Energy security — between opportunities and challenges

A pecialized study of the electric power in north and east Syria




ACKNOWIEZEIMENT: .....ccuveiiinriisnriiiiiiinncsnicsssniisnnecsssnssssnessssssssnssssssssssssssssssssnssssssssssssssansssnns 9

SUIMIIIEEY: ceveeveneresssnssecssssecssnsaessonsaesssnssesssssssssssssesssssssssssnssessosssssssssssssssnssessossasssnssssssnssses 10
POITACE c.ceueiiieiiiiriccuicssenesserisssnssssssssssrsssssssssssssssssssssssssssssssssssssssnssssssesssssssssssssassssassssaseses 12
eleCtriCal ENErgY IESOUICES: ...ccuviirrrrecseicsrenssrnssssncsssnesssnssssnsssssssssssesssnsssssssssssssssssssssssnns 15
non — renewable RESOURCES :........iiiviiiniiisninnninssninnsnisssiesssncsssiessssssssssssssssssssssses 15
FOSSILE @NETEY < .ttt ettt ettt ettt ettt e e s bt et b e s bt e stesetesbeeabesbeen bt ebbesatenbeenbenbeenbens 15
FENEWADIE FESOUICES: . ucieueireirerieeiseecsnicercsnisenssesssncssecssessanssesssasssesssesssssssessssssssssssssasssasssssssesns 23
HYAIOPOWET: ..ottt ettt ettt ettt ettt e et e e st e st e e s e estesseessesseesbeessenseenseaseasseansesnsansaensenssessenssenns 27

SOLAL IICTEY . .ttt sttt ettt sttt et ettt et e bt eat e s st et e e st e bt et e s sb e et e et e et et e et e sh e e et e enbeebeebeeheenhs 32
WINA @NCIZY ittt ettt ettt ettt et et e et et et e se e s seesseessesseesseesaesssenseessessaessessaeseeassesseanseensenseensens 51
BIOIMASS IICTEY . .etietieiieeiie et ettt ettt ettt et et e st e bt et et ettt eesh e e teestenbeeabesbtenbeenbeeatenbeenbenbeenbeas 66
Green NYArOZEI CNEIZY . ..c.uiuiiiiuiiiiieieiietetet ettt ettt ee ettt e st et et see s esben e s easenne st eneenaennene 74
electric POWEr COMPONENT: ...ccovveiirscreriossssricsssssiessssssessssssssssrsssssssssssssssssessossssssonsssssonssses 76
Analysis Of the CUITeNnt STTUATION ........cc.evuerieriiririirtiee ettt sttt st 78
GENETATION SEALION ..eeuvieiiiieriteetesttetieitesteeteeste st estesteestsesseessesseessesseasseassesssensesssesseessesssesseeseseessenssenn 82
Transmission and diStriDULION HNES: ......c.eerviriieriiirie ettt sttt 97
CONSUMPLION PATEEITIS: ...euvrerrieerereierietisteesteetesteesestseseessesseessesssesseassesssenseessesseessesssesssessesseesseessessses 107

the new energy component (NEC) of electriCity: ......ccoevvesercssurcssnrcssnncssercssaressaresanne 110
Energy generation for deVElOPIMENT:.........ccuieieriieiieiieiieie ettt tee e see e esa e e ese e esseeseesenes 111
Insured and stable POWET traNSIMISSION: ....c..evuiertirriertiertieiiesiieie ettt ebe ettt sie et et et esbeseesaeenneeneas 120

Fair and reliable poOwer diStriDULION: ........cecveeieriiiie ettt sttt et e e e ebe e e esseenaesnnes 121
Responsible eNergy CONSUMPLION:........iiierieeriertierieiierteeteereereeteesreesaeessesseesseeseesseessesssansesssensesssenses 122
reCOMMENAALIONS: ..cccvviiirreisrrsssrrossancssanosssssssssssssssssssssssssssssssssassssssssssssssssssssssssssssssssses 128
long - term recommendations: ... 128
short — term recoOMmMENdAtIONS: ......ccoceevvriissrnisnicsnisssnnsssnnsssnessssessstsssstssssssssssesassessssessssesass 130

@ REfCIENCES: .ccuuiiireriirnrissnrissnniisntcsssncsssnesssnsssssssssnssssnssssssssssssssssessssssssssssssssssssssssnes 132




Table 1: The main indicators of the 0il in syria in 2010........cccecieviecirierierieeereee e 17

Table 2: The main indicators of the oil sector in Syria in 2010 ..........ccceeveeieeririeneecieeeieeee 21
Table 3: The difference between the natural and current storage levels of Syrian Euphrates dam
JAKES .. et et h e et eh b e s be et eb ettt e et e bt et et et ne et ens 31
Table 4:Maximum and minimum values of solar energy data in Syria.........ccccceveveviervesirciennnnne 37
Table 5: Average values solar energy data in Syria at different percentages..........ccocoveverencene. 38
Table 6: Topographic data for the main cities and towns in Autonomous — Administration........ 43
Table 7: Maximum and minimum values of initial data of solar energy in Al-jazeera region..... 43
Table 8: The maximum and minimum values of the primary data for solar energy in Al-Raqqa
17210 4 TSRS 45
Table 9: Maximum and minimum values of intial data of solar energy in Deir ez-zor region ..... 47
Table 10: The long -term annual average of solar data for the main cities and towns in the
AANES GI@AS. ...eeeuvieuiiiteiieeitetietee ettt sttt et ettt et et st b et et sreesa et eaneeanesanen 49
Table 11: Factors affecting the selection of the most suitable location for wind energy investment
....................................................................................................................................................... 53
Table 12: wind energy resources at a height of 50 m above the surface of the earth adjacent to
f1Ve tOPOZIAPNICAL CASES. ..euvireieriieiieiiee ettt et ettt e s e st e te et e enteentesasesnnesneenseenes 57
Table 13: Classification of wind sites at an altitude of 50 ........c..ccceoininininiininnee 57
Table 14: Biogas components and their concentration ratios............ceceeevereerererrirreeneeneneneneenns 68
Table 15 :Biogas components and their concentration ratios............ceceecverererercerneeneenieneneneenn 68
Table 16: The annual amount of biogas that can be produced from animal dung......................... 69
Table 17: The annual amount of biogas and its heat content that can be produced ...................... 69
Table 18: Number the livestock in Al-Jazeera region and forecasting their annual production of

03 e 2 TSR RURRRSRRIN 71
Table 19: Quantities of solid waste and biogas and the electrical generated from them per day.. 73
Table 20: Design information for Euphrates dams in Syria.........cccoccvevienieiiiiiienieneeieeeieeeee 83
Table 21: The current status of electric energy generation and consumption in NES................. 108
Table 22: SWOT analysis of the electric power system for NES.........ccccoovviiviivienienieeeieen, 110
Table 23: Comparison of the power supplied to the house by a diesel generator with PV panels
..................................................................................................................................................... 123
Table 24: Small scale off — grid solar eNergy SYStemM. .......cccecuerveriierieiieie e et 123
Table 25: Trends in the levelized cost of electricity by technology between 2010 and 2020..... 125
Table 26: Proposed collection tariff based on the levelized cost of energy production for
dOMENSTIC SUDSCIIDETS. ... ..cuveiiiiiitiiiieie sttt ettt et sb e eb et e et naeses 126
Table 27: The proposed collection tariff based on the levelized cost of energy production for non
— dOMESTIC SUDSCTIDETS. ..c..eeeiueeitiiieie ittt sttt ettt et eb et sae b eb oo neenees 127
Graph 1:average oil production and consumption in Syria through years ...........cccoceeevvevrriennnnns 16
Graph 2: Natural gas production in SYTIa.........cc.eeeerierieneerieriieieetieee e esteesreeveeseeaeeeseeseeseeenns 19
Graph 3:Emplyment in renewable energy porojrcts by technology. ........cccoveeeevieiicciienieeiienens 24
Graph 4: The global history and future of the power generation mix to 2050 ...........cccccevveviennnnns 25
Graph 5: Averge levelized cost of electricity in USA (USD/ MWh)......cccovievievieciicieeiieeiee, 25




Graph 6: Trend in Hydropower Installed capacity globally and in the top ten countrie ............... 28

Graph 7: The water balance of the Syrian Euphrates basin from 2009 to 2018..........ccccceenenene. 30
Graph 8:Changes in the average flow from Jarablus over the year..........cccccoevvevieciieciievineeneenn, 31
Graph 9: Falling storage levels for the three dam’s 1akes .........c.cocevereeinnininininnscce 32
Graph 10: Total installed capacity of solar energy gobally..........cccoevrieriinieniienieseeieeeeeeee 35
Graph 11: The weighted average of the standard cost of solar energy projects implemented up the
VEAT 2019 .ottt e e et e st e s teeerteeerbeeerteeebe e ta et aenneenneas 35
Graph 12: Average values of the basic solar energy data in Syria at different percentages......... 38
Graph 13: Percentages of land use from the total area of Al-Hasakah Governorate.................... 45
Graph 14: Percentage of land use from the total area of Ragqa Governorate. .........c..cccccecerenceee. 47
Graph 15: Percentage of land use from the total area of Deir Ez-zor Governorate....................... 49
Graph 16: The long-term annual average of the energy produced GTlopta........c.cccveeveeerreeeennenne. 50
Graph 17: the number of sunny, cloudy, and rainy days in Ain Issa City........ccccocervereereccencncnne. 51
Graph 18: Total installed capacity of wind energy globally...........ccccovviiriiiniiniiinienieeeeeeee 54
Graph 19: Weighted average standard cost of wind energy projects implement up to 2019. ....... 54
Graph 20:changes in wind speeds and hours of blowing in months of Abdul Aziz Mountain ..... 62
Graph 21: The rose of the wind on Abdul AZiz MOUNtAIN .......coeevieriiriniriiieieneeeeeeecee 62
Graph 22:total installed capacities of biomass energy globally .........cccccoceevievieiiininienieee, 67
Graph 23: Percentage of the distribution of types in Qamishlo and Al-Hasaka cantons, according
£O ISEIICES 1.ttt ettt ettt ettt be e e st et et e s bt bt e st et et e et e bt ea e et et e eheebe bt ene et enteebeeneeatens 70
Graph 24: Percentage of livestock distribution in Qamishlo and Al-Hasaka cantons, according to
157 1S IO OO OO 70
Graph 25: Percentages of species participation in biogas production. .........c.ccccceeeveeevcencnienencene. 71
Graph 26: Curve of the maximum daily load in Syria for the years 2007-2011 ............cceevenenns 77
Graph 27: The curve of the weekly and monthly peaks for the year 2011.........cccocovvevievreernnnenne. 77
Graph 28: Comparison of the average Syrian per capita share of electrisity with AANES area .. 78
Graph 29: Comparison of the global per capita share by country KWh per capita per day.......... 79
Graph 30: Timeline of the installed capacities of the generation station in the area of the
AUtonOoMOUS-AdMINISIIATION .....euvertieiieierte ettt ettt ettt sttt e te e b st eese et esteseesbeeneeneenes 80
Graph 31: Ratios and values of coverage and deficit in the minimum need of electrical capacities
ININES Lttt et e st sttt ettt et san e 80
Graph 32: Participation rates of the three hydroelectric stations in the production of electrical
€apacities 1N 2020-2021. ...cciiiieirieie ettt te et ettt te et e taeereeee e b e esteeseesbeeseesssesreenteeseessaensenns 81

Graph 33: Comparison available to supplied capacities that feeded the public grid of NES........ 82
Graph 34: The change in the installed capacities with the flow of received by the hydroelectric

SEALIONL. ..evtiuiete sttt ettt ettt et ettt bt et eb e e s h e s bbb e be st ea e eh et st e e eh bttt e 83
Graph 35: Changing storage volume with incoming and passing flow of Tishreen Dam............. 84
Graph 36: Changing storage volume with incoming and passing flow of Al-Tabqqga dam. ......... 85
Graph 37: Changing storage volume with incoming and passing flow of Al-Baath dam. ............ 86
Graph 38: The perecentage of contribution of each generation stations in the total production of
CAPACILICS CIECIIICAL ....uiiiuiiciiiiiectieit et ettt ettt ettt et e veereete e b e esbe e s e esbeeseesssesbeesseenseassannsanes 87
Graph 39: The change in installed capacities m autonomous and privte consumption with the gas
consumed in the electrothermal StAtION. ........ccuerviririeieiee sttt s 88
Graph 40: Operational status of Al-Sweydia gas plant associated With it...........cccoeceeeieriieriennnns 89

4



Graph 41: Change in the operational status of Al- Suewydia thermal power plant in the years... 90

Graph 42: Change in the operational status of Al-Rmelan thermal power plant in the years ....... 92
Graph 43: Operational status of Al-Jibsa plant for natural as ............ccceceevievieviieciieceeiieieeenn, 92
Graph 44: Comparison of the operational status of electric station before and after the crisis. ... 94
Graph 45: The current and near future status of the net capacity feeding the public grid............. 94
Graph 46: Number and capacities of diesel generations in the regions of Al-Jazeera region........ 96
Graph 47: CO2 emissions from diesel generations in Al-Jazeera region..........coceeeveeveeeveeeeennenne. 96
Graph 48: The electrical power system in the regions of north and east Syria ........c..ccocceenenncee. 98
Graph 49: Perecentage of total losses in the electric transmission grid of Syria and its regional
SUITOUIIAINIEZ ..ot eenteeettete ettt et et e st et e bt e teebe e e eteesseesseasteeseesseenseenseensesssesseenseeseenseensesnsesnsenneas 101
Graph 50: The total capacities feeding the public grid and the lost ones in the area of the
Autonomous — AAMINISIIATION .....eeueerieitiriiitieiet ettt ettt sbe s et te b sbeeneeseeneeneas 102
Graph 51: Comparison of the minimum need with the current comsumption by sector for all
AANES 10 2021 (GWH/FEAI) ..ttt ettt st st 107
Graph 52: Comparison of the lowest deficit with the current consumption by source of NES in
2021 (IMIW) 1ttt ettt ettt ettt sttt et e et ettt s et et et e bt ae e aeen b en b e bt ehe bt enben b ebe bt ebeentenenes 109
Graph 53: The case of water and hydroelectric of Tishreen dam by simulating the 500 m3ls
SCETIATIO .. vtentetete ettt et st ettt et e e et eab e bt ebeeateb b e be s bt ebeeb e e te s b e et ebeeb e et e st e bt s bt bt et et e bt bt eueeatentenneas 112
Graph 54: The case of the water and hydroelectric of Al-Tabqa dam by simulating of the 500
TN3/S SCEIMATIO ...cuveutitteeteaeetieeteste ettt ettt sttt e st et e st e et e ebe e st et e st e s b e st eaeemsentenbeeaeeatesbenbeebesbeebeensentenaes 113
Graph 55: The case of the water and hydroelectric of Al-Baath by simulating the 500 m3/s
SCETIATIO .. uteuteteteetteet et st ettt et e et et eab e eb e ebeeatebtesbe s bt ebeeb e et s b e et e et e ebtea b e st e bt ebe bt ent et et e bt ebeeanennenneas 113
Graph 56: The increasing difference between the minimum, middle and normal needs in NES
OVEIE THE YEATS. .. ueiuiiiiiieieeiiectieettet et et et e st e et ebe e beebeesbeetbeebeesseesseessaesseassaessesssesssessaenseenseessanseas 114
Graph 57: Actual gas quantities and generated capacities when a combined cycle gas plant is
JOCATIZEM. ...ttt ettt st b et b e st et et be bt bt et e e bt eheebeen e nte b 116
Graph 58: feasiblility of flare gas and balick canal investment in energy field. .........c..cccceeeen. 117
Graph 59: Investment in renewable energy and its development benefits according to the new
COMPOTICIIE «.e.teeeeieeieeeieeetteeetteeetteeetteessseeaneeeaseeeaseeesseeenseeanseesnssesnseesnsaesnsassnssesnseesnsasansesnnsesnnsesnns 118
Graph 60: Total minimum deficit and possible energy contributions in NEC of NES 2021. ..... 119
Graph 61: Assessment of the relative distribution of economic sector according to studied area
..................................................................................................................................................... 121
Graph 62: Electricity usage patterns in the Syrian household consumption pattern.................... 122
Map 1: The distribution of oil and gas fields and their pipes on the Syrian geography................ 18
Map 2: Factories and gas pipes grid i SYIIa........cccveviiecuieiiiiieeiieeesrieeesteeie e eeaesre e esseesseenees 20
Map 3: Unit prices of energy produced from renewable energy sources in several countries from
EHE WOTLA. ...ttt ettt et st st sa et s 26
Map 4: Geographical extension of the Euphrates hydrological basin .............c.cceceevvieeieniieciinnnenns 29
Map 5: Average daily and annual of photovoltaic energy production with an analysis of the
PEIIOA 1999-2018 ...ttt ettt ettt ettt et s e ste et e st e ente et e ente et esaesteenseenseentean 39
Map 6: The average daily and annual global horizontal radiation analyzed for period 1999-2018
and contained 0N 1 M 2 3 SPACE.....c.cevieruierieeiieieetieiertee et e st eesteeteeteeetes e steesteesaeesseeseensesnsennnenes 40




Map 7: The average daily and annual total of direct normal radiation analyzed for the period

1999-2018 and contained 0n 1 M 2 SPACE. ...ecueerureiuieriieiieieeie et ettesieeteeeeeereeeesaesseenseensesnseseenes 41
Map 8: Height levels above sea level in SYTia........cccvevieeiiiiiiiiiiieiieieeie et 42
Map 9: average daily and annual total of 1 Kw PV production by analyzing the period 1999-2018
1N AL-HASAKA T@ZION. ....ueeuiiiiieieiiecitest ettt ettt e steete et e et e e e sseesseesseesseenseensesnsennnenes 44
Map 10: Land uses for the areas of Al-Hasaka GOVernorat .........c..cccceceevevereneninncenecncncneneenes 45
Map 11: average daily and annual total of 1 Kw PV production by analyzing the period 1999-

2018 in Raqqa ,Kobani,Manbij. ..........cccecierierieeiieiiieiese ettt ettt sneens 46
Map 12: Land uses for the areas of Raqqa GOVErnorate. ............ccceveeeeenieeieeeeeiieseeseesieeieseenns 47
Map 13: average daily and annual total of 1 Kw PV production by analyzing the period 1999-

2018 OF DIIT ©Z-ZOT ... eueeteeieie ettt ettt ettt et ettt ae et es b es e s besheebtestetesbe st e eseentete st e sbeeneeneens 48
Map 14: Lands uses for the areas of Deir Ez-Zor GOVernorate.............cceeevevvireeneeneeseeceeneennns 48
Map 15: Wind energy resources in Syria at an altitude of 50 m. ........cccoceviriininnininininnnn 57
Map 16: Wind speeds at a height of 100 m from the surface of the earth in Syria ........ccccc.c..c. 58

Map 17: Energy intensity of wind at a height of 100 m from the surface of the earth in Syria .... 59
Map 18: The length of the surface roughness at a height of 100 m from the surface of the earth in

N2 4 T RO OO T TR U PR UPPTUPPRRPROPO 60
Map 19: Changes in maximum and minimum temperatures in the reigion of Hasaka, Raqqa, Deir
BZ-ZOT .ot e e s st sttt eee 61
Map 20: Wind speeds at different altitudes in Al- Jazeera regions ..........cceccveeeeervereenreenveerreenenns 61
Map 21:Energy densities at different altitudes in Al-Jazeera regions ..........ccccceeveeeeeeenieevennenns 62
Map 22: Promising points for investing wind energy with the wind rose on Abdul Aziz
Mountainin in AI-Hasaka TEZION ......ceeoieviiiiieriieiierieie ettt et s sre et saeeeseenne e 63
Map 23: wind speeds at different altitudes in Al-Raqqa reion..........cceeeveeireceeecienieenieeieevieiens 64
Map 24:Energy densities at different altitudes in Al —Raqqa regions. .........ccceevevvereecienieevennnenns 64
Map 25: promising points for wind energy investment on the borders of Al-Raqqa administrative
17210 4 USRS 64
Map 26:Wind speeds at different altitudes in Deir Ez-zor region..........cccceeveevinienieceeniieieenens 65
Map 27: Energy densities at different altitudes in Deir Ez-zor region. ...........ccceevvevieieecieniennn. 65
Map 28:promising points for wind energy investment in Deir Ez-zor regio..........ccccoevveevveeviennnns 66
Map 29: The main generating stations in Syrian electric power system for the year 2011........... 76
Map 30: public grid and its station in Syria until 2011 ......ccccueiinininiiiininnnceeeee 97
Map 31: 230 KV lines in northern and €astern SYria. .........ccceevveveeriieiieniieieceeeie e eieeee e 99
Map 32: Deficit and energy provided percentages by source in Al-Hasaka cities and towns..... 103
Map 33: Deficit and energy provided percentages by source in Al-Hasaka districts.................. 104
Map 34: Deficit and energy provided percentages by source in the cities and districts of Al-Raqqa
..................................................................................................................................................... 105
Map 35: Deficit and energy provided percentages by source in the cities and districts of Deir Ez-
ZOT ettt ettt ettt bt et h ettt a e bt e a b ekt ea bt ekt ea bt et e eh e ehe e bt bt ea bt et e eb b e e at e eb b sheenb b e nheenbe et eabbenean 106
Map 36: Deficit and energy provided percentages by source in the cities and districts of the
Euphrates and ManDij.........cccccieiiieciieiiiieie ettt ettt e et sbeebeesseevaessaesrsesaeesseenseessenenas 107
Map 37: Access to electricity in the various areas of the AANES..........cccoovviviivieiieiieeeieee, 108




Figure 1: Solar photovoltaic farm...........ccoviiiriiiiiiiininii e 33

Figure 2: CSP mirror farm with inverter teChnology. .........ccoceeviieiiiiiirieiieciece e 34
Figure 3: Wind turbine farm. .........cccoooiiioiiiiiiieiieieecie ettt ere et see e s eebesnne e 51
Figure 4:Wind energy calculation €qUatioN...........c.eevuiecueereieieseeriienieeieeseeeieeeeeaeseeesveesseessesnenns 56
Figure 5: The destruction of administration building of the Euphrates dam............c..ccceevvenenenne 84
Figure 6: Al-Baath dam and its hydroelectric station with the distribution yard. ...........ccccceuenee. 86
Figure 7: Smoke plume diffusion from the sulfur chimney in Al-Suweydia gas plant................. 89
Figure 8: Rmelan thermal pOWer Station ...........cceecieriiiienieiieiieie ettt e e eenens 91
Figure 9: Some of problems faced by Al-Rmelan station ............cccocveeiriieiinceninneeceeeeee 91
Figure 10: Thermoelectric Jibsa Plant ............cceecueeieiierieniesieeeceee e 93
Figure 11: Damage to the elements of the urban environment from the presence of internal

COMDBDUSTION GENETALOTS. .....veevvieueiereteesteesseesseesseeseessesssesseasseesseasseessessseessesssessssssesssessseessesssesssesssans 95
Figure 12: The main transfer atation in Al-Hasaka, which was completely destroyed.................. 99
Figurel3 : A sample Syrian energy Card. .......ccovvereeriiriieeiieiie sttt st ie e seeas 124




Study name: Energy security — between opportunities and challenges
Study type: Specialized study in the electric power sector in North and East Syria
Authors: DC Agency for Development and Cooperation

Cooperating parties: Executive Council of Autonomous Administration in North and East syria,
(GAED) General Administration of Euphrates Dams, (CEO) Communications and Energy Office,
Local Administration and Environment Authority (LAE)

Study No: A017

Study language: Arabic/English

Date and place: Al -Hasaka 2021 ©

To contact: DC Agency for Development and Cooperation, Email:
DC Agency General Manager: Eng. Bilind Mulla Hussein

Phone: + 963 994 820 382, Email:

The opinions expressed in this study do not necessarily reflect the viewpoints of any the parties
mentioned in the study.

The data and information contained in this study have been relied after taking all reasonable and
possible measures to verify its valeted, However, DC Agency and any of the researchers are not
responsible for providing any guarantee or assurance about this content or the consequences of its
use if the data and information contained therein are used abstracted from time, place and case,
the names mentioned in this study do not express any political view, and the mention of specific
names or products does not imply any preference or recommendation for them.

© All rights reserved to DC Agency for Development and Cooperation




DC Agency for Development and Cooperation extends its thanks and gratitude to everyone who
aided or contributed to accessing data or gave generous advice to correct the course of study and
researchers, and others who were of assistance in completing the chapters and paragraphs of the
study, and we especially thanks:

Mr. Abdul-Mahbash, and Mrs.Berivan Khalid, the co-chairs of the Executive Council of the
Democratic Autonomous — Administration in Northeast Syria, for their cooperation in response to
the Agency- s letters.

Mr. Welat, the co —chair of the Communications and Energy office of AANES, for his
cooperation and generosity in providing researchers with information and data on hydroelectric
dams, in addition to the electric power system.

Mr. Ahmed Al-Hajj Abboud, Head of the water studies Department in the General
Administration of Dams, for hydroelectric dams.

Mrs.Ahin Sweid, the co — chair of the Communications and Energy Office in Al-Jazira region, for
giving the researchers the opportunity to complete their field tasks.

Mr. Ziad Rostom, co —chair of the Communications and Energy Office in Al- Jazira Rigion, for
supporting field researchers and connecting them to specialists in the infrastructure facilities of
the energy sector in the region.

Mrs. Medea Buzan, co — chair of the Local Administration and Environment Authority, for her
efforts in enabling researchers to evaluate internal combustion generators.




Electrical energy and its system are classified as critical infrastructures that operate the
economy and society and affect various elements , and the component of environmental
system , it is the way to increase the physical and vital production of societies if they are
provided with appropriate values for the standards of development , and on the country,
the inability to provide their supplies leads to a decline in economic production and
stimulates the spread of abnormal phenomena affecting society ( such as unemployment ,
migration , and weak productive purchasing power ), in addition to its impact on the health
of the vital elements of the environment ( such as humans, animals, and plants ) and
material (such as air ,water and soil) , and based on this extreme importance and impact ,
the researchers dealt with the electric power sector in its three stages : generation ,
transmission , distribution and consumption .

Where the study began by addressing the natural resources and their availability regardless
of their investment or not , and found missed opportunities in natural gas and limited
imposed in water as essential and primary energy sources to be relied on to cover the base
loads , and also discovered that there is a promising potential in solar energy , wind , and
then biomass with its various applications , the most important of which is the principle of
distributed generation with off-grid systems or mini-grids , by passing by introducing these
renewable sources how to link them and integrate them within certain system non-
renewable sources .

The researchers were also surrounded by diagnosing and analyzing the current situation in
order to reached the gap in each stage of securing electricity service to consumers , and
their vision of generation side was summed up by a deep deficit of 68% for two main
reasons , the first of which is stage high dependence rate on hydroelectric stations , which
exceeds 80% and the Euphrates water crises in this case Infrastructures are available with
high capacities , but the natural resource need to operate them is not available , and the
second is the low thermal efficiency in thermal plants whose efficiency does not exceed 20
% as a result of operating their infrastructure outside its design life by more than 6 years ,
and here the natural resource ( free and associated gas) is available , but there are no
developed infrastructures to exploit it as required .

As for the phase of power transmission and distribution , the grid suffers from many
problems , the most important of which is the loss of the loop link feature , and its wear
most of its substations are in addition to being destroyed , some of them ( such as Hassaka
main station ) as a result of the hostilities , in addition to the failure to extend many lines
as a result of the start of the crisis , which it was found that it would solve part of the
problems of the current grid, in which the losses are up to 40% and it is characterized by
interviewed and complex when distributed within the population centers , and this is what
makes it difficult to control and maintain process .
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When addressing consumption patterns , the researchers revealed that the sector most
dependent on it in the GDP receives the least amount of Electricity , which is the
agricultural sector , and without electrifying the countryside and their agricultural activities
, the aspired development will not take place in the regions of north and east Syria , and by
calculating the per capita share of electricity currently produced , estimated at 1.23
kWh/capita*day , through which it is possible to know the extent of the depth deficit in
securing energy supplies when compared to the per capita share of energy in the Middle
East and North Africa , which is 7.6 kWh /capita*day , and by classifying the energy
consuming sectors , it was found that household consumption was and still is at the top of
the energy consuming patterns by 63% , and this would to stain societies the regions of
north and east Syria in consuming societies , where the percentage of industrial
consumption does not exceed 10% .

The energy sector, with its infrastructure and operators, does not receive any significant
imported, so the studiers calculate the levelized cost of producing a unit Energy amounting
to 0.058%/kwh, on this basis, which gives the Autonomous- Administration the right to
collect more than 1.6 million dollars per month, only to cover the cost of the consumed
natural resource, while not getting more than 163,000 dollars per month.

In all of these analyzes , the researchers intended to build an analysis of strengths
weaknesses, opportunities and threats SWOT, which directed their efforts in solving the
outstanding problems in the electric power system , starting from generation through
transportation to consumption and its patterns , where the researchers proposed a new
energy component aimed to increase per capita share of electric in the region of north and
east Syria from 1.23 to 3.8 kWh/capita*day, and they put forward a package of power
generation projects on the basis of it , taking into account the principle of diversification
of sources , thus covering the minimum deficit in the consumption side , which amounts to
480 megawatts of electrical capacity , with the proposition of possible alternative until
implementation the strategic projects , and in the phase of energy transmission and
distribution , they focused on rehabilitating the current structures with the aim of restoring
the advantage of the loop connection of the network. As for consumption and its patterns,
they recommended to localization of measurement and control systems, and they presented
a schematically reasonable and socially affordable tariff if that seeks towards the goal of
gradual liberalization of prices of primary energy carriers, and also addressed the necessity
of controlling devices and equipment imported from abroad, focusing on household
appliances, not for their capabilities, but rather for its large number.

The study concluded with a set of long — term recommendations that can be considered as
long and basic strategies for the recovery process for the future development, as well as
many short — term recommendations that serve the long — term and solve some of the
current problems by the possible methods and ways.
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Infrastructure , with its grids and facilities , is the basic structure necessary for the
operation of society and the economy , which has a direct impact on the environment and
its components , and therefore the achieving of development and searching for the best
geographical locations and the most optimal organizational forms for such structures
depends on the extent of deep understanding of the region ,s identify and its economic ,
social and environmental characteristics , and the degree of development of projects that
its spatial resources are invested sustainable and evaluated based on the most appropriate
indicators and evidence that express the situation and are very appropriate in order to
move towards development and enable its various characteristics of sustainable balance
or integrated and continuous , various sustainable units ( resources ans sources) and
developed processes ( system and techniques ) to obtain outputs controlled in time , cost
and quality.

It is well known that energy is one of the most important basic ingredients for facilitating
activity and other human activities. it also represents a strategic dimension in achieving
economic, political and social security alike, as the absence or failure of energy services
or their lack of access to all regions and groups affects the trends of some economic,
social and political indicators. therefor, the concept of energy security and sustainability
emerged, which means providing energy supplies in its various forms, at an affordable
cost, for all regions, social groups and economic activities, in quantities commensurate
with local demand for it and looking towards external export, and that its supplies are
safe and reliable for all.

Achieving the foregoing faces a number of challenges , foremost of which is the limited
availability of traditional sources of energy from crude oil , natural gas and coal , and
their unsustainability , and issues related to the rights of future generations in these
sources , as well as their unavailability in all regions and their concentration in some
regions excluding others , as well as its harmful effects on the environment , humans and
all living creatures as a result of greenhouse gas emissions , the most important of which
is carbon dioxide resulting from burning these sources , and the consequent effect of
climate changes that many regions in the world began to suffer from therefor , improving
energy efficiency , and shifting towards increasing the share of renewable energy sources
in the energy mix , has become a strategic and imperative matter for most countries of the
world to secure the energy needs of current and future generations on the one hand , and
preserve the environment also limiting the climate change effects on the other.

The energy sector in Syria also acquires the strategic character par excellence due to the
direct position it occupies, as it alone constitutes 20% of the gross domestic product, and
the export of oil and its derivatives constitutes about 35% of foreign exchange earnings
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and finances about 30% of the state’s general budget!, including that The localization and
sustainability of energy infrastructure projects is a major challenge for the eastern region
of Syria in the reconstruction phase, as it considered a heavy factor and on of the most
important supra — regional links guiding the development path and determining its shape
and type as well as transportation , water and communications as critical infrastructure
and if this happens , as it capable of attracting investments to the region , advancing its
development and removing it from its classification as a remote area in a developing
country.

The great economic role played by the Autonomous Administration regions of Syria in
general, which is manifested through its provision of agricultural, energy and water
resources, is not commensurate with the share it contributes to the GDP of Syria at the
time (11% only), as the regions of north and east Syria (Al-Hasakah, Al-Raqqa, and Deir
ez-Zor governorates), are considered a major reservoir for strategic agriculture, and a
vital producer of energy carriers at the national level in Syria. Despite the concentration
of most of the national oil and gas reserves in these areas at a rate of up to 85%, there is
the issue of oil and gas export without refining and the absence of large petrochemical
industries; The reserves are also expected to deplete within 15-20 years from now?, and
given that it is the food basket of Syria for its abundant agricultural production of
strategic crops (it contributes by 52% of the total wheat production, and by 61% of the
total cotton production in Syria)®. It still exports raw agricultural materials instead of
manufactured goods, it also suffers from a low standard of living (the relative values of
the poor in urban areas are 20.33% and 37.78% in rural areas)*, and weak social services,
health, for example, every 1155 people have one hospital bed, and for every 1209 people
there is only one doctor, and for education as well, of the one million people, only 14,387
people attend secondary schools, and workers as well. The unemployment rate among the
age group ranging between (15-64 years) is estimated at 7.89%, and their number is
131,418. individual)®, The spatial problem can be summed up in the clear discrepancy in
the levels of development between the areas of energy production (the regions of
northern and eastern Syria) and the places of consumption (especially the governorates of
the interior, Damascus and Aleppo), and these areas complain of desertification issues,
local warming and air pollution, which causes a significant increase in energy
consumption through the increasing need for ventilation, air conditioning and cooling in
homes, workplaces and transportation.

!'Source: (Regional Planning Commission, 2012)

2 Source: (Ministry of Local Administration and Environment ,UNDP, 2008)

3 Source: (ministry of agricultrure and agrarian refom, 2020)

4 the Tenth Five-Year Plan, table 1.6.1 (Application of the Minimum Income Vulnerability Line)

> Source: based on the analysis of the data of the Statistical Bulletin in 2006 (central statistics office, 2020)
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Therefore, the deficit in energy supplies in all its forms worsened a decade ago,
accompanied by the start of the ongoing Syrian crisis, and it began to expand
dramatically to a rate of 68.6%° in all areas of the current AANES areas’ , Its
infrastructure investing in primary energy sources has been destroyed, and has received a
load disproportionate to its absorption capabilities as a result of military operations,
waves of migration and the disordered concentration of population in the main cities ,
Therefore, reducing this deficit in light of the current economic, social and political
conditions is not an easy task. It requires a real approach to remedy the risks of its
continuation, Accordingly, this study and similar ones are considered the basic building
block on which it must be built to get the region out of its deep energy crises and its
internal and external repercussions on the level of society, economy and the environment.

General Manager of DC Agency
Mr.Eng. Bilind Mulla Husein

¢ only to rise the per capita share to 3.8 kWh /day, which is the lowest need in proportion to the average per
capita need of 7.6 kWh / day in the Middle East North Africa.
7 NES regions, with an area of 53,300 km2 and population of 4,21,022 people, according to agency studies.
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