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»\ 1. Background and Significance the Study
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<Background >

The State of Eritrea (hereinafter “Eritrea”) is located on the Horn of Africa and is an important transportation
hub in the East Africa region. The country’s infrastructure has deteriorated over many years of war, including
the Eritrean War of Independence against the Federal Democratic Republic of Ethiopia (hereinafter
“Ethiopia”) from 1962, and a border conflict with Ethiopia from 1998 to 2018. Eritrea is now in a position to
promote various infrastructure developments after the signing of a peace treaty with Ethiopia. However,
there was no feasible national development plan and infrastructure development remained untouched.
Primary enerqy sources in Eritrea are currently limited to biomass, such as firewood. and fossil fuels. which
are totally dependent on imports. Over the medium- to long-term_there is a significant need for renewable
energy infrastructure development. including photovoltaic, wind, and geothermal power generation.

When Representatives of Toyota Tsusho Corporation met with President Afwerki when visiting Eritrea

on business in January 2020, he indicated the necessity of feasibility studies (hereinafter “FS”) covering

the full scope of development in each sector, and that the country will proceed with various individual
projects after that. Therefore, With the country’s situation and the wishes of the Eritrean President in mind,
we decided to start by analyzing the state of the electric power infrastructure (including electric power
development) as an important piece of infrastructure supporting the lives of Eritreans. Based on this
analysis, we would then formulate the Roadmap for power generation development(hereinafter ‘Roadmap’).

< Significance >
This project is based on the philosophy of the “Free and Open Indo-Pacific” and the aim is to contribute to
rapid economic development in Eritrea by formulating the ‘Roadmap’ and prioritizing development activities
based on the Roadmap according to urgency and importance.
It is also expected to act as a stepping-stone for Japanese companies to develop and expand business in
Eritrea, including the export of infrastructure systems.
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. 2. Overview of the Study
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<Purpose of the Study >
v' Formulation of the ‘Roadmap’ based on the energy situation in Eritrea.

v Proposal of priority projects in short-term (3-5 years) / medium-term (6-10 years) / long-term (11 years-)
based on the ‘Roadmap’.

< Study Team>

« Complementary support for operational

* Overall Management of Comprehensive Stucy

* Conceptual Planning of Master Plan and Toyota Tsusho Corporation [ —— cfao Kenya Limited
Power Development

* Data Collection for relevant information {
powver supply in Eritrea and others

* Business and Economic Assessment

* Study of Project Finance and Business
Development

instructions and supervision of local agency
* Participation in local investigations

. EWAN TECHNOLOGY
Nippon Koei Co., Ltd. SOLUTIONS INC. ERM Japan Anberbeb Share Co.

* Formulation of proposals to refurbish * Coordination of meetings, etc. with * Preliminary environmental + Coordination of local

existing facilties Eritrean assessment husinesstravel arrangements
* Formulation of conceptual design and government

plan proposal for formulating electric * Obtaining information from Eritrean

power development plan an government

framesvork for phased implementation * Business travel support

* Transportation investigation
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. 2. Overview of the Study
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<Overview of the Study >

Analysis of the existing power facilities

Electricity Demand Forecast

Current Development Plans

Roadmap for Power Generation Development

Based on the concept of * Best Energy Mix’ policy that combines
the thermal power generation base load with the renewable
energies that the Eritrean government wants to adopt

Proposal of priority projects in short-term / medium-term / long-term
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2. Overview of the Study
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<Study Item and Schedule > VC: Virtual Conference
Study ltems Aug Sep Oct Nov Dec Jan Feb Mar

1. Electricity Supply and Demand
1) Geographical Data
2) Law and Regulations
3) Grid Map
4) Substations and Grid Lines
5) Distribution Lines
6) Existing Energy Plants(Thermal/ Wind/ Solar PV/ Others)
2. Potential in Renewable Energy
1) Solar PV
2) Wind
3) Geothermal
3.Energy Development Plan
1) Demographical Data
Urban and Rural
2) Future Demand in Electricity
3) Short Term Plan
Rehabilitation or Upgrade of Existing;
- Power Plant(s)
- Substation(s)
- Distribution Lines
4) Medium Term Plan
- Solar PV
- Themal
5) Long Term Plan
- Geothemal
- Wind
4. Expected Challenges in Development
1) Importation Material
- Logistics
- Taxations
2) Construction
- Contractors
- Equipment
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». 3. Overview of Eritrea
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® Area : 11.76 million square kilometers
® Capital : Asmara
® Population : Approximately 5.5 million people (African Development Bank, 2017)
® Population growthrate : 2.4% (African Development Bank, 2017)
® Electrification rate: 32% (Eritrea National Energy Policy,2018)
® Power composition ratio (GWh base, grid connection):

(Thermal power) Approximately 96%: (Renewable energy) Approximately 4% (EEC, 2019)

® Power related organizations

—Ministry of Energy and Mines:responsible for formulation and implementation of
energy-related policies, laws, and regulations, formulation and implementation of
development plans

— Eritrean Electric Corporation(EEC): responsible for managing facilities for generating,
transmitting, and distributing electric power.
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M‘% 3. Overview of Eritrea
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Figure 1:Map of Eritrea

( Source : National Energy Development Framework,2009 )
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ni\ 4. Existing Power Facilities
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< Overview of Power Facilities>

® The power network in Eritrea has a major national transmission network called the “Interconnected System (ICS)” and an
independent system called the “Self-contained Systems (SCS)”, which is not connected to the ICS.
® The total installed capacity in 2018 was 222 MW, but the firm capacity was 122 MW (Eritrea National Energy Policy, 2018)
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(Source : EEC)  Figure 2:Location of existing and planned electric power facilities in Eritrea
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ﬁ\ 4. Existing Power Facilities
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<Thermal Power Plants >
® Only Hirgigo Power Plant(PP)and Beleza PP are connected to the ICS, which comes under the jurisdiction of the EEC.

® All existing thermal power facilities in Eritrea are diesel generators accounting for more than 90% of the total installed capacity.
® Hirgigo PP is a main power plant in Eritrea, located along the Red Sea in Massawa area. There are six units of low-speed

diesel engine generator fueled by heavy oil in Hirgigo PP.
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Figure 3: Locations of Major Thermal Power Plant
(Source: Prepared by the Study Team based on Google Earth)
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Figure 4:Layout of Hirgigo | & || Power Station
(Source: Prepared by the Study Team based on Google Earth)




b4 4. Existing Power Facilities
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® Table1 shows rated capacity and the specifications of Hirgigo PP.
® Hirgigo | needs to be repaired because its available power generation capacity is much lower than the rated power
generation capacity.

Table 1:Rated Capacity Specifications of Hirgigo PP

Rated Available
Capacity Capacity Engine CoD Manufacture
Type rs

No.1 22 68 12.000 142.9 DOOSAN
No.2 2268 ol 1429 2003 Heavy
No.3 22 68 ol 1429 manB&  HEO Inﬂﬂ,‘:s’
No.4 22.68 0] 1429 W, 380 - 420
12K60OMC-  Cst, QINGDAOHAI

No.1 23.05 23.00] 150.0 S Light Fuel T

2017  DIESEL
No.2 23.05 23.00] 150.0 Cgh}r}g"’

(Source: Prepared by the Study Team based on the materials provided by Eritrea side)

<Rehabilitation required for Hirgigo |1 >
v" Engine overhaul

v' Replacement of spare parts

v" DCS upgrade etc.
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n'k 4. Existing Power Facilities
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< Photovoltaic (PV) Power Plants >

® There are three PV power plants connected to the ICS in Eritrea, including under construction, with outputs ranging from
2.0 MW to 4.0 MW. (Table 2)

® Each of the PV plants is relatively new. Even Asmara East PV power plant which is the oldest plant having been in
operation for only two years. With proper maintenance, the plants can continue to operate for 25 years, which is the
general durable life.

Owner

Installed Coom. Existing

Capacity year | /planned Eaeit

)

: \‘-'
o Asmara East
-',‘-J

Operational/
2.0 MW 2018 existing EEC
2 MW
. operational
Adihalo 4.0 MW 2020 SMW under- IPP
construction
Crenig iy Gergera A0MW  N/A e IPP
Bg B L construction
o "’3_"‘/ 5 : = ’ % “. v e ‘.;3»,15 :
% o A R S R, g.-"&;\o'bglesaf‘rm Total 10.0 MW
e S e MREUYRC T (Source: Prepared by the Study Team based on the materials
Figure 5:Locations of PV Plants connected to the ICS provided by Eritrea side)

(Source: Prepared by the Study Team based on Google Earth)
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4. Existing Power Facilities
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<Wind Power Plants>

® The existing wind turbines was installed under the "Wind Energy Applications in Eritrea" Project financed by GEF(Global
Environmental Facility / UNDP/GoE(Government of Eritrea)

® The project includes Assab wind firm, with an output of 750 kW, and seven small-scale wind turbines to supply electricity
to local factories and residents. However, all these wind turbines are out of service. Especially, Assab wind firm operated
only for two years from 2010, but is now out of service due to a lack of spare parts.(Table3)

Table 3:Existing Wind Power Plants

V8o Household
378l Berasole - 300kW  NA Con':rﬁtussi EEC scg  Slectrcit,
' : ored icemaking,
2 : desalination
“ el Not Household
Rahaita Rahaita 30.0 kW N/A Commussi EEC SCS electricity,
\ oned services
Not Fish
% m Seg’t'ie“ey 300kW NA  Commussi EEC  SCS  processing
3 oned plant
N Household
. o electricity
Beilul 10.0 KW N/A Cog:::gsm EEC SCS icemaking,
s services
' Not Household
Habero 5.0 kW N/A Commussi EEC SCS electricity,
oned services
Not
| Beilul 3.0 kW N/A Commussi EEC SCS  Water pumping
ot oned
0 Not
. J] Dekemhe Deki"‘"e’ 30kW NA  Commussi EEC  SCS Water pumping
-l oned
. \ L 250.0 kW Existing
) O \ Assab  2500kW 2010 ur‘:g:fr‘n";?m EEC SCS  Grid support
) 2 ) 250.0 kW
. \ 7 P ¥ "Google Earth enance)
e Snas TR S e T P AL [ Total | 861.0 kW
Figure 6: Location of Existing Wind Power Plants ( Source: EEC, Wind and Solar Monitoring Network
(Source: Prepared by the Study Team based on Google Earth) Summary Report, Kibret Solomon )

74 TOYOTA TSUSHO CORPORATION



. 5. Current Development Plan
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National Energy Development Framework (2009)

® Prepared by Ministry of National Development. The framework for energy development in
the country (current energy situation, future prospects, etc.) is described.

® ‘Long term, however, Eritrea’s renewable energy resource potential could provide a basis
for improving the lives of its citizens, enhancing relationships with neighboring countries,
and offering significant opportunity for economic development.’ (partial excerpt)

Eritrea National Energy Policy (Draft)(2018)

® Prepared by the Ministry of Energy and Mines. The overarching goal of the ENEP-2018 is
to provide access to affordable, reliable, sustainable, and modern energy for all and to
provide the energy infrastructure to support the achievement of the Government of
Eritrea's social and economic objectives.

® ‘Increase the electrification rate across the whole country and supply 20% of electric

power demand through renewable energies by 2030’ (partial excerpt)
® ‘A deep commitment to moving away from excessive reliance on fossil fuels for diesel and

other power generation, which account for more than 90% of currently installed power
generation capacity, and instead to actively pursue renewable energies like photovoltaic,
wind, and geothermal power generation.’ (partial excerpt)
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»\ 6. Electricity Demand Forecast
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Table 4:Electricity Power and Energy Demand Forecast

019 A0 @ M2 MB A0 B 2006 007 A8 209 2030|(average)
:gmema”d 1880 1079 281 202 283 574 205 2087 361 348 355 3773
growth rati 53%  52% 106% 57% 58% 98% 57% 58% 59% 0% 125%  66%
:g%&ima”d 10104 10007 14127 12430 13079 13778 15232 1635 16808 17827 18845 10940
growth rati 50%  49% 117%  52%  53% 106%  53% 54%  55% 57%  58%  64%

( Source : EEC)

® This demand forecast, which was officially provided by the Eritrean side, targets until
2030 and there is no data after 2031.Therefore, in consultation with the Eritrean side,
the Study Team has agreed to accept the demand projections as conditional in the
preparation of the electric power development Roadmap.

® This forecast shows the electricity demand within ICS of the EEC and does not include
the demand for SCS.
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7. Roadmap for Power Generation Development

Formulate the ‘Roadmap’ based on ‘Best Enerqy Mix’ policy that combines the thermal
power generation base load with the renewable energies that the Eritrean government wants

to adopt.
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Figure 7:Existing major power facilities and potential areas for each renewable energy

74 TOYOTA TSUSHO CORPORATION

WAk ald

16



\ 7. Roadmap for Power Generation Development
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< Precondition>

The cells colored in yellow

L] . .
Formulate based on 6. Electricity Demand Forecast (until 2030)_ provided pv the Govern‘ment of Eryltrea indicate the new or renewed
. Generators owned by the EEC and IPP connected to the ICS will be considered for the ‘Roadmap’. power generation facilities
SCS generators that are planned to be connected to the ICS in the future will also be considered. and the capacity
Table 5:Roadmap for Power Generation Development
2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 20350
w3 in MW 185,00 19790 220810 250.20 245.50 25740 28250 29570 $16.10 354350 $35.50 $TT.%0
baknce = 40555 = 11545 - 11465 -59.75 $6.05 69.95 10839 107.69 105.29 11859 100.29 2.4
IC S total $2 .45 $2.45 93545 17045 279.38 $27.35 391.39 406 39 421359 45339 435 .79 419.79
2 nshled omm. exsing ! Owner 2
Power Plants fHpe unit¥ c:&a“cu)!y g phnnt’o ICS?SCS (EECHP) avaiabk output /frm capaciy (MUY
Dke sl Power Plante
Hirqiqo | 1] 1 2270 2008 exsing Ics EEC 12.00 12.00 1200 12.00 12.00 25.00 25.00 25.00 25.00 25.00 20.00
1] 2 2270 2008 exsing Ics EEC 0.00 0.00 000 0.00 0.00 25.00 25.00 25.00 25.00 25.00 20.00
1] 3 2270 2008 exsing Ics EEC 0.00 0.00 000 25.00 25.00 25.00 25.00 25.00 25.00 20.00 20.00
o 9 2270 2008 exsing Ics EEC 0.00 0,00 000 25.00 25.00 25.00 25.00 25.00 25.00 20.00 20.00
Hirgiqo Nl 1] 1 2300 2017  exsing Ics EEC 25.00 25.00 2500 25.00 15.40 18.40 15.40 15.40 18.40 16.10 16.10
1] 2 2300 2017  exsing Ics EEC 25.00 235.00 2300 25.00 15.40 18.40 15.40 15.40 15.40 16.10 16.10
1] 3 2500 2028 New Ics EEC 25.00 25.00 25.00 25.00 25.00 20.00 20.00
o 4 2500 2028 New Ics EEC 25.00 25.00 25.00 25.00 25.00 20.00 20.00
1] N 2500 2025 New Ics EEC 25.00 25.00 25.00 25.00 25.00
1] 13 2500 2025 New Ics EEC 25.00 25.00 25.00 25.00 25.00
Belesa o 1 $70 1995  exsing Ics EEC 1.4 1.40 0.00 $.00 $.00 $.00 $.00 $.00 $.00 4.00 4.00
1] 2 $70 1995  exsing Ics EEC 1.50 1.50 000 $.00 s.00 .00 $.00 $.00 $.00 4.00 4.00
1] 3 $70 1995  exsing Ics EEC 1.30 1350 000 $.00 $5.00 $.00 $.00 $.00 $.00 4.00 4.00
Assab 1] 1 1260 1991  exsing SCS EEC 1.90 1.90 1.90 1.90 to be discarded
new diesel #1 D 1 1500 2028 phnoned SCS EEC 15.00 15.00 15.00 15.00 15.00 1500 12.00 12.00
new diesel #2 D 2 1500 2028 oknned SCS EEC 1500 15.00 15.00
Sai-Keh 4] NA $60 1934 exsing SCS EEC $.00 3.00 300D be conneckdtICS and DG isD be removed
Agordat 1] N/& d00 NA exsing Ics EEC 2.00 200 200 2.00 2.00 200 1.60 1.60 1.60 160 1.60 1.60
addionalunts D 2 s00 plnned Ics EEC 10.00 10,00 10,00 10.00 10.00 1000 10.00 $.00
Tesseney 1] N 000 N&, exsing IcCS PP 0.00 0.00 000 0.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
addtonalunts D 2 s00 phnned Ics PP 10.00 10,00 1000 10.00 10,00 1000 10,00 $.00
Barenty 1] N 460 Ni& exsing Ics EEC 280 2850 280 2.80 2.80 280 224 2.24 2.24 224 2.2 2.24
addonalunts O 2 so00 pRenned Ics EEC 10.00 10,00 10.00 10.00 10.00 1000 10.00 .00
PV Pants
Asmara East PV 1 200 2018 exsing Ics EEC 2 2 2 2 2 2 2 2 2 2 2 2
Aginak PV 1 400 N exsing Ics EEC 4 4 4 4 4 4 4 4 4 4 4 4
Gerqera PV 1 400 NA exsing Ics EEC 4 4 4 4 4 4 4 4 4 4 4 4
New PV M PV 1£00 phnned Ics EEC 18 1$ 1 16 1€ 15 18 1§ 15 1€
New PV &R PV 1500 panned Ics EEC 15 15 15 15 15 15 15 15 15
New PV RS PV 1500 plnned Ics EEC 15 15 15 15 15 15 15 15
New PV PV 1500 phnned Ics EEC 18 15 15 1§ 15 15 15
New PV S PV 1500 phnned Ics EEC 15 15 15 15 15 15
New PV &% PV 1500 panned Ics EEC 15 15 1§ 15 15
New PV AT PV 1500 plnned Ics EEC 15 15 15 15
Wind Plante
Assab w 1-3 0.7s 2010 exsing SCS EEC 0.7 075 07s 0.75 0.75 0.7s 0.75 0.75 0.75 07§ 0.75 0.75
new wnd #1 W 1 s00 2024 pnned SCS EEC $.00 $.00 $.00 S5.00 $00 $.00 S5.00
new wnd #2 W 2 s00 2028 pnned SCS EEC s00 $.00 $.00
Geot hermal
A Geomermal G 1 25 2028 pnned Ics EEC 2500 25.00 25.00
Ewctric Power BEatance in ICS 2019 2020 2021 2022 2028 2024 2028 2026 2027 2028 2029 2050
Diel 71.70 71.70 67.70 129.70 225.60 25160 30064 $00 .64 30064 30264 285.04 269.04
Renewabdk (Pyewndeqeotmemal 10.7§ 10.7§ 2575 .75 §5.75 7575 90.75 105,75 12075 15078 150.75 150.78
Renewable enerqy rafo in pRlouput 15.0% 13.0%] 2T 6% 235.9% 200°% 231% 23.2% 26.0% 287% $32% 34.6% 3$5.9%

(Souce : M fHAR)
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»\ 7. Roadmap for Power Generation Development

Be the Right ONE

Short-term (3-5 years)

» Rehabilitation / replacement of existing Hirgigo power plant

» Rehabilitation of substations around Asmara

» Expansion of Hirgigo | power plant (short-term to medium-term)

» Strengthening the grid from Massawa to Asamara (short-term to medium-term)

» Construction of new PV power plants around Asmara (short-term to medium-term)

- with a photovoltaic facility alone if a place is chosen that connects to the grid,
or with a hybrid photovoltaic and small diesel facility for a standalone operation.

Mid-term(6-10 years)

» Construction of new wind power plant in Assab
- assume a standalone power plant
» Construction of new PV power plants continuously
» Construction of a new geothermal plant around Alid area

- it is critical that a source of funds (donors) be selected for the next step, which includes
test drilling

Long-term(11 or more years)
» Development of geothermal, solar and wind power continuously
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o 8. Development Cost

Table 6:Estimated Development Costs to 2030

Be the Right ONE ot o oo o
< Precondition> Diesel
» Thermal Power Generation Facilities Hirgigo ] 20 2024 roplace 12 5720
. . IR 0 . replace - .
. ::invecﬁg.sgfté%quz million / MW (from Erinews 3 32'88 gggg reg:ace 1 gg g; 28
* Replacement: $1.5 million / MW (from OPEC FUND Hirgigo Il 3 2500 2023 :]stace 220 55 00
HP) 4 2500 2023 new 220 55.00
» PV Facilities 5 2500 2025 new 220 55.00
® There are two types of PV installations planned: 6 25.00 2025 new 2.20 55.00
one for the stand-alone PV system, and the other ~ Be€lesa ; 2-88 gggg rep:a"e 1-28 ;-28
for the system with diesel generator and batteries. 3 500 2022 :Z;:i 150 750
The capacity ratio of these two types of installations  Agsab 1 1500 2023 new 220 33.00
is approximately 7:3. The total capacity planned for 2 1500 2028 new 220 3300
each year, 15 MW, is to be divided proportionally Agordat 1 500 2023 replace 1.50 7.50
according to this capacity ratio, and the respective 2 5.00 2023 replace 1.50 7.50
unit prices are to be applied. Tesseney 1 500 2023 replace 1.50 7.50
+ Stand-alone: $1.32 million/ MW (from Renewable 2 ©.00] 2023 [replace 1.50 7.50
. . arentu 1 500 2023 replace 1.50 750
Power Generation Costs in 2019) 2 500 2023 replace 150 7 50
« With Diesel and batteries: $6.44 million/MW (from PV
Maidma/Arreza project) PV#1 without 1050 2021 new 1.32 13.87
» Wind Power Generation Facilities w. D&B 7 450 2021 new 6.44 28.98
® The unit price of wind power generation facilities is  PV#2 \;/Niug)%ué - 12-28 gggg :Ex 613'23 ;g-gg
is.ne;I :gi ;c;lg:;s bf;?tz r;hfozl/-erage price in Africa, not PV#3 i ﬂ[")%lu é _ 1 2_ 28 gggg oW 2; 'ii ; g- gg
* $1.95 million/ MW (from Renewable Power PV#4 without 1050 2024 new 1.32 13.87
Generation Costs in 2019) w.D&B ¥ 450 2024 new 644 28 98
» Geothermal Power Generation Facilities PV#5 without 1050 2025 new 1.32 13.87
® The estimated costs of geothermal development in w.D&B 7 450 2025 new 6.44 28.98
the Alid area, including the cost of drilling PV#6 \;/Nlug)%ué - 12-28 gggg now 613'23 ;g-gg
ge_othermal exploratory wells, are as foIIows;' ' P\AT without 1050 2027 new 132 1387
. $l?:;|(l)||ng"9f test wells 3 years: 3 wells x $10 million = w. D&B 450 2027 new 644 2898
million Wind
« Drilling of appraisal wells 3 years: 5 wells x $10 Assab 1 5.00 2024 new 1.95 975
million = $50 million Assab 2 5.00 2028 new 1.95 975
« Construction of geothermal power plant 4 years: 25 Geothermal
MW, $38 million Alid . 1 25.00 2028 new 11§.00 118.00
’ (Source:Study Team) Total A mil. $ 940.95
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»ﬁ\ 9. CO2 Reduction
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Figure 8 shows the trend of CO2 emissions, and Table 7 shows the CO2 emissions and their reduction rate every
five years.If thermal power : renewable energy = 90:10 is achieved and maintained and power sources are

developed, CO2 emissions can be expected to be reduced by approximately 6.3% after 2030 compared to 2020.

30

2.5

20

1.5

Million 1-CO2 Emissions (GWh)

0.5

0.0
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039

(Source: Study Team) — Thermal 96% : Renewabie 4% Thermal 90% : Renewabile 10%
Figure 8:CO2 Emissions by Power Source Ratio

Table 7:CO2 Emissions and Reduction Ratio
_mmz@am

Thermal : Renewable =96 : 4
[mill. ton]

Thermal : Renewable =90 : 10 0.7 1.3 1.8 2.4
[mill. ton]

Reduction Ratio 6.2% 6.3% 6.3% 6.3%
(Source : Study Team)
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