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Sustainable Development Implications of Climate Mitigation
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Dr. Zakeri's research revolves around the modeling and analysis of energy systems
and markets. He investigates market mechanisms, systems integration possibilities,
emerging energy technologies, and policies that enable a low-carbon energy system.
In this respect, he is interested in the study of integration of renewable energy, the
role of flexibility solutions such as energy storage, and market couplings in multi-
region energy systems.

Together with his coauthors, Dr. Zakeri's research on the economic value of
emerging energy solutions (focusing on energy storage) has led to two best paper
awards; one from the IEEE 11th International Conference on European Energy
Markets (2014) and another from the 9th International Conference on Sustainable
Development of Energy, Water, and Environment Systems (SDEWES 2014). His
work on the economics of energy storage systems has been among the most cited
articles in Renewable & Sustainable Energy Reviews (as of Sep 2019).

o At IIASA, Dr. Zakeri is involved in the modeling and study of energy pathways in
different regions of the world, including the role of renewable energy.

Flial) i (e dad) Gl o daliowal) dpaill) CilulSad)
13

S g 2 e Ji L Al 8 shal) A Jagie 52l e aall aad) e Gl Al 8 Joall )
(NDCs) ks saoad) cilaalud) Jid Cumy cheliall )60l 8 L ciligine 4jlie 450 42y 1.5
wild cgll 5 .2030 ale s Al s o cbaaill aaad DA (e oladV) 38 4 sl sshaa
¥ Aahviall Apatil) Gaiat] allall adinall lasd (SDGS) Asliveal) dpaiill dpas) CalaaY) 22
.&JMW@W‘\J&\}E% %gﬂ\t@\ﬁm&\@@&d\,ﬁlﬁ
laalually Alall kgl Lpanlly &Ll club 380 Gy cclagliand) (e 20 Jilaty Auall a5
i PA e Wdpshll sad) e dysie Ay 1.5 20 ) Jsaill Uil 4k Lalay saasal

23


mailto:zakeri@iiasa.ac.at
mailto:zakeri@iiasa.ac.at

3 Al gyl aas dal e F Ll dulid Gami€ LAl e Aelna) Gilal sl o ccilagylisd)
Ayl Caln€s (el ALl die gAY Calaalls Flall en BT mids o clalid) el & G
e Laaly Lola@) il clial iy dolviveall dasill Cilaaly FUall cilub (p Jeldll dag La
(SSP) i) e laa¥) —gabaidy) jluall Hl) e slae Yl dlul!
A Al el (el S5y il o L

(Aol Lyl Calaal e e CEN Caagll) Flid) s

(el i) Apaiil) Calaal (pa palill Cangll) Allandly dabaidy) doanil) U1 =

() sl Zpail) Calaal (pa Gl Cangll) Anally olsgll Cugli m

(Aal i) Fpaiil) alaal (e Gualiad) Cangll) olodll  m

(Aol tinsal) Aatill Calan] (pe aibud) Cagll) ddlll g w

(Aol tinsal) Apatil) Calanl e SN Cargll) A3 aY)

(A tisal) Al Calaal e i Guelall Cangll) aglsull gonl)

(Aol tisal) gl Calanf e e G Cargll) Slsall pladiu) o
& iy ¥y A8l Jysad clagylise skl “TAMS' dlalSia dpalle apdi z3la A0l aladinl
Clpise z ) o VN e b 8aE ) Dy (Jenill Gllee yypail "TAMS” api 73l apenas
ZEY L Ll Wy malall e aell aladiu) 5 A el Al Cilaal e bl JSG b
pallal) apil) = 3ais ccadagil) byl “CGE" aladl (315l z 3l i) Juss o) Alall <3 el pigal)
ply zrantt Badae Apallis z3lahy Lehayy @ (pal Lali ey (133 DU del) Gl L Ly "TAMS'
ci i) duanill Calaaly Aleall cld eyl
Calaals b Al) 8 saasal) Aalidl Calaal) o clafadly 3B (e JS asm ) Ayl palis
dgarl) Cilaal (3a3 lawal dyys e ALlSl Glulidl o il cuhall dpdy 5 LAl il Ayl
Dl L) cluland e sepall e Lngsill il po Jaleill yiiny Lasly iy 8 sa0widl) Aalinadl)
Glerd ) Jsagl o 380 G Jlae 8 JE) Jaee e ol e dudud) HBY) Caiatl Ll
NV e 8 s Y Al dperl) Cilaal e 5Ll Al clyilolas) of e L &aall 28U
Lol Lparll uld)) ol e € 0K 0N 13 aas adiny Cus USSP il e
asadll 4ay o blall dulad) BV uas 3 Sl gasill ieh (g Al Bal e oS e LYl
G lae ST s aly Flall Al Casy A8 G o13al Sl 5aL30 A jeall 5l L )il
Al JEA s e Ll Al AS5a) 21l o aa) cal Aal e .SSP1 4 4,liSSP3
.SSP1 dalieal) dpatill jlse b Lgia Dol SSP3 alle & ST il celsgll 3a5al

Abstract

In the Paris Agreement nations have agreed on the ambition to limit global average
temperature increase to well below 2 or even 1.5°C compared to preindustrial levels.
The Nationally Determined Contributions (NDCs) represent a first step in that direction
by defining country-level ambitions until 2030. At the same time, the United Nation’s
Sustainable Development Goals (SDGs) define the ambitions of the global community

to work towards broader sustainable development objectives among which limiting
climate change is merely one goal of in total seventeen.
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Study Design and Methods

Here we analyze a scenario set that takes current national climate and development
policies and the NDCs as a starting point for a transition to 2 and 1.5°C in the long run.
Within this scenario set, we track the development of non-climate sustainability
objectives as a consequence of climate policy in order to identify conditions under
which synergies or trade-offs between climate change mitigation and other objectives
may materialize. In doing so, we also explore the dependency of the interaction between
climate policies and SDGs on the underlying socio-economic development assumptions,
relying on the Shared Socio-economic Pathway (SSP) framework. In our analysis, we
include the following sustainability dimensions:

e Climate change (SDG13)
Economic development and employment effects (SDG8)
Air pollution and health (SDG3)
Water (SDG6)
Energy poverty (SDG7)
Food security (SDG2)
Biodiversity (SDG15)
Material use (SDG12)

We employ eight global integrated assessment models (IAMs) to develop energy and
land transformation scenarios. While IAMs are designed to depict these transformation
processes, they cannot in all cases produce indicators that directly speak to the SDGs.
We therefore utilize various IAMs according to their strengths to produce relevant
indicators (e.g., CGE models for employment effects, IAMs including agriculture for
food security), and on the other hand we link them to specific disciplinary models that
allow assessing indicators relevant to the SDGs.

Results

We find both synergies and trade-offs between the climate targets specified by the Paris
Agreement and the SDGs. As a key insight of our analysis we find that integrated
policies are needed to ensure achieving multiple SDGs simultaneously. In particular,
dealing with undesirable distributional consequences of climate policies is key in order
to avoid negative impacts on the poor, for example in the area of food security or access
to modern energy services. While in most cases the direction of the climate policy
impacts on SDGs is not changed by varying the SSP, the magnitude significantly of this
impact depends on the underlying socio-economic development pathway. On the one
hand, the challenge of avoiding detrimental side effects in particular for poor population
segments that are vulnerable to increasing food or energy prices due to climate policy
and which are more numerous in SSP3 compared to SSP1. On the other hand, also co-
benefits of climate policy, e.g. for air quality, are found to be larger in the fragmented
SSP3 world than under the SSP1 sustainable development trajectory.
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Sustainable Development Goals
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1.5°C 2050

Climate Policy Impact on SDGs
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Access to Clean Cooking Fuels
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Energy Access- 2050
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Inclusive development & climate policies are key to improve energy access for
simultaneous achievement of SDG7 (energy) and SDG13 (climate).
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Insights from Policy Case Studies

e Complementarity: utilize more than one policy instrument to
achieve Multiple Goals.

e Transparency: track policy impacts comprehensively to facilitate
learning.

e Adaptability : integrate revisions into policy making cycle.

COMPLEMENTARITY TRANSPARENCY ADAPTABILITY
Ti'g:; & policy %g*} policy T,';,’,",;'

Aaa

e = o°

current situation future situation

Figure (23).

Conclusions
» Significant potential co-benefits and adverse side effects of climate
policies.
» Highest risks of adverse effects related to:
o Land-based mitigation.
o Basic needs of low-income households.

= Complementary policies that address multiple objectives can avoid
adverse side effects.

= Policy type and institutional capacity will determine costs for holistic
climate policies.
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Humanising Energy

Martin Young
Senior Director, Insights, World Energy Council
young@worldenergy.org

e Prior to the appointment as Senior Director, Business Insights and Scenarios,
Martin Young served as Director of Policy and Risk, leading the work with the
Council’s community on the Energy Trilemma and Dynamic Risk.

e He is leading the evolution of the Trilemma methodology from a global metric
to a broader regional, national and sub-national framework to help identify and
share best practice, and enable a richer policy dialogue.

e Martin joined the Council in August 2017 after spending 5 years at the
International Energy Agency where he led the Emergency Policy Division
working on the IEA’s core energy security mandate and reviewing emergency
response policies in various countries.

e He previously worked for the UK government in various departments, focusing
on energy after becoming responsible for the UK’s oil and gas statistics in 2002.

Our Enduring Mission — 100 Years of Securing Better Energy
for All

e Established in 1924 — the world’s first energy industry community.

e 3,000 member organisations in nearly 90 countries from across
public, private and academic sectors.

e We are open-to-all, impartial, neutral, vehemently independent.
e Vision 2025 — Humanising energy.

e Qurrole is to inspire, inform and impact better energy outcomes by
engaging actor and actions on a global, regional and national basis.
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Recovery in an Era of Global Energy Transition
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Figure (3).

World Energy Transition Toolkit

e O 0 O

World Energy Scenarios Energy Policy Trilemma Index  World Energy Issues Monitor Innovation Insights
bigger picture thinking, integrated policy pathfinding grounded reality check - moving whaole systams
testing deeply held to manage security, equity & global, regional, national innowvation from margins
assumptions & reframing sustainability through energy leaders’ perspectives to mainstream
choices & options transition on key challenges
Figure (4).
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How to Recover From Crisis and Progress Global Energy Transition?

Community-wide surveys

World Energy Transition Radar

interactive role piay to simulste interaction of

Scenario Summits

leacerzhip choices and actions

bes 24

B
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Figure (8): Extending our forward looking energy transition leadership toolkit.

Crisis Scenarios Up to 2024- Stress Testing And Designing Post
Pandemic Strategies

Stress testing and designing post pandemic strategies.

Critical uncertainties (medium term).
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Figure (9).
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World Energy Transition Radar

Global snapshot
(as of 1 November 2020)

Regional geographies snapshots
(as of 1 November 2020)

Europe (incl. UK}

&

Middle East Chin

62

&

[ d
FAST-FORWARD

D
. ©

Latin America Afri

é

Q

QV

share signals via social media and add relevant hashtag

#WEpause, #WErewind, #WEforward, #WErerecord

Figure (10).

Scenario Summits —Stress Testing Recovery Plans Using
Scenarios

Implications of ALL decisions on pace and direction of global energy
transition?

Snapshot of Summit (8 October 2020)
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Figure (11).
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Humanisie Energy

Energy is more than carbon, it’s the ultimate
connector and fundamental driver of human
development and progress;

Even the entire energy industry cannot achieve
global energy transition by working alone;

Engage diversity (regional-, social-,
technological-) as a strength to enable learning
with and from each other through recovery;

Open more honest conversation about managing
the full costs to society of a faster paced
transition

) 5 th

ry
Hia_simin )

CONGRESS

Support the shift from supply side thinking to demand-driven solutions.

41




sl dgal) Joall B A ) delial) o Wyl (sl A8

e asl ae /)
(<hsl) Jg gl 3yamall Ayl 5UaEY) dalaie

oapecmedia@oapecorg.org

2014 ale 3 Jy 5l yaead) dypal) HUEY) daliiey ASally heYI 53 e apSl 2o wad) Jaly o
— Lylaiil) 5)ly5 — dpesill cliluadl 8 ashog (1984) oSl daala — SLaBY) 8 GusyysllSs e Juals @
(1986) cusll — Laatill _yyall agaal) — daiilly Calal b ole agliys ((1989-1986) <yl
ARl sl e
(1989 — 1984) uysSIL Jasasll 330351 (gl Cialy —1
(2010 —1990) &1Ly Jaill 51553 Al sl oladaial) il pe —2
(2013 = 2010) "cllsl" Jg il 3)aemall dyppall Ui dadiiay salail yua =3
aalll (GCC ad) lall Jsad (slaill Gulae Joab A8l (338 tdasll (385 Olalll o 3aell uinc —4
(bl sl Asal sl Galae Jp o D) ASuS g ptie Aad eslatll Gulaal A ) dns |
Aty hE il Al Bl (olall ualaa Jaal duail ma¥) clahall e daal el Gulaa Jsal
Lalll ((OPEC — LTC) <lis¥) dakaial aaY) dlysla dntlin¥) Aiad cdaliived) duatill Ll ¢ a5V
Agiball dalll eyl Alpn Dngail) — A5l Aaall) ) jhas cdpppall/An I dialll — daad) /35, <)
—a5ll Aalall Al — L) il Al Lalll GWTO dsallall slaill dakiie colglis) 245 dxylial
eyl Al Byl FTA,S 5all slaill 4800 il glie dagtial Aalall Linll) Jlai) Jajliay o<y o<1
Al ey Sl Al Alall 35 — Ball Byladl) allaly duallall 3yladl) Akt (8 ol oaaslaill (38l
Hladll Ll Aating WTO dadladl 3lail) dedaia A A8lall Gledd gonge daglial il g Uadll
slail) dlisly Agallall 8ylall Aalaie 8 Q8L (g3l slatll Gulae (358 (Ao g fll Aussa) L5yall
odaa) Ll sl dpUay) saaiall ady) A8 Jaadl Gud o(Rapad) galddl Jsal sl (ulas) )all
Glly Fldl s ol saatiall ad) cliaslia 3 oyl sl Gl (Rl galadl Joal o slel)

.UNFCCC )b

oalitue
Py Cailga A A8 ) et

Fld) L ol AUyl sasidl ) A8 8 Lwlud) jualiall )5 (gt Cum o omglal) Calall (Yl
Lol Bk 2 L Cuals 1 2015 ale Gaply 8 COP-21 Galyla) yaipay Waalaie) &3 )y (UNFCCC
Aapal) Jsal Al sl delical) o Gy Gl BB Ayl QB Cagens ¢ ) il s Lals


mailto:oapecmedia@oapecorg.org

iy Aalial Gadlly Jaill Axiiall Jgall 4l Al cboaanl) 288 48 )6l) Jolin Sua ¢ adh i) cailall e
AAEY) ae Jalaill il il auiag

Paris Agreement (COP-21) and its Impact on the Petroleum Industry in the Arab
Member Countries

Abstract
The paper tackles 3 key aspects:
Negotiations:

The paper covers the basic elements of the United Nations Framework Convention on Climate
Change (UNFCCC) endorsed at COP-21 in Paris in 2015, known as the Paris Agreement.

Technical Aspect:

The paper discusses the impacts of the Paris Agreement on the petroleum industry in the Arab
countries.

Strategic Aspect:

The paper discusses challenges facing oil producing countries, available opportunities, how to
draw up a strategy to handle the Agreement.

Py Cilga AU A8)l) (o patid
saniall ael) Al 8 b)) aliall By apt Cus gl culad) Vsl e
& COP-21 Gahlyl aisay aldie) & lls (UNFCCC sl i oliy Uyl
Lol BUEL 22y Lad Cuans Jlly 2015 ple Gaply

Jsall & Ay pll deliall e Gl a1 il 48,00 (2816 Cagasy ¢ 20 cilall :lals @
gyl

Loaall dxiiall Joll anlss ) calaatil) A8lie 2850 oW Cum o oagiliin¥) clal) (BIE o
ALY re Jalaill Lpn gl qams 4K, Aalidl (a il

(saghiil) quilad) <Yl

COP 21 (2015) sl Gl A Asull) jualind)

e e Agie dagy ol e plall Ay gl (e aall ) Caagd gl Adlay) cuilel o
oSy i Aygie dapy 1.5 g i) Gilagind o slacY) pmidi e caaiail) Jd Lo

e ) e dgalse 8 Jsal) poend Skl Ayl gpesall Tases Allaad) e A8EY) Sads
Al gpaally LAY ) (AL Ayl Joall G i) Ble e

43



A Aoy ooy Wilisives Aol ) Daadladl (ihall GeliaV] cfile cblagly sl
s sas sl Jalaill Al ) Jeasll bl b appe pmias Al Ciay s
o G Caaill 8 el pe s Ll b Lghypal CV s el Silas) N ane G
L Sall ol

et buad’ oty Jall JS a3l LT eCulilasd) (e 303m0 Culaey Ao (of A8V W35 Y
Jsal) ajilis g gpmay Alga JS b Sl cdielsh ot Gl (msail 'dsagh
0sS Ol 550 JS gpeda ST claaliall (585 o) (e cclsin i S Lgtlealin aaty
Al A0S sl ale Jaw 3 clealiaal oda Jiand iy caiiad (Say Lo el e
Ayl sasiall aeYl

Cagdlly ABANS zadasll LU lagleal) iy ccilaaluall o vie Joall e cany
Ayl slelye duhgll laludl i) Ebbhe) ol xe GLLY) e Gy LS
AEaY) clllid Gl ey, cdiulieg 45, A6, daSe clluall & ofs 48,
Ao GV g A Al Y) ALYy el

oo sSan Js¥) Dally clgin paed JS allall (& 05080 Sl S53a 31" eha)
aeilaalie 28 ie el lgie i S oS il s slelye elaeY) ey <2023
sl Bam 8 oSl Jalin o lgilaalise (Baiat a8 Jsall Sy L300 dgdal
Abiall & enSll GleS Gluial &8 Gl cuat of e

LS el il " 3ide a" Ganshy SR e oyt IS Huj sy dajle Jsall A4S
Claabuall (3aty Badai 8 0)a3 Al il agil Ay pall closheall adin of leale
Joall aasi o3 acall Joa Dy wdi o oy Aadiial) Joall L culilagdy) (midy dyikasl)
sse e gaaally Ll ) Claeludl Ge i o ) bseae Al Jsall cLasin JAYI
G opEl g cleglaall ALyt AVl cbhill e A dgea e i e )
Abaliall A1 Axalie e gl Wady shpud (e 408 Aaabal padin Jsal) Leasiin

Jaxi cdand) dages ol et eudll e daad IS CLIFINVL eliglly AN auail
Nelee gl e Gsin Do paiig ¢Buld) Gy Jslas ISy

Clilan) (ot cV e 8 Lgiae luad L)) Jpall Jyoa pas Aadiial) Joall e oy
i L Vs 5lle 100 iy sl AN s hadliad) il U7 aa (1301
Y Gt LB 1 e 0 YT e il e Lo Y1 5 elld a5 2025 ol

44



yall eha) die Jygaill jumie avam Wl sy el lus i e L (a1 Gl
LAl

el BT Agalge 3 Ayl Balyy ABE e syl e Caan o 38EY) @) e
lens Gludy) (3siny Aalisal) dpanil) Calaal oo Al dgea 3Ll o asllly ¢ Al
Adgaall Gle gendl

Lalaally Gaadailly gl g¥) e Sl g el adky o Cipla JSIASEY) Calil o
Baniall aaYl AEEY] AH0Sn ) ale da BB e Lais S .claliaYlg
asead)l 4leld daalyas dpalill Joall CapSill dgga Gpanzal (g5l Al Ball e
ALY sy Bian 8 anEil) dxalyes acall B LS

sl Vs ey cclsall Aaje SV Joall saclual jhually LAl G e
os bane @l o ey ye s Aladall Clysilly toylshall Slaxinlls Sl Y dalaif
Aeatial) Jsall e arsailly alllaad sld (o IS5 Y (il a0 e 2T

sl 3 Lgae by Apelid) Joall A jedll Jiis sl adiill aco dpaal o 48laY) X5 @
A sl) A Lially ) asleill e g dadai )y )l

Libid — 2500 Cop 25 i) jaliie cilajda

oo O «sSY Glsnds Al ey Anglaall mally Gapb Gl e Awslad) Balad) e
e By g deald) sold) el 1l el o BN g Sl 0K of e gidall
Aol cile a8 Al b (il Cua Joall slanll IS

G e by Glise DA e GEE Jae el Alad) o3 1 lually iludl) o
el doad L) olay Bla) e QLYY Jsall CSat ayjte yaise DA 35831 clgid)
Daud ol Gl ey o) aeall Jandl pelmile aSuls huaYly pulal) aen & kil
) paigall Welaliy Ao o (e colalal

LB Al e dnuse daili Jsall caddl cAAla) cilagaill dASpdiall Liajl) WY e
ol Jsall (any asfi 8§ Laaaal S (@i 5 g 10) ASaiall Al
33 a2 ) Bplall Caaliie 8 (s ddaiiyy Clsie 10 el Lk saaa) Cilea bl
S L Juasill 2y o) Alall by dolil Al Calal Glsin 5+ 5 sad s
sl o) Y i

45



Dbile 100 ALl L) g (2 onall paill pands Jae slue 525 :daY) dush Jagall) @
Jusal) o Ly il 8 Ggea dae 0sSm (2020 CpaleinsS B 4l Gl
-adll Cop26 Ay die paall & Lial)

sag il s ol ApUayl sasiall aaY) ABEEY JaY) Jish ciagll gy sall GalaiaN] e
AEEY) (e 2 5ol el Y] dadbed  dgall Jeall Jalil) 306 Uy

Gl e gane elil) & Cun cclladl) Aiaitie Cladine ) JEDU Llaiud) juls e
Gl 6 lgine Jae ddad ekl laia) jula AT la o)pall " i @l daal lele
e 1d e ate b B K el claladl ) Jeal) e Jsall sasladd

APCC Ll ity Auinall Al gal) s Sall Agell i Cilajia @
Al 5yl iy Lad Luadlall 5ylaill Llad m

Al cailad) Ll

Jdly Ja ) gy (gl 480

Ll pmall e saasall 3) iall Glealiall —1

(Jiisdd) & 51 sy acll Jeal) aad AT Qi g 328GV G bl o3a dlla 2
2100 ale Jolas 453 (2) i a3l ) Jgaasl

ird) il g Ul e Gl ATy AL i) clabe clag

allal) Jg i) Adayla e el Jall A3l
2019 Hle il Lid) -

2019 el Jo (b Slally Taidl) cilibaliialy z1) 1(1) Jsaa

(%) allad) 1) Ayl Aaay) sasgl)
56.1 710.6 Jsan Jble plad) Ladil) alsial
26.7 55 S i sl (el S (alia)
27.3 23.9 a5yl dran Oysile Y hadil) & L)
14.0 574.1 difene e ke Gomal) S g )

46




st 3l o alladl slaidY) aldic) Juli s cililagy] addd Gunl () aas Cas
ofiad e B yhall A Jausgie g L) (e aall Jall 8l e SB) Cacall)
Jadilly 48Uall  Licual) eigin) :Ysl
A oDl 3 a8l ¢ 1Y Ll ) yus o
s oDigind b el as o
LSl clilag) s sl
cosial) aghsl Jlaud agsal) asal) Julin gf o) WG
topsl Al casSall acll
Alall GUlsall pne Ay B8l aea o iV Y e
el o e ala@lVl 4 clagdn Cusy Al aen o) sl 5V .
2 haauy) A0S JalS Jeat Y L€ dglad) l€all dal 2y
) cile g piag aotial) Jlasf B Sl clila) 85 clay)
(CCS) 4wty (sl Juady Sl @y Julss aladsin)
Economic Diversification alai®y) gsidll :luald

The Impact of Response Measure dslaiuy) s il s lusla

el quilad) TG

(<is¥ls SV Jsa) A Laaill Aaiiddl Jsall anlg Al 8,50 cbaadll e sl e o
tiagylae danils Gt clin o V) liall s cliaslia
oA daall J5lay Julie Jaaill sl 33040 m
NUTCRIPRI
SSTONIRIE I
Jaih ) g lally Aalall @yl e 2l dulid) oKl S fdal) dalgped) ®
ST SISt
Ll s Glaglie pe Jebeill Zpagliind (slacll Gppall Jsall) GliY) pual CaS @
B BTN L“;@J
claslaall sl Uil
Ll s Gl sastiall adY) Aglily 2015 Gapls ) Jsa il dadiia jo0

47



el el e iVl
o)yl e s
sl el e TG
dige jolas e haiill daiidl Jsall e layes clac) Joall e cilily ybg =
celme ¥ Joall Lgialily
il Aol ciladsially eliae1 Jsall G gysmall sl

48



Al dudal)
Tpayliy)y dpallal) cpicial) ) B 4Bl

49



Al FETIAY eLBJ o Jeaill JB B graall 43Ual) &Lhﬁ RICIPE JR A
@l el Laa
oS el oyl Ao Liia Vs ApaliaidV) sasiall ady) diall ghunl) (pueY) (il —dal sl dyanilly dalall 0
Yl&uﬂ

anharhegazi@gmail.com

ca U (edigay ma
1978 cayalal) daala cduigl) A4S A8l arads Al (5ol duniag cAaulill o))< e dliala
Al LY Ll sl Lo Lan s Aol sasiall aeY) Liall gl o) ils
Ally Al N lae b Sllg Al dpadiY )y Al gl il e Lle 48 sae e cuvidl 3y Ll
2855 (2) aiudly sball A8l il Jashads (1) 1 (adY) oy Aaltial) Laiilly Zpnplall 3)l5all 3035
dgaiilly A8 Jlae b punpall e lally kil (4) cdoaaial) A8Ual) culilaiy alaiy el (3) cAlall 30,
G saE (6) il iy Aelvied) Lpatll Jlae & A5l malylly Y] 345 dalic (5) chelxial)
Alall ey el & ) gl Adadily cile g pie 205 auiay (6) «lwially Glanadil s Jasl)
sl (DA saxaial A8Uall Ay chanaiall ilally olyeS 5yl ddadil 3 Jeli JS8 (gilan 0 Cuagd
Al Al Al Adadlly ¢(2035) dlelSidly delvied) Al Zagiiu) dae) s (1997 -1979)
e Ay tiel el Lpaiil) Al iy Al jsme dae) 8 Crogud LS (2018-2016) doltivsall 4501
.2030
Jsall Amalas "WV G Gautill 3 (2011 2004) 558 DA gilan 2 gl ol il e
dafie b saaid) aeYl Cilaliie pas cppall Adaid) 3 doltiedl) Lpaiilly A8l ey Anglie 8 Ayl
eyl dpaitll ddaiily cule Laial
ey Wl 0538 Slea B3 Gadae Jie Glegpiall pund Glads cOlabaially pullaall (0 230 dygine Jadi LS
(g raall doliall Sismy S5y cApeSll Gl ddadisall 5yaall el LOAD ok g il (g)Liiul) (3y)dl)
S aliyally Ay paaall Al 5yl "blad gyl ilagl) £300) slae ' g5 ey saniall aad  SlaY) galiydls
S ALaYL 2012 e M delied) Ll gpadd) aidl Ul 338 Gedy Jadi LS Lsasill sl
cllgisall Alany o LyeSll (350 anati Slga 5] ulaa 8 AGLull Ly suac

e

e liai il «Dlgin) A 3ylacaal afiills cialiall L8l 3ylge assnd H5eda 2007 sle dia jame cargd
a8 Gl L sl sla@) e o Uie cifiag 2014/2013 2013/2012 ale 3 da)¥) s ) Jusil
o il i Loy 48U il s bl danlie sai 1884 lagen 2014 le dia dpaall doSall Cigny
2 2sgal) el oyl 28 13a (Al iusall Al gl Ayaiill (Bind B oys0 6ol (e g Unill (pSais clgal) Ll 2oV
g Uail) ool 8 Augale Bk laaly A e il ) el aaxia

50


mailto:anharhegazi@gmail.com
mailto:anharhegazi@gmail.com

Sl Aayn sl aae L 4daa Jia Ay I *'F L) 5an Jsa el GLEN Alall slee adie) 2015 sle Ay
aa el ) il cllagy) cVane (mis ol Les e liall Jnill (sgine G Orinyd e JSh )Y
Jals Jsas Cilaa dpaal o Leall Llgall cleall (o) ciblg s ¢ 3lay) llbie 3l angll ) 85 . oS
b sty Lo Laialy Lola) Toa (38a3 8 agass 05 Sl) dmitia culgil) e ading allal) 48Ual) JUail jiges
5ol e A8l 36 LS5 chanariall A8 1 o AlolSie yualic A ey cadlaa) o 340 o Sa Lo aied
L) alasiay) cileUad 6 LSl alasiu)

Jsaill (g yemall 8lLal) & Uss 28050 ZyanY 181l o bl glly Jaladall 43)lad’ Jlaal) 3 5adinal) dibasll bl i
sl )00 oda ()l (Jlaall & allal)

Laalaie) as ) Al gl) Jadaddly ecnlubpndls bl a1y g Uadll cagals Al 433 Aulul) maldl —(Y)
sl Cyinay e Uaill Adaikil 8 5akal) (Biat ey Wiy

e S "ssapall a1 wdlsall aals casldll adell Pl ¢ Uadl) 3 Jgal) dlee Lgie Gllan 1) LY —(Y)
Alall b Ayl gl Cagyall Canliy Lags ¢ allad) &8l ol 8 Jsail) 48050 e

Slbpudly CalaaY) ae JulS lly ¢(2030) aladl s g Uadl) & Jpail) Gaindl £pulal) Cilgagil) aaas —(Y)
Ailglly V) A8 bagla )l L (2030) alad) s g Usill Jiise Calpiin J2aeS elldg cal sadindl)
Neie JS e Uadll aysilly daiiall ¢ LjgSlly A pall 4L eSI il )l

Sen amy Jaas aly callad) (st o Uiadais Ld 1ok il 2500 ol (e 85l80 daa ayaa3 —()
ially T LYl ol 2y clgilelion bty Leind SUISRY aae ani aLdly «_paan A Gl
A A G of oS )

el Cpfal LUl A piall LYy calubedls 4l clea il dlall @il cciliagil) (e de sanse zL —(°)
A3l o Uad 3 gulial)

Foreseeing the Future of the Egyptian Energy Sector in Light of the Global Energy
System Transformation

Abstract

Since 2007, Egypt has experienced an unprecedented imbalance between energy supply and
demand which was turned into a crucial crisis by 2013 & 2014 causing increased pressure on
national economy. In response, the Government has directed dedicated efforts since 2014 for
the development of policies and strategies to overcome the crisis and ensure the security for
reliable energy supplies to satisfy the national sustainable energy needs. Fruitful results have
been achieved and the sectors performance was moved from crisis to breakthrough.

In 2015, the world’s leaders have endorsed the “Paris Agreement”, requiring that average
global temperatures at the end of the century are no more than 2°C above pre-industrial levels
and consequently reducing the worlds GHG emissions to the maximum possible. Several
concerned international agencies have agreed that there is an urgent need to embark upon a
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comprehensive energy transformation system that encompasses three interrelated elements:
renewable energy, steady improvements to energy efficiency and increased electrification of
end-use sectors.

In view of the above and taking into account the status of progress achieved by the sector as
of July 2020 compared to the planned projections in the adopted strategies. As well as
realizing the importance of keeping pace with the transformation of the global energy system,
this paper identifies and presents:

1) The essential features of the crisis that faced the sector and the strategies adopted and
implemented creating the achieved breakthrough in the sector development status and
relevant indicators.

2) The frameworks for the sector transformation during next decade, and the motives that
encourage keeping pace with the transformation in the global energy system as suits the
national circumstances.

3) The basic directives for sector transformation, which enable foreseeing the future of the
sector to 2030, including the primary and final energy resources mix, the installed electric
capacity and produced electricity as well as the sectoral distribution of all energy
resources and percentage renewable in each.

4) A selected set of emerging technologies that have gained technical and application
development globally, but not yet in Egypt. As well a preliminary evaluation for adopting
such technologies in Egypt and the expected economic, social and environmental
impacts.

5) Recommended policies, regulatory frameworks for enabling an appropriate sector
transformation.
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Stimulus Polices for Renewable Energy Investment in Egypt in Light of
International Experiences

Abstract

Clean energy is considered one of the main pillars to achieve Global Sustainable
Development Goals 2030, it also essential for treating climate change that is the biggest
challenge in 21 century. This was confirmed by the literature and many relevant applied
studies. Promoting production and use of renewable energy is a notable trend adopted
by many countries from different development levels. . The drivers behind this trend go
beyond environmental considerations to include many other economic and social
considerations. Therefore, policies supporting renewable energy have spread around the
world. About 80% of high and middle income countries have adopted these policies.

Egypt is not in isolation from the world in this regard. Rather, energy is considered one
of the main axes of its national sustainable development strategy 2030, and its
sustainable and integrated national energy strategy 2035. Especially since its
dependence on traditional sources of energy generation exceeds 90%, which represents
a developmental and environmental challenge and limits the ability to achieve
development Sustainable. So it settled ambitious goals to increase the contribution of
renewable energy from the total energy mix to about 32.5% in 2030 and 42% in 2035.
Achieving these goals requires doubling the volume of investments in renewable energy
of all kinds.

Despite the abundance of literature on renewable energy in terms of its importance and
its stimulus policies, studies dealing with renewable energy investment are limited,
especially at the level of developing countries, including Egypt. Most studies have
demonstrated the importance of policies in supporting renewable energy investment
during the past decade and it is expected that this pivotal role of policies will continue to
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achieve the goals of international and national sustainable development strategies in the
future.

Therefore, the study attempts to contribute to bridging the knowledge gap in this field
by shedding light on the policies or incentives used to stimulate renewable energy
investment all over the world. Review the results of relevant applied studies; examine
two pioneering experiences in this regard, namely the German experience and the
Chinese experience. Finally, it discusses renewable energy investment in Egypt through
the current situation and the most important efforts made to stimulate it and some of the
challenges that hinder it. The study ends with proposing a set of measures to increase
the effectiveness of the efforts being made in attracting renewable energy investments in

Egynt.

Keywords: Sustainable Development, Renewable energy investment, Fiscal & monetary
polices, Fuel subsides, Doing Business Index.
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FOSlgtnally ASLEl) cehse O Le o LgSll Clabal maje Jal XSy L saraiall Al (1

-(Jacobsson S, Lauber V, 2006)

canaiall A8Uall JaY) Algls dpngliind Calaal Jahds 5ysa 8 clulidl o8 8 sl
axial Bl i e clall slagind o cilelic) mia sl yshiilly Caad) ac

diall (DA saaiall Al & L) aco 8 Glubud) el bl qlef cagl
G WS 2030 calaal Gianl lubudl gysaall Hoall 138 ey o) adsiall Gas ¢ bl
N e Al 48 Lay oAdanll dapet Al 111 eai cida 2018 Hle Pla LUyl
REN21, ) ¢Dlginy! ila clulu cigda 450 66 sais araiall &l cilale i
.(2019

sy @oad) dals Lgiay Cilaaiall e apaad g0 IS deadind (53l Glusbuall e auady
V) Al Ayt Gaadad L) e pe ) Jad L clulid) clslols saaaal) AUl il sl 45
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e Lo )y bty s e iag g ¢ Hdle (bl aed 1y «gpal Slsal e dead
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Systems Approach as a Methodology and Tool to Meet the Challenges of
Complexity of Energy Systems and to Achieve their Security and Sustainability

Abstract

Due to their growing complexity, management of energy systems could be considered
as one of the greatest challenges in our time. The steady increases of demand for energy
and the wish to cut pollution problems are enhancing the use of renewable energy
sources, which face technical and economic challenges. The infrastructure and
techniques of production, transport, distribution and control will become inappropriate
to deal with these changes, and the decision makers will need to have effective tools to
improve working and strategic decisions to meet energy security and sustainability.

This paper shows that Systems Thinking and the newly developed tools of Systems
Sciences are the only way to enable energy analysis, design and operations needed to
strengthen their future performance, as techno - economic - social systems .This stems
from the fact explained in the paper, that energy systems are complex adaptive systems.
This allows developing optimal performance solutions available for this type of
systems.

This paper follows systems approach. It starts with analyzing and mapping an electrical
power energy system to allow better understanding of its configuration, interactions and
operations. Then displays various modeling approaches for energy system (with
reference to their applications and accuracy), including technical-based models,
economic - technical models, hybrid models, and those models that consider energy
system complexity, as well as advanced control methods of their performance.

The new trend towards developing integrated energy systems IES was dealt with. IES
techniques allow coordinating all sources of energy available in a system, analyzing,
reviewing its modeling approaches, and developing optimal solutions to its
performance.

A strategic decision-making method in complex adaptive systems is displayed, where a
conceptual scientific model was created, that could be applied to energy systems.
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The paper provides a future outlook for developments of the energy systems, research
and applications required in this area.

A conclusion is reached that Systems Thinking approach supported by solutions using
systems modern scientific techniques are the only possible way to deal with the
complexity of energy systems to realize both their security and sustainability.
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Abstract

Following the success of liberalization of various sectors of the economy, electricity
markets underwent a similar transition. Vertically integrated utilities, which managed
generation, transport and supply of electricity, were unbundled, and competition in
generation and supply was introduced. Given the differences in electricity market
structures and regulatory policies around the world, there is no single standard market
model.

The electricity sector in Egypt is led by the Ministry of Electricity and Renewable
Energy (MoERE) which was established in the early 1960s, with main mandate of
securing the electricity supply on the national level. Under the Ministry there are five
electricity authorities beside the Egyptian Electricity Holding Company (EEHC). EEHC
IS a joint stock company established by law 164 of year 2000 and have sixteen
subsidiaries; six Production/generation companies, nine distribution companies and the
Egyptian Electricity Transmission Company (EETC), all of which are affiliated and
controlled by EEHC.

The new Electricity Law No. 87/2015 seeks to reform in depth the structure of the
sector. The aim is to progressively liberalize the market so as to address the rapidly
growing demand and facilitate the addition of generation capacity either by the State or
by the private sector as well as to create competition and raise efficiency while making
investment attractive in the areas of production and sale of electricity. This
liberalization is expected to be achieved, in a first phase, by distinguishing two
segments of the market: (a) a regulated segment for customers of the medium and low
voltage network where the Transmission System Operator (TSO) will be transformed
into a wholesale public trader; and (b) a competitive electricity market.

This paper illustrates the current status and challenges of power sector in Egypt, power
market reform in Egypt and introduce Egypt as a hub for interconnected electricity
markets in the region.
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1. Introduction

Since the establishment of the electricity system in the century before, it
was believed that the electricity sector is managed by governments; this
situation has persisted for several decades. Over time, this principle has
changed as a result of policy intervention in that direction. In 1950s and
1960s, the global trend has become that the electricity system must be
managed by the private sector, which managed more efficiently. With
implementation some negative aspects emerged, that governments and the
private sector appearing to disagree on some issues. Where governments
want to deliver electricity to the citizen at the lowest cost and the private
sector wants to make high gains, the state wants to deliver electricity to all
regions, while the private sector wants to deliver electricity to the higher-
paying areas. Therefore, it had been seen that there was no way better than
competition in the electricity industry which ensure that the situation to be
more transparent and costs were more credible.

The lack of electric power supply and the need for more generated and
distributed power in the electric system to satisfy the demand at acceptable
prices have become a tremendous problem worldwide. Electricity
deregulation provided a solution to overcoming this problem by removing
the governmental regulations on the electricity industry in order for the free
market to take over. The success of liberalization of various sectors of the
economy, electricity markets underwent a similar transition. Vertically
integrated utilities which managed generation, transport and supply of
electricity were unbundled, and a competition in generation and supply was
introduced. Electricity deregulation is aiming to break up the traditional
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vertically integrated electric power system into separate identities [1].
However, the main system infrastructure and equipment remain the same;
each identity has become dedicated to performing one of the following
roles; generation, transmission, or distribution.

To facilitate the deregulation, various challenges have to be overcome.
These challenges can be categorized into globally-common or country-
specific issues. International experiences showed that the need for
workable plans and a timeline to achieve a reliable electric deregulated
system are essential. Given the differences in electricity market structures
and regulatory policies around the world, there is no single standard market
model. However, from the several market models implemented in different
parts of the world, it is possible to distinguish two main types of market
organization, (i) Power Pools or centralized markets and (ii) Bilateral
Contracts Model or decentralized markets. Most electricity markets can be
classified as of being of type (i), (ii) or its variants.

Moreover, the transition from the vertically integrated system to the fully
competitive electricity market should be smooth. It starts with a
preparation period, which is followed by various phases of market
development and implementation.

2. Egyptian Electricity Present Structure

The electricity sector in Egypt is led by the Ministry of Electricity and
Renewable Energy (MoERE) which was established in the early 1960s,
with main mandate of securing the electricity supply on the national level.
Before that, during 1893-1961, Generation and distribution were practiced
by Private companies.

Under the Ministry there are five electricity authorities beside the Egyptian
Electricity Holding Company (EEHC). EEHC is a joint stock company
established by law 164 of year 2000 and have sixteen subsidiaries which
are affiliated and controlled by EEHC until today; six
Production/generation companies, nine distribution companies and the
Egyptian Electricity Transmission Company (EETC) which is the only
company licensed for purchasing and transmitting electrical energy
generated from all generators connected to the Extra High Voltage (EHV)
and High Voltage (HV) networks as in figure 1. In turn, it sells electricity
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to all Distribution Companies (DCs) as well as directly contracting (about
108 consumers) connected to the EHV and HV networks.

This Single Buyer Model is operating on a cost-based power pool which is
designed to link the electricity companies to operate through formal
agreement among them, including a billing and payment system, under the
supervision of EEHC, EETC is responsible for power exchanges with
neighboring countries over the present interconnections. Egypt has a
largely monopolistic electricity market structure, with the Egyptian
Electricity Holding Company (EEHC) owning most of the generation
capacity, the transmission system and almost all of its distribution network.
Since EEHC establishment it sets its vision to be "Global Leadership and
Excellence for Sustainable Electric Power" and its mission to "provide
sustainable electricity from all sources to all customers, in accordance with
international standards and competitive prices, through institutional work
that adopts quality policies, the environment based on human and
technological capabilities of high efficiency, and the completion of
business in a manner that is morally responsible, to the benefit of its
customers , employees and community". Electricity sector is overseen by
the Egyptian Electricity Utility and Consumer Protection Regulatory
Agency (EgyptERA), which was established by Presidential Decree 329 in
the year 2000 as independent from the Ministry of Electricity & Renewable
Energy and the service providers. The Agency is responsible for granting
licenses for generating and distributing electricity, prepare necessary
studies for end users tariff adjustments to be presented to the cabinet for
approval, provide customer dispute resolution and for overseeing the
sector’s compliance to its rules and regulations.

In general, the aim of the Ministry of Electricity and Renewable Energy
(MoERE) and the Egyptian Electricity Regulatory Agency (EgyptERA) is
to gradually create a liberalized electricity market in Egypt.
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Figure (1): Present Egyptian Electricity utilities structure

3. The Challenges of Power Sector in Egypt and Actions Taken

It is important to mention that the electricity sector faced big challenges
during the period from year 2011- 2014 due to ;(i) political and economic
instability resulted from the two revolutions ,(ii) declining of natural gas
(NG) productions led to shortage in the NG supply to generators , (iii)
delay in the construction of the new power plants , (iv) unexpected high
growth in demand ,(v) low collection rate and increase of commercial
losses , (vi) load shedding which reached more than 4000MW, (vii) low
electricity tariffs (less than 40% of the cost) ,and (viii) high liabilities and
weak financial ratios.

Since Electricity is a matter of National Security, the Ministry of
Electricity and Renewable Energy (MoERE) supported by the Government
of Egypt (GOE) set a quick recovery plan to overcome these challenges
and achieve sector security, sustainability and governance as follows:

= Set a five-year price trajectory plan which has been approved by
Cabinet and publicly announced with the July 2014 energy subsidy
reforms. The price trajectory incorporated differentiated peak and off-
peak prices that will help to stimulate energy efficiency. By 2019, the
electricity sector was expected to be self-sustaining although
financially neutral cross-subsidies will remain across customer
groups. (This targeted date was extended till 2022 due to the
devaluation of the Egyptian Pound).
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Adopting a fast track plan to meet the demand by using simple cycle
gas turbine, of 3636 MW which were installed in eight and half
months only and planned to be converted into combined cycle.

Executed a first-class Contract based on EPC+ finance for 14.4 GW
Combined cycle high efficient three Power Plants each 4800 MW
jointly with Siemens and big local Egyptian companies in two and
half years only and already connected to the network on 500kV level.

Supreme Energy Council approved the participation of RE of 20% of
electricity generation by 2022, to be executed by both public (NREA)
and private sector through merchant projects, BOO and FIT already
250MW BOO wind project and 1465MW FIT tariff PV projects
secured financing in Benban and all connected to the grid.

EEHC prepared a long-term plan which includes diversified
generation technology Gas, coal, nuclear, renewable and energy
efficiency.

EEHC started to implement corporate governance measures in EEHC
and the affiliated companies, internal audit charter approved by EEHC
board and internal audit board committee, internal audit &
Compliance departments formed in EEHC and all affiliated
companies and the draft electricity sector governance code exists.

Several legislations issued, renewable energy law No 203 for the year
2014, Investment law, FIT regulations and Law 87, 2015 for
restructuring electricity sector.

4. The Proposed Reform of the Egyptian Electricity Market

Egypt aims in the first stage (Phase-1) of gradually opening its liberalized
electricity market to create a two-tiered electricity market (figure 2). The
first tier of the market will be competitive and will comprise high and extra
high voltage customers, who will be free to choose among electricity
suppliers on a bilateral contract basis and freely negotiate electricity prices
with generators and managed by market operator (MO), those called
Eligible Customers (ECs). The remaining second tier of the market will
pay a regulated tariff and will purchase electricity from the distribution
companies who will be supplied by a single Wholesale Public Trader
(WPT), those called Non-Eligible or Captive Customers.
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On July 2015 The Electricity Law No 87 had been issued, contains a
number of important measures that will allow the modernization of the
regulatory framework for electricity sector, these include the creation of a
wholesale market, the establishment of an independent Transmission
System Operator (TSO), and the strengthening of the electricity regulator.
The Egyptian Electricity Transmission Company (EETC), which is
currently performing as a subsidiary of EEHC, will be converted into a
fully independent Transmission System Operator (TSO). The Transmission
System Operation will provide balancing service to the competitive
electricity market, while financial settlement will be undertaken by the
Market Operator (MO) at regulated tariffs. The Transmission System
Operator will provide third party access to its own networks without any
preferential treatment so as to provide electricity distributors and
consumers with their electricity requirements in accordance with approved
transmission rules, suppliers will be the third parties responsible for
purchasing electricity from the generators on behalf of the Eligible
Customers (ECs).

Competitive Market Regulated Market
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Figure (2): Proposed Structure of Egyptian Electricity Market (Phase-I).

To smoothly transfer into a workable market, competition will be
introduced through developing part of the market against the regulated
tariff as an important driver of market opening to private investors and
gradual transfer of consumption from the regulated price regime as
specified in Phase-I. This transformation requires a detailed market design
and market rules that should reflect the requirements of each phase of the
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proposed market. Focusing on Phase-I, many basic principles are followed
such as:

e Endorsement of straight forward rules and structures to gradually
develop the required new capacities building (staff training and
experience, international experience transfer..., etc).

e Splitting the commercial part of the competitive segment from the
regulated tariff segment to ensure market competitiveness and fairness
among market participants.

By the end of Phase-I, the previous mentioned goals should be achieved
with satisfactory operation with more active contribution from private
sectors under market surveillance through the EgyptERA.

4.1 Phase-11: Introduction of more ECs to the Competitive Market and
Liberalizing more Market Services: In this phase, the balancing and
ancillary services should be liberalized. In the meanwhile, a development
of a Distribution System Operator (DSO) and suppliers (a third party who
purchase electricity from the Traders or DSO on behalf of the ECs
connected to distribution levels) should be in action. However, from the
regulatory point of view, a workable Distribution Code should be
approved; in addition, a contractual relationship between market
participants should be developed. Based on satisfactory operation of the
developed DSO and suppliers and fair market surveillance through
EgyptERA, an upgrading of the metering and IT infrastructure to
accommodate the new ECs is essential to start Phase-1II.

4.2 Phase-111: Expanding the Electricity Market and Developing the
Retail Market: During this phase, all customers other than the residential
customers (due to their huge number in the system) will become part of the
liberalized market. After assuring satisfactory operation, adequate metering
systems for the residential customers should be considered for phase-1V.

4.3 Phase-1V: Fully Functioning Competitive Electricity Market:
Finally, all customers become part of the liberalized market and a
continuous operation of the market should be in action.

5. The Current Situation in Egyptian Electricity Market

The Egyptian electricity sector had taken active steps to fulfill reform
requirements, that Electricity law No. 87 of 2015 was issued and the bylaw
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for the Electricity Law has been issued on march 2016 aiming to operate
the electricity system in accordance with economic and environmental
standards that guarantee equal opportunities in a manner that preserves the
interests of electricity producers and consumers.

The main features of the Electricity Law are:

e Establishment of competitive electricity market which is based on
bilateral contracts and adoption of the concept of eligible customers.

e Third Party Access (TPA).

e Establishment of Transmission System Operator (TSO) and provide
assurances for its independence and full unbundling from other
sector participants.

e Tariffs to be ratified by the regulatory agency

e Supporting renewable energies, cogeneration and power generated
from secondary resources

e Supporting integrated resources planning including: energy
efficiency and demand side management.

Given the diversity of national electricity market structures and the pace of
progress in reform processes in each country, extensive studies are going
seeking for market adaptation on different market models.

Egypt's generating capacity mix remains decidedly fossil-fuel-focused.
This is principally because the government has sought to build out capacity
quickly after the electricity shortages a few years ago. As part of this
strategy, Siemens completed in late 2018 its 'Egypt megaproject’ to build
three combined-cycle gas turbine plants totaling 14.4GW. As a result, gas-
fired generating capacity expanded by 200% over 2010-17 and is expected
to continue as the government seeks to exploit its recently discovered
domestic reserves. With regard to structure, at present, the state dominates
the power market, with the EEHC and its subsidiaries owning more than
90% of each segment.

Also, in-house work on restructuring EETC and EEHC, in preparation for
the stage of gradual opening of the Egyptian electricity market to be a
competitive market for eligible customers and regulated one for non-
eligible customers, is ongoing; In the initial phase of market opening
(“Phase 1) in Egypt, it is intended that approximately 108 HV customers
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would be eligible to seek supply from alternative sources. The remaining
customers (approx. 85% of the market by energy) would remain in the
regulated market. “Phase 0 is the period between the date of separation of
EETC and the commencement of Market Phase -1 as in figure 3.
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Figure (3): phase 0 contracts.

6. Egypt as a Regional Hub for Interconnected Electricity Markets

Located in the north-eastern part of Africa, Egypt is bordered by the
Mediterranean Sea to the north and the Red Sea to the east, and therefore,
Egypt is at the gateway between Africa, Asia and Europe.

Egypt has also developed a strategy to strengthen the -electrical
interconnection projects to accommodate the huge energies that will be
generated from clean energy and also strengthening power security over
the medium and long-term,

Egypt is actively participating in all regional electrical interconnection
projects (figure 4). Ministry of Electricity & Renewable Energy (MoERE)
aims to position the country as a Regional Hub for electricity trading. Due
to the country doubling its production capacity and the large expansion in
transmission and distribution networks, it will be in a position to export
electricity/renewable surplus to interconnected countries, including Jordan,
Libya, Sudan, Saudi Arabia, Cyprus, ...etc as well as wheeling electricity
through its Grid.
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Egypt is participating very actively in all regional Electrical
interconnection projects, such as the existing link with the Arab Mashreq
through Jordan, and the Maghreb countries through Libya, and the linkage
underway with Saudi Arabia, through which Egypt will be linked to the
Gulf countries and Asia.

The study for Arab Interconnection leaded by LAS has been finalized. 16
Arab countries signed the MOU for Arab Interconnection. And now the
Steering committee headed by Egypt works with the Arab Fund and WB to
finalize the rest of the Governance documents; General Agreement (GA),
Pan-Arab Electricity Market agreement (PAEM) and the interconnection
Grid Code (GC)

Egypt- Sudan 220kV link is currently completing and the necessary tests
for synchronization are ongoing. Also Egyptian Electricity Holding
Company is active member in East African Power Pool (EAPP) and
participates in all committees and studies. There is also ongoing effort
linking the Eastern Africa power pool (EAPP) and the Southern Africa
power pool (SAPP) to create an energy hub that runs from Cape Town
south to Cairo to the north, thus connecting the electricity markets to both
East and South Africa.

A preliminary feasibility study for the electrical connection between
Egypt, Cyprus and Greece has also been completed. In addition, Egypt
signed a memorandum of understanding with the International
Organization for Electrical Connectivity (GEDICO) with the aim of
promoting the concept of global electricity interconnection until 2050.

As a result of all these measures, and by completing the interconnection
projects mentioned above, Egypt will become the HUB for the electrical
interconnection between Europe, Asia and African countries, which will
contribute to the integration with the rest of North Africa to exploit the
natural potential of the region in the field of renewable energy, especially
solar energy.
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Figure (4): Electrical Interconnection Projects.

7. CONCLUSION

Present electricity market restructuring requires a lot of perquisite work to
be initiated smoothly in market structure transformation. It also has various
requirements such as tariff reform, restructuring of EETC and EEHC on the
national level, as well as legal and regulatory frame work
adaptation/establishment to achieve a fully competitive electricity market.
The transition into the competitive market can take a long time, that all the
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case studies took much longer than originally expected. Successful gradual
implementation of market phases is the cornerstone in the development of
the market, so several actions in phases-0 and | have to be taken smoothly.
Structural changes in generation is necessary to adapt the new electricity
market. Capacity building/development, powerful IT system and a dynamic
plan reconsidering the whole process have to be applicable to face the
foreseen challenges in the future. Egypt is actively participating in all
regional electrical interconnection projects. Ministry of Electricity &
Renewable Energy (MoERE) aims to position the country as a Regional
Hub for electricity trading as per our National Strategy.
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Abstract

Sufficient and secure energy is the main enabler for welfare and economic development
of a society. As energy-related activities have significant environmental impacts, it is
indispensable to provide an energy system which covers the needs of the economy and
preserves the environment.
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The energy sector worldwide is undergoing a dramatic transition So, there is a need to
plan for the potential impact, climate change and enabling access for billions of new
energy users. The drive to greenhouse gas emissions has certainly been a stimulus to the
development of new technologies such as solar and wind, which are becoming
increasingly competitive reduce with traditional energy systems based on fossil fuels.

The global energy sector is being transformed by three trends that are impacting
demand and supply: decarbonization, digitization and decentralization where these
trends are reinforcing each other. There will be new opportunities and challenges for
policymakers to navigate the energy transition. This will require managing a greater
diversity of market actors and technologies.

The Egyptian electricity sector has taken important steps during the past five years in
order to provide the various state sectors with their needs of electrical energy while
adhering to Egypt Vision 2030, which adopts sustainable development as a major
strategic goal while providing the opportunity for the private sector to participate in
providing services. In order to achieve this, Egypt has enacted many laws such as law
No. 203 to encourage the electricity production from renewable energy sources and
Electricity Law No. 87 to encourage constructing a completely competitive electricity
market. Furthermore, the Egyptian electricity sector has adopted an ambitious strategy
for the electricity sector 2035 with the aim of improving the energy mix and energy
efficiency to save natural resources and reduce greenhouse gas emissions.

Keywords
Energy Transition — Renewable Strategies - Energy Efficiency - Tariff Reform.
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1. Egyptian Electricity Sector Structure

The Egyptian electricity sector is represented by the Egyptian Ministry of
Electricity and Renewable Energy (MOERE) at the head of the sector
which affiliated by the authorities and companies shown in figure (1). All
these authorities and companies are state-owned.

Ministry Of Electricity and
Renewable Energy

]
| I

Nuclear Power Nuclear e . . . :
A Atomic Energy Egyptian Electricity
Plants Materials - e Z -
Authority Holding Company

Authority Authority

| Electricity Distribution Companies |

Egyptian electricity sector structure.

For the Electricity production and distribution activities, there are six
electricity production companies and nine electricity distribution
companies, they are all state-owned and affiliated to the Egyptian
Electricity Holding Company (EEHC).

Regarding the electricity transmission system, there is only one electricity
transmission company. According to the Egyptian electricity law 87/2015,
the Egyptian Electricity Transmission Company (EETC) has become
completely independent from all other utility participants. As an initial
measure, the prime minister’s Decree no. 1959/2017 was issued regarding
the formation of its General Assembly, the activity of the company has
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been incorporated among the activities of EEHC with the inclusion of
EETC’s Capital within the investments of EEHC until completion of the
separation process. It enjoys statutory monopoly over power transmission
and operation of the electrical grid. In addition, EETC must play its role as
a Transmission System Operator (TSO) with full transparency, equal
opportunity and non-discrimination between customers (EgyptERA, 2015).

2. Egyptian Electricity Current Situation

Egypt depends mainly on highly efficient combined cycle power plants
with a share of 55.7 % of the total installed capacity, and 28.7 % of steam
power plants where hydro power plants and renewable energy plants
represent only 8.6 % of the total installed capacity of the Egyptian
electrical system as shown in figure (2) (EEHC, 2019).

[VALUE] %
[VALUE] %

[VALUE] % “

[VALUE] %

[VALUE] %

= Combined Cycle = Steam Gas = Hydro = Renewables
Figure (2): Installed capacity by type (%) as in 2018/2019.

The Private sector participation is manifested in three long term Build,
Own, Operate and Transfer (BOOT) contracts for 20 years with EETC. The
three steam power plants are operated by EDRA power company with a
total installed capacity of 2047.5 MW.

Egypt mainly depends on fossil fuels to meet its energy needs. They
contribute about 91% of total primary energy production as shown in figure
(3) (EEHC, 2019). Where the natural gas consumption for electricity
production purpose reached 62.3 % of the overall local natural gas
consumption in 2018/2019 (EGAS, 2019).
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Figure (3): Percentage of generated energy by type of generation as 2018/2019.

The Peak Load reached 31400 MW in 2018/2019 compared to 28015 MW
in 2014/2015, with average growth rate about 2.9% per year during the
period 2014/2015 - 2018/2019. The total Installed capacity reached 58353
MW in 2018/2019 compared to 35323 MW in 2014/2015, with average
growth rate about 13.5% per year during the period 2014/2015 - 2018/2019
(EEHC, 2019), which means that the Egyptian electrical system has a safe
strategic reserve of the installed capacities as shown in figure (4). It is
worth mentioning that the access of electricity reached more than 99%.
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Figure (4) Installed capacity and peak load development from 2014/2015 till 2018/2019.

3. New and Renewable Energy strategies

Egypt is endowed with abundant wind energy sources especially in the
Suez Gulf area which is considered one of the best sites in the world due to
its high and stable wind speeds. The west of Suez Gulf area is considered
one of the most promising sites for construction of large wind farm projects
due to the high wind speeds ranging between 8-10 m/s and also due to the
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availability of large uninhabited desert areas which are perfectly qualified
to assimilate the future wind projects. In addition, there are other promising
sites with average wind speeds ranging between 7-8 m/s in east and west of
the Nile river near Beni Suef and Menya Governorates (EEHC, 2017).

Moreover, Egypt is one of the countries lying in the solar belt region the
most convenient for the solar energy applications. Solar Atlas reveals that
the average of vertical solar radiation is between 2000-3200 K\Wh/m?/year
and the rate of solar rise ranges between 9-11 hours/day offering
investment opportunities in the various solar energy fields (EEHC, 2017).

3.1 Egyptian Electricity Sector Plan 2022

The Egyptian electricity sector has adopted an ambitious energy plan,
which aims to increase the participation of renewable energy in national
energy mix to 20% of the total generated energy in Egypt by 2022, out of
which 6% from hydro power and 14 % from wind and solar energy
(photovoltaic cell systems) (NREA, 2019).

3.2 Egyptian Electricity Sector Strategy 2035

The energy sector in Egypt (Electricity, Renewable Energy and
Petroleum) prepared a study of the optimum mix of technical and
economic energy production until 2035 in cooperation with the European
Union (EU) through the technical support program for the restructuring of
the Egyptian energy sector (TARES) (NREA, 2019).

In this strategy, all energy scenarios for Egypt has been studied based on
diversifying energy sources, expanding the use of renewable energies,
rationalizing the use of conventional energy sources, encouraging local
and international investors to invest in the development of renewable
energy projects.

In October 2016, the Egyptian Supreme Council of energy adopted the
Egyptian energy strategy until 2035, and selected scenario (4b) to be the
reference for energy planning in Egypt during the coming period as
shown in figure (5) (NREA, 2019).
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Figure (5) Electricity production in Egypt 2035 as per TARES, scenario 2b.

4. Renewable Energy Legislations
4.1 Renewable Energy Law 203/2014

In December 2014, Egypt has issued the new renewable energy Law no.
203 with the aim of encouraging the private sector to produce electricity
from renewable energy sources. the Law adopted several mechanisms for
the private sector development of renewable energy projects, including
competitive bids, feed-in tariff, and independent power production through
third party access (Salah, Elkady, 2016).

4.1.1 Competitive EPC Tender Bids

Under this mechanism, the New and Renewable Energy Authority (NREA)
shall issue tenders to private sector companies to install renewable energy
power plants via engineering, procurement and construction (EPC)
contracts. Such power plants shall be operated by NREA. (Salah, Elkady,
2016).

4.1.2 BOO Projects

In this mechanism, EETC is allowed to issue tenders to private sector
companies to build, own, and operate (BOO) renewable energy power
plants. EETC invites private investors to submit their offers for specific
capacities and the award will be made to the lowest kWh price. The
generated electricity will be sold to EETC at the terms and prices agreed
between the EETC and the investor (NREA, 2019).

156



4.1.3 Feed in Tariff (FIT)

In September 2014, the Egyptian Cabinet approved the first round of the
distinctive feed-in tariff (FIT), being a mechanism to encourage the
production of electricity from renewable sources, under which the
electricity companies (the transmission company or the distribution
companies) buy the energy produced at a pre-announced price that
generates an attractive return on investments through long-term Power
Purchase Agreements (PPA) up to the end of lifespan of the project (20
years for wind projects and 25 years for solar projects) (NREA, 2019).

After 2 years, In September 2016, the Egyptian Cabinet approved the
second round of the FIT with a modification of the terms and prices of
purchasing power from wind and solar energy projects.

Under this mechanism, the largest solar park all over the world was
constructed in Benban region with total installed capacity of 1465 MW on
two phases (NREA, 2019).

4.1.4 Net Metering

In August 2017, the approval of the periodical decree no. 3/2017 about net
metering scheme for PV projects up to 20 MW. The net metering
mechanism is essentially used to encourage residential or small-scale
business to install RE technologies (particularly solar PV up to 20 MW),
for self-consumption primarily (NREA, 2019).

Net metering mechanism uses only one energy meter which runs forward
and backward: forward when electricity is consumed from the grid and
backward when PV electricity is injected into the grid. The PV generation
supplies any on-site loads first, thus allowing the plant owner to save what
would normally be paid to the grid operator for that electricity. All excess
PV generation is then exported to the grid.

In Egypt, EgyptERA has approved a set of regulatory rules to encourage
the exchange and usage of electrical power produced from solar energy.
The rules include possibility of net metering on a monthly basis and
payment will be based on consumption of net bought energy. The
electricity metering systems will be supplied by the relevant electricity
distribution company; however, the subscriber should bear its cost.
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4.1.5 Independent Power Producer (IPP)

Under this mechanism, renewable energy independent power producers
(IPP) are allowed to build renewable energy power plants either to feed
their own loads or to sell the produced electricity to eligible consumers via
bilateral purchase agreements. EETC and distribution companies are
mandated to allow investors to sell electricity directly to eligible consumers
using their grids subject to grid access fee (wheeling charge) via network
connection contracts (Salah, Elkady, 2016).

Costs of interconnection with the grids will be borne by the power
producer. EETC and the distribution companies are committed to buy the
electricity generated from renewable energy or pay for it (take or pay) in
case it is unable to transmit the produced energy (Salah, Elkady, 2016).

4.1.6 Auctions

Presidential Decree enacting Renewable Energy Law in 2014 established
competitive bidding mechanism for BOO contracts. Within the mechanism
the EETC will hold five rounds of tenders for BOO contracts. The EETC
announces call for applications and is responsible for running the auction.
the award will be made according to the lowest price. NREA is responsible
for land provision to selected projects for period when projects will be
constructed and operating. After the decommissioning of the project, the
land goes back to NREA (NREA, 2019).

4.2 Sovereign Guarantee of Off-taker Payments

The Egyptian government represented by the Ministry of Finance (MoF) is
authorized by virtue of Law 14/2013 to guarantee all financial obligations
of EEHC and its affiliated companies under all projects they implement in
partnership with the private sector. This means that the MoF will guarantee
the obligations of EETC as the government off-taker under the power
purchase agreements (PPA) concluded with electricity producers (Salah,
Elkady, 2016).

4.3 Green Bonds

The Egyptian ministry of finance succeeded in issuing the first public
sovereign Green bond offering in the Middle East and North Africa
(MENA) region, at a value of $ 750 million for five years, at a yield of
5.250%, putting Egypt on the map of sustainable financing (MOF, 2020).
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The proceeds of the "Green bond" will be used to finance expenditures
related to environmentally friendly green projects, and to achieve a
sustainable development plan in the areas of clean transportation,
renewable energy, reducing pollution, adapting to climate change, raising
energy efficiency, and sustainable management of water and sanitation, in
light of "Egypt's vision 2030, which gives priority to green investment
projects (MOF, 2020).

5. Hydrogen Strategies and Initiatives.

Hydrogen is rapidly becoming a focal point of the energy transition
discussion in many areas of the world, and the MENA region is no
exception as governments seek to diversify their energy sectors and
economies.

Hydrogen can be used as a feedstock, a fuel or an energy carrier and
storage, and has many possible applications across industry, transport,
power and buildings sectors. Most importantly, it does not emit CO, and
almost no air pollution when used. It thus offers a solution to decarbonize
industrial processes and economic sectors where reducing carbon emissions
is both urgent and hard to achieve.

In 10" June 2020, the German federal government approved the “National
Hydrogen Strategy”. According to the strategy, "only hydrogen produced
on the basis of renewable energies (‘green' hydrogen) is sustainable in the
long term.”. Therefore, it is the goal of the German government to use
green hydrogen, to support a rapid market ramp-up, and to establish
corresponding value chains.

In Parallel with the German Strategy, in 8" July 2020, the European
commission approved the EU hydrogen strategy entitled “a hydrogen
strategy for a climate-neutral Europe”

In Europe, in particular in Germany, there is quite a lot of money made
available to support building up a hydrogen economy and In North Africa,
a major boost was given by both the two ambitious Hydrogen Strategies,
which foresees an important role for hydrogen imports, specifically
mentioning North Africa.
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6. E-Mobility initiatives and Legislations

There are a variety of clean vehicle technologies and fuels under
development and in use, but electric vehicles represent one of the most
promising technologies which holds significant potential for increasing
energy security, decreasing petroleum dependency, mitigating greenhouse
gas (GHG) emissions and improving local air quality. In the context of
increasing world-wide vehicle demand, transport is a major energy
consumer and among the largest sources of GHG emissions. It is also one
of the principal sources of urban air pollution, which impacts the local
environment and human health.

In September 2018, Presidential Decree no. 419/2018 issued regarding
exempting electric cars from customs, and reducing customs on cars with
hybrid engines (electricity / gasoline) in order to encourage optimal use of
natural resources and reduce carbon emissions. In addition, in March 2018,
minister of trade and industry issued Decree no. 255/2018 regarding
Allowing the import of used electric cars up to 3 years after manufacture
date (NREA, 2019).

The Egyptian government, as a front runner in the region has announced a
number of recent initiatives such as recent relationship with China’s BYD
for the sale of electric buses in Alexandria as well as private company
Revolta Egypt which recently announced its plan to install more than 300
charging stations across seven Egyptian governorates in 2020.

The ministry of military production announced a developed E-Vehicles
industry strategy by the year 2040 in cooperation with china in order to
establish a local manufacturing market with the aim of making Egypt a
leading exporter of E-vehicles by the end of 2040. The strategy will be
implemented in three phases, (2019-2024), (2025-2030), (2031-2040)
(NREA, 2019).

7. Energy Efficiency Improvement

According to the International Energy Agency’s (IEA) Outlook 2015,
world energy demand will increase by one third from 2013 and 2040,
driven by economic development and growth in population. The demand
for more energy and the need to reduce GHG emissions as well as the
continuous depletion of traditional energy sources such as coal, oil and gas
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have provided the impetus for a movement toward using renewable energy
and becoming energy efficient. Whereas renewable energy provides a
substitute for fossil energy sources and meets new energy demand, energy
efficiency curbs energy consumption while at the same time reducing GHG
emissions (IEA, 2015).

Saving energy is the most cost-efficient approach, as no new generation
facilities, transmission lines or distribution channels have to be paid for.
The IEA refers to energy efficiency as ‘First Fuel’ and describes it as the
only fuel all countries avail of.

The use of energy efficient technologies in all sectors could reduce energy
demand. The saving potential due to measures using technology already
available on the market is enormous.

The strategy adopted by the Egyptian electricity sector includes, among
others, energy efficiency improvement on supply as well as demand side to
ensure a sustainable and reliable supply of electricity, reduce GHG
emission and mitigate the effects of climate change.

The electricity sector has undertaken several initiatives and measures
towards energy efficiency and conservation in the various sectors of
consumption such as:

1. Use of highly efficient lighting systems in the various sectors (Street
lighting — Residential lighting - Governmental and administrative
buildings lighting).

2. Increase the society awareness of energy efficiency and conservation
importance through seminars, campaigns and fliers.

3. Improving the energy efficiency in supply side by reducing the fuel
consumption.

4. Improvement of energy efficiency within distribution networks using
Smart grid solutions.

5. Increasing efficiency of household electric appliances through
revising the specification standards and energy efficiency card.

6. Training and capacity building programs for the eligible persons.

In addition to the restructure of electricity tariff which expected to cause an
increase in the energy saving (NREA, 2019).
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8. Egyptian Electricity Tariff Restructure Plan

The Egyptian electricity sector is implementing an Electricity Tariff
Restructuring Plan (ETRP) which aims to gradually phasing out
government subsidy taking into consideration the protection of low-income
families and the full adherence to the state policies and orientation in
adopting the principle of energy conservation and directing the government
subsidy to those who deserve it (EEHC, 2019).

One of the essential responsibilities of EgyptERA is to set the proper
economic rules and principles to calculate the electricity selling tariff to
consumers and having those rules and principles approved by the Cabinet.
Also, EgyptERA is responsible for setting electricity exchange rates in the
regulated market and the required fees for the use of the transmission and
distribution networks in the framework of -equality, justice and
transparency and the tariff must be approved by the Cabinet and announced
by EgyptERA (EgyptERA, 2015).

Globally, Energy subsidies have negative impacts on the energy sector
transition and sustainable development (IMF, 2015) due to:

1. Subsidies put a burden on the public budget: globally, energy
subsidies including the failure to internalize the cost of carbon
emissions.

2. Fossil fuel subsidies prevent low-carbon technologies and efficiency
from entering the market in addition to discouraging investment in
energy infrastructure.

According to the IEA (IEA, 2015) the common elements for a successful
energy subsidy reform are:

1. Prices should reflect the full economic costs with reference to
international market prices, or in the case of electricity to cover fuel
inputs, transmission and distribution as well as return on the utilities’
capital investments.

2. Subsidy reforms should typically be introduced in small steps. In
order to de-politicize the process, an independent body should be set-
up to oversee energy pricing. MOERE has to consult and
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communicate at all stages to convince citizens of the need for reform
and the justice of its implementation.

3. In parallel to the reform, vulnerable groups, such as the poorest
households, might receive protection, e.g. conditional cash transfers;
but the effectiveness of such measures must be regularly monitored
and evaluated. A combination with energy efficiency can help limit
negative impacts.

9. Conclusions

The Egyptian electric grid is one of the largest grids in the MENA region in
terms of installed capacity, generation technologies, transmission system
and distribution network. All these qualifications in addition to the unique
location between three continents made Egypt a promising regional energy
hub in the MENA region.

The Egyptian electricity sector has adopted ambitious energy strategies,
which aim to increase the share of energy generated from renewable
sources to 42% of the total generated energy in Egypt by 2035 in line with
Egypt Vision 2030 and complying with sustainable development goals.

After conducting a study to identify the generation capacities required to be
added in the 8" five-year plan (2017/2022), EEHC announced that no
additional thermal capacities are needed under the (2017- 2022) which will
help to achieve the electricity sector strategy of renewable energy.

The Egyptian government has introduced several incentives to renewable
energy private developers and commercial producers. Incentives include,
among others, announcing the feed-in tariff, guaranteeing access to the
grids, allowing long term power purchase agreements, providing for
priority of dispatch, allocating land needed for the projects at discounted
price as well as guaranteeing the financial obligations of the government
off-taker and recently, issuing the sovereign Green bonds.

It is understandable that feed-in tariff system succeeds in an unsubsidized
energy environment. The Egyptian government accordingly announced a
gradual liberalization of the electricity prices taking into consideration the
protection of low-income families and the full adherence to the state
policies and orientation in adopting the principle of energy conservation
and directing the government subsidy to those who deserve it , but
electricity tariffs are still below the actual costs due to social reasons. So, it
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is crucial for the government to deal with subsidies and cross-subsidies
without hampering social cohesion and increase the consumer awareness
regarding the importance of the tariff reform.

Green hydrogen has a massive potential in Egypt which has the excellent
renewable energy resource, abundant availability of land, stable economic
climate, and physical and intellectual infrastructure dealing with large scale
oil, gas and power projects. So, the Egyptian energy system has a great
opportunity to participate in hydrogen partnerships and alliances which will
allow Egypt to be at the forefront of green hydrogen exporters by the end
of 2050.

Countries worldwide have set targets for an absolute number or overall
share of electric vehicles by a certain year which has to be considered in
the Egyptian strategy. There is no doubt that increasing the share of electric
vehicles in major metropolitan cities such as Cairo, Alexandria and major
highways depends on the expansion in installing a large number of
charging stations and introducing payment facilities. Also, there is an
urgent need for collaboration between the private and the public sectors and
international cooperating agencies to consult about market regulations and
innovative funding solutions.

The energy transition involves continuous improvements in energy
efficiency and development of the electrical energy market. Also, the
increase in renewable energy penetration, improvement in energy
management, enhancing citizens’ education and raising awareness are very
crucial in energy transition process.

Finally, the energy transition will be enabled by information technology,
smart technology, policy frameworks and market instruments so it is very
important for governments, policymakers, companies, technology
providers, and even households to do their best in a win-win cooperation to
accelerate the energy transition.
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Constituents and Challenges of the Gas Market in Egypt
Abstract

Natural gas is one of the main pillars to achieve sustainable development in Egypt, and
the Egyptian state was able to achieve a great leap during the last period through
remarkable growth rates in various gas activities, whether research, exploration,
production, processing, transmission, distribution and liquefaction, which contributed
towards attracting more investments and thus revenues that contribute towards
supporting the national economy.
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The research deals with a descriptive analysis of the current and expected situation in
the Egyptian gas market, which is expected to attract the local & regional market
players, especially after the recent developments, whether by issuing the Gas Law No.
196 of 2017 or the establishment of the Gas Market Activities Regulatory Authority,
which is considered a neutral party working to regulate Gas activities and organizing
relations between the market players.

One of the most important topics discussed by the research are the availability of natural
gas after the major transformation in production, research and exploration, which was
able to satisfy the domestic needs of gas and export orientation, which faced the
obstacles of decreased international prices and recession, the Egyptian market is also
distinguished by a strong infrastructure through a network that covers all parts of the
country, with a total length of 7,343 km, with a transportation capacity of 240 million
m3/ day, and in addition, there are two units for liquefaction and exportation of natural
gas by the coast of Egypt, the first in Damietta and the second plant in Idku, Egypt also
has a leased regasification unit to ensure the security of the gas supplies , In parallel
with the two previous topics, which are considered the basis of any market, Egypt
launched a new legislative environment represented in a set of regulations, laws to
manage and organize the trading of gas from/into the Egyptian market and to achieve
constant communication with market parties in order to be aligned with the international
practices in the global markets as Europe and America in general and any successful
practices in other countries, which reflects the political support provided by the
Egyptian government to develop the Egyptian gas sector and transform the market from
local to regional, which was reflected in the strategy of transforming Egypt into a
regional gas hub, and finally the Egyptian market is characterized by the increased
demand rates, as Egypt is the largest gas market in Africa, which is considered a
catalyst for all entities to enter the market.

The most important challenges represented are to attract investments in various market
activities, which is considered one of the most important challenges that the industry
faces globally, especially in light of the recent global recession, and in parallel the
diversification of gas sources is important to ensure the expansion of the market players
and the presence of a large number of gas shippers and suppliers. The most important
challenge comes in achieving the necessitated competition in the market, which is
accustomed to the existence of a governmental entity responsible for satisfying the
needs of consumers, and coincides with competitiveness, the introduction of principles
of transparency, neutrality and non-discrimination. With the establishment of the
market, the technical qualification of networks and facilities of natural gas, and the
ability of the current transmission and distribution systems to deal with the quantities
expected to be circulated must be ensured, and to guarantee that the system operator is
qualified to deal with a market in which there is a large number of shippers which
obliges the availability of measurement, control and monitoring systems SCADA,
balancing tools to maintain the physical and commercial balance and secure the
financial and commercial balance of the network.
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Blockchain Applications in the Energy Sector: Enabling Energy Democracy

Abstract

Many of the power utilities and electricity service providers, have started to adopt
projects and solutions that rely on Blockchain technology and use the concepts of smart
contracts and cryptocurrencies as platforms for direct interaction with consumers and
for managing financial and technical transactions of value. This is considered as part of
these companies' strategy to modernize the energy industry by simplifying the
procedures, the transactions and the costs associated with them. Such move seizes the
opportunity of the rapid development of information and communication technology,
and the increasing trend towards the solutions it offers where millions of people
currently deal with as part of their normal lives through their phones and computers.
Well-deserved attention is paid to the technology behind these Blockchain services, in
an attempt to understand its dimensions and explore its horizons. This paper presents
Blockchain technology through clarifying how it works with a focus on its possible uses
in the energy sector. The paper also introduces the most important criticisms and
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challenges, as well as alternative solutions and approaches proposed for this technology,
which promise a very different future for the energy sector.
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IRENA Innovation Landscape for the Power Sector
Transformation
Zoheir Hamedi

International Renewable Energy Agency (IRENA)
zhamedi@irena.org

e Zoheir Hamedi is the MENA Programme Officer at THE International Renewable
Energy Agency (IRENA).

e Previous professional experiences included: Assistant-Professor at Qatar University,
teaching energy policy courses in the Public Policy programme of the university;
Researcher at the Arab Center for Research and Policy Studies, Doha Institute,
Qatar; Senior Executive at the Algerian National Oil Company, SONATRACH, in
the Planning, Strategy and Economics Department (SPE); and Climate Security and
Energy Affairs Officer at the British Embassy in Algiers.

e He graduated with a BA in Political Science and Economics from the American
University in Cairo, with a focus on Middle East politics and international relations;
and an MA in International Relations from Nantes University in France, with a focus
on NATO security strategy in the Mediterranean basin from 1949 to 2000; and a PhD
from Durham University in the UK: a future study focusing on the political economy
of energy transitions in the GCC countries.

Abstract

This presentation is a summarized overview of the main technological innovations that
will play a major role in the ongoing energy transition in the power generation sector. It
maps the relevant innovations, identifies the synergies and formulates solutions for
integrating high shares of variable renewable energy (VRE) into power systems. In this
regard, it illustrates the need for synergies among different innovations to create actual
solutions. Solutions to drive the uptake of solar and wind power span four broad
dimensions of innovation: enabling technologies, business models, market design and
system operation.
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IRENA at a Glance

Mandate
To promote the widespread adoption and sustainable use of all forms of
renewable energy worldwide

¢ Intergovernmental Organization (IGO)

e Established in 2011.

e Headquarters in Masdar City, Abu Dhabi, UAE

e Country Support & Partnerships (CSP)

e Permanent Observer to the United Nations — New York, USA
e Director-General — Francesco la Camera

Membership

160 members + 23 in accession

159 160
145 150 B4
138
123
105
i I

20m 2012 2013 2014 2015 2016 2017 2018 2019

Figure (1).

IRENA’s Report: “Innovation landscape for a renewable-
powered future”

Ongoing Energy Transformation - drivers

202



/policyimpemlives \ ﬂE Strong Business case \
« Sustainable Development and « Policy frameworks, business and

Economic Growth (SDGs) technology innovation

« Climate and Environmental « Dramatic cost reduction
agenda (Paris Agreement)

Al energy-related (O, emasions and reditions. 2005-2050 (GU) Cost reduction (2010 -2018)

Energy-related CO: emmissions (GLyT)

Solar PV
94% of

» - = =
g 3 ] needed
oo - emission
20 | Gustrict st e reductions @ 7 7 %

from RE and

| Powar
o — & -
s Q@ 30%
0

(‘m 00 X095 2030 203 2040 2045 2050 / \ Onshore Wind j

Figue (2).
Source: IRENA (2019), Innovation landscape for a renewable-powered future: Solutions to
integrate variable renewables.

Wind and PV at the core of the energy transition

VRE share in Electricity Generation (%)

China
> 60% Global VRE Share by 2050in Paris
Agreement aligned case

o [ . .00y oo vaiable energy
sources — addressing variability is

USA crucial for high deployment.

« Today'sinnovation challenge —
integrating high shares of wind and PV

India at lowest-costin powersystems.
(e —————————— 2 » Power-system flexibility is key to the
{oooo I | cost-effeciiveuse of reneviables.
e e — .

0% 10% 20% 30%  40%  50% 60%  70%
® 2015 ® REmap Case 2050
Figue (3).

Source: IRENA (2019), Innovation landscape for a renewable-powered future: Solutions to
integrate variable renewable.
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Innovative solutions to increase power systems flexibility propelled
by three trends

+ Decentralisation -impact on supply side-. Wind
and PV is largely centralized today but distributed
generation - notably rooftop PV, ~ 1% of all
electricity gererationtoday —is growing bringing
new flexibility opportunities at demand sice

+ Electrificalion-impact ondemand side-. It plays
in two ways, may decarbonize end-use sectors
through renewab e electicity and, if done in a
smart way, become a flexibility source to
integrate more renewables in power systems

FLEXIBILITY

« Digitalisation -impacton system integration-. ey
enabler tc amplify the energy transformation by
managing large amounts of data and optimizing
systems wth many small generation units

Figue (4).
Source: IRENA (2019), Innovation landscape for a renewable-powered future: Solutions to
integrate variable renewables.

Innovation unlocks flexibility across whole power system

Flexibility Flexibility
providers in the current providers in the future
power system power system

Flexibilit
xibility

e Storage
@

X0

Supply Grids Demand Supply Grids DER
Distributed

energy
resources
Hexibility sources: Flexible generation; Regional

Hexibility sources: Fexible generation interconnections and markets; Demaond response;
Storage: Power to X

Figue (5).
Source: IRENA (2019), Innovation landscape for a renewable-powered future: Solutions to
integrate variable renewables.
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Landscape of Innovation for Power Sector — 30 innovations in Four
Dimensions

@ ENABLING TECHNOLOGIES @ BUSINESS MODELS @ MARKET DESIGN @ SYSTEM OPERATION
1 Utility-scale batteries 12 Agagregators 7 Increasing time 25  Future role of distribution
2  Behind-the-meter 1B Peer-to-peer electricity granularity in electricity system operators
batteries trading markets 26 Co-operation between
4 Energy-as-a-service 18 Increasing space transmission and
3 | Electric-vehicle granularity In electricity distribution system
v 5 ;n‘tartchslrglng 15 Cotgn:umty-ownershup markets operators
VB WENA 4 enewable models ; ;
OF ¥ Innovative ancillary
hig power-to-heat %6 | Pay-as-you-go models ke 27 Advanced forecasting
BLOCKCHAIN g
s Renewable 20 | Re-designing capacity of variable rengwable
power-to-hydrogen markets power generation
o N
w 7 Ticsmt ot twis 2 | Regional markets 28  Innovative operation
PRy p— s of pumped hydropower
DESTRIBUTION ST TN 7 | Artificial intelligence 22 Time-of-use tariffs storage

b ; and big data 23 Market Integration

— 8  Blockchain of distributed energy 29 ;mual po;m |I|';OS

— AT R 30 Dynamic line rating

[ 2w 9 | Renewable mini-grids TeS0uIes
1o Supergrids 24 Net billing schemes
- »> - n  Flexibility in conventional

(l

powier plants Link: https /iwew irena oraipublicstions2013/Fab/lnnov ation-land=cape-for-z-ranswsble-powerad-future

Figue (6).

1) Combine Innovations to Create Flexibility Solutions
"

Example 1:
DER providing services to the grid

@ BtM batteries / Smart Charging for EVs
/ Power-to-heat + |oT / Al & Big Data /
Buslness Blockchain
Models @® Aggregators
@ DER participation in wholesale market /
INNOVATION New products on ancillary service market

FOR THE ® DSO-TSO co-operation
POWER SECTOR
TRANSFORMATION

Enabling
Technology

Example 2:

System
Operation

Increase VRE integration while avoiding

grid reinforcements investments

@ Utility-scale battery storage /
Power-to-hydrogen / Power-to-heat + loT /
Al & Big Data

@ Virtual power lines / Dynamic line rating

—

Combining innovations into solutions — 11 solutions
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Non-technological challenges

FLEXIBILITY
SUPPLY-SIDE GRID
FLEXIBILITY SOLUTIONS FLEXIBILITY SOLUTIONS
1 Decreasing VRE m  Interconnections and vi
generation uncertainty regional markets as
with advanced generation flexibility providers
forecasting
Iv  Matching RE generation vil
I Flexible generation to and demand over large
accommodate variability distances with Supergrids
vl
v Large-scale storage and
new grid operation to
defer grid reinforcements  1x

investments

Figue (7).

SOLUTIONS
DEMAND-SIDE SYSTEM-WIDE STORAGE
FLEXIBILITY SOLUTIONS FLEXIBILITY SOLUTIONS
Aggregating distributed x  Utility-scale battery
energy resources solutions
for grid services
X1 Power-to-X solutions
Demand-side
management

RE mini-grids providing
services to the main grid

Optimising distribution
system operation with
with distributed energy
resources

Source: IRENA (2019), Innovation landscape for a renewable-powered future: Solutions to

integrate variable renewables.

2) Priority solutions based on country/system context

Interconnections and regional
markets as flexibility providers

Matching RE generation and demand
over large distance with supergrids

Power-to-X solutions
(Power-to-Hydrogen)

Aggregating DER for grid services

High

Optimising distribution system operation with DER
Demand-side management

Flexible generation

RE mini-grids providing
service to the main grid

to accommodate variability
Utility-scale battery solutions
Power-to-X solutions (Power-to-Heat)

Decreasing VRE generation uncertainty

Technology and infrastructure cost

Moderate

with advanced weather forecasting

Aveiding grid reinforcements investments
with innovative operation of lines

T TR N T

High-impact
low-challenges
Solutions

Potential to increase system flexibility

Figue (8).

Very high

Power-to-X solutions
(Power-to-Hydrogen)
Matching RE generation and demand
over large distance with supergrids

Utility-scale battery solutions

=
2
]
RE mini-grids providing Flexible generation
service to the main grid to accommodate variability
Power-to-X solutions (Power-to-Heat)
Demand-side management
@
s = .
s Aggregating DER for grid services Interconnections and regional
g markets as flexibility providers

Optimising distribution system operation with DER
Decreasing VRE generation uncertainty
with advanced weather forecasting High-impact
low-cost
Solutions

Avoiding grid reinforcements investments
with innovative operation of lines

Potential to increase system flexibility

@ Supply-side solutions @ Grid fiexibility solutions @ Demand-side solutions @ System-wide storage solutions

Source: IRENA (2019), Innovation landscape for a renewable-powered future: Solutions to

integrate variable renewables.
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Smart Charging for Electric Vehicles

Electrification of the transport sector

TRANSPORT .
7 .. €9 i 2016 REmap Case 2050

v
RENEWABLE ENERGY AND ELECTRIFICATION
v
/
o O s o 3% 56%
. in transport
-y ab) T
/ Electricity
—'i\ irerty e Lo 43
in transport
Figue (9).
Source: IRENA Global Energy Transformation: A roadmap to 2050 (2019 edition)
Uptake of EVs - the battery bank of the future
Growth in EV deployment between 2010 and 2050 in a Paris Agreement-
aligned scenario
TODAY
2010 (2097,201 8 2030 2040 2050
s smna
Passenger electric . . S Ay My M M M

cars on the road ¥ ‘ -~ =222 T2 ,
<0.5 mil 6mil 157 mil 745 mil 1166 mil ‘

'm‘ INNOVATION
By 2050, potential storage capacity to provide grid OUTLOOK
q services: SMART
CHARGING
FOR ELECTRIC
~ 14TWh EV batteries vs ~ 9 TWh stationary batteries VEHICLES
|
Figue (10).

Source: IRENA (2019) Innovation Outlook: Smart charging for Electric Vehicles.
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Innovations to integrate solar PV and Wind — EVs smart charging is

one of those

INNOVATION LANDSCAPE FOR A
RENEWABLE-POWERED FUTURE

4 Renewable
power-to-heat

s Renewable
power-to-hydrogen

@ ENABLING TECHNOLOGIES

@ BUSINESS MODELS

models
Pay-as-you-go models

@ MARKET DESIGN

markets

Innovative ancillary
services

Re-designing capacity
markets

@ SYSTEM OPERATION

1 Utility-scale batteries 12 Aggregators 17 Increasing time 25  Future role of distribution
2 Behind-the-meter 13 Peer-to-peer electricity granularity in electricity system operators
batteries trading markets 26 Co-operation between
i PR % 14 Energy-as-a-service 18 Increasing space transmission and
} 3 | Electric-vehicle ! granularity in electricity distribution system
) smartcharging H 15 Community-ownership

operators

27 Advanced forecasting
of variable renewable
power generation

28 Innovative operation
of pumped hydropower
storage

6  Internet of things 21 Regional markets

7 Artificial intelligence
and big data
8  Blockchain

22 Time-of-use tariffs

23 Market integration
of distributed energy
resources

24 Net billing schemes

29 Virtual power lines

30  Dynamic line rating
9  Renewable mini-grids

Free download of report af: 10 Supergrids
https://www.reno.org/publiications/2019/Fe
b/Inncvafion-londscope-for-avenewable- n  Flexibility in conventional

powered-future power plants

Figue (11).

EV smart charging

...Requiring
additional
investments in grid

...Increase in peak

Uncontrolled and demand and

Why S!’nar: c;‘gr\;il:‘ag“i?g\sls frequent infrastructure and
charging? o ko congestion in limiting the
distribution grids... integration of solar
PV and wind

What is
smart
charging?

Smart charging means adapling the charging
cycle of EVs to the needs of vehicle users as
well as to the conditions of the power system

Figue (12).
Source: IRENA (2019) Innovation Outlook: Smart charging for Electric Vehicles.
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Smart charging makes EVs a source of flexibility for power systems-
facilitating integration of VRE

»
@ w3 Basic
=1 - Time-of-use pricing without g = ) smart
P automated control = Siarging
=
oS B -
2 = Basic controlled (on/off) = g
§ 'E - Unidirectional controlled §’ @ B
(V1G) = 23
£ S 23 282
o (=M . Bidirectional controlled D Sz
55 BEATLRZ) £ g- Advanced [
(&) smart
E - Dynamic pricing with g ; charging
automated control = low high
Flexibility

Figue (13).
Source: IRENA (2019) Innovation Outlook: Smart charging for Electric Vehicles.

Impact of smart charging on grid infrastructure

Case study: EVs impact on Hamburg’s distribution grid

Stromnetz Hamburg assessment: 9% EV share (60.000 EVs) would cause

bottlenecks in 15% of the feeders in city's distribution network 90% grid
investment
savings with
v ™~ ~ smart solufion
Option A: Grid reinforcement solution
* Reinforcing ~ 10 000 km of 0.4 kV cabile lines, replacing trasformers
¢ Construction works for many months, closing of roads
¢ Estimated investment: 20 million EUR
N i A
( \ ; - ! I
Option B: Smart digital solution
* Decrease the simultaneity. All charging points need to be visible by the DSO
* Areal-time communication system enables DSO to reduce charging points
loads.
¢ Estimated Investment: 2 million EUR
N A A
Figue (14).

Source: IRENA (2019) Innovation Outlook: Smart charging for Electric Vehicles.
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Flexibility services to be provided by EVs — innovation in business
models and regulation

Regulation:

« Time-of-use tariffs

« Need for flexibility markets at
low-voltagelevel (e.g.
congestion)

« EVs bidding multiple services in
ancillary markets

* Reward performance and
capacity

« Avoid double levies and fees
(charging and discharging)

Stack revenue streams

Arbitrage

Fast Frequency reserves (5]

EV Revenue
Streams 3]
through — 0 | s Primary reserves (

Secondary reserves (5]

Services sold
via aggregator

Congestion management
via load shifting/peak (5]

Business models:
« Aggregator business models shaving
crucial to reach trade capacity
« Consider car owner priorities - G Nokmeacontroll {34
type of grid services with high

revenue but also preserve
car/battery (‘on-call’ service)

Figue (15).
Source: IRENA (2019) Innovation Outlook: Smart charging for Electric Vehicles.

IRENA’s Innovation Brief

“Blockchain”

Role of digitalisation in integrating a high-share of variable
renewable electricity

\CAALINTEL o

DECISION-MAKING

Auvtomated data analysis,
learning and decision making
done by software
and smart devices

“_OOKOHA[N

USRIV
~ 5

DEPLOYING RENEWABLES
INCREASES POWER
SECTOR COMPLEXITY
AND THE NEED
FOR FLEXIBILITY.
NEW TOOLS ARE
REQUIRED TO OPTMISE
THE SYSTEM.

=

TRANSACTIONS

Open and secure managemsent
of data and automatisation
of contract execution
via smmart contracts

DATA GENERATION

Vast amounts of granular data
<captured with a network of
smart devices that have
sensors and can act

Figue (16).
Source: 1IRENA (2019), Innovation landscape brief: Artificial intelligence and big data,
International Renewable Energy Agency, Abu Dhabi.
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Blockchain — Innovation Brief and Innovation Week 2018

» Blockchain is a tool that can be used to accelerate the energy
transition and is not a goal in itself. Increasing complexity requires
newer, smarter tools.

» Blockchain has a strong business case in decentralised systems, not
suitable for all applications. When does it make sense to use
blockchain (?)

» Blockchain has the potential to create new markets/value based on
‘Data Economy’ [value from data-based services instead of KWh].

 Challenges remain in asset registration and integration,
interoperability and scalability.
W IRENA

BLOCKCHAIN

INNOVATION LANDSCAPE BRIEF

https://innovationweek.irena.org/

Blockchain Investment (EU vs ROW)

Tbninvestedin Energy (7] Componies), Europe is now |eading = by a lot
Logistics (34), loT (24), Mobility (19), and
Agriculture & Food (10) between 2017
and mid-2018

723min funding is centeredin Europe

+ Blockchaininvestmentin energy sector
expected to cross $5.8 billion by 2025

As of mid-2018 @ Ceantech

Source: Cleantech Group

Figue (17).
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Current uses of blockchain in the power sector

Others

” 6% When does it make
Peer to peer power trade sense to use
36% Electric mobility blockchain or other
DLT2
1%
Management of renewable
energy certificate;
11%
Financing renewable energy
development
Grid management and
system operation ] 2%
24%
Note: Data as of July 2018.
Based on: Livingston et al. (2018), Applying Blockchain Technology to Electric Power Systems.
Figue (18).

Source: IRENA (2019) Blockchain: Innovation Landscape Brief.

Smart contracts vs traditional contracts

Smart contracts are powerful tools which may prove useful in
codifying agreements and automating simple, executable contracts
between parties in a decentralised, trustless system. However...

Current contracts in the energy sector are not capable of specifying a
response for every future contingency. DLT does not solve this
problem.

= This difficulty in developing complete contracts account for a
large portion of transaction costs.

» An efficient way of dealing with these costs is centralisation,
as opposed to decentralisation.

Question: can DLT change the nature of transactions, thereby
reducing costs?

= Automating and encoding contractual responses as “smart
contracts” will not make the associated contingencies easier to
foresee, they simply make foreseen transactions easier to
automate. Coding errors can also have dire consequences.
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» While smart contracts continue to develop and become increasingly
complex, they may not fundamentally change the elementary
purpose of a contract: to deal with conflict.

« A powerful governance structure may be needed for dispute
resolution.

Regulations in the EU

Regulation is essential in enabling and steering large-scale
blockchain applications

« As set out in its “Digital Single Market” policy strategy, the
European Commission aims to develop a common approach to the
development of blockchain for the EU.

» EU Blockchain Observatory and Forum launched Feb 2018.

= EU Observatory seeks to highlight key blockchain related
developments, promote European blockchain-related activity,
and improve European engagement with stakeholders that are
involved in blockchain-related activities.

* April 10, 2018, 22 European countries signed a “Declaration on the
establishment of a European Blockchain Partnership.

» |Intended to encourage member states to exchange technical
and regulatory experience with blockchain technologies and to
prepare for the launch of EU-wide blockchain applications.

* In total, the European Commission has provided €83 million in
funding for blockchain-related projects and could commit up to an
additional €340 million from 2018 to 2020.

Regulations and government buy-in (Singapore, ROK)
e Singapore

= Singapore Power Group launched a blockchain-powered
marketplace for RECs in October 2018. Claimed as world's
first blockchain-powered marketplace in REC.

213



Onboarding consumers from Nov. 2018, the Open Electricity
Market (started by the Energy Market Authority) allows
consumers to buy electricity from any provider. Electrify is
building a decentralized marketplace for energy using
blockchain.

In Dec 2018, Enterprise Singapore (a government agency set
up to develop the startup ecosystem) announced they are
supporting a new blockchain accelerator program called Tribe
Accelerator.

e Republic of Korea

South Korea’s government will spend $3.5 million) to set up a
blockchain-enabled virtual power plant (VPP) in the city of
Busan (Korea’s second-largest city 3.5M).

In Nov. 2018, KEPCO, Korea’s largest power provider
announced it will use blockchain and other innovative energy
solutions to develop its next-generation micro grid (MG), also
for H2 production.

In June 2018, a South Korean governmental agency — the
Industry-SW ICT Convergence Association (WICA) — also
revealed plans to establish a blockchain center in Busan
modeled on Switzerland’s Crypto Valley.

Key Factors to Enable Deployment

Demonstration projects and Regulatory sandboxes to better understand:

Improving Unveil benefits for Power Needed
performance and regulators and T T infrastructure and
scalability other actors P standards

Cybersecurity and
data privacy

* Increase number
of TPS. From 10 -
30 to 65 000 TPS.
Sidechains
(interoperability)

* Regulator with
access to real-
time data of all
participants
strengthen data

¢ Bitcoin 300 kWh
per transaction,
2018 3.4 GW
(proof of work)

¢ Proof of

* Advanced
metering
infrastructure

¢ Interoperability
based on

* Blockchain
increases data
security, buy any
vulnerable point

(%)

* From proof of analytics authority or harmonized ¢ Data
work to proof of e Simplify proof of stake standards and management,
stake or interaction (Ethereum is protocols analytics and
authority between shifting) PRIVACY
regulator and
regulated
entities (e.g.
DSQO)
Figue (19).

Source: IRENA (2019) Blockchain: Innovation Landscape Brief.
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What to expect in 2019

* More industry players than ever will enter the market.
» Blockchain attracts a new wave of energy sector investment.

» Major, large-scale pilots bring blockchain closer to true commercial
deployment.

= Belgian TSO Elia using blockchain for demand response,
EWF Affiliate and Netherlands grid operator Stedin’s unique
layered energy system model for community-based energy
trading, and the aforementioned Iberdrola-FlexiDAO
collaboration on renewable energy solutions).

» Using blockchain technology to facilitate EV charging events will
receive major focus and attention.

* M&A heats up as the nascent market starts to mature.

* Pretenders will disappear while utilities and grid operators
adopt viable, mature solutions.

European Union — open questions on blockchain for a low-carbon
electricity sector

TN
/ \“-. GOVERNANCE: How to coordinate all actors involved (ICT, retailers,
III '| DSO/TSO, regulator, consumer), who has authority, how to ensure
| transparency and compliance with otherrelated electricity regulations.
\\_ /  Should we look and learn from other sectors beyond energy
S
i I
® 7! < > N
. f "" Data privacy: comply with GDPR (EU) but foster sharing data (2. No
Questions to \ | datasharing, no open energy market
\ y
experts (you)
.
P
|"I‘( \\l
[ | Interoperability: what is needed in terms of standards
t\ /
p

Figue (20).
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Distributed Energy Resources

Types of distributed energy resources

Figue (21).

DISTRIBUTED
ENERGY RESOURCES

DEMAND RESPONSE

Source: IRENA (2019), Innovation landscape brief: Market integration of distributed energy
resources, International Renewable Energy Agency, Abu Dhabi.

Benefits of market integration of distributed energy resources

Key
[ J

Factors To Enable Deployment

Expanding the role of distribution system operators.

Enhanced co-ordination between distribution system operators and
transmission system operators.

Aggregators, a key enabler of distributed energy resource
participation in the market.

Deployment of advanced metering infrastructure and
communication protocols.
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Power
system
benefits

DER owner
beneflts

Figue (22).

Distributed energy resources (DER) participation In

Wholesale Anclllary

electricity markets service markets Capaclty markets

Day- Reserves | Services
ahead I:_::::: provided | provided Flrm capaclty
market to TSO to DSO

Benefits

= Provide
« Provide voltage

flexibllity control to

to stablllse
Demand-slde operate the grid Improved
management through RareTam generatlon
load shifting & 4 * Provide capacity

peak shaving ELELR flexibliity planning
and for

secondary | managing
reserves) network
congestion

+Short- to mid-term revenue streams
Short-term

revenuae streams +Increased deployment of DERsS
with avallable revenues

Integrated DER In the grid and Increased flexibllity In the power system

e Be
tter
generatio
n
forecasti

ng.

Source: IRENA (2019), Innovation landscape brief: Market integration of distributed energy
resources, International Renewable Energy Agency, Abu Dhabi.
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The Water-Energy Nexus: an Integrated Approach for
Sustainable Development Planning in the Arab Region

Mongi Bida
Energy Section - Climate Change and Natural Resources Sustainability Cluster
United Nations Economic and Social Commission for Western Asia

bida@un.org

e Mr. Mongi is a first economic Affairs Officer, UN-ESCWA.

e He joined the UN Economic and Social Commission for Western Asia (UN-
ESCWA) since 2011 (Energy Section / Sustainable Development Policies Division-
SDPD). He works on sustainable energy issues and policies, particularly energy
efficiency, renewable energy, energy access and energy security.

e He joined UN-ESCWA after over twenty years of experience, as a Senior Expert and
Professional Engineer, in the fields of sustainable energy and mechanical engineering
design.

e He was involved in the development of many EE & RE policies and programs for
Tunisia and conducted the design and commissioning of building HVAC &
mechanical systems for several dozens of building construction and retrofit projects.

e During his previous assignments, he held the following positions: Head of CEESEN
consulting firm (1996-2011), Chief of Mechanical Systems Engineering Section in a
large Consultancy firm (1992-95), Project Director / adviser for the VITA-USAID
Djibouti Energy Initiatives Project (1989-91), Senior Energy Analyst with W.S.
FLEMING & ASSOCIATES - Albany, NY- USA (1988-89).

Abstract

For Energy and water are strongly linked. Energy is used to extract groundwater, to
power desalination plants, to treat, pump and distribute water and at the end of cycle to
collect wastewater and operate its treatment plants. Water is essential for fossil fuel
extraction, production and processing, for energy production in hydropower plants and
in thermal power plants and renewable energy production.

Arab countries face immense challenges in both the water and energy sectors with
growing populations and mounting environmental pressures such as droughts,
desertification, pollution and climate change. These challenges call for a sustainable
development path that requires a systematic, comprehensive and integrated Water-
Energy Nexus approach.

The understanding of the dynamics of the water and energy sectors in the Arab region is
essential for developing effective strategies for the sustainable use of these resources to
support sustainable development patterns in the region.

The United Nations Economic and Social Commission for Western Asia (ESCWA), as
part of efforts to help member countries achieve an integrated approach to the
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Sustainable Development Goals (SDGs), has developed various instruments and tools to
build the capacity of Member countries to examine and address the water and energy
nexus in an integrated approach for sustainable development planning. Some of these
tools will be introduced in this presentation.
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Figure (1): Sustainable Development Goals (Agenda 2030)
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Sustainable Development Goals (Agenda 2030):The Vision

Balance

Indivisible

Seek to achieve
gender quality &

Integrated

of all women &
girls

People-
centered

Figure (2).

The 2030 Agenda for Sustainable Development clearly states that the
SDGs are integrated and indivisible. (in the preamble and in paras. 5, 18,
55 and 71 of the Declaration).

Sustainable Development Goals (SDGs): The Nexus Vision of
the Agenda 2030

“Inter linkages and integrated nature of the Sustainable Development
Goals is of crucial importance in ensuring that the purpose of the new
agenda is realized”.

United Nations, Transforming Our World: The 2030 Agenda For
Sustainable Development Outcome Document of the United
Nations Summit for the Adoption of the Post-2015 Development
Agenda September 2015.

Nexus Approach to Sustainable Development Goals

e Nexus approach: is a systems-based approach that aims to reduce
trade-offs and build synergies across sectors by considering
interactions and dependencies between sectors at all stages.

e Nexus approach to SDGs would identify potential tradeoffs and
synergies among Goals and Targets —Consider systemic not only
sectoral progress.
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(In contrast with Sectoral approach: Independent management of
sectors with minimal considerations for interactions and
interdependencies — Independent approach to each sector).

Preliminary Core Linkages of S DG7 (Affordable and Clean
Energy) with other SDGs

g s Wy

CLEAN WATER
INDUSTRY. INNOVATION AND SANITATION GENDER
AND INFRASTRUCTURE EQUALITY

CLIMATE
ACTION

Figure (3).

Preliminary Core Linkages of SDG6 (Clean Water and
Sanitation) with other SDGs

QUALITY
EDUCATION

GENDER
EQUALITY

CLEAN WATER
AND SANITATION

1 CLIMATE
ACTION

Figure (4).
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Aspects of the Water-Energy Nexus in the Arab Region

Energy is used for
pumping water

~_treatment

Figure (5): Examples of water and energy interlink ages Source: United States
Department of Energy, 2006.

Energy for Water

Figure (6).
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Energy Demand for Water in the Arab Region
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Figure (7).

Water resources by source and uses in the Arab region

A. Water resources B. Water uses

AGDRW
3%

DES 2%
TWW 1%

A

a. Water resources (SW=surface water, GW= groundwater, AGDRW-= reused agriculture drainage
water, DES= desalinated water, TWW-=treated wastewater)
b. Water uses (AGR = agricultural sector, MUN = municipal sector, IND= industrial sector)

Figure (8).
Source: AFED, 2015.
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Water for Energy: Extraction / Production of different fuel

types

Conventional gas

Coal

Shale gas

Refined oil (conventional)

Refined oil (oil sands)

Gas-to-liquids

Coal-to-liquids

Refined oil (Enhanced oil recovery) ]
[
Liters per metric ton of oil equivalent <1 10 102 10° 10 100
B withdrawal (in liters) [ Consumption (in liters)
Figure (9).

Source: World Bank, 2016.

Water for Energy: Water use for different power
generation technologies

:

[
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T
.
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T
.
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T
.
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Water Consumption (L/MWh)

Figure (10): Water for Energy: Water use for different power generation technologies
Source: YiJina & al., Renewable and Sustainable Energy Reviews 115 (2019).
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Challenges associated with Water and Energy in the Arab

region: Risk of unmet water demand
Percentage of Unmet Demand
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Figure (11):

Source: ESCWA Water-Energy Nexus Operational Toolkit-Resource Efficiency Module
(Created based on data from Immerzeel et al., 2011).

Challenges associated with Water and Energy in the Arab
region: Increased need for desalination

140 —=— Global
—a— Middle East
—=— GCC

Million Cubic Meters of Desalinated Water per Day

1985 1990 1995 2000 2005 2010 2015 2020 2025 2030
The d d for desali ion pl Global. Middle East and GCC

Figure (12): Demand for desalination plants in the world and the Middle East
Source: Darwish and Mohtar, 2012.
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Challenges associated with Water and Energy in the Arab
region: Lack of energy productivity
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Figure (13): Trends in TPES, GDP and energy intensity — Arab countries.
Source: Tracking SDG 7: Energy Progress Report 2019 - Arab Region, ESCWA 2019.

Challenges associated with Natural resource management in
the Arab region

Natural resources, including fossil fuels, are unequally distributed in
the Arab region, as are income levels and associated levels of
socioeconomic development

Energy consumption is rising fast in Arab economies, a trend that
challenges the region’s traditional energy policy.

The Arab region’s growing energy needs are affecting other factors
essential for long-term socioeconomic development, in particular
water and food security.

The Arab region is one of the regions of the world most vulnerable
to climate change.

The Arab region’s growing rates of urbanization are feeding into the
growing importance of integrated policies that manage natural
resources more sustainably.
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The Water-Energy Nexus Approach

CLEAN WATER
AND SANITATION

]

Ensure Ensure

availability access to
and affordable,

sustainable reliable,
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of water and and modern
sanitation for enerqgy for

all all

Figure (14): Elaborating a Water-Energy nexus within the context of sustainable development.

Nexus framework must be integrated in all stages of the
sectoral programming process

Monitoring

and evaluation Assessment

and analysis
of interimz:lge

Nexus pokcies,
strategies,
programme planning

Figure (15):
Analysis of available information —common priority setting for the sectors

involved —policies, strategies and programme planning and design —implementation
—monitoring and evaluation —more data that may restart the process.
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Nexus approach when selecting a particular technology for
the water and energy sectors

The suitability and sustainability of a technology for the water and energy
sectors should be assessed holistically, taking into account:

Primary resource requirements of water, energy and land;
Economic and financial aspects;

Environmental impacts to land, water and atmosphere;

Human resources needed to develop and maintain technologies;
Technical suitability to local conditions and robustness;

Social and cultural suitability to local practices.

The nexus approach implies water and energy efficiency across

sectors

In a nexus approach, water and energy efficiency should be pursued across
sectors during production, use and beyond, allowing to:

Conserve resources;

Reduce production and operating costs;
Sustain energy supply;

Improve product quality;

Protect the environment;

Improve safety and productivity.

Success conditions for the nexus approach

For a nexus approach to succeed, it has to: a. Adopt a participatory
approach;

Build understanding of the links between the sectors;

Bridge the planning and operational divide between sectors;
Facilitate a unified and coherent agenda at least at the level of
sustainable development;

Exhibit strong commitment to the nexus paradigm at practice level.
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Figure (16).

Some ESCWA Activities related to the Nexus
Defining regional priority areas for the Nexus

In order to initiate intersectoral and intergovernmental dialogue on the
nexus in the region, ESCWA organized an intergovernmental consultative
meeting in June 2012,

e Participants included members of the ESCWA Energy Committee
and the ESCWA Committee on Water Resources
e The meeting resulted in the identification of seven priority areas:

. Knowledge and awareness raising on the nexus
. Policy coherence

" Examining the water-energy security nexus

" Improving efficiency

" Informing technology choices

" Promoting renewable energy

=  Addressing climate change and natural disasters
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Developing the capacity of ESCWA Member Countries to address
the Water-Energy Nexus for achieving SDGs

ESCWA implemented an UN-funded project on developing the
capacity of ESCWA member countries to address the water energy
nexus for achieving sustainable development goals. The project aimed
to:

= Build the capacity of ministries and public service providers
who are responsible for water and energy in the region, so that
they adopt the nexus approach and address water and energy
Issues in an integrated manner

= Assist ESCWA member States in bringing the nexus approach
to the sustainable development goals in the 2030 Agenda
development framework

e The capacity building activities of the project pursued two
complimentary target groups: High level officials in Ministries
and Public service providers.

e The activities included the organization of workshops, the
preparation of toolkits and the development of 3 pilot projects

Regional Policy toolkit

Module 1 Knowledge and awareness raising on the
nexus
Module 2 »i Policy coherence
£
4 Module 3298 Examining the water-energy security nexus
\ J Module 4 Improving efficiency

()
Module 5 é Informing technology choices

Module 6 Promoting renewable energy

Module 7 |@| | Addressing climate change and natural
@ | disasters

Figure (17): The Regional Policy toolkit is composed of 7 modules corresponding to the
priorities identified by ESCWA committee members.

https://www.unescwa.org/sites/www.unescwa.org/files/publications/files/water-
energy-nexus-regional-policy-toolkit-english.pdf.
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Figure (18).
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UNDP Sustainable Energy and Climate Change Mitigation
Initiatives
Dr. Mohamed Bayoumi

Environment Team Leader-UNDP Egypt
mohamed.bayoumi@undp.org

Dr. Mohamed Bayoumi has graduated as an Engineer from the Cairo University in
Egypt and obtained his Masters and PhD in Environmental Engineering from University
of Southampton in UK. He has more than 25 years of work experience in the area of
development and environment focused on linkages between poverty alleviation with
natural resources management and global environmental issues. He is currently working
as the Assistant Resident Representative and Environment Team Leader in UNDP
Egypt, overseeing a portfolio of diversified projects jointly implemented with the
Government of Egypt in the areas of climate change mitigation and adaptation, water
resources management, sustainable transport, energy efficiency, renewable energy,
hazardous waste management, and conservation of biodiversity.

Business as Usual

‘Business as usual’ projections predict that the billions of women, men and
children denied the opportunity to improve their lives will be the same in
20 years’ time.

By 2030:

e 900 million people will not have access to electricity.

e 3 billion people will still cook with traditional fuels.

e More than 30 million people will have died due to smoke-related
diseases.

e Many hundreds of millions will be confined to poverty due to lack
of energy access.
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Figure (3): Energy Demand.
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Figure (4): Two Degrees Challenge.
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Figure (5): RE/EE Costs (IEA, 2018).
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Figure (6): Managing Risks for Resilience.

Over $2.8 billion of climate Finance in 140 countries since 2008

O 7 >SS

2.5 million 5227 million

O

30 countries

S

T 1 countries S countries

UNDP's ONGOING SUPPORT

UNDP supports countries to implement risk-
informed sustainable energy solutions by
catalyzing investments from the public, private
and finandcal sectors.

KEY INTERVENTIONS

Expand access to clean

Note energy
in public

ate and consumer

infrastructure systems

Figure (7): Climate Change Mitigation.
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Small Scale Decentralized Renewable Energy

= Create Jobs.

= Improve livelihood.

= Reduce Subsides.

= Consumers become producers.
= Reduce infrastructure costs.

= Localization of the technology.

UNDP Egypt Climate Change Mitigation Projects







Figure (10): Sustainable Transport in Egypt.

Future Initiatives: Green Sharm El-Sheikh.
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Abstract

Energy is a necessity for human development, and it has an important role in supporting
the social, economic and environmental pillars of sustainable development. Reliable
energy supply is prerequisite to economic growth; jobs creation, and support of income-
generating activities in industry, agriculture, services, communications and transport.
Energy is also playing a vital role in the nexus of water-energy-food.

In spite of the vital role of the energy sector in the economic and social development of
Egypt, the sector, for many years, had been faced with several challenges that disturb its
contribution to achievement of sustainable development. These included, security of
supply, vulnerability to the volatility of oil prices, escalated energy and electricity
demand due to population and economic growth, which leads to huge demand on
investments, and finally the environmental concerns arising from the heavy reliance on
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fossil fuels, specifically the relatively high carbon footprint. Different sustainability
options are available including decoupling energy demand from economic growth
through energy efficiency, and decarbonization of the energy mix through promotion of
renewable energy resources such as solar and wind. For decades, Egypt has been
striving to improve energy efficiency, yet, there are still many barriers that need to be
overcome .

This paper will give an overview of the current energy situation and policies in Egypt,
in the context of the Egypt’s vision 2030, a summary of the energy efficiency activities
that have been implemented or still underway, challenges of improving energy
efficiency, and a discussion on the urgent needs of policy reforms to address those
challenges
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1. Introduction

Energy is a necessity for human development, and it has an important role
in supporting the social, economic and environmental pillars of sustainable
development. Reliable energy supply is prerequisite to economic growth,
jobs creation, and support of income-generating activities in industry,
agriculture, services, communications and transport. Energy is also playing
a vital role in the nexus of water-energy-food.

In spite of the vital role of the energy sector in the economic and social
development of Egypt, the sector has been faced with several challenges
that affect its contribution to achievement of sustainable development.
These include, security of supply, vulnerability to the volatility of oil
prices, escalated energy and electricity demand due to population and
economic growth, which leads to huge demand on investments, and finally
the environmental concerns arising from the heavy reliance on fossil fuels,
specifically the relatively high carbon footprint. Furthermore, Egypt’s
energy sector has been characterized by low level of efficiency, a challenge
that is the focus of this paper.

Egypt’s vision 2030 highlights those challenges and identifies the needed
policy reforms to address them. In this paper, we will give an overview of
the current energy situation and policies in Egypt, in the context of the
Egypt’s vision 2030, a summary of the energy efficiency activities that
have been implemented or still underway, challenges of improving energy
efficiency, and a discussion on the urgent needs of policy reforms to
address those challenges.

2. Energy Situation in Egypt

The energy sector is responsible for providing for the energy needs to fuel
the Egyptian economy, in addition to increasing the sector’s contribution to
GDP especially through direct foreign investment. In order to achieve
sustainable development, the energy sector has to take into account national
and global environmental considerations, besides reaching the 7th goal of
SDGs, “affordable and clean energy.” The sector is mainly dependent on
fossil fuels (oil and natural gas), particularly natural gas due to the
expansion of explorations for new gas fields in the Western Desert and the
Mediterranean offshore (Fig. 1). Electricity most is produced via thermal
power plants, whose main installed capacity depends on efficient combined
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cycles (Fig.2) (Egyptian Electricity Holding Company, 2018). However,
one-third of these production facilities have been in service for more than
20 years.

Primary Energy Supply
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Figure (1): Primary Energy Supply.

Installed Capacity by technology (MW)
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Figure (2):Installed Capacity of power generation.

Egypt is the one of the largest oil producers in Africa and the second-
largest natural gas producer on the continent following Algeria. Egypt
plays a vital role in the international energy markets through its operation
of the Suez Canal and the Suez-Mediterranean (SUMED) Pipeline. In
2018, Egypt had around 4.4 million barrel of oil (OAPEC, 2020), and its
gas reserves had reached 63 trillion Cu. Ft in 2019 ( (Knoema, 2020). Fig.3
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and Fig. 4 indicate that oil reserves have declined since 2010, and
recovered back in 2019, while gas reserves has almost stabilized since the
discovery of Zohr field in 2011. Zohr is the largest gas discovery ever
made in Egypt and in the Mediterranean Sea and could become one of the
world’s largest natural-gas discoveries. By the end of 2018, and due to
those new mega discoveries, Egypt had become gas self-sufficient and
began to export shipments of liquefied natural gas to international markets,
in addition to providing the needs of Jordan.
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Figure (3): Egypt’s oil reserves (million barrel).
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Figure (4): Egypt Gas reserves (Trillion Cu. FT).

In the 2108/2019, Egypt produced about 539, 000 barrel of oil/day and
consumes about 811,000 barrel/day. It also produced 6.4 billion cubic feet
(cu.ft) of Natural gas, and consumed 5.76 billion cu.ft. To meet the
growing demand and compensate for the insufficient domestic production,
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Egypt had to import about 307,000 barrel of petroleum products/day in
2017 (Fig7)".
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Figure (5): Egypt's oil production (1000 barrel/day).
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Egypt consumes 83 Ton Oil Equivalent (TOE) of petroleum products and
Natural gas, of which 42 per cent goes to electricity generation (Fig. 8).
The residential sector consumes 42 % of electricity produced in Egypt,
while industry consumes 27%, and the rest goes to other economic
activities (Fig. 9) (Egyptian Electricity Holding Company, 2018).

melectridty
m Industry
mtransport

others

Figure (8): Sectoral consumption of oil and Gas (2017).

Egypt still relies heavily on oil and gas to generate electricity. In 2019, the
total installed capacity was about 59.5 MW of which 92 per cent was
thermal generation units (steam generators, gas generators, and combined
cycle plants). Figure 8 shows that solar and wind, are still marginal in the
electricity fuel mix (5.2 %). However, it is noteworthy that thermal power
generation is using more natural gas than petroleum products (79 % natural
gas vs. 21 % of petroleum products). The residential sector is the major
electricity consumer (42 per cent), followed by industry (27.4 per cent)

(Fig.9).
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Figure (9): Sectoral consumption of electricity (2017).

3. Energy Policies in the framework of vision 2030

The sustainable development strategy for Egypt (vision 2030) identified a
set of strategic objectives for the energy sector as follows (Ministry of
Planning, 2020):

a) Ensure Security of Supply: It aims to secure supply of energy
required to meet the needs of different economic activities.

b) Energy market reform: it aims to reform the energy sector to
improve its efficiency and to attract more direct foreign investments,
it also aims to enhance the regional role of Egypt in the global
energy market.

c) Enhancing the use of indigenous energy and maximizing its
reliability: It aims to maximize the use of indigenous energy
resources through improving efficiency of the current energy
infrastructure (upstream and downstream), and the electric power
system, and up scaling the utilization of renewable energy resources.

d) Improving the Governance of the energy sector: This includes
modernization of management of the sector, energy pricing reform,
improving energy efficiency and adopting renewable energy
technologies.
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e) Mitigate environmental impacts of the energy sector: It aims to
reduce emissions from the energy facilities.

It is worth noting that this strategy is currently being updated to be
extended to 2040 to address new developments such as recent
developments in RE with regards to costs and performance, new cross-
boarder interconnections, expansion in Electric Mobility, address water
scarcity and the need for substantial water desalinationm and emphasis role
of Egypt as a regional energy hub (Ministry of Planning, 2020).

4. Activities of Energy Efficiency

Though promoting energy efficiency in Egypt had started back in the early
eighties, improving energy efficiency did not take a high priority in the
government’s agenda until recently, especially during the energy shortages
of 2012. Nevertheless, a number of initiatives have been taken in the last
two decades to study or to implement energy efficiency plans. Most of
these initiatives were funded by various international development partners
(such as USAID, UNDP, UNIDO, and GEF) and aimed at overcoming the
technical and/or the institutional barriers that hinder energy efficiency. On
the technical side, there were several efforts with limited success. A
number of energy audits were carried out but only a few projects were
implemented afterwards. Some demonstration projects were identified and
implemented but there has not been a large-scale replication of these
projects. Most of these projects were entirely financed by grants programs
and failed to stimulate investments by the business and industries. These
activities, which are ad-hoc in nature, were impeded, at that time, by a low
level of subsidized energy prices.

One important task funded by UNDP/GEF was the preparation of energy
efficiency standards for four domestic appliances and also for the energy
efficiency codes of new buildings. These standards and codes could have
resulted in substantial energy efficiency improvements, but compliance is
considered voluntary with no implementation capacity or legal framework
needed to enforce them. On the institutional side, the Organization of
Energy Planning (OEP), established in 1983 by a USAID grant, had the
mission to promote energy efficiency through data collection and analysis,
energy auditing, awareness programs and demonstration projects. But OEP
was abolished in 2005. Aside from the lack of the organizational structure,
most institutional support activities focused on creating market-based
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programs to promote energy efficiency investments while the prevailing
low energy prices did not incentivize such investments. As a major effort in
this regard, the USAID and GEF supported the development of Energy
Service Companies (ESCOs). This resulted in the creation of a few ESCOs
which have not been able to do much business because of difficulties in
accessing financial resources, and low level of service demand due to
subsidized energy prices.

To promote the use of renewable energy, the New and Renewable Energy
Authority (NREA) was created in 1986, it conducted several energy
efficiency activities with no visible outcomes (NREA, 2020). As part of the
electricity sector reform and liberalization, the electricity regulatory body
(EgyERA) was established in 2000, which also promoted energy efficiency
and played an important role to finalize the Egyptian Electricity Law in
2015, which regulates, for the first time ever, a number of energy
efficiency measures ( cogeneration, load management, EE labeling, energy
manager, ..etc) (EQYERA, 2020).

In an attempt to coordinate various aspects of energy efficiency, the
Supreme Energy Council established an Energy Efficiency Unit at the
Cabinet of Ministers in 2009 to coordinate, guide, support and monitor all
energy efficiency activities in the country. The unit, which was created to
fill the institutional gap as result of OEP dissolution, was intended to be the
coordinating arm for the Cabinet and its Supreme Energy Council but has
no executive or implementation authority. The Energy Efficiency Unit has
also failed to become a leading national body in developing a national
energy efficiency strategy and monitoring its implementation.

In spite of the lack of national strategy and a national energy efficiency
institution, the international development community continues to support
scattered energy efficiency initiatives. These include developing Minimum
Energy Efficiency Standards for dish washers, fans, television sets, electric
ovens, and vacuum cleaners by Ministry of Electricity and Energy (MOEE)
and providing technical assistance to the industrial sector to improve EE,
by the Egypt National Cleaner Production Center, supported by UNIDO.

In addition, and in response to the electricity crisis of 2012, the government
allocated 2.1 billion EGP to support initiative to replace street lighting with
efficient lighting systems (high pressure sodium and LED). The
Distribution companies of electricity have also distributed nearly 13 million
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LED lamps in the residential sector. These might be the only initiatives
financed by the public budget to improve energy efficiency and decrease
electricity consumption.

To overcome a long-standing barrier of financing, it is noteworthy that
some recent positive steps towards improving energy efficiency have taken
place. These include a number of financing facilities such as the
“sustainable energy finance facility” of the National Bank of Egypt and the
EBRD, and the “Credit guarantee company” supported by UNDP/GEF.

Another major step has been the plan to phase out energy subsidies. For
decades, Egypt used to provide energy prices at lower than the market
prices. This practice encouraged a wasteful consumption behavior, which
led to position Egypt among the most energy inefficient economies. Low
energy prices have also contributed to the very high and rising energy
intensity of Egypt due to encouraging high energy intensive industries such
as Cement, fertilizers, and iron and steel. Low energy prices have also
impaired the economics of renewable energy and had been the main reason
behind delaying the uptake of these renewable indigenous resources. In
July 2014 the Egyptian government re-introduced major reforms to phase-
out energy subsidies through a staged series of increases in the prices for
petroleum, gas and electricity. It was envisioned to phase out energy
subsidies totally by the end of 2022.

In 2015, the Electricity Law was passed to enhance energy efficiency and
to regulate a number of energy efficiency measures such as cogeneration
and load management. It is worth noting that Egypt has announced that
energy efficiency is one of its priority policies to mitigate climate change
and to separate carbon emissions from economic growth (EEAA, 2015).

The Ministry of Petroleum and Mineral Resources has also begun to build
the necessary institutional framework to improve energy efficiency in all
stages of the petroleum industry, in addition to implementing an expanded
capacity-building program, in parallel with preparing an integrated strategy
to improve energy efficiency in the petroleum sector, as an integral part of
the sector modernization program.

The Ministry of Electricity and Renewable Energy and the Ministry of
Petroleum and Mineral Resources are currently implementing many
activities aimed at completing and developing the institutional and legal
framework to improve energy efficiency in Egypt in both the supply and
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demand sides, as well as building and strengthening local capacities to
achieve the national goals stipulated in the Energy Strategy 2035 of Egypt,
which aims to reduce 18% of energy consumption by 2035.

In parallel to efforts to improve energy efficiency in different end use
sectors, the Ministry of electricity and renewable energy together with its
affiliated companies have been striving to improve efficiency of the
electricity supply system. Fuel efficiency for electricity generation has been
steadily improved due to introduction of new more energy efficient power
plants and retiring of old inefficient ones (Fig. 10).
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Figure (10): Fuel consumption (g fuel/Kwh).

Energy intensity expressed in Tone Oil Equivalent (toe) per thousand
Dollars of GDP (toe/1000USD)® has been slightly decreasing due to
improving energy efficiency and some other structural factors since 2005
(Fig. 11). Comparing the same indicator in the region, Egypt is less energy
intensive than the GCC states and less than the world’s average (Fig. 12).

2 toe/thousand 2010 USD, PPP
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Figure (12): Energy Intensity (toe/1000USD3).

5. Addressing the challenges of improving energy efficiency

A set of barriers often put energy efficiency projects at an economic,
regulatory, or institutional disadvantage relative to other forms of energy.
These barriers could be classified as Policy barriers for the promotion of
energy efficiency such as lack of national targets or strategies for
promoting EE in the national energy policy framework. For decades,
improving energy efficiency in Egypt has been fragmented and lacked a

3 GDP (PPP) 2010
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national strategy with clear targets and time frame. This was recently
addressed by developing energy efficiency action plan for the electricity
sector and the ongoing efforts to do the same for the petroleum sector. The
second major challenge has been the lack of legal and institutional
frameworks. Recently, Egypt succeeded to issue a new electricity law
including specific clauses to promote and legislate energy efficiency
activities. Two energy efficiency departments have been established in both
the electricity and petroleum ministries, and a plan to complete the
institutional structure is currently underway. Other barriers that need to be
overcome include lack of national standards, testing and certification
schemes, weak capacity of local assembly/manufacturing, distribution,
installation and maintenance of EE technologies, and lack of education and
training programs for EE professionals at all levels. The low level of
awareness of the local banking sector, and the lack of proper financing
schemes have been a major challenge for decades. Recently, few energy
efficiency financing schemes have been developed by some local banks in
collaboration with few development banks such as the world bank and
EBRD.

6. The way forward.

To capture the significant benefits associated with energy efficiency,
integrated and sustainable national strategy that engage both public and
private sector stakeholders is required. National strategy should satisfy both
short and long-term objectives. While short-term issues should focus on
removing the remaining barriers that inhibit the development of the energy
efficiency market, long-term aspects should focus on ensuring the
sustainability of energy-efficient practices in various sectors of the
economy. To support strategy planning and implementation, it will be
necessary to establish a set of quantifiable goals/targets that can be used to
effectively monitor and evaluate the impact of the strategy’s initiatives at
both macro and micro levels. Key approaches to achieve the goals and
objectives of the strategy could be categorized into:

1) Policy measures and market initiatives to stimulate demand for and
increasing the supply of energy-efficiency goods and services. These

2) include utilizing regulatory and policy instruments to move towards
EE such as providing fiscal incentives, (e.g. tax incentives, import
duties exemption) and developing energy efficiency codes and
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3)

4)

standards. This also should include bridging the current institutional
gap by establishing energy efficiency institutional structure at the
national level.

Attracting private sector investments and resources in EE (e.g.
Public- private partnerships, and private financing schemes),
promoting the concept and practices of the Energy Service
Companies (ESCOs).

Cross cutting activities that facilitate improving energy efficiency at
the national levels. This include Increasing awareness of energy
efficiency of all stakeholders, building capacity in key institutions
(requlatory agencies, service providers, industry, financing
institutions, research institutions, ..etc), and developing an integrated
energy efficiency knowledge management system to provide and
facilitate flow of energy efficiency information throughout the
economy.

It is to be emphasized that Egypt, for decades, has succeeded to develop
most of the building blocks needed to upscale the energy efficiency market.
What is urgently needed now is to make use of these building blocks to
accelerate the development of a national energy efficiency strategy with a
timebound clear objectives.
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Abstract

The development process in its various dimensions is closely related to the ability of the
economy to renew and secure its various energy resources, at competitive prices and to
ensure continuous flows over time and the relentless pursuit of innovating renewable
sources that are safer and more abundant, as scientific and technological innovations
opened new horizons and opportunities to secure energy and achieve energy diversity
through Investing in new and renewable natural energy sources are more sustainable
and environmentally friendly alternatives.

An analysis of the relationship between the expansion of biofuel production and
achieving food security for the countries of the world presents a fundamental aspect of
the problematic management of energy resources and food security, as some countries,
particularly the United States of America, Brazil, the European Union and Southeast
Asian countries, control the production and marketing of the most important global food
sources It tended to grow and use certain types of plants and agricultural crops in the
field of biofuel production, including corn, soybeans, palm oil, sugar cane, and others,
and convert them into clean fuel that can be used in various areas of daily life.

Despite the positives and opportunities provided by the use of biofuels on the
environment and the economies of the countries using it, the expansion in its use poses
many challenges because it is related to important issues such as energy, food,
agricultural land, water technology and a negative relationship can be established
between policies for developing the production and use of biofuels and the dimensions
of achieving food security, i.e. the extent of food availability in the world market and its
ability to secure it, especially with regard to countries with weak incomes and the
increasing human population.
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Optional Scenarios for Desalination of Seawater and Brackish Water

Abstract

Water is the artery of life. Despite 71% of the globe is covered with water the share of
edible water in the Middle East is very limited. At present, Egypt is suffering from
water poverty as the Nile Water which is its main source is only 55.5 billion cubic
meters per year before any detention of water at dams built on the Upper Nile.
Accordingly, most of the countries of the Middle East have built desalination plants.
Also, Egypt currently produces more than 0.5 millions cubic meter of desalted water
and several other plants are underway.

On the other hand, with the decrease of fossil fuels, there has been an increasing trend
worldwide and in Egypt, to use renewable sources of energy such as solar and wind.
There has been paramount progress in technologies of the renewable sources to increase
its efficiency and decrease costs as well as for the desalination technologies.
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The research and development sector is exerting considerable efforts to locally develop
components such as the Membranes for water desalination.

This paper is concerned with the investigation of viable scenarios for desalination of
seawater and brackish water. Nine scenarios are proposed which include three main
scenarios and each comprises three sub-scenarios as follows:

Scenarios
1. Production of billion cubic meters per year which is considered as a
conservative scenario.
2. Production of 2 billion cubic meters per year which is considered as an average
scenario.

3. Production of 3 billion cubic meters per year which is considered as the
maximum scenario.

Sub-Scenarios for each main scenario

1. Maximum reliance on seawater considering that Egypt has about 2500
kilometers of sea shore
2. Maximum reliance on brackish water which is available in the aquifer in
addition to agricultural drainage water
3. Reliance on 50% seawater and 50% brackish water.
The energy requirements are estimated based on conventional sources and nuclear
which is expected to be available within the next decade in addition to solar and wind
energies with appropriate ratios of the needs. Also, funding sources are proposed with
involvement of private and banking sectors.
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Forecasting the Electricity Demand for Household Sector up to 2030

Abstract

The electricity consumption, especially for household sector, remains an important issue
for decision makers in Egypt, especially in light of the economic reform program
adopted by the Egyptian government, which includes the reduction of energy subsidies
to confront the crises experienced by the energy sector on one hand and controlling the
deficit of the state budget on the other hand. Therefore, this study aims to investigate the
determinants of the demand of the household sector for electricity in light of the various
previous literature and the specificity of the Egyptian society, and then to estimate the
demand for electricity for the household sector in Egypt up to 2030.

To achieve these goals, the study adopted more than one quantitative methodology,
including the Engle — Granger Cointegration Approach to estimate the long-term
balance relationship of the electricity consumption function of the household sector in
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light of the determinants adopted by the study; namely the average prices of electricity
for the household sector, the average per capita income, internet users and urbanization.
In addition, the Box-Jenkins time series method has been employed to forecast future
values for these determinants to estimate future electricity demand.

The results of the study showed that the GDP per capita is the most influential on the
consumption of electricity for the household sector, where, on average, a 1% increase in
GDP per capita leads to 2% in electricity consumption per person. The results also
showed an increase in the consumption of the household sector of electricity with an
increase in the number of internet users and proportion of urban population to total
population in Egypt.

Finally, and in light of the results of the applied model and the forecasted values of
these determinants up to 2030; four scenarios are introduced in this study to take into
account the different assumptions about the determinant variables used in the model,
and accordingly, the demand for electricity for the household sector in Egypt has been
estimated for each scenario up to 2030

Keywords: Electricity - Household Sector — Demand — Population — Income — Prices.
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Abstract

The paper discusses the contribution of renewable energy to electric power generation
in Egypt, as well as the vision, strategy and policies of renewable energy in Egypt. It
also deals with the legislation issued in recent years to stimulate the use of renewable
energy, and its targets until 2022 and 2035, according to the sustainable and integrated
energy strategy.

It also presents the potentials available in Egypt in terms of solar energy, wind energy, a
map of lands designated for renewable energy, and the size of current and future
renewable energy projects, which contribute to reducing harmful emissions to the
environment, and thus limiting climate change.
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1. New and Renewable Energy Authority, NREA

Established in 1986.
The national focal point to develop and introduce renewable energy

technologies to Egypt on a commercial scale together with
implementation of related energy conservation programs.
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2. Main Indicators

l Installed Capacitv (GW)

Flectricity Generation (TWh)

Peak Load (GW)

RE Capacity (Hydro, Solar & Wind), (GW)

Electricity Share per Capita (kwh) 2028

[ Electricity Access Rate

l RE Capacity (Hvdro. Solar & Wind)

Hydro

Solar

3. RE Policies and Targets
e Vision
Increase the share of renewable energy in the energy mix.

e Strategy

Satisfy 20% & 42% of the installed capacity from renewable energies
by 2022 & 2035 respectively.
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e Policies:
= Competitive Bidding (EPC, BOO).
= Merchant Scheme.
» Feed-In Tariff.
= Net-metering.

4. Evolution of Legislation

March | « Amendment the name of Ministry of Electricity & Energy to be

2014 Ministry of Electricity and Renewable Energy.
July * A tariff reform program was adopted and announces for eight years
2014 up to 2022. Consequently, the price of the electricity generated from

renewable energy will be increased annually with the same rate.
* Renewable energy will benefit from it, as the right price signal is
becoming available.

Sep. » The Cabinet has approved the Feed-in Tariff system for electricity
2014 projects produced from RE resources (PV & wind).

Oct. * A presidential decree has issued to modify (NREA) establishment
2014 law to allow it to establish companies by itself or in partnership with
the Private sector to implement, operate and maintain RE project.

Dec. * RE law was issued to encourage generating the electricity from
2014 renewable energy sources through 4 development schemes.

July * Electricity law has been issued on 7/7/2015 to reflect a liberalized
2015 market reform as well as to strengthen the regulatory framework

and also the bylaw has been issued on March 2016.

Sep. * A new phase of the Feed-in Tariff system for PV & wind farm has
2016 been announced to be applied by 28/10/2016.
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2017

Periodical Decree No. 3 / 2017 Net meterings scheme for photovoltaic projects up to 20 MW.

ocT Presidential Decree No. 116 / 2016 for allocating around 7600 km? of arid areas to NREA to
016 be used in implementing renewable energy projects.
2

SEP Cabinet Decree No. 2532 / 2016 the Second Round of Fit-in Tariff Mechanism.
2016

JUL The Electricity Law No.87 / 2015.
2015

DEC Renewable Energy Law No. 203 / 2014.
2014

ocT Presidential Decree No. 135 /2014, OF NREA
2014

SEP Cabinet Decree No.1974 / 2014, The First round of Fit in Tarrif
2014 Mechanism.

JUL Electricity Tariffs Reform.
2014

Law No. 102 / 1986, Presidential Decree on the
JUN establishment of New and Renewable Energy
1986 Authority.

6. RE Targets 2022 (Installed Capacity)

Fossil Fuel

80 %

@ Fossil Fuel @ Renewable energy ®rv @ Wind
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7. The Integrated Sustainable Energy Strategy to 2035

e Update energy and power sector strategies to reflect the growing cost
advantages and other benefits of renewables: Egypt’s sustainable
energy strategy, ISES to 2035, is based on the least-cost approach,
whereby energy subsidies are eliminated by 2022 and different
energy sources would be able to compete within a free and fair
market structure.

e The strategy developed in 2014 envisages a total share of, 37.7% for
natural gas, 16% for coal, 3.3% for nuclear energy and 42% for
renewable energy in the installed capacity mix by 2035.

Type of power station 2029/30 2034/35

206

Wind 0.5 13.3 20.6
CSP 0.0 01 41 81

8. RE Targets 2035 (Electricity generation)

Nuclear Enafgy 3%

%

Wind
14 %

\_Hydro 2%

Thermal Plants { Renewable energy
55 % 42 %

@ Thermal Plants @ Renewable energy @ NuclearEnergy @ csP @ PV @ Wind @ Hydro
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. Power Sector in Egypt

Development of Peak Load
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) The average growth rate of the paak load is 4.2% per year during the period from 2013/ 2014 ill 2017/ 2018,

Wind Resource Assessment

Egypt Annual ge Wind Power
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Solar Resource Assessment

T 2%

1] MEAN SURFACE DIRECT NORMAL IRRADIANCE 0%°
m"’l Wt‘ ik
PRESENTATION_FIG_1.png oA = 400
30.0. e
] ) 50 —
— 3 — C‘— uE o
— AAACRIA AN SLRSACK 000 . e 300 o
E : : Lo
- — I“ 215N ) 60 5 -
. s z
" o B £l 5 A |
. N R CHi g
1 2 é e
pe . ]
/250 N i & : >
< ] ol - e
L 3 N 100 p—— - &
on |
i | 50
25N o
. - - 0
B0E  25E  300E 325E  350\E
o -
» Operational energy planning . » Areas with optimum solar energy potentia

= L%
'y o
3 | B

= o

[ I

Source: Egypt Solar Atlas.

10. RE Schemes

Governmental Projects

Feed In Tariff
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SN LI Under
e PERATE : (250wind+ 200 PV Implementation

Net Metering
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Lands Allocated for Renewable Energy
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11. Future RE Project

e Feed In tariff was completed for large scale PV projects in two
phases in two phases with (14.3 cent $/ Kwh for the 1% round and 8.4
cent $/ Kwh for the 2" round).

3 large scale wind farms with capacity 500 MW each, based on BOO
scheme, are under development with tariff 3.1 cent $/ Kwh.

The PPA of the 1st BOO PV power plant with capacity 200 MW has
been signed with tariff 2.48 cent $/ Kwh.

Another BOO PV project with capacity 200 MW has been approved
by the Cabinet with tariff 2.48 cent $/ Kwh.

A new 600 MW PV power plant (s), in cooperation with IFC, is
under development based on Auction scheme with capacity 200 MW
as a 1* phase and it is expected to be effective in the 1* quarter of
2020.

The regulations for developing IPP projects is under preparation and
it is expected to be issued by mid-2020.
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Benban Solar Park

32 Projects 1465 MW 2.2 USS Billion
Total Capacity Total Investments
O @O www.egypttoday.com/Arti :

Egypt will soon be home to the world's largest solar
park - Egypt Today

Benban solar park wins WB
best project award

By: MENA Wed, Mar. 20, 2019

CAIRO - 20 March 2019: A Benban solar
park in Egypt's Aswan has won a best-
project annual award by the World Bank
Group.

This is the first time Egypt has won the
WB award, said Investment Minister
Sahar Nasr in a statement Wednesday,
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Solar Energy Projects
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Solar Water Pumping

Solar Water pumping Potential in Egypt: 1.938 MW

Solar Panel

Sun Rays

Ground Level

Submersible Pump

SUBMERSIBLE PUMP

Source: Diesel to solar transformation report — RCREEE 2016.

Net Metering Concept

e EgyptERA issued the Periodical Book No. 3 for 2017 for
encouraging the Customers for using PV systems by using Net-
metering Mechanism.

e Net Metering is available Up to 20 MW for every single project.
e Potential Projects:

1. Industry.

2. Resorts.

3. Hotels.

4. Compounds.
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Electric Vehicle Scenarios

e Several ministries have shown a keen interest in promoting e-
mobility as a means to reduce emissions and pollution whilst re-
enforcing the role of Egypt as an important hub for vehicle
manufacturing.

e Many studies have been prepared showing that :

o Under the high scenario by 2030 nearly 3.5 million EVs would
ply the streets of Egypt representing 17% of all circulating
vehicles (moderate scenario 8% and low uptake 4%).

o By 2025, EVs consume between 0.6 and 2.4 TWh of electricity
depending on the scenario which would increase to 3-13 TWh
in 2030.

o This represents between 0.2% and 1% of the projected
electricity production by 2025 and 1% to 4% of the projected
electricity production by 2030.

Waste to Energy

In October 2019, The Cabinet has approved the Feed-in Tariff system
for electricity generated from the waste as following:-

e 140 Pt/kwh from Solid waste.
« 103 Pt/Kwh from liquid Waste.

Conclusions
e Egypt is transferring from RE plans to Giga watt RE capacities

e Large-scale Renewable energy projects are one of the main elements
to attract Foreign Direct Investments ,

e Thanks for Feed-in-Tariff Scheme which create the RE market in
Egypt and attract the developers, International Lenders, ......

e Based on the above and the current devaluation of renewable energy
prices, Feed-in-Tariff, FiT, has been replaced by the competitive
bids, and Auction in the coming phase.

e There is a huge potential for EE in Egypt after reforming the
electricity tariff.
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Abstract

Egypt’s Vision 2030 for sustainable development aims to achieve a diversified,
competitive and balanced economy within the framework of sustainable development.
Renewable energy has a central role to play, a role detailed in the Integrated Sustainable
Energy Strategy to 2035 which ensures continuous, diversified energy security and
establishes the necessary conditions to enable the increased development of renewables
through the engagement of all sectors. Moreover, the strategy confirms Egypt’s
ambition to become an energy hub between Europe, Asia and Africa by expanding grid
interconnections across the Arab region and beyond. Egypt is home to a wide array of
untapped solar and wind resources, and according to the strategy 2035, renewable
energy capacity should contribute 42% of power capacity by 2035.

In this framework of increasing reliance on renewable energy especially decentralized
solar systems, the Industrial Modernization Centre IMC, in cooperation with the United
Nations Development Program UNDP, are implementing the “Grid Connected Small
Scale Photovoltaic Systems National Project - Egypt-PV”.
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This project aiming at the development of decentralized grid connected small scale PV
systems and catalyzing its installation over factories, hotels, commercial, public and
residential buildings.

The objective of this paper is to provide a summary for the main goals of Egypt-PV
project and present the progress being made towards accomplishing the project
objectives and outcomes as steps towards Sustainability of Egypt.

Key Words: Sustainability, Solar Energy, Photovoltaic Systems, Egypt — PV, Industrial
Modernization Centre IMC, Industrial Modernization Centre IMC.
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1. Introduction

Egypt-PV project aims at removing barriers preventing from increasing
renewable energy power generation and decreasing GHG emissions in
addition to the development of PV market and supply chain.This will have
a direct positive socio economic impact on individuals while promoting a
new market serving multiple sectors in Egypt.
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Also the project focus on establishing support centers providing
consultation and technical support with the intention of increasing PV local
component, preparing new technical staff, creating new employment
opportunities and supporting this emergent technology and market in Egypt
while removing barriers preventing from increasing power generation using
decentralized grid connected small scale PV systems.

The project goal is removing barriers to allow the development of PV
systems and its effective installation along the project life time which will
results in a direct reduction of GHG equivalent to 0.6 to 0.7 million tons of
CO2 emission.

2. Project Objectives and Outcomes

The objective of the project is to remove the barriers to increased power
generation by small, decentralized, grid- connected PV systems
implemented by households and small- and medium- size enterprises. The
project strategy builds on the planned Government initiatives to develop a
market for small, decentralized renewable energy power generation by
ensuring adequate returns on targeted private sector investments with a
net- metering scheme.

The project seeks to facilitate the installation of decentralized PV
capacity and to establish a basis for sustainable market growth by:

= Supporting the design, purchase and installation of the first PV
systems as an easily replicable model.

= Establishing an enabling policy and institutional and regulatory
framework to provide the basis for sustainable market growth of
small, decentralized RE (primarily PV applications and for
attracting adequate financing for the required investments.

= Strengthening the supply chain by building the capacity of the
key supply-side stakeholders such as system designers, equipment
vendors and installers to offer competitively-priced, good-quality
products and services to the targeted stakeholders (including
required aftersales services) and by introducing adequate quality
control mechanisms to build up customer confidence and positive
customer experiences of small, decentralized PV systems.

= Facilitating the establishment of a financing framework and a
network of local finance institutions to support the development
of the decentralized PV market.
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The details of each outcome of the project are as follows:

1.1 Outcome (1) Design of Small PV Systems Installed based on
Easily Replicable and Scalable System Design

e Finalized design of the support scheme to facilitate Market Takeoff.

e Manuals and templates for PV system design & installation to be
released as hard & soft copies, internet based, and smart phone apps.

e Establishing project support center “One Stop Shop”; hotline and
website.

e Public awareness raising & marketing campaigns.

1-2 Outcome (2) Establishing an Enabling Policy, Institutional and
Requlatory Framework to provide the Basis for Sustainable
Market Growth

e Ensuring fully operationalized net metering schemes for selected

tariff.

e Technical constrain analysis and updating guidelines.

e Complete analysis of regulations for both constructions and

management for rooftop PV system implementation.

e Drafted amendments to the existing laws and regulations.

e Finalize proposal for the eventually required financially and fiscal

incentives.

e Assessment for PV waste and recycling.

1-3 Outcome (3) Strengthened Domestic Supply Chain and Quality
Control System and Increasing Domestic Manufacturing and/or
assembly of PV Panels

e Quality control and certification scheme for hardware and
installations and institutional agreements to ensure effective
implantation after the project.

e Agreed methodology, institutional arrangements, procedures and
mechanisms for effective market monitoring to continue after the end
of the project.

e Complementary training and development programs to help
promoting PV system in new buildings.
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e Public awareness and marketing support to support establishing a
local Solar Energy Industry.

1.4 QOutcome (4) Establishing a Financing Framework and a
Network of Local Financial Institutions to facilitate the
Financing of Small PV Systems for a Broad Range of

Consumers
e Proposal for financial schemes and required consultation
support.
e Monitoring the impact and performance of the financing
schemes.

e Technical due diligence of projects proposed for financing and
training staff of the participating banks.

¢ Involving local community associations to help promoting and
supporting.

3. Egypt-PV Success Story

Egypt-PV support technically and financially a number of small scale
Photovoltaic Systems projects in different sectors (Industrial,
Tourism, Commercial, Residential and Public Buildings), to take off
and encourage the PV industry market, those projects will be success
stories to raise the awareness and standards of the PV market around
Egypt. Currently, 69 PV projects as shown in figure (1).

69
Projects

- > >

10
ktons/vear,

I
d H L
2
. "

Figure (1): Key figures.

13
Governorates
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Project Implementing Locations (Map) — 13 Governorates
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Figure (2): Egypt- PV Projects Locations.

1.5 Technical Services

Egypt-PV project providing the followings to open the PV market:

= One Stop Shop providing all clients requirements in one place,
assessing clients’ needs.

Developing PV Hub with an objective of designing and developing
web-based hub and associated database for small and medium scale of
decentralized grid-connected PV system. The Hub will provide useful
information for clients to support implementation of PV projects.
Meanwhile, the platform allows PV installer companies, certified by
New and Renewable Energy Authority (NREA), to submit installation
requests to distribution companies and to follow up the requests

electronically.
= List of Recommended Suppliers.

Egypt-PV developed a list includes 50 recommended suppliers and it is
uploaded on Egypt-PV website. The project held a working session with
the service providers. The recommendations were agreed upon to
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identify the sectors of consumers who are most able to benefit from the
solar grid systems Requirements for joining Egypt-PV list of system
integrators was developed and published for the companies to apply.

= Site Assessment reports.

Site assessments are done to evaluate the possibility of the
implementations, based on the site assessment templates developed by
Egypt-PV. The project conducts feasibility studies for all Egypt-PV
pilot projects.

= Specs and Technical Guideline

The scope of this document is to provide a guideline for tendering grid
connected small-scale PV systems. These guidelines have been prepared
for the benefits of miscellaneous departments and sectors buildings in
Egypt. The document is considered as a guiding document, so it is
generic and can be tailored as per end user needs, but still it includes the
minimum acceptance requirements for optimum performance grid
connected PV systems.

The document is published and available online on Egypt-PV website,
as a technical support for the Egyptian PV market.

= Follow-up Reports
Quarter follow-up reports are being done for the installed projects
showing the performance of the PV plant with timeline schedule for
the reports of each project. Reports show the actual production and
reduction of CO, for the PV systems.
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The following figure summarizes Egypt-PV technical services:

Site

Assessments Feasibility
Studies
Site

Technical " ons & Sl

offers SPEctions Reports
i Follow up

Evaluation

Reports

Figure (3): Egypt-PV technical services.

1.6 Capacity Building

« Egypt-PV provides capacity building, training programs and materials,
this include training sessions and workshops for: Engineers,
Technicians, Construction Firms & Developers, Bankers and Financial
Institutions. The aim is to spread the awareness of the PV system
benefits.

« Egypt-PV held number of trainings for 200 trainees.

Egypt-PV Results vs. the Project Target over the Life Time of the
Project

Expected Reduction in CO2 Emissions
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Figure (4): Expected Reduction in CO2 Emission.
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Figure (5): Comparison between Project Target & Project Outcomes (January 2020).

Conclusion

Egypt-PV has worked on the four outcomes which are; a total of 4 MWp of
small PV systems installed based on easily replicable and scalable system
design, a supportive policy, institutional and regulatory framework for
providing a basis for sustainable growth of the small, decentralized RE (in
particular PV) power generation market, strengthened domestic supply
chain and quality control system and, as applicable, increasing domestic
manufacturing and/or assembly of PV panels and a financing framework
and a network of local financial institutions to facilitate the financing of
small, decentralized PV systems for a broad range of consumers.

Egypt-PV has met the target and over achieved it through giving technical
and financial support to projects of more than 10.1 MWp in total. Where
69 projects has been developed. The expected annual production from the
PV projects is 16.3 MWh/year with annual reduction in CO2 emissions 10
ktons/year.
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Abstract

High rate of urban growth is generally a serious challenge to the sustainability of the
urban areas, so there is a real need to enhance saving energy, reducing consumption,
protecting the environment and preserving the natural resources. This paper is arguing
that it is required to develop innovative and extraordinary approaches, capable of
dealing effectively with different problems and challenges of the future urbanism. These
approaches should benefit from the unprecedented mutations in science and technology,
especially in building technology and nanotechnology.

Furthermore, this paper argues that sustainable development should depend on two
pillars. The first one is to enhance the functional connections and the integration
between the natural environment and the built environment. The previously mentioned
pillar could be considered a mutualistic sustainability concept, in which the plant
ecology and urban systems are efficiently integrated and are interfered with each other.
The second pillar is to reduce the negative impacts of the classical building technologies
by using enough eco-gadgetry such as photovoltaic, solar collectors, biological
recycling systems, double-skin facades and building automation control systems.
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As a matter of fact, since the twentieth century, some extraordinary and hyper urban
proposals have emerged in the urban planning field, that propose efficient outbox
solutions regarding sustainable development and renewable energy resources.

Consequently, the paper shows types of hyper proposals which interested in generating
renewable energy and sustainable development. In line with the previously mentioned
proposals, the paper provides a suggestion of a high-altitude multi-functional system for
producing fresh water and electricity in an effective way. Eventually, the paper gives
conclusions concerned with the potential capabilities of the hyper urban planning in the
field of energy and sustainability.

Keywords: Sustainable development; renewable energy; high altitude aerostat; future
city; hyper urban planning.

S e penl) Jbatl) Jlae b Lol sicsal) Agaiilly L8Ual)

e

Sl SN dgpmall lalid) dovinl cilosial had Laat —ole JS5 — (gpmall galll cV e g i) a2
B s cdhll 3)lsall o Llially Ll dilesy oDlein¥) Qs 8Ll b5 amlie johdl 4dia dals
e Allads Jalaill e 50 dnle e callily 38 malia sk (gl (e 4 Gl 1a ey
Ol oda s o sy 4l Adaadle ae oLl Jhhend) asill ddbad) clbaailly cOISE)
S Ll Ll a5 e (8 Lagend cln gl oS00 o lall 8 A8 usall e il

A S il 538 o adi o sy Aeddmied) Bl o sl 3 Jolag el e sdle
oslSal Aliay opliie) Sy Lo shy Apilandl lly dpmdal) ) (g Le JalSilly dgdagl) Lalgll S
Aalal)y Al Al palie Ll Gua (Mutualistic Sustainability aslaa) dexiul) a sedal
el Apluad) el Sl Qi Alglae g Al 5350 Wl L allads 50 LSy oand) Lganny ae JaNAT Ay puaal)
Cilaasas cdgisas Sl DAY Jie Al diaall Jileglls duliall L83 o) alasinly LIS (Ll
Double-skin = dasajell 4uaed) @l Al clgalss dmslod) sl sale) Aakily el 28l
ALK Jsiilly oSail) dalails (facades

Lbasill Jlae 58l 45U dpaall s i) amy Ciyela Cppdall (Al S ¢ AT Cuila (5a5
Gl asiy ¢ Ml s20aiall A8Uall 3))se5 Lol insall Lpaiily (3laty Lo Ao lad Yola =5 lly ¢ gyl
Apadilly sa0aiall A8l Aoy g3 Al Hyper Proposals aslal culajidadl e apaall Jalaiy ypm
Al caillagll saie AUad Ll Gnd) anhy Gl 50l clagiid) ol Jase o Ll Aalviud)
S Sl pany pae Ay UAl s Ay Alled Ak dilally ddall olll ZlY el
Al Jlaw A Hyper Urban Planning (sl ye) dajiall (gpaall Jadadill Alaiaall cofyaslly (3las

Ay saasiall

375



1. Introduction

By the year 2050, it is expected that greater than 70% of the total world
population will live in urban areas (Wang, et al., 2019, p.162; Rahnama and
Shaddel, 2015, p.123). Taking into consideration the increasing challenges
in the field of energy and sustainable development, it is necessary to find
out non-traditional solutions and much more innovative ideas. Accordingly,
this paper concerns with analyzing and evaluating extraordinary
approaches to sustainability and clean energy production under the
umbrella of hyper urban planning field.

As it well known, a great part of the solar radiation does not reach to the
surface of the Earth, due to the absorption processes by different gases and
clouds in the atmosphere. In line with the above, the paper reviews and
analyzes some proposals of high-altitude solar balloons, which can
arguably be considered as one of the most promising future solutions in the
field of clean energy generation, and at the same time harmonize with non-
traditional ideas that characterize the field of hyper urban planning in
general.

In a related context, many specialists have argued about environmental
sustainability and the relationship between nature and the built
environment. For example, Yeang (2007, p.22) has criticized architecture’s
negative impacts on the environment, while Ozer (2014, pp.197-198) has
studied the mutualistic sustainability concept in detail, and has mentioned
to the importance of developing functional Relationships, in which both the
urban settlements and natural systems can prosper and flourish.

Moreover, Wells (1981, p.41) has stated that solving environmental
problems needs better connections between the natural systems and the
built environment. Additionally, Beatley (2011, p.9) has briefly referred to
some ‘“nature-protective behaviors,” while Pickett and Cadenasso (2008,
p.8) have discussed the importance of integrating and merging plant
ecology into the built environment. In general, movement toward
environmental sustainable development on the world scale has mostly
depended on the slow modification of existing methodologies and systems.

2. General Aspects of “Hyper Urban Planning” Term

Despite “hyper” is not a genuine or old term, but it has been widely used in
daily life, science and technology in the recent decades. The origin of
“hyper” as an independent word dates back to the year 1940, when it has
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been first used as an abbreviation of “hyperactive,” and since then it has
been used as an adjective which means “excited and nervous; having too
much nervous energy” (Oxford Advanced Learner's Dictionary (OALD),
2019).

While “hyper-” as a prefix has been widely used since the seventeenth
century to form new expressions, such as hypersensitive and hypercritical.
The prefix “hyper-" is derived from the Greek prefix “huper-,” which in
turn is derived from the preposition “huper” which means over or beyond.
Thus, “hyper-" as an English prefix has many similar meanings, such as
over, above, excessive or excessively (Kleinedler, et al., 2005, pp. 232-
233).

On the other hand, urban planning processes vary considerably in the rate
at which they evolve and develop in different countries. Since the twentieth
century in particular, some dramatic developments have emerged in the
urban planning field, and usual guidelines have been dramatically broken
through in many cases. Thus, some extremely extraordinary kind of urban
planning proposals has already entered the implementation phase in
different parts of the world, and many others are under construction or are
still in the vision phase. Thus, distinctive features have gradually begun to
take shape for a special and advanced branch of urban planning, which
might be called “hyper urban planning.”

Compared with the ordinary urban projects, the proposals and projects in
the field of hyper urban planning could be considered of another
extraordinary level, as hyper urban planning concerns extremely oversized
and extraordinary huge urban proposals, and it benefits from great
mutations of the capabilities and possibilities of the construction sector and
high technology.

3. Significant Features of the Hyper Urban Planning Field
3.1 Breaking through the logical heights

The confidence of rising up more and more has obviously increased as a
result of great innovations in the construction methods, building
technology, structure systems, high-speed elevators, materials, means of
egress and other facilities (Moldovan, and Moldovan, 2012, p.941).

Several works have argued the accelerated development of high-rise towers
all over the world, but this paper may also argue that some of those urban
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proposals and visions dramatically break through the usual concepts of
traditional urban planning, and therefore they significantly approach the
overly ambitious concepts of hyper urban planning field. Burj Khalifa, in
Dubai city, UAE, is an expressive symbol of the skyscraper boom era that
has characterized Dubai since the beginning of the 21st century. Excluding
the upper antenna, the main height of the tower is 828 m (about 2,717 ft),
which makes it the highest building in the world since year 2010 up to now.
In Jeddah city, Saudi Arabia, Jeddah Tower (or Kingdom Tower) is
planned to exceed the one kilometer mark by about eight meters (1,008 m,
or 3,307 ft high), and it is earnestly expected to be the world's first practical
breaking through that historical barrier (see Figure 1a) (Al-Kodmany, 2011,
pp.119-125; Al-Kodmany, 2013, p.36; Jones, 2011, p.16; Takabatake, et
al., 2019, p.1).

On the other hand, the Sky Mile Tower proposal is a worthwhile leap to get
much higher. 1t is a 1,700 m (5,577 ft) high mega-structure, which is
envisioned to be situated in Tokyo Bay, Japan (see Figure 1b). The tower is
a part of an aspirant initiative known as “Next Tokyo 2045,” which was
planned by Leslie E. Roberson Associates and Kohn Pedersen Fox
Associates (KPF, New York), and the skyscraper is supposed to be
occupied by about 55,000 residents. Generally, the proposal contains a
network of vertical segmented residential communities, linked to each
other by multi-level lobbies, offering various public facilities. In addition to
the previous, it contains many creative and technological treatments which
ensure efficiency, reliability, safety and sustainability, especially in the
energy field, and the building’s skin would extract drinkable water from
fog and air humidity using advanced systems. Lastly, it is estimated to be
completed by 2045 (Fixsen, 2016, p.28; Malott, et al., 2015, pp.30-33).

Over and above, after reviewing some literatures regarding Dubai City
Tower, which also called Dubai Vertical City (CTBUH, 2008, pp.1-6;
Moldovan, and Moldovan, 2012, pp. 945-946; Prakash Rao, 2009, p.WE1-
2), it could be stated that it is a proposed supertall mega-structure whose
height is 2,400 m (about 1.5 mi) and includes 400 habitable floors. It has
been declared in 2008 and would be situated on the Persian Gulf (see
Figure 1c). It consists of a supertall central core around which 6
independent high-rise towers are tightly wrapped. The 6 winding towers are
interfered with each other and attached to the main core each 100 floors.
The total height is divided by Sky Plazas, which are horizontal public
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zones, while the main vertical circulation will be provided by a vertical
train in addition to a group of high-speed elevators and some heliports.
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Figure (1): A—Jeddah Tower, KSA, 1,008 m high; B— Sky Mile Tower, Tokyo Bay, Japan
1,700 m; C— Dubai City Tower, also known as Dubai Vertical City, 2,400 m high

Sources: A—Jones, 2011, p.16; Risen, 2013, p.61; B— Malott, et al., 2015, p.32; C-
CTBUH, 2008, pp.1-2; Moldovan, and Moldovan, 2012, p.945.

3.2 The Combination of Imagination and Future High Technology

Many specialized literatures have studied extensively the impact of
technology on urbanization. Just for an instance, Goi (2017, p.1) has argued
different impacts of technological innovations on founding a more
sustainable city, especially in the fields of environment, social and
economy. Riffat, Powell and Aydin (2016, pp.1-23) have argued the role of
technology in future cities and their environmental sustainability, in
addition to Zero carbon buildings (ZCB) and Zero energy buildings (ZEB),
while Hannon and Zaman (2018, pp.1-23) have argued the contribution of
technology in phenomenon of zero waste and cities of the future. Also,
deep mental thinking with a lot of imagination plays a major role in hyper
urban planning and experimental urbanism, while modern technology
allows possibility to build different types of mega structures in huge scales.
Additionally, extraordinary ideas and unusual urban patterns are
fundamental components of the planning process at the hyper level, and
various philosophies and trends could be widely used in order to innovate
distinct urban elements and distinguished urban projects.
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3.3 Unconventional Urban Extensions and Extraordinary Landscaping
in the Hyper Urban Planning Field

Urban extensions are always needed to meet the rapid urban growth, and
despite the many forms of urban extensions, but it is generally well known
that the usual common factor is to extend horizontally on the lands suitable
for construction which surrounding the urban areas. On the other hand, the
field of hyper urban planning provides other alternatives to a more liberal
urban extension, such as unconventional vertical urban extensions, which
could accommodate millions of inhabitants on small areas of land.
Furthermore, this paper argues that hyper urban planning field provides
high-level capabilities for Beautification and landscaping cities, where it
has many potential creative ways of adding green areas, recreational spaces
and aesthetic elements to overpopulated urban areas. The proposal of
Futuristic City in the Sky by Tsvetan Toshklov is a striking urban
extension, which is supposed to be an exceptional landscaping and urban
beautification (see Figure 2). Inspired by the beautiful shape of the lotus
flower, the semi-fanciful proposal envisions tranquilized and calm oases,
very high and far away from the overcrowded city of London (Interior
Design School Daily, 2012; Riffat, Powell, and Aydin, 2016, p.9; Toshkov,
2012).

Figure (2): Futuristic City in the Sky, architect Tsvetan Toshklov, 2012
Sources: Interior Design School Daily, 2012; Toshkov, 2012.

3.4 Contribution of Nanotubes and Advanced Building materials in the
Field of Hyper Urban Planning

Nanotechnology enables the innovation of structures which do not exist in
the nature and cannot be produced by traditional chemistry. An important
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advantage of that technology is the possibility of devising lightweight,
stronger and more adjustable materials with relatively low costs, such as
different types of nanotubes (Aliofkhazraei, et al., 2014, p.vii; Lam, et al.,
2004, p.126).

Carbon nanotubes (CNTs) have many features, as they are chemically
stable, mechanically so strong, electrically conductive supramolecules with
diameters less than 100 nanometers, and reach to the micron-sized length.
Moreover, Single-walled carbon nanotube (which is abbreviated as
FWHM) could be represented as a result of rolling up a layer of 2-
dimensional carbon atoms which are bonded together in a hexagonal
network, called ‘‘graphene,” to a cylindrical form (Lushnikova, and Zaoui,
2018, p.86).

On the other hand, Multi-Walled Carbon Nanotubes (MWNTS) are formed
by multiple rolled layers of one-atom-thick sheets of graphene, which are
concentric in each other. But anyhow, technical in-depth studies show that
both single and multi-walled nanotubes could be bent up to small angles
without any deformation, as the only usual effect is a slight stretching of
the outer side of the nanotube and a compression of the internal side
(lijima, et al., 1996, p.2089; Lam, et al., 2004, p.126). Generally, several
experimental and theoretical investigations show that the bending process
of the nanotubes is fully reversible up to large bending angles, despite the
occurrence of some kinks and highly strained tube regions. That is due to
the high flexibility of the molecular hexagonal network, which resists bond
switching and bond breaking up to high strain values (lijima, et al., 1996, p.
2089). Thus, nanotubes are of light weights, flexible, very strong and have
many extraordinary features.

4. High-Altitude Farms as Hyper Proposals for Sustainable
Development and Renewable Energy

4.1 High-Altitude Wind Farms

The utilization of wind power and renewable energy is a highly desired
target in the field of sustainable development. Generally, wind farms are
potential solution which may arguably contribute in achieving an efficient
and sustainable energy system, but the intermittent nature of wind power
usually challenges the reliability and stability of the power system. Thus,
the assessment of potential locations for wind farms subjects to many
factors, such as the theoretical wind power density, the average wind speed
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and the capacity factor of a potential wind turbine. However, additional
criteria for site selection can be imposed due to environmental or economic
concerns, such as having high altitude, accessibility, the land cost or the
distance to the power grid (Cetinay, Kuipers, and Guven, 2017, pp. 51-54;
Chandra, Kumari, and Sydulu, 2013, pp. 630-633).

However, many specialized studies have mentioned that high-altitude
winds are more consistent, faster and having a higher power density
compared with winds that are found near the ground-level. Furthermore,
one of the highest wind power densities is found at altitudes between 8 and
10 km above ground-level, which is approximately corresponding to the
height of the tropopause zone. With the available large amount of wind
power in the troposphere zone, Sun, Liu and Qin (2015) have designed a
hyper skyscraper which entitled “Wind Farm in the Tropopause” (see
Figure 3).

DWIDE WIND FARM IN THE TF
- CAPTURE THE WIND

Figure (3): A Wind Farm in the Tropopause.
Source: Sun, Liu, and Qin, 2015.

The height of the previously mentioned proposal can range between 8 and
10 km, and it is divided into two main parts which are kept apart. The first
part is the upper section which contains the generation and storage
equipments, and it is supposed to generate electricity by a large vertical
axis rotor, whereas a flow battery is in the axis to store a quantity of energy
capable of reducing the usual fluctuation of wind power output. As for the
second part, it is the lower half of the rotor, and it consists of four axes and
a laser power transmission system. The laser transmission equipment can
achieve wave transmission with the perfect directivity of laser. Meanwhile,
a compatible and efficient receiver has been set up on the ground.
Additional functions could also be built inside the building, such as
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atmospheric research laboratory and meteorological monitoring (Sun, Liu,
and Qin, 2015).

4.2 High-Altitude Solar Farms

At the Earth’s distance from the Sun, the flux of solar energy is about 1,368
W/m2 which means a value of around 342 W/m2 when averaged all over
the globe. But these radiation streams never reach or even leave the Earth’s
surface unimpeded, as around one third of the incoming solar flux on
average is reflected by clouds zone, ice caps and bright surfaces. Most of
the incoming radiation from the Sun passes through the atmospheric layers
to reach the surface of the Earth, where some flux is reflected and most is
absorbed, so the surface is warmed (Shepherd, et al., 2009, p.2).

As an attempt to overcome the negative effects of that natural phenomenon,
there are academic researchers working on extraordinary ambitious plans,
aims to produce energy from outer space stations, specialized in capturing
sun's rays and transforming them into usable energy, which in turn will be
sent to Earth having the form of laser, or microwave energy (The
University of Tennessee, 2019). For Example, in 1974, a very ambitious
feasibility study was conducted to benefit from a solar radiation collector,
flying outside the atmosphere, and it was introduced to the National
Aeronautics and Space Administration (NASA). That study proposed the
concept of a satellite solar power station (SSPS), which was later known as
Glaser’s concept. However, several issues involved with the transmission
of the collected solar energy from the satellite to the surface of the Earth
have never been perfectly addressed. Theoretically, Glaser’s concept
proposed to beam down the energy to the surface of the Earth in the form
of microwave radiation. But practically, the implementation could not
come true for many reasons, such as the environmental issues, safety
challenges, in addition to the transmission and conversion losses which this
method entails (Aglietti, et al., 2008, p.350; Glaser, et al., 1974).

Another ambitious proposal by Aglietti et al. (2008, p.350) has mentioned
an intermediate solution between traditional ground based solar panels and
Glaser’s concept, where it proposes using a very high altitude aerostat to
collect solar energy and transmitting it to the ground surface using an
aerostat mooring cable (see Figure 4). In other words, the main idea is to
exploit a solar radiation collector floating at so high altitudes, where the
filtering effect of the atmosphere is remarkably reduced so that the solar
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flux becomes closer to its value in the outer space regardless the weather
conditions. Also, the transmission of the generated electricity via the
mooring line, that is basically a two-way conductor, provides a safe and
potentially cost-efficient method to bring the produced electricity to the
ground surface.
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Figure (4): Left) Schematic configuration of an aerostat for electrical power
generation, AEPG. The grey area: (PV) cells cladding, A: solar beam direction, D:
drag force, and L. lift force. Right) A comparison diagram between beam component
irradiance at zero level (ground), 6, 12 km, and outside the atmospheric envelope.

Source: Aglietti, et al., 2008, p.352; Aglietti, et al., 2009, p.446.

As a worthwhile detail, Aglietti et al.'s proposal has been known as AEPG
(an aerostat for electrical power generation), and it supports the
Photovoltaic (PV) cells. Its basic concept is to float above the clouds zone,
at an altitude ranges between 6 and 9 km in consonance with the prevailing
weather conditions. More precisely, an altitude of 7.5 km has been taken as
the design altitude to avoid the majority of the clouds which are
concentrated in the zone below the 6 km altitude, besides avoiding the
subsonic aircrafts which usually fly in an elevation range between 9 and 13
km. Regarding the suggested conductor in the tether, although aluminum
has a lower electrical conductivity than copper, but it has been chosen
because its specific mass is much lower (Aglietti et al., 2008, pp. 351-355).
Likewise, the French-Japanese laboratory NextPV hopes to completely
outstrip the concept of solar panel on the Earth's surface, as the research
group aims to capture solar energy in an ideal sunny place above the clouds
by using flying solar balloons. These balloons are designed to work as
high-flying solar farms capable of generating clean energy during the all
day (see Figure 5).
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The solar balloon will generate electricity night and day
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Figu
re (5): High-Flying Solar Balloon Farms can harness the solar energy kilometers above the
clouds (by NextPV laboratory)

Source: Distasio, 2016.

The solar balloons are supposed to directly convert sunlight into electricity
during the daytime, and then produce hydrogen which can work as an
energy storage medium for generating electricity in a fuel cell, during the
night-time. Exploiting hydrogen as an energy vector can provide an easy
and smart solution, as hydrogen could be obtained by water electrolysis,
using the excess quantity of electricity which is generated during the
daytime, and then recombining it with the oxygen gas in a fuel cell to
liberate its power as required, with fresh water as the only by-product.
Additionally, that same hydrogen can also be used to fill the solar balloons
in order to keep them in the air at an economic cost, besides providing an
economic solution for hydrogen storage (DiStasio, 2016; Guillemoles,
2015).

Thus, the balloons could be producing electricity twenty-four hours a day,
and because of their position at high altitudes (at least 3.7 miles, or about
5.95 km, above the surface of the Earth), there will be no heavy clouds to
reduce their efficiency and effectiveness. Over and above, those moored
balloons which made of low-energy polymers are easy to mass produce,
allowing rapid and reversible installation, flying high in the sky and
therefore taking up little space on the surface of the ground (DiStasio,
2016; Guillemoles, 2015).
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4.3 Mixed Solar-Wind Power Systems

Historically, solar-powered balloons have reached extremely high altitudes
(more than 15 km), and the temperature difference between the interior of
the balloons and exterior space increases with the altitude (Grena, 2013,
p.215; Rochte, 2012). Edmonds (2011, p.818) has argued the promising
potentiality of generating electricity from the proposed balloon engines,
and he has argued that condensation of water vapor in the flying drive
balloon maintains the inner saturated air temperature above the surrounding
temperature, and that in turn provides an increasing lift force with altitude.

But during the descent phase, it is proposed to discharge and pull the
balloon to the ground level, employing significantly less energy than what
was produced in the ascent. The difference between the total work done
during ascent and descent determines the final net energy which gained
from one cycle. So, the shape of the balloon should be changed during the
descent to decrease the loss due to wind resistance, and thus the whole
system could be more efficient (Grena, 2013, pp. 215-217). Solar-powered
balloons, which may be used for energy applications, are preferably made
of a light transparent external envelope with an internal black membrane as
an absorber. Each balloon usually has a Helium chamber which tethered to
the main external envelope, and that chamber plays a key role in the
mechanism of generating energy (see Figure 6).

He-filled closed chamber %345

He
-
-~
T, -~
-
.. -~ »

Black absorber [ . “/Transparent

{/ @ \\ Electric generator

Figure (6): A proposed energy production system, depending on a solar balloon.
Source: Grena, 2013, pp. 218-219.

Most importantly, simulation experiments have shown that a suitable
balloon, sustained with a Helium chamber and completely deflated during
its descent, can convert solar energy to electricity with efficiency up to 5%
and more. Besides exploiting solar energy in such proposals, a wind of
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velocity 15 m/s, or more, may also be exploited in producing a
considerable amount of additional energy (Grena, 2013, p. 218).
Of course, many issues should be analyzed to assess the real applicability
of such technology, from the selection of suitable low-cost materials to the
devising of an effective control system, besides safety concerns and the
managing of the intermittent energy production. But generally, none of
these problems seem to be a technologically insurmountable obstacle. The
previously shown Figure 6 illustrates a general scheme of the proposed
energy production system and the possible deflation system, where flexible
bars are kept bent by several strings when the solar balloon is inflated, and
return elastically to a straight form when the strings are released, thus the
balloon is deflating.

4.4 Producing Potable Water from Air Moisture

The equatorial region’s societies are already living with scarce resources of
potable water, and as a result of global warming, aridity is expected to
increase in the future. To be more precise, the World Bank has expected
that the Middle East, East Asia and Central Africa would suffer from
serious water scarcity as a result of the climate change, and that might cost
those regions about 6% of their gross domestic product (GDP) growth rates
by the year 2050 (Siegel, 2019, p.9; World Bank, 2016, p.vii).

Lately, some companies have conducted researches on how to control the
local climate by using various methods. One of the oldest methods is based
on chemtrails spread by airplanes, in a process called cloud seeding. But
later, many scientists have turned to ionization methods, as they are
promising solutions with intangible impacts on the global environment
system (Coluzzi, 2015). In a related context, Breeding Clouds Skyscraper is
an ambitious hyper proposal envisions the possibility of constructing a
developed vertical ecosystem, which able to generate rain in the arid
regions and the semi-arid regions (see Figure 7).

The lower part of the vertical ecosystem consists of ionizers which absorb
and electrify dust particles from the surrounding ground. Each tower has a
wide ability to capture the ionized particles within a giant glass case, which
works as a large condensation chamber. Inside those chambers, the ionized
particles are kept in a continuous circular motion until they condense
properly with the available humidity to form some kind of the charged
clouds, which able to produce rain. Then, this generated rain is proposed to
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be collected along the stem of the vertical ecosystem, and can be used for
domestic purposes and agricultural irrigation. According to the details of
the proposal, the power supply of that futuristic tower is autonomous, using
the solar energy captured by the outer surface of the cloud generating
condensation-chamber (Coluzzi, 2015).

DING |CLOUDS

Figure (7): Breeding Clouds Skyscraper, Evolo 2015 Skyscraper Competition
Source: Coluzzi, 2015.

5. A Proposed Hyper Sustainable Multi-Functional System

Based on the previously discussed proposals, this paper argues that a hyper
sustainable multi-functional system (HSMFS) may be proposed as an
extraordinary concept which merges the major features of the previous
high-altitude proposals. HSMFS can benefit economically from the super
tall hyper structures and high-rise mountains. Resting HSMFSs on the tops
of mountains and hyper structures not only will significantly decrease their
direct initial cost and their running costs, but also will transform the
mountains and superstructures into major contributors with HFMSs in
producing potable water and renewable energy. Thus, super tall hyper
structures will be no longer considered as major consumers of energy and
drinking water, but on the contrary, they will be major providers of clean
energy and fresh water to the future built environment.

As shown in Figure 8, the proposed HSMFS consists of many components,
as follows:

* A high-altitude solar balloon similar to the proposal of High-Flying Solar
Balloon Farm which previously mentioned in this paper. This solar balloon
iIs provided with control and orientation system to ensure the best
orientation towards the Sun. This component will provide the main lifting
force for the whole system in addition to generating solar energy.
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* A wind farm locates below the solar balloon, and its design is similar to
the proposal of Wind Farm in the Tropopause, but its proposed altitude is
lower than its counterpart in the original proposal. This component is
planned to generate a large quantity of wind energy all over the year.

‘Wind direction

Mooring /

SO lectric penerator Top of a super tall

hyperstructure or a mountain

Figure (8): Schematic configuration of a proposed Hyper Sustainable Multi-
Functional System

Where the grey area represents the photovoltaic (PV) cells cladding, L: lift force,
D: drag force (according to wind pressure), W: own weights. That is in addition to
the tension forces in the main cable. Source: Prepared by the author.

* A condensation unit for producing potable water from clouds and air
moisture. This unit is planned to float in the clouds zone to benefit from the
natural clouds and high ratios of air moisture. With a design similar to the
internal design of the Breeding Clouds Skyscraper proposal, the unit will
also benefit from condensing large quantities of artificial clouds.

* A long special cable which connect the floating components to the lower
component which is proposed to rest on the top of a super tall hyper
structure or a mountain. In fact, this cable is a multi-functional hollow line
as it is supposed to transfer both energy and drinking water. This cable
should be efficient, flexible, lightweight, strong and economic, so
nanotubes may provide promising and effective solutions to this issue.

* The lower component (mooring station) which receives the generated
energy and the drinking water from the floating components. That lower
component will not only be a collector and control unit, but also it will be a
secondary producer of energy, as it may contain a large electric generator
which works during the ascending of the floating components upward.
Naturally, the floating components may land downward and re-launch
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upward several times for repairing and periodic maintenance, But there will
not be a considerable energy loss in the descending phase, as it is proposed
to discharge the balloon and accumulating water drops in the condensation
unit. Thus, the total own weights of the floating components will be able to
get down the upper items smoothly and economically.

* Another feature worth mentioning is that the produced drinking water
may be distributed through a gravity flow system to different parts of the
surrounding built environment.

6. Conclusion

Accelerated pace of the contemporary urbanization process leads to highly
increasing rate of mass consumption of Fossil energy, which in turn has
caused hazardous levels of pollution, severe deterioration in public health,
in addition to some kind of negative land use change. Many in-depth
studies have mentioned to the serious environmental hazards of that non-
stopping process, which has caused an accelerated vegetation biomass loss
and dramatic forest degradation in many regions of the world. Therefore,
the proposed high-rise eco-cities under the umbrella of hyper urban
planning can arguably be promising and efficient solutions for the current
challenges in the field of energy and sustainable development.

The analyses provided in this article suggest that hyper urban proposals are
likely to be practically feasible, and could considerably provide various
innovative solutions for sustainability and different energy challenges.
However, it should be noted that such extraordinary hyper solutions may
need a further detailed studies to address the related economic aspects and
the possible associated risks. Therefore, as a matter of fact, all the
previously mentioned hyper concepts might not be carried out on a regular
basis in the short-term future. In any case, drinking water production plants
and power plants of future cities may be located in the clouds zone and
above, in the form of large-size networks of so many units for harvesting
water from the air humidity, flying solar farms and wind farms. These
high-altitude networks can be efficient, reliable, clean and sustainable
sources for producing energy and potable water all year round. To put it in
another way, under the umbrella of hyper urban planning, the idea of
existence some parts of the infrastructure of the future city at extremely
high altitudes will maybe come true in the future. Ultimately, this paper has
proposed a hyper sustainable multi-functional system (HSMFS), which
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may be an inception of a new extraordinary generation of infrastructure
networks and facilities in the future built environment.
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