours<1

sunshine 1<hours<4 4
3 sunshine 4<hours<g s < ) v
% sunshine hours=8 Wshett ©

LINEAR SUNSHINE PERCENTAGE

¢ DEVELOPMENT
/ h<1 65%
: .

1<h<4 9%
2222 ml
4<h<8 16%
% h28 10%
Figure 3. Map regarding the sun exposure of the building fronts. Arquata Capoluogo. 31 December edifici. Arquata
Capoluogo — 31 december

FRONTS

It starts with the construction of the psychrometric chart with reference to the climatic characteristics of the
place. Everything within it could in a first instance determine a specific standard comfort area (pink line) and
observe the graph offering us a rate of reasoning on intervention strategies that contribute to widening the initial
comfort area. As can be seen from Fig.4, the best and most effective intervention strategies that prolong comfort
in both winter and summer are of four types:

4 ENVI-met is a three-dimensional, non-hydrostatic and microclimatic model, able to provide simulations with a spatial
resolution of 0.5+10 meters and a temporal resolution of 10 seconds. The software is based on the fundamental laws of
fluid dynamics and thermodynamics.
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Passive solar heating, interventions that provide for the heating of the premises through passive solar
systems such as solar greenhouses, large windows, or natural air heating systems;

Thermal mass effects, interventions in which we tend to use building materials that store the heat
produced by the sun rays that hit the building and slowly release it over time;

Exposed mass and night purge ventilation, the most used strategy for the summer period with which it’s
possible to cool in a building using the insertion of opposing openings of the casing, so as to move from
a cooler area to a warmer one. Both for day and night time.

Natural ventilation, it can be used for passive cooling systems, called dissipative, which requires
considerations with respect to the characteristics of the local winds and the vertical distribution of the
communicating internal environments.

SELECTED DESIGN TECHNIQUES:

DBT(C) s 10 [ 2 2 ) 4

Figure 4: Example of psychrometric chart. Arquata Capoluogo — Annual scenario

In case of restructuring operations, it is possible to reduce the energy consumption for heating or cooling by
extending the internal comfort area without focusing on plants, but using passive technologies (solar
greenhouses, solar air collectors, exploitation of the thermal mass and optimal arrangement of the openings so
as to guarantee natural internal ventilation). The analysis of microclimatic aspects on an urban scale was
performed using the ENVI-met software, capable of simulating surface-plant-air interactions in an urban
environment. ENVI-met is particularly useful in assessing the impact of new urban-design interventions,
because it provides numerical forecasts on the environmental impact of new structures or green areas. It also
simulates the flow of wind between buildings, heat exchange processes and steam at ground and wall level,
atmospheric turbulence, some vegetation parameters and bioclimatology. The parameters calculated by the
software are:

1.

2.
3

Atmosphere: wind, temperature, steam, turbulence, pollution; soil - temperature, water flow, water
concentrations;

Vegetation: leaf temperature, heat exchange, steam exchange, water transport, water interception;

Surfaces: ground level flows, wall and roof flows, heat transfer through the walls;

Biometeorology: PMV (Predicted Mean Vote) value.

CRITICALITIES OF THE PPD VALUE

__ CRITICAUTIES OF THE PMV VALUE PPD > 80% dissatisfied

PMV >3 (very warm)

Figure 5. Example of graphic representation for critical areas: PMV (Predicted Mean Vote) and PPD (Predicted
Percentage of Dissatisfied) parameters. Arquata Capoluogo — Summer scenario
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In particular, the mapping of the PMV and PPD (Predicted Percentage of Dissatisfied) parameters allows to
identify the most critical areas of the urban context. The maps show, as an example, the criticalities outlined
through the fluid-dynamic analysis conducted on the Arquata Capoluogo case study (Fig.5).

1.3. Climate analysis of the building

This last level of in-depth analysis in the thermal analysis of the building can be achieved both instrumentally
(thermography, thermoflowmetry - Fig.6), and analytically, through the knowledge of the construction
characteristics that characterize the building envelope and the systems. In particular, to have a reference picture
of the energy-environmental performance of the building, it’s necessary to consider further factors such as
energy consumption, thermal insulation, attenuation and phase shift, air permeability, passive solar thermal
loads.

Fig. 6: Example of a thermographic survey

The data obtained from the analysis of the energy-environmental behavior are to be considered together with
those deriving from the environmental analysis, in order to choose which type of intervention to operate. In
addition to the analysis of the energy-environmental behavior of the building, it is essential to proceed with the
analysis of the "building-plant system", through which the specific technical-construction and technological
characteristics of the building envelope and of the energy supply systems are identified. This will make it
possible to evaluate the possibility of maintaining its presence in the new project solution, to evaluate their
integrability, or to declare its age and therefore its ineffectiveness with respect to new energy performances.

2. WORKING SUGGESTIONS

If the current legislative framework requires an unconditional adjustment to the regulatory obligations,
undoubtedly the pursuit of energy efficiency objectives for the architectural heritage needs to be regulated by a
careful evaluation of the possible impact that the interventions would entail on historical buildings: any type of
intervention, if not calibrated through conservative criteria, could lead to a transformation and to the distortion
of the buildings and the areas where they are located.

The present research therefore intends to introduce, in the reconstruction process of the analysed centre, a
technological and energy sustainability method based on evaluative and critical steps. In this way it is possible
to place the interventions that can be implemented in relation to the pre-existing urban-fabric and the landscape.
The “improvement” logic so adopted does not lead to a mere adaptation of regulatory standards and minimum
requirements, but is focused on the assessment of the landscape compatibility, in respect of a territory that bears
witness to the millennial balance of man and nature.

In the following paragraphs some strategies used for the energy efficiency improvement of historical centers
will be showed. The research aims to reduce energy consumptions in the historic center and integrate renewable
energy sources (active and passive systems for energy production), by direct actions on individual buildings or
by urban-design applications on collective open spaces.
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2.1. Urban-Design for the common spaces

Resuming the assessments described in sub-chapter 2.2 and after a cognitive stage, which allowed the
identification of the areas with the greatest critical environmental comfort, we arrived at a proposal phase, in
which the same ENVI-met software was used to prove the effectiveness of the hypothesised interventions as the
introduction of new vegetation, the use of appropriate materials (low albedo and emissivity values) for exterior
pavings or the realization of fountains, green roof and little pools of water. ENVI-met provides quantitative
forecasts on the impact of newly designed green areas or structures, supporting the urban-design process in order
to achieve the following objectives: reducing the summer temperatures by making outdoor spaces more
accessible, protecting buildings from direct sun radiation, avoiding excessive heating of the interior and
improving comfort even in the winter season. The graphic representations regarding Arquata Capoluogo are
reported below, showing the comparison made between the energy simulations before and after interventions
(Fig. 7, 8).

before interventions planned actions after interventions

Q thermo-regulating 3 appropriate materials f: fountains, green roof
vegetation plant for exterior pavings and pools of water

Figure 7. Example of comparative evaluation for the PPD value: before and after the interventions. Arquata Capoluogo —
Summer scenario

To solve problems related to temperature and humidity values of the summer scenario, it is advisable to introduce
specific deciduous vegetational plants, which lower the air temperature and shield the solar radiation.
Considering the PMV values, that are not optimal during the summer seasons, the third frame shows also the
positive effect of introducing pools and fountains, as well as using materials suitable for paving open spaces
(stone, gravel and porous materials). The effectiveness of the interventions is clear observing the yellow and the
green colours that appear in the final scenario and that correspond to a lower percentage of dissatisfied.

before interventions planned actions after interventions

(@ thermo-regulating = appropriate materials )\ high evergreen trees
¥ vegetation plant for exterior pavings  Fagainst cold winds

Figure 8. Example of comparative evaluation for the PPD value: before and after the interventions. Arquata Capoluogo —
Winter scenario

To improve temperature and ventilation values of the winter scenario, it is advisable to introduce high evergreen
trees that act as a barrier to the strong and cold winter currents coming from the north/north-west. As proof of
the correctness of the actions planned, the third frame of the winter scenario shows that the yellow and the green
colours have been reduced, in favour of a lower percentage of dissatisfied.

2.2. Use of renewable energies to cover urban energy needs

The objective of this part of research is to reduce the consumption of fossil energy through the use of renewable
energies. In this regard, the understanding of the territorial resources becomes necessary to suggest
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reconstructive solutions consistent with the characteristics of the place. Considering the village of Arquata del
Tronto as a case study, we imagine to cover all the energy needs with renewable energy sources only. We assume
to install photovoltaic and thermal solar panels according to the features of the study area and to use the territory's
own resources. We refer to the electricity supplied by small hydroelectric generators fed by watercourses and
the zero-mile thermal energy generated by the combustion of biomass collected in the territory. A significant
amount of energy is added as a result of a possible geothermal system. A time of three years is considered to
perform all the measures suggested.

The verification of the total coverage of the energy needs through the renewable sources is carried out starting
from the buildings’ square meters and the average needs of the users, using pre-dimensioning calculation charts.
The steps of the energy calculations are described in figure 9. This table regards the only hamlet of Arquata
Capoluogo but same data are collected for all the other localities of Arquata del Tronto.

For each type of renewable sources, the figure shows the corresponding percentage of coverage of the total
amount and the value of residual need that has to be covered through fossil energy. It also outlines the reduction
of the energy demand after the interventions planned.

Hamlet ARQUATA
Electrical Thermal energy Thermal energy
ACTUAL PRIMARY . .
ENERGY DEMAND PARTIAL energy for sanitary water for heating
0,081 0,052 0,399
(GWh/year)
TOTAL 0,532
- photovoltaic system 50% -
E i |solar thermal system - 84%
z 8 = lactions on building
= % g envelope - - 35%
‘E‘: F | O|biomass - - 50%
= geothermal system - - 15%
= RESIDUAL NEED (GWh/year) 0,041 0,008 i)
POST PROJECT PRIMARY
0,049
ENERGY DEMAND (GWh/year)
TOTAL ENERGY SAVING (GWh/year) 0,483

Figure 9. Energy calculations — Arquata Capoluogo

As further deepening, we chose Arquata Capoluogo to carry out a cost estimates of the interventions required
for the energy savings. Details of calculations are showed in figure 10 and they regard only the investment costs
necessary to perform the interventions planned.

Unit price ARQUATA CAPOLUOGO
Electrical energy mq 3
|photovoltaic system |EURf‘mq | 600 700 420000
Thermal energy for sanitary water mq 3
|solar thermal system [EUR/mg | 1200 200 240000
Thermal energy for heating mq £
|actions on building envelope [EUR/mg | 70|  6361,81] 445326,98
€
|biomass |EUR each* | 15000] 15000
*generator (20kW)
mt €
I_gemhermal system [EURfmt ] 50 43,2 2160
TOTAL INVESTMENT 112
(million EUR) !

Figure 10. Estimate of investment costs — Arquata Capoluogo

Figure 11a and figure 11b show the same kind of data: while figure 11a is referred only to the hamlet of Arquata
Capoluogo, figure 11b provides the total values for the whole territory of Arquata del Tronto, calculated as sum
of the partial values about the fourteen hamlets. In the tables the costs associated to the existing conditions are
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compared to the ones regarding the new scenarios (during and after the project). The tables also show the total
cost of the energy actually required (divided into electrical and thermal energy) [a] and then the cost of the share
of energy that is still required after interventions [b]. The difference between the two values is the amount of

energy saving [c], in terms of both €/year and GWh/year.

ARQUATA DEL TRONTO (all the hamlets)

Unit price®
GWh/ Cost [€
[ vl [EUR/KWh] [€]
EXISTING CONDITIOMNS
Electrical energy demand 1416 0.25]| 354000.00
Thermal energy demand 2.008 0.21] 1681680.00
Total (a) 9.424 2035680.00
NEW CONDITIONS
Electrical energy residual need 0.708 0.25]| 177000.00
Thermal energy residual need 0.1a47 0.21 J0E44.80
Total [b) 0.85488 207844 80
Total energy saving (c)  B.56912 GWh/y 1827835.20 €y
ITutaI Energy saving 1.828 million EUR/year I
Figure 11a. Total energy saving — Arquata Capoluogo
ARQUATA CAPOLUOGO
Year 1 Year 2 Year 3 Year 4 Year5 Year 6 Year 7 Year 8 Year 9 Year 10
COST-EXISTING CONDITION [million EURJ{0)[ 0215 | 0115 | 0115 | 0115 | 011s | o011s | o11s | oms | oms | oais
33.33% 33.33% 33.33% - - -
INVESTMENT [million EUR] {1)|  0.37| 0.37) o3| - | - | - [ -1 -1 - 1
{total 1,120)
residual  residual residual residual  residuzl  residual  residual
100% B6.67% 33.33% need need need need need need need
PRIMARY ENERGY DEMAND [million EUR] (2)[  0.115] 0.077] 0038  oo012] 0012 o012 o012l o012 ooz opi2
TOTAL COST - PROJECT [million EUR] (142)|  0.488] 0.450| 0.412 0012 o1z 0012 0012 0012 0012 0012
33.33% 66.66% 100% 100% 100% 100% 100% 100% 100%
ENERGY SAVING [million EUR] 0 0.034 0.069 0.103 0.103 0.103 0.103 0.103 0.103 0.103
COST SAVING [million EUR] {0-{1+2))| -0.373 0335 -0.297 0.103 0.103 0.103 0.103 0.103 0.103 0.103
LOSS DURING THE PROJECT (3 years) 1005
[millicn EUR] ’
GAIN TO COVER THE LOSS 0,103* 10 years = 1.030
[millicn EUR]

Figure 11b. Total energy saving — Arquata del Tronto

To evaluate the gains achieved with the project it’s possible to look at the table 4. The period considered covers
10 years because the Italian legislation (D. Lgs.192/2005) requires the return of investments within this amount

of time.
Following a description of the calculations given in figure 12:

Row [0]: It shows the cost of the primary energy that would be required every year in the existing condition.

Row [1]: It shows the investments divided in equal parts over the three years during which the project is
performed.

Row [2]: It shows the decrease of the energy demand, hypothesizing that in the first year there is still no energy
savings and that the full capacity is reached when the project ends (only residual need remains for the following

years).

253



8th EUROPEAN CONFERENCE ON RENEWABLE ENERGY SYSTEMS ISTANBUL/TURKEY 24-25 August 2020

Row [1+2]: It shows the total cost, considered as the sum of the investment for the execution of the interventions
and the cost of the decreasing energy. Red values outline that during the first three years the total cost is major
then the one that would be required if the project was not carried out.

Row [0-(1+2): It shows the difference between the cost in the existing condition and the total cost during the
project. As evident from the green cells of the table, starting from the fourth year a considerable gain is obtained.

ARQUATA CAPOLUOGO
Year1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year9 Year 10
COST-EXISTING CONDITION [million EUR] (0} o115 [ oms | oms | 0115 | o115 | o115 | 0115 | 0115 | 0415 | 0115
33.33%  33.33%  3333% . - - . .
INVESTMENT [million EUR] (1)|  0.37] 0.37] o3| - | - ] - - -1 -]
(total 1,120)
residual  residual residual residual  residual  residual  residual
100% 66.67% 33.33% need need need need need need need
PRIMARY ENERGY DEMAND [million EUR] (2)[ _0.115] 0.077] 00| o012  o0017] 0012]  o0o012] o012 0012 o012
TOTAL COST - PROJECT [million EUR] (1+42)|  0.488] 0.450] 0412 0012  0012| 0012 o0012] o012 0012 0012
- 33.33%  B6.6E% 100% 100% 100% 100% 100% 100%  100%
ENERGY SAVING [million EUR]| o] 0.034] 0.068]  0.103]  0.103] 0103]  o0a03] o103 0103  0.103
COST SAVING [million EUR] (0{1+2))| _-0.373] 0.335] 0297 ©403] 0.03] 0103 o103  oao3|  oap3] ou03)

LOSS DURING THE PROJECT (3 years)

1.005
[million EUR]
GAIN TO COVER THE LOSS
- 0,103* 10 years = 1.030
[millicn EUR]

Figure 12. Payback time — Arquata Capoluogo

In conclusion the values outline that over ten years the gains are capable of repaying all the initial loss, so what
remains in the future is exclusively the annual energy saving.

2.3. Energy improvement of individual buildings

In the case of historical buildings, which characterise the urban settlement of Arquata del Tronto, improving the
energy saving does not mean reaching the legislative parameters established for the new constructions. Attention
however must be paid to the technical-design solutions in order to identify those that make a more conscious
and rational use of energy resources.
Looking at a conscious use of energy-environmental resources, it is possible to list a series of actions according
to the indications collected in the guidelines of the Italian Ministry of Cultural Heritage.
These have been systematically reorganised, following three aspects:

1) the elements of the building on which the intervention is applied (opaque and transparent surfaces);

2) the type of action carried out;

3) the impact that the intervention produces on the historic building.

1 ACTIONS ON OPACQUE PARTS OF THE BUILDING ENVELOPE 2 ACTIONS OM TRANSPARENT PARTS OF THE BUILDING ENVELOPE
WHAT IT DOES IMPACT WHAT IT DOES | IMPACT |
8 ] L E g - ° " [ E ]
5 ] 3 B H H £ £ £ g i £
ACTION H g 3 = & 3 ACTION 3 g E i 3 2 H
S - B i - 2 z 4 F i 3 2 3
g & x 1] I & £
1 |ExTERMAL NsuLATON oF 7 [ PeRrORMaNCE winpows . . R
UNVENTRATED RODF & K - * e FRAMES ® X ® x
EXTORNAL INSULATION OF HaGH PERFORMANCE GLASSES ON
B
L* lvenmuaten noos X X X * i i EXISTING FRAMES x " x x .- we .
g [HCOND FTARO-GLASE WiDoW O
| sew | we
3 |INTERMAL INSULATION OF THE ROOF|  x X B s as ot S TERAL falE x X x x
EXTERNAL INSULATION OF THE SECOND LAYER OF GLASHES OM THE
4 s x X * b b s WTIRAAL UDE OF THI WINDOW = * * % - b *
EXTERNAL HEAT SELLATING FRAME INSULATION AND A
5 maTen * ¥ * ' - 1 GHTHES x W ® ® sen e .
TNTERT " NSULATING FILM ON THE EXISTING
INTERMAL | ™ F THI
[ :;.? 1 (NSLILATIN GF THE x - .. e i ® i ® % wen aae .
(DXTERNAL STEAILATION GF THE 13 |WINDOW MECHANIZATION X FY .
13 {1 s OH UNHEATED ROGMS L ¥ * - - . - 1 |
15 | FTERNAL INSULATION OF THE gy [POUARCGNTROLFILM OGN THE 5 son | sas
FLOCE ON THE GROUND * . * - o ENISTING GLASSES
1 |PHYSCHL BARRIERS TO CAFILLARY . . o e 0 NTERMAL SCREENS ¥ .. .
RisE
H Il LR P i i L
17 |CHEMICAL BARRIERS T0 CAPILLAR . . " - | —— N . we | wes
RisE
18 |SVSTERS TO DELETE HURMIDITY ® * e e

Figure 13a. List of the eligible actions on historical buildings and their description in terms of aim and impact
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WHAT IT DOES IMPACT
ACTION INSULATES PICKS UP DELIVERS TRANSFERS STORES DISSIPATES | COMPATIBIUTY | REVERSBILTY | INVASIVENESS
22 |OUTDOOR SHADING SYSTEMS x . .. ..
23 |LIGHTSHELF x X . .. Xy
24 |S0OLAR GREENHOUSE x X X x .. .. ..
25 |SUNTUBE X X X . . .se
26 |VENT STACK X .e .e .s

Figure 13b. List of the eligible actions on historical buildings and their description in terms of aim and impact
3. CONCLUSION

The research conducted verifies the methodological, operational and technological complexity of the theme, but
also its centrality for the identification of the strategies for a sustainable and energetically oriented enhancement
of the existing historical building heritage.

Starting from the territory and the knowledge of the historical values, it is necessary that the intervention projects
safeguard the identity and the global functioning of the building and its context. Therefore, knowing the territory
and understanding the complex historical and architectural stratification in which the buildings are located, it’s
vital to promote an increasingly efficient energy management.

The study carried out on Arquata allowed us to outline a hierarchy of operational suggestions, which go from
the territorial scale to the individual buildings, by proceeding through successive levels of in-depth analysis.
These suggestions provide cues for an appropriate recovery process in respect of environmental issues.
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