


dminveayaum Indmvelna
CHIANG MAI UNIVERSITY LIBRARY

LOW CARBON ENERGY
TECHNOLOGIES

IN SUSTAINABLE
ENERGY SYSTEMS

Edited by
GRIGORIOS L. KYRIAKOPQULOS

School of Electrical and Computer Engineering, Electric Power
Division, Photometry Laboratory, National Technical University
of Athens, Athens, Greece

ACADEMIC PRESS
An imprint of Elsevier




Contents

CoNtribULOrS . . . ot e e XV
Preface . ..o e e e XixX

Part1 Introduction and fundamentals

Chapter1 The role of resource recovery technologies in reducing
the demand of fossil fuels and conventional fossil-based mineral

fertilizers. ..o i i et i e 3
Miltiadis Zamparas
T Introduction . . ... e e e e 4
1.1 Urban wastewater and energy resource recovery .......... 4
1.2 The global demand of P-fertilizers and the need
of nutrientrecovery . ......... .. i i e 5
2 Methods for energy and resourcerecovery ............c...v.... 7
2.1 Anaerobicdigestion........... ... . . i i i i 7
2.2 Incineration and co-incineration............... ... .. ..., 8
23 Gasification. . ....... ... . i 9
24 PytolySis . ....cuincue ot i ime i aes B BTG 0w L B 9
25 Wetairoxidation ........... ... .. i 9
2.6 Supercritical water oxidation ................ ... ..., 10
2.7 Hydrothermaltreatment .............. ... ..., 10
3 ENErgy reCOVEIY ...ttt it e 1
3.1 Biogas .. ...t e 1
8.2 Bio-lydrogem ......ci . n.eepetaesdonscosganeenseesos 13
3.3 Bio-diesel ........ .. e 14
4 NULFHENtS FTECOVEIY. . o v i ittt ittt e et e eneenns 15
4.1 AMMONIATECOVEIY. . o v vttt ittt et ettt aiae e e e 15
4.2 Struvite precipitation. . .......... . e 15
5 Integrated resource recovery in a future smartcity............. 18

References. . ... ... .. R e A ca e 18



Vi Contents

Chapter 2 Increasing efficiency of mining enterprises power
CONSUMPLION. .. ...ttt i i aa e eannresnnnnessannnressnns 25

Vadim Z. Manusov, Dmitry V. Antonenkov, Evgenia Y. Sizganova,
Denis B. Solovev

SR IANFICANGE ... .. . ;- G-k« g ot om Ko o Bem o Bid e b i RN AN W2 25
2 The degree of elaboration of theissue ....................... 26
3 Theoretial Part . ... i« otd e cfos ihoe s bicesfonseeneensss 29
4 Solutionmethod ......... ... .. . e 31
5 Discussionoftheresults................. ... .. i, 40
6 ConClUSION. ... it e 42
References. . ... e e e 44

Chapter3 The contribution of energy crops to biomass production . . 47
S.V. Leontopoulos, G. Arabatzis

T IntroducCtion . ... e e e 47
LA Gembral o. .o o0t i s e e e g e e 47
1.2 Energy productionanddemands....................... 48
1.3 Biomass production. ............. i 51
1.4 Biofuel........co i 55
1.5 Energy crops distribution, contribution, and utilization. . . .. 56

2 Biomass conversion to biomass production .................. 90

3 ConcluSiONS . ... ..o cuccmtommenimedemensvesnssnnees 92

VVEDSIIES & sim s+ =iz v+ v gl B e @5 g s Lo8i 8 Ly B gl M 5w -FE 94

References. . ... e e 94

Part2 Examining low carbon energy technologies and their
contribution as sustainable energy systems

Chapter 4 Public attitudes toward the major renewable energy

types in the last 5 years: A scoping review of the literature ......... 117
Evangelia Karasmanaki, Georgios Tsantopoulos
1T IMEFOETIGHBR . - . o g ok w0 aele g B REG - 5 b - E e - WER - o0 17

2 Methodology . ...t e 120



Contents Vil

3 ResuUlts . ... o e e 121
3.1 Attitudes to renewable energy sources ingeneral ........ 128
3.2 Attitudestowindenergy..........coiviiiiiiiiienn. 131
3.3 Attitudestosolarenergy............coiiiiiiii... 133

4 Discussionandconclusions. ...........u ittt 134

References. .. ... i e e 137

Chapter5 Understanding willingness to pay for renewabhle energy
among citizens of the European Union during the period 2010-20 .... 141
Evangelia Karasmanaki

1 IRTEOERICEION . ¢ o 4 o\ o s sino o s v m v o = 6 o e o vie v et e e e 141
2 Methodology . ... ciii i e e e 143
3 RESTHTS: w: @ . & {8 5 Al - 5 <18 - hne B L5 el ol 5ol il o sl 2 6l e o) e el e s e 144
3.1 Estimations of willingness to pay for renewable energy
in European Union. ......... ... . i 145
3.2 Factors affecting the willingness or unwillingness
to pay for renewableenergy........... ... ... 152
3.3 Methodologies employed in WTP studies . . ............. 153
4 DiSCUSSION . ...ttt i e e e e e e e 155
5 CONEIUSIONS . . ... .ot o o i B M e ot o m s gw o mwen e wsy e 157
ROfer@mCeS. ..o -m. me oo v is e 0 eB B Tme s B B MEEEG I E R W 158

Chapter 6 Linking energy homeostasis, exergy management,

and resiliency to develop sustainable grid-connected distributed
generation systems for their integration into the distribution grid by
electricutilities. ... e e 163

Fernando Yanine, Antonio Sanchez-Squella,
Aldo Barrueto, Sarat Kumar Sahoo

I g o ] o S 164
1.1 Climate change and the energycrisis .................. 168
1.2 Electric power systems (EPS) decentralization for growing

environmentalthreats . ............. ... ... ... ... ... 169

1.3 Role ofthemicrogrid .......... ... ... ... 171



viii Contents

2 Resiliency and energy homeostasis ..............cccoiu....

2.1 Homeostasis-based control systems in the design
IPOED| : < r g g’ i ni g b e byt 5 g T e

3 Grid-tied microgrids with and without energy storage ........
3.1 Building sustainability in energy systems ..............
3.2 Sustainability performance indicators .................
3.3 Control methodsof EPS .............................

4 Sustainable hybrid energy systems (SHES) as living open
SYS EIMIS L .ttt e e

4.1 HCsysteminstalledinaSHES ........................

4.2 DiSCUSSION. ot vttt ettt et ettt e ettt e et ettt

B CONCIUSIONS . . . ..
RefereNCEeSs. . . o oo e e e e e e

Chapter 7 Smart energy systems and the need to incorporate
homeostatically controlled microgrids to the electric power
distribution industry: an electric utilities’ perspective..............
Fernando Yanine, Antonio Sanchez-Squella, Aldo Barrueto,
Sarat Kumar Sahoo, Felisa Cordova
1 Smart energy systems, energy sustainability, and grid
FIESAEIMN - £ 50 we - v v sy P R S p e e S e E e R e b
1.1  Toward a new electric utilities’ perspective..............
1.2 Homeostaticity of energy systems ....................
1.3 Climate change and the current energy transition ........
1.4 Electric power systems’ decentralization................
2 Electric power distribution’s decentralization agenda .........
21 Microgridtrends. . ...ttt e e
2.2 Homeostaticity in electric utility-operated microgrids . . ...
2.3 Homeostaticity of SHES ............... ... ... ... .....
3 Homeostaticity inenergy systems. .............. ... . . . . ...
3.1 Exergy and energy efficiency .........................
3.2 Role of the electric tariff differentiation . ................



Contents iX

4 Energy homeostasis and homeostatic control

strategies . . ...t e e 222
4.1 DisCuSSION. . ... i e 222
B CONOIUSIONS . . t. ..o iihe it e netemmencmcmenaaasnennas 225
References. ... i e e 226

Chapter 8 Grid-tied distributed generation with energy storage
to advance renewables in the residential sector: tariffs analysis
with energy sharing innovations .......................coeiiile, 231
Fernando Yanine, Antonio Sanchez-Squella, Aldo Barrueto,
Sarat Kumar Sahoo, Dhruv Shah, Antonio Parejo, Felisa Cordova,
Hans Rother
T Introduction . ... . e e 233
1.1 Sustainable energy systems............ ... . ..., 233

1.2 The important, albeit not yet fully understood role
of energy storage for electric utilities” power distribution

SYSTERIINS . « v« i v o o o0 o 0B <8 a5 o BER o W o @666 ME 4 Hi D ohedoaos 234
1.3 Casestudy.........ciiiiiii it e 236
2 Deployment of distributed generation systems............... 238
2.1 Electricity tariffs .......... ... . . . . e 238
2.2 Criteria A: Customers share the Nth part of generated
renewable energy. ... i i e 240
2.3 Criterion B: Substantial renewable energy supply
accordingtocustomermerit. . .......... ... . i, 241
3 Analysis on Chilean potential
CASE SCENAMO . .« ittt et ettt et e 244
3.1 Separate customers’'scenario. ...........cvininnn. 244
3.2 Simulationresults ........ ... ... . ... . . . . 245
4 ConElUBIOMS: - @ - v w2 e e e ok e eR e f T AEAEEE fEEd it fs 248

ReferencCes. ... oo e e e 249



X Contents

Chapter9 Integrating green energy into the grid: how to engineer
energy homeostaticity, flexibility and resiliency in electric power
distribution systems and why should electric utilitiescare ......... 253

Fernando Yanine, Antonio Sanchez-Squella, Aldo Barrueto,
Sarat Kumar Sahoo, Antonio Parejo, Dhruv Shah, Felisa Cordova

1 INErOGETION 2 . 058 8. 0@ @B 2 @e e og o oo nos s ™e e ohseahsis 254
2 How to incorporate energy homeostaticity in electric
POWET SYSTEMIS . . .t ittt ittt et 255
2.1 Thriftiness and resiliency in electric power systems . ..... 255
3 Control engineeringdesign . ......... ..., 256
3.1 Why is energy efficiency (EF) not enough? .............. 256
3.2 ENergy proSUMErS . ...ttt iii et e s 258
33 BOKWhbBAttery .....ci0cvvivtiennietoiioegabocenine. 259
3.4 Thecase with 100 kWh battery . . ...................... 262
3.5 The case with 150 kWh battery . ....................... 264
4 CONOIUSTOM . o - % s s =mx g 5aTg m e v e 58w 8 s e ame me e s s annsnewegs 264
WEDSItES . .. e e 265
REFERENEESe .« . m o o 80 n o i momrs o my o @ 54 e B o g o ne o on s o m o 8 s el % s 265
Chapter 10 Multi energy systems of the future.................... 267
Vasileios C. Kapsalis
T Introduction. . ... e 267
2 Multienergy supplychain ........... ... .. ... 268
21 SUPPIN-CRAIR . . o cp o oo o o oh ool g a hee o b o @ e s s 268
2.2 Transactive multienergysystems ..................... 268
3 Multi forms of energy storagesystems ..................... 269
3.1 General ... e e 269
3.2 Formsandkey properties .......... ... .. 271
4 Assessment, economic issues, and perspectives ............. 276
4.1 Technological and economicissues.................... 276
4.2 Optimization and decision making..................... 279
5B ConClUuSIONS . ... it e e 281

ReferencCes. . . ..ot e e e 282



Contents  Xi

Chapter 11  Bibliometric analysis of scientific production

on energy, sustainability, and climatechange ..................... 287
Theodore Kalyvas, Efthimios Zervas
T IntroducCtion . . ... i e e e 287
2 Dataand methodology.......... .. i 288
2.1 Data. . ... e e 288
2.2 Methodology . ... e 288
3 Results . ... e 289
3.1 Analysis of publications peryear...................... 289
3.2 Subjectarea ........... .. e 290
3.3 Documentandsourcetype............. i, 293
3.4 Analysis of the major sources of publication
andcitation. ... ... . . i e 295
3.5 Analysisofcountries............ .. 297
3.6 Analysisofinstitutions ................ .. ... ... . ..., 304
4 CORCIUSIONS - . : 5. w: i vmrm et e s aceedouaanecns b oBaloBasiB 306
References. . ..o e e 306

Chapter12 Public acceptance of renewable

BNEIGY SOUNCES. . .« v v v v v vttt nnnnneeeeessennnnnnneeeeeesennnnns 309
Zoe Gareiou, Efi Drimili, Efthimios Zervas
o7 7o Lt L e P L L PR 309
2 Materialsandmethods. ............ ... . i i i, 312
2.1 Samplesizeandcollection ................ ... ... 312
2.2 Survey qUEStionNNaire. .. ......cvviviii e, 313
23 Dataanalysis........ccoiiiiiiii i 314
3 Resultsanddiscussion............ ...t 314
3.1 Socio-demographic characteristics of the sample ........ 314
4 Descriptive analysis and the effect of socio-demographic
charaCteristiCs . .. ..ot i e e e e 316

5 Environmental sensitivity. ........ .. ... . . i i 321



Xii Contents

6 Opinions and knowledge aboutthe RES. .................... 322
7 Hypothetic RES installation scenario. ....................... 324
8 CONCIUSIONS . ..o e e 325
REIEIBORES. . « ... .. oco it i u gt amn s eaeens 326

Chapter 13 Sustainable site selection of offshore wind farms using

GIS-based multi-criteria decision analysis and analytical

hierarchy process. Case study: Island of Crete (Greece) ............ 329
Pandora Gkeka-Serpetsidaki, Theocharis Tsoutsos

1 Introductiontoourwork. .......... ... .. it 329
2 Introduction to the offshore wind energy sector .............. 330
2.1 Worldwidecurrentstatus ............................ 330
2.2 ThesituationinEurope.............ciiiiiiiiiin.. 331
23 ThecaseofGreece........ ..., 333
3 Casestudy—theislandofCrete.................. ... ... ... 333
3.1 Characteristicsofthearea............................ 333
3.2 Theenergysystem. .........ccoiiiiiiiiiiiiennnnnnnn 333
4 Methodology . ... i e 335
5 Resultsandconclusions. ........... ... .. 338
References. . ... i e e e e 340
Chapter 14 Accounting and Sustainability ....................... 343
Sofia Asonitou
T Introduction . . ... i e e 343
2 Sustainabilityand EUstrategy. ..., 344
3 Sustainability and the Accounting Profession . ............... 346
4 Sustainable Finance and Circular Economy.................. 350
b ORCIUSKOINS ; 5o m ot 5B B e o oo o o e nad o o g e b i o B ep al AR s 352

ReferenCEeS. . . . oot e 353



Contents  Xiil

Part3 Conclusions and future research

Chapter 15 Should low carbon energy technologies be envisaged

in the context of sustainable energy systems?..................... 357
Grigorios L. Kyriakopoulos
T INTroduglidni. . ... .o ies i i imns dme ve g me ne e b Ee 357
2 Methods. ... ... e e 365
3 BRESUNES o o o s e s A e s AR e e s S e s e E LSl b 366
3.1 Low carbon energy: the technological dimension ........ 366
3.2 Sustainable energy systems: the social dimension ....... 374
4 Discussion and current research considerations . ............. 380
5 Conclusions and future research orientations . ............... 384
5.1 Challenges of carbon abatement based on energy
SYSIEIMIS . . it e e 384
5.2 Policiesand implications. ............. ... ..., 385
ReferencCes. . . .. oo e e 386



	20210618084032696_0001
	20210618084053420_0001
	20210618084110705_0001
	20210618084132767_0001
	20210618084142276_0001
	20210618084206276_0001
	20210618084215272_0001
	20210618084239644_0001
	20210618084249235_0001
	20210618084312971_0001
	20210618084322067_0001

