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Background

At COP28 in December 2023, 123 signatories signed the Global Renewables and Energy Efficiency Pledge,
promising tripling renewable energy and the doubling of energy efficiency by 2030.

A pre-requisite for achieving the pledge includes a rapid development of electricity grid infrastructure and
transformation of the existing grids to accommodate higher capacity of fluctuating outputs from solar and wind energy
projects. The need for resilient grid stems from the sheer scale and pace necessary to achieve the tripling renewable
energy capacity, which will increase global renewable energy capacity from 3,870 GW in 2023! to reach at least
11,000 GW by 2030 or an average of more than 1,000 GW of renewable energy additions per year. This scale
requires more than twice the record high 473 GW of renewable energy annual capacity additions in 2023, which was
already a 60% increase from the 295 GW additions in 2022.

However, transmission and distribution networks, which are the backbone of power systems, are increasingly limiting
the timely delivery of renewable energy and causing new renewable energy generation to wait for grid connection in
many parts of the world. While no curtailment issues are reported in the African countries reviewed in this project,
building resilient and efficient grid systems at speed will expedite renewable energy deployments to deliver on climate
and development goals. Investing in grid and mini-grid infrastructure can future proof energy systems for extreme
weather events and shifting energy demand needs, while also flexible enough to adapt to variable renewable energy.

Countries have an opportunity to provide leadership on resilient and efficient electricity grids by committing to the
Global Energy Storage and Grids Pledge. Initially only 2 countries from Africa committed to the pledge at COP29,
while there are now there are 7 out of the 54 countries from Africa committed to the pledge. By making more data and
information available, our goal is to support more country commitments to the Pledge and support an action agenda
on grids through COP30.

Note: IRENA (2024), Renewable capacity statistics 2024, International Renewable Energy Agency, Abu Dhabi.
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2024/Mar/IRENA_RE_Capacity_Statistics_2024.pdf
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Purpose of the Project

A new impetus on grids is emerging in the climate and energy community under the realization as mentioned above.
Governments, industry and financiers are all ramping up efforts. However, to support such efforts, understanding and
tracking the state of electricity grids is essential for policy and investment decision making and the first step toward
developing resilient and efficient power grid. Establishing an assessment methodology and identifying and collecting
useful data for the assessment are critical for such decision making.

This project aims at developing an initial assessment concept and framework, identifying critical indicators,
finding data gaps, testing the pilot examination, and learning lessons that can inform future assessments.
Learning and insight gained from this project will be fed into the future methodology improvement and indicator
selections / categorization based on stakeholder perspectives. In long-term, the learning from this project supports
providing a diagnostic that would help policymakers and development organizations focusing on removing major
bottlenecks towards green and resilient grids and support investors / financiers and private sector players identifying
opportunities.

This project focuses on initial data examination of a selection of countries in Africa with economic, institutional,
environmental, social and technical indicators, considering data availability mainly through publicly available, open-
source datasets. The aim is to develop an assessment framework that can be consistent but evolve and be replicable
across regions and countries globally while enabling better data definition, data collection.

The same assessments are tested in Asian context by the United Nation’s Economic and Social Commission for Asia
and the Pacific (UN ESCAP) and in Latin American context by PSR in Brazil.
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= The main objective of this project is to develop a grid assessment methodology and framework that is consistent,
easily scalable, adjustable and replicable 1) across different countries and regions; and 2) over time to
track the advancement of each country’s grid status related to clean energy transition, including variable
renewable energy (VRE) integration to the grid.

= Another objective of the project is to test data availability, level of robustness of indicators, and consistency and
replicability of assessments across countries with diverse backgrounds and contexts in different regions.

= Another objective of the project is to test the use of macro-level and publicly available open-source data and
indicators to test their usability and usefulness for assessing grids.

= The project was also conducted to learn lessons in terms of framework implementation and identify issues in
data collection and application.
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Methodology — Grid Assessment Framework Concept

The country grid assessment framework uses a hierarchy of 1) a set of criteria and 2) indicators and data to
assess the criteria.

o Consistency: the set of assessment criteria provides clear consistency for objectives and category of
assessment even if different indicators are applied for different countries.

o Scalability: the number of indicators in each criteria can be easily expanded, considering each country’s
institutional settings although it the scalability is subject to data availability.

o Adjustability: the choice of indicators can be easily adjusted to country and regional contexts, considering
data availability, data definitions and methodology, and appropriateness to country and region —specific
conditions, as assessment criteria keeps consistency and objectives intact.

o Replicability: Utilizing consistent assessment criteria and reliable multi-year country data from both
international and national sources make the assessment replicable across countries and over multi-year time
frame.

Hierarchy

Sub-indicator Sub-indicator Sub-indicator

Data Data Data



W s
Methodology — Grid Assessment Framework Concept (cont’d) {2? ESCAP FORALL

= To simplify the assessment, five assessment criteria are chosen for the assessment to cover the current
institutional and enabling environment as well as the status / characteristics of physical assets and operational
status of the transmission network / grid.

o The five areas cover the basic aspects that impact the transmission power grid regarding renewable
energy integration and clean energy transition.

o The criteria covers the power sector’s general characteristics in physical and institutional aspects, supply
side aspects (grid development and grid operation), demand side aspects (consumer services) and
environmental and social impacts of grid development and utilization.

= Criteria categorization can be flexible and modified and related indicators can be re-categorized based on
criteria categorization that are based on stakeholder / assessment user perspectives.

= The criteria and indicator groupings can be changed and tailor-made for assessment for policy makers and
regulators, development organizations, and investors / financiers, and private sector players who seek
opportunities for grid project involvement.

= Some sub-indicators and data can be used for multiple criteria and indicator assessment.
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Methodology — Five Grid Assessment Criteria Categories

The following five assessment criteria categories are selected as the essential criteria to assess the power and
transmission status and readiness for projects and investment.

Policy and Market
Structure

Political
commitment

Institutional
structure

Electricity markets
and regulations

Electricity capacity
and generation mix

Variable & non-
synchronous assets

Energy security &
system flexibility

Grid Development
Ecosystem

Grid mix: mini-grid,
transmission,
distribution

Regional
interconnectors

Grid planning and
procedures

Investment
ecosystem for grid
development

Timeline, tariffs,
transparency risks

Private sector
participation

Grid Operations

Institutional setting
and procedures for
grid's technical
operation

Grid reliability and
efficiency

Economic dispatch:

grid utilization,
renewable energy
evacuation

Grid digitalization

Grid Services to
Consumers

Service quantity -
provision of

electricity access
and consumption

Service quality -
reliability of
services

Affordability of
power

Sustainability and

Just Transition

Environmental law
and regulations

Inclusive
development -
public engagement

Carbon intensity of
sector
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The following primary indicators are used to examine the status and readiness of electricity grids toward a clean energy
transition and to show the status and trends (in both speed and direction of change for the future) relevant to renewable energy
integration in power system. They are also chosen because of their universality for regions and countries with different contexts
and levels of grid, institutional and developmental status.

List of Key Indicators

Policy & Market
Structure

Grid Development
Ecosystem

Grid Operations

Grid Services to
Consumers

Sustainability &
Just Transition

Renewable energy (RE) share

Variable renewable energy (VRE) share in power system (%, installed capacity)

Annual average growth ratio of VRE installed capacity (%, installed capacity, over 5 years)
Annual average growth ratio of electricity demand (%, electricity energy consumption, over 5 years)
Power flexibility (total) (World Economic Forum (WEF) Energy Transition Index —Flexibility in electricity system)
Demand projection (2030) based on a country’s system plans / projections

Supply target (2030) based on a country’s system plans / projections

Existence of transmission grid target / strategy in national policy / planning documents or NDC
Existence of independent regulatory body / regulated status (Y/N)

Transmission transformer capacity (MVA)

Transmission circuit length (km)

Average annual growth ratio of transmission circuit length (%, over 5 years)

Current interconnections capacity (MW, known)

VRE in transmission connection queue (MW)

Economic regulation — clear grid tariff determination method & its cost reflectiveness

Private participation / investment status in transmission asset development (Y/N)

Grid loss (total - transmission and distribution combined, %)

RE curtailment ratio in transmission (%)

RE priority dispatch (Y/N)

Electricity access (% of population)

SAIFI (System Average Interruption Frequency Index)

SAIDI (System Average Interruption Duration Index)

Existence of consumer tariff subsidy / pricing support (Y/N)

Environmental and Social impact Assessment (ESIA) process for transmission grid projects (Y/N)
Established public consultation / compensation framework and procedure (Y/N)

Carbon intensity of power sector (g CO2eq/Wh/yr)
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Methodology — Africa Regional Key Indicators & Distribution Grid Indicators

Regional key indicators

In addition to the primary Indicators, the following indicators are selected as primary regional indicators for Africa, as they are
iImportant for African context. They are selected because many African countries are still aiming at achieving universal electricity
access while Asia and other regions have largely achieved this goal. They are important as the advancement of electricity access and
per capita electricity consumption, leading to enhanced economic and social development in Africa, is directly contingent on grid
expansion and its service affordability.

Key Indicators for Africa

Grid Services to =  Electricity consumption per capita (kWh/yr/capita)
Consumers = Average residential tariff (USD/kWh)

Distribution grid indicators

Although this project focuses on testing the concept on transmission network data, distribution network is increasing its significance in
building resiliency and efficiency of the future grid. Distribution grid has been essential as it is the network that delivers electricity
services to final consumers. However, the significance of distribution grid is rapidly growing because small-scale distributed
renewable power plants, demand-side management assets and small-scale energy storage including electric vehicles are all
connected to and need to be operated on distribution grid, in collaboration with transmission grid for VRE integration. Considering
these dimensions and the future expansion possibility of the project concept and framework, the following indicator data are shown in
each country profile.

Distribution Grid Indicators

= Distribution transformer capacity (MVA)
Grid Development = Distribution overhead and cable length (km)
Ecosystem = Annual average growth ratio of distribution line length (%)
= Distribution grid loss (% of power generation, technical and commercial)
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Utilization of open-source data

= Setting a common set of assessment criteria and indicators helps to examine countries in a relatively consistent manner both
quantitatively and qualitatively.

= Relatively good open-source international and global datasets are available for many indicators (in particular, quantitative data)
through trustworthy organizations with the consistent and clear definitions and data / indicator constructing methods. They
provided excellent and consistent data across countries.

Limited scope and coverage of criteria and indicators

= Due to time limitation, this current project heavily relied on publicly available, open-source datasets and documents, and the
scope and coverage of indicators / assessed dimensions, thus, may need to be further strengthened and expanded in the future.

Limitation of macro-level indicator examination

= Macro-level indicators cannot capture the reality of a country’s power system and grid conditions and the enabling environment.
Therefore, this type of method should be considered as additional layer of assessment within more comprehensive assessment
that also requires engineering-based power flow analysis and deeper institutional assessment to consider each country’s setting /
context.

Criticality of detailed qualitative examination

» For assessment of policy, regulatory, and institutional enabling environment, it is important to examine the scope / coverage as
well as the detailed contents. Each country has different ways and levels of elaboration of economic regulations (e.g., tariff
setting methodologies and grid codes). These aspects cannot be easily quantified. Moreover, policy and regulatory environment
Is always in progress. Although a snapshot cannot describe some progresses in making, such advancement should also be
considered in the assessment. All these issues strongly necessitate qualitative assessment.

Robustness of examination

= Time limitation to cover many relevant aspects of the power system in each country and missing data and indicators, the limited
scope and coverage of indicators and assessed dimensions, and missing information on policy and regulatory implementation
reduce the robustness of the overview / examination, making it inappropriate / undesirable to make value judgement and
recommendations based on the limited information base.
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Africa data gaps and discrepancies

» There are various data gaps identified for each country, while the global databases are not always updated as often as desired.

» [nternationally available open-source data was immensely valuable, but they need to be checked against national data from each
country to fill data gaps, update obsoleteness, and find discrepancy for further investigation.

o There are discrepancies in system size / power installed capacity data between international data sources and national
statistics/ documents.

v Large discrepancies need special attention and examination of the causes, as examined in the Nigeria’s power system
size discrepancy found in US EIA data between 2020 and 2021 as well as US EIA data and national document /

statistics data.

v Similar but much smaller discrepancies are also found in other countries. These small discrepancies do not cause
strong concern as they stem from small definition difference, system boundary issues or data period. For example,
some countries use firm capacity listing, instead of name-plate installed capacity. They often explicitly list the two data
showing the difference between firm and installed capacities. However, the discrepancy between firm and installed
capacity seems larger in African context than developed economies’ systems, as maintenance issues in both power
plants and network assets may have caused lower firm capacity in African countries. Due to time limitation, these
discrepancies are not examined deeply in the current project. However, in case of large discrepancies seen between
firm capacity and (name-plate) installed capacity data, additional investigation is warranted.

» Policy and regulatory environment cannot be assessed only by their existence. How they are implemented determines the status
of the enabling environment. Although this aspect requires careful data gathering from stakeholders, the time limitation of the

current project prevented this from being properly conducted.

» There are data gaps on grid development funding, power sector cost of capital/finance, and time required for domestic grid and
interconnector grid development.
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Africa data gaps and discrepancies (continued)

= Some data and information were difficult to obtain through international and national publicly-available open sources.

For most countries, the following data were missing or difficult to find.
= Average age of transmission infrastructure / assets;
» Consistent interconnector information and data (existing and planned);
» Mini-grid capacity data (existing and planned);
= National funding / budget spent on transmission grid development and operation;
» Financial cost of power sector projects and network sector projects;
» Time necessary for transmission and interconnector projects (regulatory and administrative clearance, construction)
» Grid utilization ratio / network availability;
» Explicit and clear RE curtailment report data;
» Explicit and clear RE capacity in connection queue;

For some countries, the following data were also missing or not publicly available.
» Transmission line length and transformer transfer capacity;
= Distribution line length and transformer transfer capacity
= Consistent future demand and supply projections;
» Published and / or most updated system plan;
= Part or all economic regulations (tariff / network charge rate setting methodologies);
» Parts or all of transmission grid codes;
» System performance data - published SAIFI and SAIDI
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Spider chart visualization assessments and traffic light visualization of index scores is feasible, however concerns on the comparison of
calculated index scores resulted in the removal of these assessments in the final project outputs. The following are examples of what could be

done with a more in-depth country or regional assessment project.

An example of spider chart
visualization

Operational
charge

Grid operation

Digitalization technical policy &
Y, /\ regulations
Grid Congestion & ) : -
Grid efficiency -
Management & losses
Dispatch

Power reliability
system

Network
Operational
charge

Operation -
Technical policy,
regulations

Grid efficiency —
loss

Power reliability
system

Congestion
management &
dispatch

Digitalization

An example of traffic-light assessment table

Priority

Essential Priority Critical Priority

The country has clear rules and allocation methodology that recover the cost for
network operations, approved by the regulator. Operational changes are applied to unit
of electricity basis without discrimination

The country has the dedicated renewable energy sub-codes since 2015 that consider
specific operational needs of variable renewables to supplement the original 2008 grid
codes. Regular assessment of flexibility is also in place.

Ancillary services and adequacy reserve procurement is within bilateral agreement with
the TSO, frequency reserves and voltage support are within the discretion of the TSO.
The TSO began working on the set up of capacity market.

Total loss of grid system is around 30%, which is high in global comparison. The loss
mostly coming from distribution.

The grid codes define system quality and security standards extensively and good
measurement system is also in place.

The country’ has renewable priority access to grid and economic dispatch and real-time
dispatch are implemented with spot market operation.

It also use high quality VRE forecasting for dispatch operation and practice and
curtailment compensation for renewables

Digital infrastructure need to be improved to enable and take advantage of network
operation that enable variable renewable integration further.
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Pilot country blended “index” assessments show valuable regional trends, however, can cause confusion with country comparisons, can vary based on
data availability or data weighting processes. These outputs were removed from the final project outputs for each country, but can be useful.
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Priority
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Critical
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Policy and Market Grid Development Grid Operations Grid Services Sustainability and
Structure Ecosystem to Consumers Just Transition

Example: African grids have favorable policy environment and grid development ecosystem; however, priorities include
digitized grid operations and massive expansion to un-served and under-served population which will enable improved grid
utilization, efficiency, economic dispatch, and reliability.
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Key Indicators: Electricity grid policy and market structure

Power system size (MW, 2022)
RE share in power mix (2022)

VRE share in power mix (2022)

Annual average growth of VRE installed
capacity
(over 5 years, 2017-2022)

Average annual growth in electricity
demand (over 5 years, 2017-2022)

System flexibility
(sub-indicator of WEF ETI, 0-100)

Demand projection (2030)

Generation supply target (2030)

Grid target / strategy in national policy /

planning or NDC

Independent regulatory body

Note: RE renewable energy; VRE variable renewable energy; RE share in power mix high and low are high and low for Africa only.

Global

High/Low

N/A

97.7% DRC/
2.7% Algeria

58.4% Netherlands
/ near 0%

295.3% Zambia /
-7.6% Dominica

37.5% Bhutan /
-14.0% Lebanon

100 Gabon /
1.1 Mongolia

N/A

N/A

Yes /

Yes /
No

Egypt

59,301

10.5%

5.7%

29.2%

1.7%

95.5

N/A

N/A

No

Yes

5,734

91.5%

7.4%

4.8%

3.9%

95.6

N/A

17500 MW

No

Yes

Kenya
5,519 3,747
30.5% 42.2%
1.8% 19.8%
-8.9% 59.2%
8.8% 1.1%
99.7 84.0
5479 MW (peak) 3320 MW
4689 MW
7606 MW (3650 MW firm
capacity)
No Yes
Yes Yes

Nigeria

12,036 (2020)

65.4%

3.1%

14.1%

3.6%

98.1

192 TWh (IRENA)

56 GW (total)
43 GW (on-grid)
(IRENA)

No

Yes

Data sources: US EIA; WEF; National documents of respective countries (See each country profile and Appendix 2 in the full report)

Rwanda

295

50.2%

8.6%

8.5%

9.4%

N/A

397 MW
(peak)

547-562 MW

Yes

Yes

65,871

15.5%

14.1%

11.3%

-2.0%

3.2

34-5GW

90.9GW

Yes

Yes

Tanzania

1,818

32.5%

1.0%

5.9%

5.6%

99.3

4878 MW (peak)

6390 MW

Yes

Yes

Uganda

1,450

77.4%

6.5%

16.2%

10.3%

N/A

1644 MW

2300MW

Yes

Yes
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3,948

82.6%

2.4%

295.3%

3.5%

94.2

5422 MW (peak)

10013 MW

Yes

Yes



Key Indicators: Electricity grid development ecosystem

Transmission circuit length
(km, 2022)

Transformer capacity (MVA, 2022)

Annual average growth ratio of
transmission line length
(over 5 years)

VRE in transmission connection queue
(Mw)

Current interconnections capacity (MW,
known)

Distribution Transformer capacity (MVA)

Distribution overhead and cable length
(km)

Annual average growth in distribution line
length (over 5 years)

Economic regulations - grid tariff
determination / its cost reflectiveness

(Y/N)

Private participation / investment in
transmission asset development (Y/N)

Global

High/Low

N/A

N/A

N/A

N/A

15965 Germany /
0 many countries

N/A

N/A

N/A

Yes/Yes /
No/No

Yes /
No

Egypt

54507 km

199517 MVA

3.3%
(2019-2024)

Not reported

840

100344 MVA
(June 2023)

578588 km
(June 2023)

2.6%

Yes / Yes

Yes
(limited with EPC)

21397 km

N/A

4.2%
(2017-2022)

Not reported

6000

N/A

N/A

N/A

Yes / No

Yes
(limited with EPC &
consultancy)

6472 km

9642 MVA

2.2%
(2018-2023)

Not reported

438

N/A

N/A

N/A

Yes / Yes

Yes
(limited with EPC)

Kenya

8739 km

5455 MVA

4.6%
(2019-2024)

Not reported

2145

15149 MVA
(FY 2023/24)

310312 km
(FY2023/24)

6.4%

No / No

Yes
(with multiple biz
models)

Nigeria

8229 MW

N/A

N/A

Not reported

872

N/A

N/A

N/A

Yes / Yes

Yes
(limited with EPC
but changes in
progress)

Rwanda

1158 km
(June 2023)

N/A

7.0%
(3 years,
2021-2024)

Not reported

257 (?)

N/A

29504 km (2023)

3.9%

Yes / Yes

Yes
(with multiple biz
models)

Note: RE renewable energy; VRE variable renewable energy; EPC Engineering, Procurement & Construction; IPT Independent Power Transmission.
Data sources: US EIA; National documents of respective countries (See each country profile and Appendix 2 in the full report)

33194 km

155 820 MVA
(March 2023)

0.32%
(2019-2024)

Not reported

7180

146927 MVA
(2024)

375760 km
(2024)

1.2%

Yes / Yes

Yes
(limited with EPC
but changes in
progress)

Tanzania

6139 km

6519 MVA

6.4%
(2019-2024)

Not reported

100

N/A

163804 km (2023)

9.6%

Yes / Yes

Yes

(limited with EPC

but changes in
progress)

Uganda

N/A

6445.5 MVA

N/A

Not reported

2400 (?)

N/A

70565 km
(2024)

6.0%

No / No

Yes
(with EPC and IPT
models)
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N/A

10407 MVA

9.6%

(one year, 2022-

2023)

Not reported

2090

N/A

12500 km (2022)

N/A

Yes / Yes

Yes



Data Summary \
Key Indicators: Electricity grid operations nal

Hic;:)/t::lw Egypt Kenya Nigeria Rwanda Z?:Zg Tanzania Uganda
Traazr:;f’s;:‘zig‘;)'c’ss %Gai/c:‘?/f‘zt;"; / 17.9% 18.1% 29.3% 22.7% 14.2% 13.6% 11.0% 12.9% 19.2% 10.3%
( %D;tss\‘;i‘:’; g:g::jn) N/A 22.5% (2021) N/A 30.0% (2022) 18.0% (2023) 25.0% (2022) N/A 9.7% (2023) N/A 17.6% (2022) N/A
RE curtailment ratio in transmission (%) N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Yes/ Yes No Yes Yes Yes Yes Yes No Yes No

RE Priority dispatch (Y/N) .

21

Note: RE renewable energy.
Data sources: US EIA; National documents of respective countries (See each country profile and Appendix 2 in the full report)



Key Indicators: Electricity grid services to consumers

Electricity access (2022)

SAIFI (2023)

SAIDI (2023)

Electricity consumption per
capita (kWh/yr/capita, 2022)

Average residential tariff (USD/kWh)

Consumer tariff subsidy / pricing support

(Y/N)

Note: SAIFI System Average Interruption Frequency Index; SAIDI System Average Interruption Duration Index.
Data sources: US EIA; WEF; National documents of respective countries (See each country profile and Appendix 2 in the full report)

Global

High/Low

100% many /
5.4% South Sudan

81.65 Pakistan /
0.02 Japan

243.6 Zimbabwe /
0.04 Japan

50,512.9 Iceland /
14.2 Sierra Leone

0.704 Jamaica /
0.002 Cote d’Ivoire

Yes /
No

Egypt

100%

2.0

1592.2

0.048

Yes

55.4%

N/A

N/A

85.9

0.039

No

85.1%

55.9

571.8

0.138

Yes

Kenya

76.0%

6.9

12.0

178.1

0.102

Yes

Nigeria

60.5%

N/A

N/A

144.5

0.91

Yes

Rwanda

50.6%

21.7 (2022-23)

N/A

62.5

0.215

Yes

South
Africa

86.5%

6.0

30.5

3348.7

0.154

Yes

Tanzania

45.8%

46.8

20.9

121.1

0.081

Yes

Uganda

47.1%

N/A

N/A

84.0

0.217

Yes

47.8%

4.9

51.2

747.7

0.054

No
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Data Summary ﬂswmm“
Key Indicators: Electricity grid sustainability and just transition ARAL

Global South
: Egypt Kenya Nigeria s Tanzania Uganda
High/Low gYpP y J Africa &
ESIA process for transmission projects Yes / Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
(Y/N) No
Established public consultation / Yes /
compensation framework and procedure ;i Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
(Y/N)
Carbon intensity of power sector 8373 Montenegro
(g CO2eq/Wh/yr) /0 Many 426.6 0.24 331.2 88.1 319.9 319.4 882.16 277.4 73 96.8

23

Note: ESIA environmental and social impact assessment.
Data sources: US EIA; National documents of respective countries (See each country profile and Appendix 2 in the full report)



Key indicator data availability by category and country

1. Electricity grid policy and market structure

2. Electricity grid development ecosystem

3. Electricity grid operations

4. Electricity grid services to consumers

5. Electricity grid sustainability and just transition

Total by country

Note: Further data may be available in country data and information repositories but were not discovered during this pilot project.

8/10
80%

9/10
90%

3/4
75%

6/6
100%

3/3
100%

29/33
88%

9/10
90%

6/10
60%

2/4
50%

4/6
67%

3/3
100%

24/33
73%

10/10 10/10 10/10
100% 100% 100%
6/10 9/10 4/10
60% 90% 40%
3/4 3/4 3/4
75% 75% 75%
6/6 6/6 4/6
100% 100% 67%
3/3 3/3 3/3
100% 100% 100%
28/33 28/33 24/33
85% 85% 73%

9/10
90%

7/10
70%

2/4
50%

5/6
83%

3/3
100%

26/33
79%

South
Africa

10/10
100%

9/10
90%

3/4
75%

6/6
100%

3/3
100%

31/33
94%

ﬂSWNAELE\
FORALL

Tanzania Uganda
10/10 9/10 10/10
100% 90% 100%
9/10 6/10 6/10
90% 60% 60%
2/4 3/4 2/4
50% 75% 50%
6/6 4/6 6/6
100% 67% 100%
3/3 3/3 3/3
100% 100% 100%
30/33 25/33 27/33
91% 76% 82%
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Category: Policy and Market Structure (1/2)

Commitment of grid

importance / grid target Grid target / strategy in national policy / planning or NDC

Political Climate Change Official domestic or international net zero goal / target
Environment
RE Electricity Target Official RE electricity goal / target
Equal access to grid Legal or regulatory guarantee for equal third-party access
Power - Security Reserve margin at peak load - % of system load (2022)
of supply Power Net Import (% of net consumption, 2022)

% of fossil fuel in installed power capacity (2022)

Power generation -

0 : : - :
Clean energy status % of fossil fuel in electricity generation (2022)

% of RE power capacity (2022)
VRE & Non- % of VRE in power installed capacity mix (solar & wind electricity, 2022)
synchronous assets o, of VRE in electricity generation mix (solar & wind electricity generation, 2022)
Total (WEF Flexibility Index)

_ Total existing capacity of interconnectors to neighboring systems
Regional (MW, known)

interconnection _ o
Regional pool participation (number)
Power flexibility  power generation % of hydro power in installed capacity (w/o pumped hydro, 2022)
sources % of gas power in installed capacity (2022)
% of pumped hydro in installed capacity (2022)

Energy storage % of utility-scale battery storage vs installed power generation
capacity (2022)

Note: RE — Renewable Energy ; VRE - Variable Renewable Energy

No

No
Yes
Yes

42.3%
-0.81%
89.3%
91.0%
10.5%
5.7%
5.2%
95.54

840

4.8%
87.3%
0.0%

0%

No

Yes (2050)
Yes
No
N/A
-15.71%
2.5%
0.04%
91.5%
7.4%
3.6%
95.58

6000

85.0%
0.0%
0.0%

0%

No

Yes (2060)

Yes
Yes
31.7%
-9.08%
68.1%
63.9%
30.5%
1.8%
0.6%
99.71

438

28.0%
62.6%
0.0%

0%

No

Yes (2050)
Yes
Yes

28.9%
2.12%
29.0%
7.7%
42.2%
19.8%
19.5%
83.98

2145

26.0%
0.0%
0.0%

0%

SUSTAINABLE

ENERGY
FORALL

No

Yes (2060)
Yes
Yes

-73.4%
0.00%
33.2%
75.3%
65.4%
1.1%
0.1%
98.07

872

16.3%
83.1%
0.0%

0%



Category: Policy and Market Structure (2/2)

Commitment of grid

importance / grid target Grid target / strategy in national policy / planning or NDC

Political Climate Change Official domestic or international net zero goal / target
Environment
RE Electricity Target Official RE electricity goal / target
Equal access to grid Legal or regulatory guarantee for equal third-party access
Power - Security Reserve margin at peak load - % of system load (2022)
of supply Power Net Import (% of net consumption, 2022)

% of fossil fuel in installed power capacity (2022)
Power generation -

0 , . - :
Clean energy status Y% of fossil fuel in electricity generation (2022)

% of RE power capacity (2022)
VRE & Non- % of VRE in power installed capacity mix (solar & wind electricity, 2022
synchronous assets o, of VRE in electricity generation mix (solar & wind electricity generation, 2022)
Total (WEF Flexibility Index)

_ Total existing capacity of interconnectors to neighboring systems
Regional (MW, known)

interconnection _ o
Regional pool participation (number)
Power flexibility Power generation % of hydro power in installed capacity (w/o pumped hydro, 2022)
sources % of gas power in installed capacity (2022)
% of pumped hydro in installed capacity (2022)

Energy storage % of utility-scale battery storage vs installed power generation
capacity (2022)

Note: RE — Renewable Energy ; VRE - Variable Renewable Energy

Yes

Yes (2050)
Yes
Yes

38.4%
2.6%
48.5%
43.2%
50.2%
8.6%
1.8%
N/A

257

42.8%
8.7%
0.0%

0%

Yes

Yes (2050)

Yes
Yes
-33.3%
-1.8%
77.1%
87.7%
15.5%
14.4%
6.9%
3.21

7180

1.2%
0.0%

4.6%

Yes

Yes (2050)
Yes
Yes

26.2%
1.9%
62.0%
63.1%
32.5%
1.0%
0.5%
99.27

100

28.8%
49.0%
0%

0%

Yes

Yes (2050)
Yes
Yes

33.6%
-7.9%
15.7%
1.0%
77.4%
6.5%
2.3%
N/A

2400

79.3%
0.0%
0.0%

0%

SUSTAINABLE

ENERGY
FORALL

Yes

Yes (2050)
Yes
Yes

39.9%
-14.1%
16.3%
11.1%
82.5%
2.4%
0.7%
94.24

2090

82.8%
0.0%
0.0%

0%



Category: Grid Development Ecosystem (1/4)

Grid Assets
- Status &
planning

Power System /

Grid
Development
Planning

Transmission

Interconnectors

Distribution

Mini-grids

Established grid

planning &

update procedure

Geospatial grid

development
planning

Existing transmission capacity (MW or MVA) or Circuit
Length (km, 2022)

5-year CARG of capacity (%, 2017-2022)
5-year CARG of circuit length (%, 2017-2022)

Total capacity (MW) of RE power plant projects in
transmission connection queue (latest)

Existing interconnector transmission capacity (MW,
known)

Planned capacity by 2030 (MW, known)

Existing transformer / distribution capacity (MW) or Line &
Cable length (km)

5-year CAGR of distribution line length (most recent 5
years)

Total mini-grid capacity (MW, 2022)

Integrated generation and transmission planning

Established transmission capacity allocation approach
for interconnection

Electrification plan developed based on demand
assessment and/or geospatial least cost analysis

RE-resource oriented / RE scale up minded grid
development assessment & planning

RE zoning / zones

Geospatial planning or produced zoning guidance to
inform commercial development of the RE resource

Dedicated renewable energy evacuation corridors

54507 km
199517 MVA

6.5%
3.3%

Not reported

840

3000

100344 MVA /
578588 km
(June 2023)

2.6%

N/A

Yes

N/A

N/A

Yes
No
Yes

No

21397 km

N/A
4.2%

Not reported

6000

1600

N/A

N/A

N/A

Yes

Yes

Yes

Yes
No
Yes

No

6472 km
9642 MVA

6.4%
2.2%

Not reported

438

655

N/A

N/A

325

Yes

Yes

Yes

Yes
No
Yes

No

5,455 MVA

4.7%
4.6%

Not reported

2145

2000

15149 MVA /
310312 km
(FY 2023/24)

6.4%

N/A

Yes

Yes

Yes

Yes
No
Yes

No

SUSTAINABLE

ENERGY
FORALL

TCN wheeling
capacity 8229 MW

6.4%
N/A

Not reported

872

1600

N/A

N/A

12

Yes

Yes

Yes

Yes
No
Yes

Yes



Category: Grid Development Ecosystem (2/4)

Grid Assets
- Status &
planning

Power System /
Grid
Development
Planning

Transmission

Interconnectors

Distribution

Mini-grids

Established grid
planning &
update procedure

Geospatial grid
development
planning

Existing transmission capacity (MW or MVA) or Circuit
Length (km, 2022)

5-year CARG of capacity (%, 2017-2022)

5-year CARG of circuit length (%, 2017-2022)

Total capacity (MW) of RE power plant projects in
transmission connection queue (latest)

Existing interconnector transmission capacity (MW,
known)

Planned capacity by 2030 (MW, known)

Existing transformer / distribution capacity (MW) or Line &
Cable length (km, 2022 or latest)

5-year CAGR of distribution line length (most recent 5
years)

Total mini-grid capacity (MW, 2022)

Integrated generation and transmission planning

Established transmission capacity allocation approach
for interconnection

Electrification plan developed based on demand
assessment and/or geospatial least cost analysis

RE-resource oriented / RE scale up minded grid
development assessment & planning

RE zoning / zones

Geospatial planning or produced zoning guidance to
inform commercial development of the RE resource

Dedicated renewable energy evacuation corridors

1158 km
(June 2023)

N/A
7.0%

Not reported

257(?)
300

29504 km
(2023)

3.9%

N/A

Yes

Yes

Yes

Yes
No
Yes

No

33 194 km
155 820 MVA
(March 2023)

0.6%
0.3%

Not reported

7180

1450

146927 MVA /
375760 km
(2024)

1.15%

N/A

Yes

Yes

Yes

Yes
Yes
Yes

Yes

6139 km
6519 MVA
2380 MW

13.4%
6.4%

Not reported

100

6750

163804 km (2023)

9.6%

2.2 MW
No

Yes

Yes

Yes
No
Yes

No

6445.5 MVA

19.8%
N/A

Not reported

2400(?)
3750

70565 km
(2024)

5.96%

N/A
Yes

Yes, but not
formalized yet

Yes

Yes
No
Yes

No

SUSTAINABLE

ENERGY
FORALL

10407 MVA

9.6% in one year

15.5% in one year

Not reported

2090

2800

12500 km (2022)

N/A

N/A

Yes

Yes

Yes

Yes
No
Yes

No



Category: Grid Development Ecosystem (3/4)

Power System /
Grid
Development
Planning
(continued)

Grid
Investment /
Finance

Time / Risks

Private
participation

Mini-grid framework

Grid development
ODA (disbursement)

Economic / Investment
Policy & Regulations
(enabling environment)
- Renumeration & cost
recovery

Financial cost / cost of
Capital (WACC)

Total commission time
(from permit application
to commission)

Established mini-grid policy and framework (RISE
score, 2022)

Clear regulations on what will occur when the main
grid reaches a mini grid's service area

Weighted 5-year average per MW of on-grid power
generation capacity (Million USD / GW, 2017-2022)

Transmission grid investment / cost recovery
regulations / methods

Clear grid tariff determination method & its cost
reflectiveness

Deep or shallow method of power plant connection
cost allocation - supporting RE

Power sector project interest ratio (range or average)
OECD Country Risk Classification
Country Credit rating (WEF ET Index, 2024)

Transmission line projects

Interconnector projects

Private sector participation in grid development - type of allowed participation /

business models

Note: EPC: Engineering, Procurement and Construction; IPT Independent Power Transmission

N/A

N/A

0.768

Yes

Yes

Yes

N/A
6
0.28
N/A

N/A

Yes

Only EPC
participation

72.9

Yes

25.702

Yes

Yes

No

N/A
7
0.1
N/A

N/A

Yes

Quite limited - with
invited EPC

50.4 72.9
Yes, in RISE
But. L{N report says Yes
this is uncovered
as of 2022
12.769 37.725
Yes No
Yes No
Yes Yes
N/A N/A
7 7
0 0.3
N/A More than 7 years
N/A N/A
Yes Yes
EPC and private concession
ownership of agreements,
assets EPC and IPT

SUSTAINABLE

ENERGY
FORALL

89.8

Yes

18.628

Yes

Yes

No

N/A

0.25
N/A

N/A

Yes
EPC



Category: Grid Development Ecosystem (4/4)

Power System /
Grid
Development
Planning
(continued)

Grid
Investment /
Finance

Time / Risks

Private
participation

Mini-grid framework

Grid development
ODA (disbursement)

Economic / Investment
Policy & Regulations
(enabling environment)
- Renumeration & cost
recovery

Financial cost / cost of
Capital (WACC)

Total commission time
(from permit application
to commission)

Established mini-grid policy and framework (RISE
score, 2022)

Clear regulations on what will occur when the main
grid reaches a mini grid's service area

Weighted 5-year average per MW of on-grid power
generation capacity (Million USD / GW, 2017-2022)

Transmission grid investment / cost recovery
regulations / methods

Clear grid tariff determination method & its cost
reflectiveness

Deep or shallow method of power plant connection
cost allocation - supporting RE

Power sector project interest ratio (range or average)
OECD Country Risk Classification
Country Credit rating (WEF ET Index, 2024)

Transmission line projects

Interconnector projects

Private sector participation in grid development - type of allowed participation /

business models

81.25

Yes

294.992

Yes

Yes

No

N/A
6
N/A
N/A

N/A

Yes.
Defined PPP-
BOO, BOOT, and
BTO and EPC +
Finance models

21.04

Yes

0.304

Yes

Yes

No

N/A
4
0.42
N/A

N/A
Yes

Only EPC
participation

78.75

Yes

58.272

Yes

Yes

No

N/A
6
N/A
N/A

N/A
Yes

Only EPC
participation

62.50

Yes

38.871

No

No

No

N/A
6
N/A

6-10 years
N/A

Yes
IPT or EPC
contractor for
UETCL projects

Note: BOO - Build-own-operate; BOOT- Build-own-operate-transfer; BTO — Build-to-own; EPC: Engineering, Procurement and Construction; IPT Independent Power Transmission;
PPP-Public private partnership;

SUSTAINABLE

ENERGY
FORALL

68.33

Yes

10.265

No

Yes

Yes

N/A
7
0

N/A

N/A

Yes
whole of grid
concession,

merchant, IPT, and

EPC models



Category: Grid Operations (1/2)

Grid operation
economics & charge

Grid operation-
technical policy /
regulations &
operation resource
procurement

Grid efficiency - losses

Power reliability
system

Grid operation -
Congestion
management &
Dispatch

Digitalization

Rules define the size and allocation of costs for use of

Network cost / charge the transmission and distribution system (e.g. wheeling Yes Yes Yes
allocation (basis of cost-  charges, locational pricing)
reflective charge) Wheeli h charged based No discriminatory charged based
eeling charge on kWh application on kWh
Grid codes — VRE power plants - connection procedures / operational requirements Yes Yes Yes
Flexibility (ancillary Regular assessment of flexibility Yes No Yes
service) Existence of competitive / public procurement No No No
Resource adequacy Existence of competitive / public procurement N/A No Yes
[0) i -
Grid losses - total Lol e85 (&0 @iritelf) [Jonr7 (anaElion, dee) 17.9% 18.1% 29.3%
transmission and distribution
Grid loss -transmission % of total power generation / % of total loss (2022) 3.8% (2021) /A 4.1%
Grid loss-distribution % of total power generation / % of total loss (2022) 22.5% (2021) 30.0%
Existence of an incidence/outage recording system (or SCADA / EMS with such
. . Yes Yes Yes
functionality)
RE priority dispatch Yes No Yes
Dispatch Merit-order / economic dispatch Yes Yes Yes
Real-time dispatch No No Yes
High quality VRE forecasting for dispatch operation No No Yes
Power flow control Mechan_lsms to compepsate RI_E projects for lost Yes No Yes
generation due to certain curtailments
Digital Infrastructure readiness (WEF ETI Index) 44.07 27.36 38.83

Note: RE — Renewable Energy ; VRE - Variable Renewable Energy

Yes

No

Yes
Yes
No
No

22.7%

4.0%
18.0%

Yes

Yes

Yes
Yes

Yes

Yes

46.86

SUSTAINABLE

ENERGY
FORALL

Yes

charged based
on point to point
Yes
No
No

No
14.2%

8.2%
25.0%

Yes

Yes

Yes
No

Yes
Yes

35.73



Category: Grid Operations (2/2)

Grid operation
economics & charge

Grid operation-
technical policy /
regulations &
operation resource
procurement

Grid efficiency - losses

Power reliability
system

Grid operation -
Congestion
management &
Dispatch

Digitalization

Network cost / charge
allocation (basis of cost-
reflective charge)

Rules define the size and allocation of costs for use of
the transmission and distribution system (e.g. wheeling
charges, locational pricing)

Wheeling charge

Grid codes — VRE power plants - connection procedures / operational requirements

Flexibility (ancillary
service)

Resource adequacy
Grid losses - total

Grid loss -transmission
Grid loss-distribution

Regular assessment of flexibility
Existence of competitive / public procurement
Existence of competitive / public procurement

Total loss (% of total power generation, 2022) —
transmission and distribution

% of total power generation / % of total loss (2022)
% of total power generation / % of total loss (2022)

Existence of an incidence/outage recording system (or SCADA / EMS with such

functionality)

Dispatch

Power flow control

RE priority dispatch

Merit-order / economic dispatch
Real-time dispatch
High quality VRE forecasting for dispatch operation

Mechanisms to compensate RE projects for lost
generation due to certain curtailments

Digital Infrastructure readiness

Note: RE — Renewable Energy ; VRE - Variable Renewable Energy

No

N/A

Yes
Yes

No
N/A

13.6%

N/A
N/A

Yes

Yes

Yes
Yes

Yes

Yes

N/A

Yes

No discriminatory
application

Yes
Yes
Yes

No

11.0%

2.3% (2023)
9.7% (2023)

Yes

Yes

Yes
Yes

Yes
No

45.86

Yes / No
(The 2021)

N/A

Yes
Yes

No
Yes

12.9%

N/A
N/A

Yes

No

No
No
No

No

37.84

No

No

No
Yes
No
No

19.2%

4.8%
17.6%

Yes

Yes

No
No
No

Yes

N/A

SUSTAINABLE

ENERGY
FORALL

Yes

Clear rate
setting
methodology

No
No
N/A
No

10.3%

5.6%
N/A

Yes

No

No
No
No

No

32.11



Category

Service quantity —
electricity access

Service quantity —
electricity consumption

Service Quality - Power
reliability

Power Affordability

Electricity access ratio

(2022)

2030 electricity access

deficits

. Grid Services to Consumers (1/2)

Total access ratio (%)
Urban access ratio (%)
Rural access ratio (%)

% of total population unelectrified in 2030 using the most
recent 5-year access growth ratio (CAGR)

Existence of on-grid access plan and targets

On-grid electricity access (# of population or share)

Solar mini-grid access

# of served population by solar mini-grid

Annual electricity consumption per person (kWh per person)

5-year CARG of annual electricity consumption per capita (%, 2017-2022)

Power reliability data

availability

Consumer connection

fees

Consumer tariffs

SAIFI (WEF ET Index SAIFI (2024 score)
SAIDI (WEF ET Index SAIDI (2024 score)
Existence of SAIFI and SAIDI measurement

Standards of performance on reliability (e.g. number of
guaranteed hours per day, duration of the electricity,
frequency of outages, etc.)

Affordability of the electricity connection fee for residential
consumers (RISE Indicator, 2022)

On-grid connections: Consumer financing mechanisms

Average residential consumer tariff (USD/kWh, 2023)

Policy / financing mechanisms for vulnerable groups to support vulnerable groups

100

N/A with 100%
access ratio

1592.2
-0.1%

2.0

Yes

No

N/A

Yes
0.048

Yes

55.4
94.0
43.0

28.8%

Yes

61931525

10000
85.9
1.2%
N/A
N/A
No

Yes

93.1

No
0.039
No

85.1
95.0
71.6

2.5%

N/A

23952965
16000

571.8
6.6%
36.3
55.9

Yes

Yes

67.9

No
0.138

Yes

76
98.0
68.4

34.3%

No

9659877
137000

178.1
-0.9%
6.9
12.0

Yes

Yes

85.1

Yes
0.102

Yes

SUSTAINABLE

ENERGY
FORALL

60.5
89.0
27.0

51.6%

Yes
122767854
217000
144.5
0.4%
N/A
N/A

Yes

Yes

99.9

No
0.091

Yes



Category

Service quantity —
electricity access

Service quantity —
electricity consumption

Service Quality - Power
reliability

Power Affordability

Electricity access ratio
(2022)

2030 electricity access
deficits

. Grid Services to Consumers (2/2)

Total access ratio (%)
Urban access ratio (%)
Rural access ratio (%)

% of total population unelectrified in 2030 using the most
recent 5-year access growth ratio (CAGR)

Existence of on-grid access plan and targets

On-grid electricity access (# of population or share)

Solar mini-grid access

# of served population by solar mini-grid

Annual electricity consumption per person (kWh per person)

5-year CARG of annual electricity consumption per capita (%, 2017-2022)

Power reliability data
availability

Consumer connection
fees

Consumer tariffs

SAIFI (WEF ET Index SAIFI (2024 score)
SAIDI (WEF ET Index SAIDI (2024 score)

Existence of SAIFI and SAIDI measurement

Standards of performance on reliability (e.g. number of
guaranteed hours per day, duration of the electricity,
frequency of outages, etc.)

Affordability of the electricity connection fee for residential
consumers (RISE Indicator, 2022)

On-grid connections: Consumer financing mechanisms

Average residential consumer tariff (USD/kWh, 2023)

Policy / financing mechanisms for vulnerable groups to support vulnerable groups

50.6
98.0
38.2

-11.9%

Yes
3843602
11000
62.5
6.9%
N/A
N/A

Yes

Yes

87.0

Yes
0.215

Yes

86.5
87.1
93.4

84.5%

No
51509369
100
3348.7
-3.1%
6.0
30.5

Yes

Yes

0.0

Yes
0.154

Yes

45.8
78.5
36.0

-5.1%

Yes
25575969
20000
121.1
2.4%
46.8
20.9

Yes

Yes

0.0

Yes
0.081

Yes

47.1
72.0
36.0

-9.9%

Yes

18532785

73000
84.0
6.7%
N/A
N/A

Yes

Yes

0.0

Yes
0.217

Yes

SUSTAINABLE

ENERGY
FORALL

47.8
87.0
15.0

30.5%

Yes

6000454

39000
747.7
0.5%

4.9
51.2

Yes

Yes

67.7

Yes
0.054
No



Category: Sustainability and Just Transition (1/2)

Environmental
and Social
Impacts

People-centered
deliberation

Carbon intensity
of the power
system

Strategic Environmental & Social Impact Assessment
Framework and implementation status for energy and

_ _ transmission development planning, policy and
Environmental planning & programme

regulations _ _ _
Project-level Environmental impact Assessment

Framework and Implementation for transmission
projects

Public engagement / Public consultation requirement for transmission /
participation / consultation  interconnector projects to impacted general public &
framework communities (Y/N)

Compensation framework to landowners and affected local stakeholders by
transmission / interconnector projects

Carbon intensity per unit of generated electricity (g CO2eq / kWh/ yr)

No

Yes

Yes

Yes

426.6

Yes

Yes

Yes

Yes

0.237

Yes

Yes

Yes

Yes

331.1

No

Yes

Yes

Yes

88.1

Yes

Yes

Yes

Yes

319.9

SUSTAINABLE

ENERGY
FORALL



Category: Sustainability and Just Transition (2/2)

Environmental
and Social
Impacts

People-centered
deliberation

Carbon intensity
of the power
system

Strategic Environmental & Social Impact Assessment
Framework and implementation status for energy and

. . . Yes
transmission development planning, policy and
Environmental planning & programme
regulations _ _ _
Project-level Environmental impact Assessment
Framework and Implementation for transmission Yes
projects
Public engagement / Public consultation requirement for transmission /
participation / consultation  interconnector projects to impacted general public & Yes
framework communities (Y/N)
Compensation framework to landowners and affected local stakeholders by Yes
transmission / interconnector projects
Carbon intensity per unit of generated electricity (g CO2eq / kWh/ yr) 319.4

Yes

Yes

Yes

Yes

882.2

Yes

Yes

Yes

Yes

277.4

Yes

Yes

Yes

Yes

7.3

Yes

Yes

Yes

Yes

96.7

SUSTAINABLE

ENERGY
FORALL
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Common Opportunities & Issues Across Africa

Maximizing flexibility

African countries have not experienced severe grid system problems from variable renewable energy integration
yet.

Rapid expansion of clean electricity supply capacity and grids are critical for many countries to achieve energy
security, deliver universal electricity access and to increase economic and social development.

Many countries have power flexibility resources (gas, hydro and increasing interconnectors).

Progress has been made in strengthening transmission grid business environment, which can contribute to cost
efficiency, innovation and grid capacity growth.

Regional leadership and cooperation

Progress is observed in the diverse scope and depth of system planning, economic regulations (tariff and ratio
setting methodologies) and technical regulations (grid codes).

Wider scope and deeper expertise backed by clear principles will become essential for policy and regulations to
support rapid power system transition and growth.

Further leadership growth and regional cooperation through the Africa Union and regional power pools can create
a common basis for robust regional power trading.

Setting common regional guidance for system planning, economic and technical regulations can (1) greatly
enhance cost and time efficiency by pooling and sharing resources, (2) support cross-border power trade and
market integration and (3) enhance strategic environmental assessment for country’s network policy, plan and
programme.
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Common Opportunities & Issues Across Africa

Electricity Policy

Commitment to grid development varies across African countries, with very few committing to the Global Energy
Storage and Grids Pledge at COP29. However, all countries have renewable electricity targets and most
guarantee equal access to the grid network.

Power sector’s institutional structure also varies from vertically integrated State-Own-Enterprise (SOE) utility, to
legally unbundled or partially unbundled structure, to fully unbundled with liberalized wholesale market. Egypt,
Kenya, and South Africa are in process of introducing wholesale competitive markets, while Uganda plans to return
to vertical integration from legally unbundled structure. The common aspect is the dominance of State-owned
Enterprises (SOES).

Power trade between countries is currently very small, but there are growing signs of rapid increases in
interconnector capacity and trading agreements among countries, supported by regional pools.
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Common Opportunities & Issues Across Africa FORALL

Electricity Market Structure

= African countries selected for this project can be categorized into three groups regarding their electricity generation
and power mix profile —

1. Dominant fossil fuels (mostly gas power) with hydro as the secondary power source;

2. Strong clean electricity profile with hydro power, followed by fossil fuels (mostly natural gas) as the
secondary source;

3. Strong coal dominance (South Africa) without natural gas.

The difference between the first and second groups stemmed from water resource availability, as eastern African
countries have better access to abundant water resources, they enjoy cleaner profiles with hydro power than
western and southern African counterparts.

= All countries, except South Africa and Egypt, have electricity consumption per capita level far below the Modern
Energy Minimum of 1000kWh/yr/capita. With the expected population growth and the necessity to achieve
universal access, higher tier electricity provision via on-grid expansion becomes important for more rapid economic
and social development.

= Most countries enjoy quite high reserve margins based on installed capacity. However, these margins can be
quickly depleted with strong electricity access expansion and demand growth, especially in countries with much
lower firm capacity than (name-plate) installed capacity .

= All countries show small variable renewable energy (VRE) share, no renewable power plants waiting for
connection queue and no curtailment issues are reported at the moment of writing.



Common Opportunities & Issues Across Africa

Grid Development Ecosystems

Not all countries have a plan for grid development. Countries are aware of the importance of integrated power generation and
transmission system planning and some have established planning frameworks and procedures with geospatial, least-cost
planning.

o However, not all countries publish system plans based on accelerated energy transition scenarios and projections.

o System planning in some countries show weak VRE deployment inclusion / assessment. Dedicated renewable
development zones and evacuation network corridors are not seen currently in all countries, except Nigeria and South
Africa.

o Some supply and demand projections seem impractical considering recent trends and should be revisited.

Many countries have good transmission capacity for their existing power generation capacity, except Nigeria.

Countries are also actively engaging in expansion of interconnectors through collaboration with regional pools and
international donors to increase power trading.

The age of assets greatly impacts the performance and potential to incorporate advanced VRE-related grid operation,
however, asset age data availability is a challenge.

Economic regulations—including through tariff and network charges—are key to enabling investment recovery, promoting
cost efficiency and competition, and supporting system planning goals, though their scope and depth vary widely across
countries.

o Cost-reflectiveness and efficiency are recognized in many countries, but not always reflected in rate setting
methodologies.

o In some countries, pricing principles—such as tariff and ratio setting, cost allocation (including for power plant
connections), and calculation methods—need clearer definition, and while others have well-developed methodologies,
ongoing updates and strong institutional capacity is needed to keep pace with evolving power system demands.

All countries permit private-sector participation in grid asset development, but the level of participation, available business
models and their actual activity levels vary and need further investigation to examine the effectiveness of those settings.
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Grid Operations

= Many countries have rules and rate setting formulas to determine the size and allocation of costs for use of the transmission system.
However, the details vary considerably by country.

o Some countries use well-advanced and clear rate setting methods, but others lack clear pricing / cost allocation principles, impacting
rate cost-reflectiveness and ability to motivate private sector investment.

o As for wheeling charges, no discriminative behaviors are found as most countries established clear and equal third-party access to
the grid. However, it was difficult to see wheeling charge rules through published information, particularly in vertically integrated
operations.

o Power trade agreements via interconnectors can be improved with clear rules on operational charges in each regional pool.

= Based on available data, most grid loss stems from distribution system that needs to reduce both technical and commercial loss.
= Many countries’ codes have dedicated sections for VRE and / or non-synchronous generators technical and safety requirements.

o However, the scope and level of detail in the grid codes vary. While many codes have detailed requirements for network connection,
system operation including ancillary services, safety and other operational requirements for both VRE and synchronous generators, a
couple of countries’ codes need to be updated to accommodate VRE-specific technical operational issues.

o Regular assessment of flexibility is not performed in some countries.

o In most countries ancillary services and resource adequacy are not competitively procured.

= For congestion management and dispatch, most countries engage in merit-order / economic dispatch; however, the existence of priority
dispatch for renewable electricity depends on country.

= Due to low VRE share and their current market structure, real-time dispatch and advanced VRE forecasting is not incorporated into
operation in many countries.

= Digitalization readiness level is low in general.

= These dimensions can be incorporated into the grid codes and digitalization needs to be enhance in both physical assets and
software to take advantages of advance market and network operation for VRE expansion and integration.



Common Opportunities & Issues Across Africa

Grid Services to Consumers

In the countries assessed in this project, only Egypt has universal access. While all assessed countries have quite high electricity
access in urban areas, in low energy access countries rural access is low and grid expansion is critical to achieve universal
energy access.

The countries assessed in this project have very low or low electricity consumption per capita compared to the Modern Energy
Minimum (MEM) goal of 1000 kWh, except South Africa and Egypt.

o For countries with low consumption per capita, off-grid technologies such as mini-grid and solar home systems cannot cost
effectively provide higher energy consumption access without on-grid expansion, although they are critical for universal
electricity access.

In terms of electricity service quality, all assessed countries have performance standards and measurement systems in place for
power reliability, such as SAIFI and SAIDI.

Power affordability affects both electricity access and energy consumption levels.

o Many countries show good affordability for residential consumption tariffs, however a couple of low electricity access
countries have expensive tariffs that are not affordable for vulnerable low-income populations.

o Some countries with expensive tariffs have financial mechanisms to support vulnerable population groups, however, it is
important to lower costs and reduce tariff levels themselves to avoid price distortion through subsidies.

o Creating economies of scale for cost reduction through simultaneous demand stimulation and supply expansion often has
hurdles that need concerted, holistic and simultaneous efforts are necessary including power system planning, economic
and technical regulations, business model development and better access to finance, along with productive use of energy,
project planning and development.

o In most countries, grid connection fees are generally affordable for consumers. However, in some countries, affordability
remains a challenge. While financial support mechanisms are often in place to assist in these cases, their adequacy and
effectiveness require further evaluation.
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Common Opportunities & Issues Across Africa

Sustainability and Just Transition

All countries assessed have good frameworks and practices, often based on international standards, for
transmission and interconnector project-level environmental social impact assessment (ESIA) and their
implementation is robust.

o Higher standard, project-level ESIA has been prompted by requirements posed by international donors /
funders such as multi-lateral development banks, for both domestic transmission and cross-border
interconnectors.

In addition, all countries practice public consultation and compensation for lost property and economic losses.
Many also have stakeholder engagement planning and processes in place, as well as resettlement planning for
affected people.

As for strategic environmental (and social) assessment (SEA), many countries also have frameworks and / or
guidelines, but actual implementation and their practices vary.

o Implementation of SEA on grid / network plans can be fortified in many countries, the process should be
open to all stakeholders, and their results need to be disclosed to be public. This is particularly true for power
system and network policy, plans and programmes.

o As all countries target renewable expansion, robust SEA can clarify uncertainties for private sector
development of renewable energy and grid development projects while reducing project-level ESIA burdens.

Carbon intensity per unit of electricity generation varies across countries with their electricity generation mix, but
generally their global positions are good as many countries have low carbon emissions with hydro power
generation.
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Country Overview
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Total Land Area GDP per Capita Annual GDP  Net ODA received Poverty headcount ratio at Population WB Income
Population (2022, square (2023, PPP 2021 Growth ratio (2022 Current USD) 2017 PPP USD 2.15 a day Estimate (2030) Group
(2023) km) international dollar)  (2023) (2018, % of population) (2024)
33,787,914 227,533 km2  USD 6,796.5 2.9% USD 1,046 million  25.1% 38,775,850 Lower-middle
Urban (57%) (1.4% of GNI) (15% up from 2023)  income
North " runope © WorldAtlas.com  © WorldAtlas.com 1B Ghana is a western African country with high
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oo ; DW; el Tamale T River Benln associated with macroeconomic challenges from
235N o N SR . TROPICOE __ | :
: % caNCeR S Volta  Bimbilla- 2012. Although the economy recovered in 2017,
- 0, - A Nat Far. g, the Covid pandemic worsened living standards
GHANA ! AFRICA o Arabian vty L . )
g Sea DCote @ %fafcf N k and the poverty ratio is rising. Inflation ratio was
: RS &8 E ) Togo 38.1% in 2023
» : Equator, Ghana_ Voh:a . .
"""" S Vi S TEasiead Tanom NoEsaR Macroeconomic stability and reforms are
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Aélonnc = : Ocean Nat. Park Birrrr 8 Vgt " access to finance, and the legal and regulatory
el El Prg\éamankese. P “Lomé environment for foreign direct investment.
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i 1D i : : E el target sector to avoid energy shortfall.
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Sources: World bank Development Indicators; World Bank Ghana overview; WorldAtlas.com



Power Sector Overview

Total grid-connected power capacity
(system size) (GW) (2022)

% of fossil fuel power capacity (2022)

5-year CAGR of total grid-connected power

Power generation capacity (utility-scale) (2017-2022)

Generation  Apnual total grid-connected power
generation (TWh) (2022)

% of fossil fuel power generation (2022)

5-year CAGR of total grid-connected
power generation (2017-2022)

Annual total electricity net consumption

Consumption 5-year CAGR of electricity
net consumption (2017-2022)

Power Import (% of net consumption) (2022)
Power Trade Power Export (% of net consumption) (2022)

Power Export (% of generation) (2022)

Ghana is one of a few countries in Africa with open competitive
wholesale market, with robust market data reporting and disclosing

system.

55
68.1%
3.5%
Power Sector
23.2 in General
63.9%
11.8%
19.1
8.8%
0.3% Market
Structure
7.7%
9.3%
Regulated
status

Unbundling Status

Private participation

Power Generation

Transmission (System
Operation)

Distribution / Retails

Wholesale open / competitive
market trading in energy,
balancing, and / or ancillary
services

Market integration with
neighboring systems

Regional pool participation

National / Independent
regulatory body

SUSTAINABLE

ENERGY
FORALL

Unbundled (Legal)

Yes

Yes
(On-grid with IPP, mini-grid and
SHS sectors are liberalized)

No
(SOE, GRIDCO is the SO)

Privatized & liberalized but limited
(The on-grid distribution is open
only in Industrial Zone with one

private firm. Off-grid sector is
public-led but many private
companies participate.)

Yes

No

Yes
(WAPP)

Yes (since 1998)
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Power Sector — Generation

Electricity Generation, Consumption &
Trade (TWh)

207 o) 2“14 2016 2017

mmm Fossil fuels generation mmmm Renewables generation

=@ |mports =@ EXxports

Data Source: US EIA International database — Electricity
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Share of Installed capacity by Source
(5519 MW, 2022)

Biomass
Solar and
3% waste
0%

Hydro
29%

Fossil
fuels
68%

Ghana’s power and electricity generation mixes have high
shares of fossil fuels.

Ghana has a high share (68%) of fossil fuels in installed
capacity, followed by hydro power (29%) and solar (3%).
Fossil fuel capacity is dominated with gas power.

The share of fossil fuels in generation capacity and electricity
is increasing as well, resulting in decline in renewable energy
share.

Both supply and demand are growing but the growth ratio of
consumption is much larger than that of supply. Still the
country is a net exporter of power to neighboring countries.
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Cumulative Transmission Transfer Capacity (MVA) and Circuit Length (km)

6639
12000 5066 6472 6185 64r2 6472 7000 = Ghana’s transmission circuit length has
. 6000
9785

10000 5284 increased 83% in six years, while its
transformer capacity has increased

N N N
9642 9642 .

8000 . & 8960 \ 8901 >000 26%, showing strong growth trend.
< = 7191 L .
§ 6000 4000 The circuit length reached 6,639 km in
= N 3000 - 2023. The most recent 5-year average

4000 2000 annual growth ratio is 2.2 %.

2000 1000 * Transmission transfer capacity stood

9,785 MVA in 2023. The most recent 5-

0 year average annual growth rate is
2017 2018 2019 2020 2021 2022 2023 6.4%.

Tranmission Transfer Capacity
Circuit length (km)

i Circuit length (km) Tranmission Transfer Capacity (MVA)
Data Source: GRIDCO Electricity Supply Plan (2018, 2019, 2020, 2021, 2022) & Annual Report (20, 2023)

Power Grid ODA (disbursement) (million USD, 2022 constant)
140
120

100 934 =  Total power grid ODA disbursement is
80 fluctuating year by year. It peaked in 2020,

754 818
60 414 3.7 46.7 then showing a decline in recent years.
4 25.7 23.8 30.7 =  Weighted 5-year average power grid ODA
2 15.2 l disbursement per MW of total on-grid

. | . power installed capacity (RE and non-RE)

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 is 12.8 Million USD / MW.

119.3

o O

Mullion USD (constant 2022)

o

Note: The figures include ODA for both transmission and distribution grid Data Source: OECD Creditor Reporting System,



Power Sector Overview — Transmission
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» Ghana’s transmission system is composed of four voltage levels
(330 kV, 225 kV, 161 kV, and 69 kV lines).

» The Ghana power system is interconnected with Cote d’lvoire and
Burkina Faso at 225 kV and with Togo at both 161 kV and 330 kV.
Recent projects include:

o WAPP Ghana - Céte d’lvoire 330 kV interconnection project;

o WAPP Ghana-Togo-Benin 330 kV electricity interconnection project
(commissioned in 2022)

Ghana’s Transmission System 2022

Source: Energy Year (2022) Ghana’s Transmission System
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Energy and Electricity Electricity Market

Policy & Regulations Oversight Panel
(EMOP, Wholesale Market)

Public Utilities Regulatory
Commission
(PURC, Economic Regulations

Ministry of Energy
(MoE)

Energy Commission
(EC, Technical Regulations)

Independent Power Bui Power Authority

Generation producers (IPPS) (BPA) Volta River Authority (VRA) Imports & Exports

Transmission Ghana Grid Company Ltd. (GRIDCo)

(Electricity Transmission Utility (ETU) as the WEM market operator in GRIDCo)
Distribution & Retail Off-grid
companies k

Electricity Company of Northern Electricity Distribution
Ghana (ECG) Company (NEDCO)

Enclave Power

Ghana Wholesale

Electricity Market
Source: SEforALL analysis based on Ghana Central Bank (2023) and UNECA (2021) (WEM)
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1) Bilateral Contracts Market (BCM) — The majority of trades occur here as contracts between wholesale
Wholesale suppliers and other market participants (contracts between wholesale sellers (including IPPs) and wholesale
Electricity Market buyers); and
(WEM) structure 2) Spot Market - trade electricity beyond contracted capacity between market participants to make up the
shortfalls and enable balancing. The Spot Market is reserved only for incremental trading.

Market Operator The Electricity Transmission Utility (ETU) is the market operator of the WEM

Sellers and buyers of electricity, or wholesale suppliers and customers. There are three types of authorized market
participants:
a) Any entity with an operating license from the Energy Commission (EC);
Market Participants b) Any entity is registered with the ETU; and
c) Any entity has entered into a contractual arrangement with the ETU.
They are wholesale electricity suppliers (including power generating utilities and the IPPs), distribution
companies, electricity brokerage enterprises, and bulk customers.

= The spot market price for electricity be based on the system marginal cost of supply and a merit-order dispatch

= The Public Utilities Regulatory Commission (PURC) developed the Electricity Transmission Ancillary Services
Pricing Policy and Guidelines for the procurement of ancillary services at the spot market of the WEMs as well
as the Market Regulations Manual and the Electricity Market Rules.

» The administration and operation of the WEM by GRIDCO is supervised by the Electricity Market Oversight
Panel (EMOP) which will advise the Energy Commission accordingly.

Spot Market

Source: UNECA (2021)
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Power Sector Reform Program (PSRP)
(1995)

National Energy Policy (2010)
Renewable Energy Act (2011)

Renewable Energy Master Plan (REMP)
(2019)

Energy Sector Recovery Program
(2019)

Strategic National Energy Plan
(SNEP) (2019)

Integrated Power System
Master Plan for Ghana (IPSMP)
(2019 & 2023)

Electricity Supply Plan for Ghana
Power System (annual update)

National Energy Transition Investment
Plan (2023)

Source: SEforALL analysis

Reorganized the market structure and governance, restructuring and unbundling of vertically integrated utility to increase the
private investments and enable greater competition in the electricity market and increase the efficiency of the power system.

Set the country’s energy sector goals, in line with the mid-term macroeconomic goals and establish a framework for energy
management and an environment to increase energy sector investment and renewable energy in the national energy mix.

Aims to create a regulatory environment to attract private sector for renewable energy development and utilization

The first national roadmap for the long-term development of renewable energy, aiming to increase renewable generation
capacity to about 1,360 MW by 2030. An investment plan to increase renewable energy technologies throughout Ghana
between 2019 and 2030 and aim to improve business environment for private sector growth.

Aims at achieving financial sustainability of the state-owned utilities and ensure a sustainable energy sector by providing
comprehensive recovery program for the energy sector between 2019 and 2023.

A framework to guide decision-makers to meet national energy demand sustainably. It covers the entire energy sector for the
period 2020-2030, projects energy demand estimates, assesses long-term energy supply and options based on different
scenarios, identifies energy supply constraints and challenges, finds key policy issues and formulates Action Plan.

= Asubset of the SNEP to provide a comprehensive development view of power generation and transmission facilities.

= Provides the overall guidance and assumptions for all the other planning documents such as the Annual Supply/Demand
Plans, the Transmission Master Plan, and the Distribution Plan.

= The Plan proposes a least-cost / least regret long-term generation capacity expansion plan to adequately meet projected
national electricity demand, aiming at increasing resilience, achieving cost competitiveness, and keeping the local
environmental and climate commitments. The 2023 plan covers the period up to 2040.

Power sector medium-term outlook with demand projections and resource adequacy assessment, annual update of the
strategy for power service delivery and priority generation and transmission projects / works.

Target net zero by 2060, with various sectoral changes and technologies and four main decarbonization technologies —
renewables, low-carbon hydrogen, battery electric vehicles, and clean cookstoves.
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» Ghana’s power system planning has a

comprehensive with well-organized hierarchical
procedure, regulatory oversight and stakeholder
engagement. Its framework and procedure that
consider different scenarios of renewable
expansion in various sectors.

The Strategic National Energy Plan (SNEP) covers
the entire energy sector, assessing energy
demand, supply needs and options and policy
issues and formulate Action Plan. The 2019 version
covers 2020-2030 period.

Integrated Power System Master Plan for Ghana
(IPSMP) is a sub-set of the SNEP, focusing on
power sector. It formulates a least regret capacity
expansion plan, providing guidance / assumptions
for subsequent transmission development plan and
annual supply plan among others. The 2023 plan
covers the period up to 2040. For transmission, it
identifies required transmission transfer capacity
for different zones.

Publicly available Transmission Master Plan,
however, is missing, not updated since 2011.

Source: SEforALL analysis

= Ghana’s economic regulations related to

transmission / distribution network asset
development and system operation charges are
guite advanced.

The ratio setting methodology for asset investment
recovery is essentially a hybrid of performance-
based incentive regulations with cost-plus revenue
principles. This method ensures cost recovery and
clarify revenue stream. Regulated Asset Base
(RAB) and each cost component are clearly
defined, and calculation formulas for revenue
requirements are given in the electricity ratio
setting guidelines. The philosophy behind the
method and regulatory approval process for
network tariff / ratio setting are also clearly
stipulated by the PURC.

Transmission operation charges are divided into
two charges; 1) TSCL1 ratio for GRIDCO to recover
cost of transmission network operations, and 2)
TSC2 ratio for GRIDCO to recover transmission
losses). They are clearly defined by the PURC, and
the changes are applied to unit of electricity basis
without discrimination.

Currently, the introduction of capacity market is in
progress, while the 2023 PURC ratio setting
guidelines define capacity procurement costing and
mandatory competitive procurement for new power
plants.

» Ghana has two separate grid codes; one for all

types of generators (2009) and the other is
renewable specific sub-codes (2015).

The 2009 National Grid Codes clarify the roles /
responsibilities for all grid participants and specify
technical requirements and procedures for 1) grid
development planning, 2) network connection, 3)
system operation including scheduling and dispatch
and ancillary services, 4) information and data, 5)
performance standards, 6) safety, among others
including governance. The main codes clarify
economic dispatch, real-time dispatch, and merit-
order operation with least cost supply over the
hydrologic year (November 1st to October 31st).
The 2015 Renewable energy sub-codes focuses on
minimum technical connection conditions for a
Variable Renewable Power Plant (VRPP) and
detailed system operation requirements and
parameters. The codes also specify requirements
of VRE forecasting for real-time operation and
mention curtailment, but no detailed conditions are
given.

Ghana’s grid codes are advanced for VRE
integration. They can be further enhanced by
including operational and safety requirements for
battery storages and demand side management
and cover cyber security.
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Indicators 2022 or Latest data 2030 Projection or Target
(Reference Case)

Installed Capacity (MW) 5519 MW (2022) 7606 MW
o Annual Growth Ratio (%) 3.5% (2017-2022) 4.1% (2022-2030)
Electricity Supply
VRE (MW) 98 MW (2022) 1204 MW
Ratio of VRE (%) 1.78% (2022) 15.8%
o Peak Demand (MW) 3469 MW (2022) 5479 MW
Electricity Demand
Annual Growth Ratio (%) 5.9% (2022-2030)
Reserve Margin (%) 31.7% 38.8%

Supply vs Demand 5-year CAGR of power generation (%)

[0) - - 0 -
— 5-year CAGR of electricity consumption (%) Sl (A2, LY (A2
Transformer capacity of transmission lines 6639 MVA (2023) 9890 MVA (2030)
— Annual Growth Ratio (%) 6.4% (2018-2023) 5.1% (2022-2030)
Transmission
Circuit length of transmission lines 9785 km (2023) N/A
Annual Growth Ratio (%) 2.2% (2018-2023) N/A

Data Sources: USEIA; Ghana Energy Commission (2023) Integrated Power System Master Plan for Ghana; GRIDCOP Electricity Supply Plan (2018, 2019, 2020, 2021, 2022) & Annual Report (20,
2023) (see Appendix 2)

= Ghana is projecting approximately 39% increase in power capacity between 2022 and 2030, requiring 4.1% annual growth rate. VRE is expected to increase more
than 12-fold. Peak demand is projected to increase 57% during the period. Reserve margin against installed capacity remain large.

= In terms of transmission grid, approximately 50% increase in transmission transformer capacity up to 2030 is planned with 5.1% annual growth ratio that is slightly
lower than the past 5-year ratio up to 2023.



Key Indicators

RE share in power mix (2022) 30.5%
VRE share in power mix (2022) 1.8%
Average annual growth in VRE
penetration in installed capacity, -8.9%

(2017-2022)
RE curtailment ratio (%) N/A
Average annual growth in electricity 8.8%
demand (over 5 years, 2017-2022) ’
System flexibility 99.7

(WEF 2024 indicator, 0-100)

Demand projection (2030) 5479 MW (peak)

Generation supply target (2030) 7606 MW
Grid target / strategy in national NoO
policy / planning or NDC
Independent regulatory body (Y/N) Yes

Note: RE Renewable Energy; VRE Variable Renewable Energy

Transmission circuit length

(km., 2022) 6472 km
Transformer capacity (MVA, 2022) 9642 MVA
Annual average growth in 2 204

transmission line length
(over 5 years)

Current interconnections capacity

(2018-2023)

(MW, known) 438
VRE in connection queue
(MW) Not reported
Economic regulations - grid tariff
determination and its cost Yes/Yes
reflectiveness (Y/N)
Private participation / investment in
Yes

transmission asset development

(limited with EPC)
(YIN)

Grid loss (total, %, 2022) 29.3%
RE Priority dispatch (Y/N) Yes
SAIFI (2023) 36.3
SAIDI (2023) 55.9
Consumer tariff subsidy / pricing ves
support (Y/N)
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Electricity access (2022) 85.1%
ESIA process for transmission Yes
projects (Y/N)
Established public consultation /
compensation framework and Yes

procedure (Y/N)

Electricity consumption per
capita (kWh/yr/capita, 2022)
Average residential tariff
(USD/kWh)

571.8

0.098 (2022)
0.138 (2023)

Distribution transformer capacity

(MVA) N/A
Distribution overhead and cable
N/A
length (km)
Annual average growth in distribution N/A
line length (over 5 years)
Distribution grid loss (%) 30.0% (2022)

Data Sources: USEIA; BNEF Climatescope; World Bank Development Indicators; IEA/IRENA/WHO/USSD/World Bank ESMAP-Tracking SDG7; and National documents of respective countries

(See Appendix 2)
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Progress

Ghana has an open, competitive market structure, and is one of the more liberalized power sector in Africa.

There has been progress in economic and technical regulations for grid development and system operation.

Economic regulations for transmission investment recovery, cost allocation and clear tariff determination methodology are robust.
Sub-grid codes for renewable power plants offer clear technical operational requirements for variable renewable energy (VRE)
power plants.

Challenges

Although the country has a well-established, integrated electricity supply planning framework, transmission part of the plan is not
updated lately and remain ambiguous both technically and financially.

Private companies can participate in transmission asset development through EPC contract, but the existing licensing regime
practically reduces further contribution and business models.

Increase in electricity consumption per capita by on-grid expansion of electricity service and simultaneous demand stimulation
becomes important for further economic and social development.

Electricity access ratio is high compared to other Sub-Saharan Africa countries, but the service needs to reach rural areas with
clear last-mile access strategy and implementation.

Highly inefficient Grid compared to other African countries.

The penetration of VRE has been very low and one of bottleneck is lack of robust grids to absorb more VRE.

Conclusion

Ghana needs to prioritize investments in grid expansion and improving its grid efficiency and reliability as it has high grid losses and
system interruption frequency and duration.

Ghana is planning to increase VRE share massively by 2030 (16%) while increasing the power system size 40%, although the
current share is quite small (less than 2% in 2022). This means significant focus on grid investment by 2030.

Per Ghana Energy Transition Plan, Ghana needs to invest in 60 GW transmission and distribution network by 2060 for a net-zero
power system.
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Total Land Area GDP per Capita Annual GDP  Net ODA received Poverty headcount ratio at Population WB Income
Population (2022, square (2023, PPP 2021 Growth ratio (2022 Current USD) 2017 PPP USD 2.15 a day Estimate (2030) Group
(2023) km) international dollar)  (2023) (2018, % of population) (2024)
55,339,003 569,140 km2  USD 5,683.0 5.6% USD2,652 million  36.1% 63,103,942 Lower-middle
Urban (28%) (2.4% of GNI) (15% up from 2023) income
o A A el A A . Lake . ! i
A;;r:gnﬂhzic : cunope © WorldAtlas.com Ttk © . © WorldAtlas.com K_enya§ economy is t_he Iarges_t and most
Ocean i Souir {Lake Rudolf} diversified in East Africa, growing strong for the
: Sudan (g N Ethlopla past 20 years, constantly achieving 5-6% annual
v ta-. SN & GDP growth ratio, except the Covid-pandemic
' : MIDDLE : 49 ,
N : fadreion. o EAST Turkse/D | years. The country’s growth has been supported
A : | Uganda ‘ £ M eh IR by significant policy, structural and economic
AN - - IS [ a’.’%‘gg{ ______ Mt Elgon = Nat. Park Wi Somalia reforms.
: i . Kenya -
l o _ Kampala Eldoret 4 « Kenya’s key development challenges remain,
) AFRICA o Arabian _";:.’:;\.:t it 1) R S mhela EQUATOR . . . .
| | Sea [ LMt Kenpa”™ _Tandl River including poverty, inequality, youth
; KENYA\ Lake N 'i‘i': » e Not P‘:rk unemployment, transparency and accountability,
Sl e L - Equator V’Cm”a{.« “Nairobi climate change, continued weak private sector
oy gl v_gf;_ke % mf,z Machakos® o 5.0 . investment, and the vulnerability of the economy
apr. B o gfégg =7 Resenve to internal and external shocks.
Ocean & N gdmn «  The government prioritizes agriculture,
SESSUNNNN G | -/ TROPIC OF Tanzania CEan healthcare, affordable housing, micro and small
i CAPRICORN . /Mombasa . .. .
: i KENYA | __200m enterprises, and the digital and creative economy
& O A et 200 km to strengthen the economy from bottom-up.

Sources: World bank Development Indicators; World Bank Kenya Overview; WorldAtlas.com



Power Sector Overview

Total grid-connected power capacity
(system size) (GW) (2022)

% of fossil fuel power capacity (2022)

5-year CAGR of total grid-connected power
generation capacity (utility-scale) (2017-2022)

Power
Generation  apnual total grid-connected power
generation (TWh) (2022)
% of fossil fuel power generation (2022)
5-year CAGR of total grid-connected
power generation (2017-2022)
Annual total electricity net consumption
Power (TWh) (2022)

Consumption 5-year CAGR of electricity

net consumption (2017-2022)
Power Import (% of net consumption) (2022)
Power Trade Power Export (% of net consumption) (2022)

Power Export (% of generation) (2022)

Unbundling Status

3.7
Private participation
29.0% _
Power Generation
8.5% Power Sector
in General Transmission (System
Operation)
13.0
7.7% Distribution / Retails
3.7%
Wholesale open / competitive
market trading in energy,
9.6 balancing, and / or ancillary
Market services
1.1% Structure
Market integration with
2 304 neighboring systems
Regional pool participation
0.1%
Regulated National / Independent
0.2% status regulatory body
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Unbundled (Legal)

Yes

Yes
(On-grid with IPP & mini-grid and
SHS)
No (SOE)
KETRACO (100% SOE)
as the SO
Very limited - only in mini-grids and
SHS. Kenya Power & Lighting
Company (KPLC) is currently the
sole distribution company
No - single offtaker of retail and
distribution (Kenya Power)
The 2024 Electricity Act revision
specifies development of
wholesale market design /
structure within three years

No

Yes (EAPP)

Yes (since 1998)

The country has an unusual transmission sector structure — 100% SOE Electricity Transmission Company Limited (KETRACO) and Kenya Power (50% SOE) both own
and operate transmission lines (the latter only for those built before the establishment of KETRACO in 2008). The rest is open for private sector for both development and
operation, but currently no other companies are in the sector. KETRACO is designated as the national system operator by the Energy Act of 2019.



Power Sector — Generation

14

12

10

2012

Electricity Generation, Consumption &
Trade (TWh)

2013 2014 2015 2016 2017 2018 2019 2020

mmmm Fossil fuels generation == Renewables generation ==@==Consumption

=@=|mports =@=—[Exports =@=—Net imports

Data Source: US EIA International database — Electricity
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Share of Installed Capacity by Source
(3747 MW, 2022)

Biomass and

waste
wind 3%
12% Fossil
fuels
Solar 29%
8%

Geothermal

25% Hydro

23%

= Kenya generates more than 90% of electricity by

renewable sources, enjoying a well-diversified power
mix with geothermal, hydro, wind and solar.

= On-grid power installed capacity and power generation

are growing steadily, annually at 8.5% and 3.7%
respectively, while consumption growth is very weak.

= Although fossil fuel power still occupies 30% of the

power mix, this diversity provides the strength to Kenya
for increasing electricity access and consumption level.

= Power trade has a very small profile.



Power Sector — Transmission
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Kenya’s transmission circuit length has
increased 78% in six years, while its
transformer capacity has increased 21%
in five years, showing good growth
trend.

The circuit length reached 10,450 km in
FY2023/24. The most recent 5-year
average annual growth ratio is 4.6%

Transmission transformer capacity
stood 5,901 MVA in FY 2022/23. The
most recent 5-year average annual
growth ratio is 3.9%

Total power grid ODA disbursement
peaked in 2016 in the past decade
with stead increase. Then the
disbursement shows a fluctuating
trend.

Weighted 5-year average power grid
ODA disbursement er MW of t total
on-grid power installed capacity (RE
and non-RE) is 37.7 Million USD /
MW.



Power Sector Overview — Transmission
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» Kenya’s transmission system is composed of
four voltage levels (1282 km of 500 kV -HVDC,
2431 km of 400 kV, 2003 km of 220 kV, 3462km of
132 kV).

» KETRACO Transmission Master Plan 2023-2042
mentions that KETRACO is constructing 3281 km
of transmission line (circuit length) and 6418
MVA of transformer capacity (as of May 2023)

= KETRACO owns transmission lines built after the
company’s inception in 2008, but Kenya Power still
owned the assets built before the year. Transfer of
all Kenya Power’s transmission assets to
KETRACO will be completed within 2025.

» Kenya is directly interconnected with Uganda,
Ethiopia, and Tanzania.

o Kenya- Uganda Interconnector (132km 400kV
Lessos-Tororo line, 1200 MW) is currently in
process of upgrading to 400 kV

o Ethiopia — Kenya Interconnector (612km 500kV
HVDC Eastern Electricity Highway Project,
2000MW)

o Kenya — Tanzania Interconnector (96km 400kV, a
part of 2000 km, 1000 MW link to SAPP
(Zambia))

» KETRACO reports voltage and frequency
instabilities (both high and low) in the grid,
creating system operation challenges.



Power Sector Structure

Energy and Electricity
Policy & Regulations

Generation

Transmission

Distribution & Retall

Renewable Energy Resource
Advisory Committee (RERAC)

Rural Electrification and
Renewable
Energy Corporation
(REREC)
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Energy and
Energy and Petroleum Petroleum

Ministry of Energy (MoE) Regulatory Authority (EPRA) Tribunal (EPT)

Geothermal Development Corporation
(GDC) — Steam Electricity Supply

Independent Power Kenya Electricity Generating IMoorts & EXDorts
Producers (IPPs) Company (KenGen) P P

Kenya Power Kenya Electricity Transmission Company
(Transmission) (KETRACO)

Off-grid
(SHSs and
Mini-grid)
Companies

Kenya Power (Distribution)

Source: SEforALL analysis based on Ministry of Energy (2021), Oxfam (2024) and UNECA (2022)



Power Sector — Policy and Plan related to Power System Planning

Power Generation and Transmission
Master Plan (PGTMP) Kenya Long
Term Plan 2015 - 2035

National Climate Change Framework
Policy (NCCFP) & National Climate
Change Action Plan (NCCAP)

National Energy Policy (NEP) (2018)

Kenya National Electrification
Strategy (2018)

Energy Act of 2019

Least-Cost Power Development Plan
(LCPDP)
The latest:
Longer term (2020-2040)
Long-term 2021 -2030
Medium-term Plan (2023-2027)

KETRACO Transmission Master Plan
2023-2042 (2023)

Source: SEforALL analysis
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Plan country’s power system expansion with 1) future demand scenarios / projections, 2) analysis of suitable fuels and
technologies, their optimal sizing, siting, and scheduling; 3) power generation system modeling; and 4) modeling of the
transmission grid and analysis of its performance; and 5) investment analysis with financial implications

Currently an update is in progress.

While the National Climate Change Framework Policy (NCCFP) provided a framework to guides the development of
specific, detailed, and costed climate change interventions, the regular and periodic National Climate Change Action Plan
(NCCAP) implement them.

Provides policy recommendations related to coal, renewable energy (particularly geothermal and hydro), electricity, energy
efficiency, land, environment, health and safety, energy services, energy financing, pricing, and socioeconomic issues.

Provide a roadmap to achieve universal electricity access in both residential and business sectors over the shortest period
and at an acceptable quality of service. Currently in process of updating the Strategy.

Liberalized new segments of generation, transmission, distribution and retail sub-sectors chains to private sector

The Energy Act 2019 mandates an Integrated National Energy Plan (INEP) and bi-annual preparation of the 20-year Least
Cost Power Development Plan (LCPDP) and 5-year Medium Term Power Development Plan alternately.

LCPDP aims to guide stakeholders on the status of the power supply system, generation and transmission capacity
expansion opportunities, and the resource requirements for the expansion program.

The plan includes load forecast, generation expansion planning, ancillary service requirements, identification of target
transmission network, estimation of costs and an analysis of their impact on electricity tariffs and eventually determination
of the impact of the entire plan on climate change.

The plan is prepared by staffs from MOE, EPRA and sector agencies, with close collaboration with private sector players,
which is coordinated by Kenya Power.

Kenya Transmission Company (KETRACO) has been mandated to plan, design, construct, own operate and maintain high
voltage electricity transmission grid and regional power interconnectors infrastructure.



Policy and Regulatory Environment for Grid Development and Operation

= Kenya’s 2016 Power Generation & Transmission

Master Plan (PGTMP) explored scenarios with
diverse RE expansion paths / cases for 20-year
timeframe. Although an update of the plain is
currently under way, the update span could be
shortened.

» The Least Cost Power Development Plan has

been formulated since 2020 through collaboration

between public and private sectors, establishing

power generation planning framework further with
load forecast, resource endorsement, generation

expansion planning, ancillary service

requirements, identification of target transmission

network, estimation of costs and an analysis of

their impact on electricity tariffs and the impact of

the entire plan on climate change.

= KETRACO then develops and publishes long-
term (20 years), medium term (10 years) and
short- term (5 years) Transmission Master Plan
(TMP). The 20-year plan is updated every two
years. The plan is fed to and considered as the
national master plan.

» The planned transfer of Kenya Power
Transmission assets to KETRACO (to be
completed in 2025) will further consolidates the
process of system planning in near future.

Source: SEforALL analysis

The EPRA is responsible for economic regulations
and setting tariffs with defined formula and
calculating and approving tariff levels for not only
retail tariffs but also transmission sub-sector
charges.

However, tariff formulas used by the EPRA for
transmission part of tariffs are not made public.
Cost-reflectiveness is reportedly low, while laws do
not define periodic review for tariffs.

However, economic regulations and various tariff /
charge settings can be changed greatly with the
intended wholesale market development. The 2024
Electricity Act Amendment (ENERGY
(ELECTRICITY MARKET, BULK SUPPLY AND
OPEN ACCESS) REGULATIONS, 2024) 1)
specifies the development of wholesale market
structure / design within three years, including
capacity market; 2) clarifies cost-reflectiveness to
recover costs of capital costs, O&M costs, return of
equity, other financial costs and taxes, and 3)
designates the EPRA to set network charges,
wheeling charges and ancillary service charges.
The introduction of wholesale market and power
trading can clarify various costs for network
services by the system and market operators and
advance transparent economic regulations for
better private sector participation.
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Kenya'’s transmission codes are well-developed,
following international standards.

The Kenya’s grid codes are extensive and an
excellent example of conforming both
international standards / practices and domestic
requirements by specifying both EAPP
interconnector requirements and domestic
national transmission requirements for 1) system
planning, 2) network connections of synchronous
generators, 3) network connection of VRE power
plants, 4) operational planning, 5) system
operation under various circumstances; and 6)
balancing, frequency control and ancillary
services. This strong international aspects of the
Kenya’s grid codes are important for greater
regional power trading as well as regional
technical VRE integration / flexibility utilization
and market integration through interconnectors.
The codes also separately cover domestic
requirements for governance, cyber security, and
data exchange.

The country also provide priority access to grid to
RE (hydro), use real-time dispatch and VRE
forecasting, and provide compensation to RE
curtailment. Priority access to RE other than
hydro can be specified further.



Electricity — Current Status vs 2030
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Indicators 2022 or Latest data 2030 Projection or Target
(Reference Case)

Installed Capacity (MW)

i 0
Electricity Supply Annual Growth Ratio (%)

VRE (MW)
Ratio of VRE (%)

o Peak Demand (MW)
Electricity Demand

Annual Growth Ratio (%)
Reserve Margin (%)

Supply vs Demand 5-year CAGR of power generation (%)

— 5-year CAGR of electricity consumption (%)
Transformer capacity of transmission lines

— Annual Growth Ratio (%)
Transmission

Circuit length of transmission lines
Annual Growth Ratio (%)

3747 MW (2022)
(2304 MW Firm capacity 2022)

8.5% (2017-2022)

743 MW (2022)
19.8% (2022)
2171 MW (2022)

28.9% ( 6% against firm capacity)
2.6% (2017-2022)

5901 MVA (FY 2023/24)

3.9% (FY2017/18-FY2023/24)
9137 km (FY2023/24)
4.3% (FY2017/18-FY2023/24)

4689 MW
(3650 MW Firm capacity)

2.8% (5.1% - firm capacity)
(2022-2030)

1207 MW
21.6%
3320 MW
5.5% (2022-2030)

89% (10% - against firm capacity)

-2.3% / -0.4% (against firm capacity)

(2022-2030)
15,174 MVA (2030)

17.0% (FY 2023/24-2030)
N/A
N/A

Data Sources: USEIA; Kenya Power Annual Reports 2017-18, 2018-19, 2023-24; KETRACO (2023) KETRACO Transmission Master Plan 2023/2042; Least Cost Power development Plan 2021

= Kenya is projecting approximately 25% increase of power capacity between 2022 and 2030, requiring annual growth ratio of 2.8%. VRE is expected to increase
62% but its share will only increase 1.8%. Peak demand is projected to increase 53% during the period. Reserve margin against installed capacity remain large but

its against firm capacity will be just around 10%.
= The transmission grid is planned for a massive expansion (157%) by 2030.



Key Indicators

RE share in power mix (2022) 42.2%
VRE share in power mix (2022) 19.8%
Average annual growth in VRE
penetration in installed capacity, 59.2%

(2017-2022)
RE curtailment ratio (%) N/A
Average annual growth in electricity 1.1%
demand (over 5 years, 2017-2022) ’
System flexibility 84.0

(WEF 2024 indicator, 0-100)

Demand projection (2030) 192 TWh (IRENA)

56 GW (total)

Generation supply target (2030) 43 GW (on-grid)

(IRENA)
Grid target / strategy in national NoO
policy / planning or NDC
Independent regulatory body (Y/N) Yes

Note: RE Renewable Energy; VRE Variable Renewable Energy

Transmission circuit length
(km, 2022)

Transformer capacity (MVA, 2022)
Annual average growth in
transmission line length
(over 5 years)

Current interconnections capacity
(MW, known)
VRE in connection queue
(MW)

Economic regulations - grid tariff
determination and its cost
reflectiveness (Y/N)

Private participation / investment in
transmission asset development
(Y/N)

Grid loss (total, %, 2022)
RE Priority dispatch (Y/N)
SAIFI (2023)

SAIDI (2023)

Consumer tariff subsidy / pricing
support (Y/N)

8739 km
5,455 MVA

4.6%
(2019-2024)

2145

Not reported

No / No

Yes
(with multiple biz
models)

22.7%
Yes

6.9

12.0

Yes
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Electricity access (2022) 76.0%

ESIA process for transmission
projects (Y/N)
Established public consultation /
compensation framework and Yes

procedure (Y/N)

Electricity consumption per 178.1
capita (kWh/yr/capita, 2022)
Average residential tariff
(USD/kWh)

Yes

0.087 (2022)
0.102 (2023)

Distribution transformer capacity 15149 MVA
(MVA) (FY 2023/24)
Distribution overhead and cable 310312 km 310312
length (km) km (FY2023/24)
TSI 6.4%

Annua! average growth in distribution (FY2019/22-
line length (over 5 years) FY2023/24)
Distribution grid loss (%) 18.0% (2023)

Data Sources: USEIA; BNEF Climatescope; World Bank Development Indicators; IEA/IRENA/WHO/USSD/World Bank ESMAP-Tracking SDG7; and National documents of respective countries

(See Appendix 2)
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Progress

Kenya has a strong system planning framework and grid operational technical regulations are robust. KETRACO is actively
engaging and planning massive transmission grid development.

Kenya has strong interconnector transfer capacity within the Eastern Africa Power Pool (EAPP) and the domestic transmission line
capacity is growing 4% annually.

The 2019 Electricity Act opened multiple models for private sector participation.

Kenya enjoys well-diversified renewable energy presence in power sector with geothermal, hydro, wind and solar. This gives the
country an excellent position in energy transition.

Security of supply looks good now with a large power installed capacity against the current peak demand, but it becomes low (6%)
with firm capacity. The introduction of wholesale open market trading is planned in near future.

Challenges

Economic regulations that translate the system planning into business and practices show relative weakness. Transmission asset
investment recovery method / formula are not made in public, and cost reflectiveness are not clear. However, the planned
wholesale market introduction, its structure and market rules can make positive impacts by clarifying cost-reflective tariff setting
formulas for further private competition to the sector.

Electricity consumption per capita remains very low and the growth of the country’s whole electricity consumption is very weak.
Grid expansion and investment will be important to account for high population growth, growth of electricity access, and increasing
higher tier electricity access to current electrified and unelectrified population.

Conclusion

Grids in Kenya can support increased investment because of strong institutions, policies, and the need to deliver more energy for
energy access and economic development.

Kenya'’s grid losses are significantly higher than the average in Africa, and priority regulatory and market intervention is needed.
Per Kenya Energy Transition Plan, Kenya needs to invest in 70 GW transmission and distribution network by 2050 for a net-zero
power system.
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Country Overview
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Total Land Area GDP per Capita Annual GDP  Net ODA received Poverty headcount ratio at Population WB Income
Population (2022, square (2023, PPP 2021 Growth ratio (2022 Current USD) 2017 PPP USD 2.15 a day Estimate (2030) Group
(2023) km) international dollar)  (2023) (2018, % of population) (2024)
13,954,471 24,670 km?2 USD 3,060.0 8.2% USD 1,077 million  52.0% 16,375,704 Low income

Urban (18%)

(8.3% of GNI)

North °° T— © WorldAtlas.com © WorldAtlas.com - 100 mi
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Source: World bank Development Indicators; The World Bank Rwanda overview; WorldAtlas.com

(17% up from 2023)

Rwanda is a small, landlocked and low-income
country, located in central Africa. The country's
population density is among the highest in the
continent.

The country’s economy is also among the fastest
growing in the continent with above 7% of annual
average GDP growth ratio for the past 20 years.
The government targets to become a middle-
income country by 2035 and a high-income
country by 2050.

Weak job creation, low productivity, infrastructure
gaps, limited progress in innovation, sub-optimal
allocative efficiency, and inclusive growth are
cited as developmental challenges.

It is necessary to stimulate private sector
investment to enhance productivity growth, raise
incomes, and provide the financing to address
infrastructure shortfalls.



Power Sector Overview

Power
Generation

Power
Consumption

Power Trade

Total grid-connected power capacity
(system size) (GW) (2022)

% of fossil fuel power capacity (2022)

5-year CAGR of total grid-connected power
generation capacity (utility-scale) (2017-2022)

Annual total grid-connected power
generation (TWh) (2022)

% of fossil fuel power generation (2022)

5-year CAGR of total grid-connected
power generation (2017-2022)

Annual total electricity net consumption
(TWh) (2022)

5-year CAGR of electricity
net consumption (2017-2022)

Power Import (% of net consumption) (2022)
Power Export (% of net consumption) (2022)

Power Export (% of generation) (2022)

0.295

48.5%

5.3%

1.0

43.2%

10.1%

0.861

9.4%

3.6%

0.9%

1.0%
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Vertically Integrated (SOE - Rwanda

Unbundling Status Energy group (REG))

Private participation Yes
Power Generation Yes
No (SOE)

Transmission (System REG subsidiary - The Energy Utility

Power Sector Operation) Corporation Limited (EUCL) performs

in General system operation
Yes.
But not on on-grid sector that has a
single retailer - Rwanda Energy
Distribution / Retails group (REB) subsidiary (EUCL)
Off-grid / Mini-grid sector is open to
private developers and operations in
business
Wholesale open / competitive
market trading in energy,
. : No
balancing, and / or ancillary
Market services
Structure Market integration with
. . No
neighboring systems
Regional pool participation Yes (a member of Eastern Africa
glonhal poot particip Power Pool - EAPP)
Regulated National / Independent Yes (since 2003)
status regulatory body



Power Sector — Generation

1.2

0.8

0.6

0.4

0.2

Electricity Generation, Consumption &
Trade (TWh)

2012

2013 2014 2015 2016 2017 2018 2019

= Fossil fuels generation mmmm Renewables generation
=@==|mports

=@=—Net imports

=@=—"Total Consumption
=@ EXxports

Data Source: US EIA International database — Electricity

2020

2021

2022

SUSTAINABLE

ENERGY
FORALL

Share of Installed capacity by Source
(295 MW, 2022)

Biomass
Solar and waste
9% 0%

Fossil
fuels
49%

Hydro
42%

Rwanda’s power system is very small. But strong growth in
both electricity generation and consumption has been
observed.

While hydro power is the single largest source in installed

capacity, however, nearly half of electricity is generated by
heavily polluting peat-fired power plant, methane gas and
other fossil fuel thermal power plants.

Renewable energy has increased the share in power
generation mix in recent years.

Regional power trade is not a large part of the profile.
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Cumulative Circuit Length (km)

1400
1158

1200 1158
s 44
§, 1000 9 973
£ 300 = Rwanda’s transmission circuit length
g has increased by 22% in three years.
= 600
5 = The circuit length reached 1,158 km in
.g 400 2023. The most recent 3-year average

200 annual growth ratio is 7 %.

0 | ]

Transmission transformer capacity

FY2016/17 FY2017/18 FY2018/19 FY2019/20 FY2020/21 FY2021/22 FY 2022/23 FY 2022/24 data was not available

Circuit length (km)
Data Source: REG Annual Reports FY2023-24, FY2022-2023, FY 2021-2022

Power Grid ODA (disbursement) (million USD, 2022 constant)

o 2°0 = Total power grid ODA disbursement

S 200 peaked in 2017 with downward trend to

N

= 2022.

% 150

g =  Weighted 5-year average power grid ODA
£ 100 disbursement per MW of total on-grid

B power installed capacity (RE and non-RE)
2 50 is 295.0 Million USD / MW, which was the
= 0 ] ] . B highest among African countries (2017-

s

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2022) .

Note: The figures include ODA for both transmission and distribution grid Data Source: OECD Creditor Reporting System,
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Rwanda’s transmission system is composed of
two voltage levels (510 km of 220 kV lines, 648
km of 110 kV lines). The existing 70kV lines (28 km)
are in a process of being upgraded to 100 kV
currently.

Rwanda has direct but small capacity of
interconnector links to the neighboring countries.

o Burundi, Rwanda and Tanzania - 372 km of 220
kV line from 80MW Regional Rusumo Falls
Hydroelectric Project, commissioned in March
2024

o Rwanda - Democratic Republic of Congo -
Uganda 220 kV interconnection through
220kV/100kV Shango substation (2019)

The REG points out that the system operation
often encounters difficulties with voltage
instability and blackouts due to its small size of
network, lack of multiple evacuation lines, and
substations without n-1 connections, in addition
to the weak interconnector link.

Rwanda’s HV Transmission System 2023

Source: REG (2023) RWANDA: TRANSMISSION MASTER PLAN
(2023 2030)



Power Sector Structure

Energy and Electricity
Policy & Regulations

Generation

Transmission

Distribution & Retall

Rwanda Development Board (RDB) (MININFRA)
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Rwanda Utility Regulatory Authority

Ministry of Infrastructure

(RURA)

Rwanda Energy Group (REG)

Energy Development
Corporation Limited Imports & Exports

(EDCL) Generation

Independent Power Energy
producers (IPPs) Development
Corporation Limited
(EDCL)

EUCL Transmission

Off-grid
Companies

EUCL Distribution

Source: SEforALL analysis based on UNECA (2021)
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Rwanda Energy Policy (REP) (2015)

National Strategy for Transformation
(NST1 2017-2024) & (NTS2 2024-2029)

Energy Sector Strategic Plan (ESSP)
2018-2024 (2018)

Rural Electrification Strategy (2016)

National Electrification Plan (NEP)
(2018) & (2023 revision)

Least Cost Power Development Plan
(LCPDP) 2024-2050 (2023)

Rwanda Transmission Master Plan
2020-2028 (2020) & 2023-2030 (2023)

Source: SEforALL analysis

Aims to outline a long-term vision for the energy sector, provide high-level goals, and recommends clear and coordinated
approaches for achieving that vision, identifying key policy issues, and set policy framework to guide decisions on the
extraction, development and use of Rwanda’s energy resources. REP 2015 was the revision of 2011 version.

Focused on electricity access and services to ensure sufficient, reliable, sustainable and more affordable power supply.

The implementation instrument for Rwanda'’s Vision 2020 and Vision 2050, integrating long-term global and regional
commitments to development goals / agenda including the Paris Agreement and Sustainable Development Goals (SDGS)
NST1 and 2 identify electricity and its universal access as essential means for economic and social transformation for
promoting industrialization and export growth and enhancing basic social infrastructure. The NST1 called private sector
participation to help reach off-grid areas and invest in grid expansion, while the NST2 further strengthens the focus on
renewable energy, climate resilience and clean energy transition in addition to universal access.

= A part of the power sector master plan that set implementation strategy for NTS1 and REP by translating policy directives

and principles into concrete measures necessary to reach medium-term targets, reflecting current resource constraints and
risk and uncertainties. The 2018 version set tangible outcome indicators achievable by 2024.

Provide key principles of providing the most appropriate form of electricity access to households based on REP and ESSP

A part of the power sector master plan (electrification) based on principles and targets set by the NST, providing national /
regional maps based on the technologies (grid expansion, mini-grid and SHS) to be applied.

A power sector master plan (generation) provides a least-cost, systematic power generation development / expansion plan
to optimize tariff affordability. The most recent version, in 2023, is segmented into two phases: entry of committed projects
(2024 — 2030) and the long-term (2030 - 2050). It also targets to achieve the Paris Agreement and SDGs and engages risk
assessments of climate change impacts on hydropower power generation. The plan also offers renewable energy sources
(RES) assessment and potentials mapping. The LCPDP is periodically updated by the EDCL

A part of power sector mater plan (transmission) - The REG creates periodic update of transmission development master
plan with established framework and procedure for medium term of 7 to 8 years. Load forecasts and power flow analysis are
done to identify reinforcement and expansion needs that are prioritized and mapped for yearly projects and estimate their
Ccosts.
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Rwanda has clear hierarchical power system

planning framework and procedure.

Based on goals and objectives set by Rwanda

Energy policy (REP) and National Strategy for

Transformation (NST), a series of power sector

master plans are developed.

o National Electrification Plan (NEP) provides
detailed geospatial maps with universal access
technology strategy

o Least Cost Power Development Plan (LCPDP)
establishes least-cost, systematic power
generation development plan, periodically
updated by EDLC. The plan also provide RE
potential map.

o Electricity Transmission Master Plan (medium-
term 7-to 8 years) is developed by REG,
engaging in power flow analysis to network
expansion and identifying reinforcement needs
and cost estimates. The transmission planning
framework and requirements are specified by
the grid codes. Investment plan is specified in
the REG Strategic Plan.

Rwanda’s system planning framework and

procedures show high institutional capacity in this

dimension.

Source: SEforALL analysis

According to both the Africa Energy Portal’s
Electricity Regulatory Index country assessment
and the UNECA’s regulatory assessments,
Rwanda’s economic regulations set by the RURA
are quite robust. Well-documented tariff setting
methodology exists based on the utility’s cost of
service study, and the ratio setting methodologies
are divided into generation, transmission and
distribution.

Transmission sub-sector tariff setting methodology
uses Regulated Assess Base AB cost-based
formula (UNECA 2021)

Ancillary service provision by generators and the
cost of stranded assets are compensated.
However, the detailed tariff and ratio setting
methodologies by the RUWA are not publicly
available. Only exception is the 2020 Draft Tariff
Methodology for Isolated Grid in Rwanda that
specify revenue requirement calculation formula
with clear cost components.

The Rwanda Transmission Grid Codes cover
technical requirements for 1) system operation
including scheduling and dispatch, ancillary
services definition and rules and 2) network
connection including network planning framework
and procedures, in addition to governance,
metering and information exchange.

The current system operation codes clarify merit-
order and economic dispatch rules, ancillary
services, operating procedure, and the network
codes specify the requirements based on the size
of power plants / embeddedness. These
requirements can be reclassified and refined for
operational and connections requirements based
on synchronous and non-synchronous
characteristics of generators. In addition, there
are no clarification of curtailment conditions /
rules for VRE or VRE priority access.

Although the current grid codes cover basic
aspects well, they can be enhanced further for
VRE-minded technical rules, including grid codes
for battery storge and demand side management
in the future.
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Indicators 2022 or Latest data 2030 Projection or Target
(Reference Case)

Installed Capacity (MW) 294 MW (2022) 547-562 MW
o Annual Growth Ratio (%) 5.3% (2017-2022) 8.1% - 8.4% (2022-2030)
Electricity Supply
VRE (MW) 25 MW (2022) 55 MW — 56 MW
Ratio of VRE (%) 8.6% (2022) 10% (2030)
- Peak Demand (MW) 182 MW (2022) 397 MW
Electricity Demand
Annual Growth Ratio (%) 9.9% (2022-2030)
Reserve Margin (%) 38.4% 37.8% -41.6%

Supply vs Demand 5-year CAGR of power generation (%)

0 - 0f - 0 -
— 5-year CAGR of electricity consumption (%) 880 (oAb L5V = LY (022202,
Transformer capacity of transmission lines N/A N/A
o Annual Growth Ratio (%) N/A N/A
Transmission - S
Circuit length of transmission lines 1158 km (2024) 1657.84 km (2030)
Annual Growth Ratio (%) 7.0% (FY2020/21-FY2023/24) 6.2% (2024-2030)

Data Sources: USEIA; REG (2024b) Least Cost Power Development Plan 2024-2050; REG Annual Reports FY2023-24, FY2022-2023, FY 2021-2022 (See Appendix 2)

* Rwanda is projecting approximately 90% increase of power capacity between 2022 and 2030, requiring 3% increase in annual growth ratio from the recent five-year
ratio. VRE is projected to increase more than twice with its share to become 10% in 2030. Peak demand is expected to increase more than twice during the period.
Reserve margin will remain large.

= Interms of transmission grid, the REG plan projects 43% increase in circuit length during the same period.



Key Indicators

RE share in power mix (2022) 50.2%

VRE share in power mix (2022) 8.6%

Average annual growth in VRE
penetration in installed capacity, 8.5%
(2017-2022)

RE curtailment ratio (%) N/A

Average annual growth in electricity 9.4%
demand (over 5 years, 2017-2022) ’

System flexibility N/A
(WEF 2024 indicator, 0-100)

Demand projection (2030) 397 MW (peak)

Generation supply target (2030) 547-562 MW
Grid target / strategy in national Yes
policy / planning or NDC
Independent regulatory body (Y/N) Yes

Note: RE Renewable Energy; VRE Variable Renewable Energy

Transmission circuit length
(km, 2022)
Transformer capacity (MVA, 2022)

Annual average growth in
transmission line length
(over 5 years)

Current interconnections capacity
(MW, known)

VRE in connection queue
(MW)

Economic regulations - grid tariff
determination and its cost
reflectiveness (Y/N)

Private participation / investment in
transmission asset development
(Y/N)

Grid loss (total, %, 2022)
RE Priority dispatch (Y/N)
SAIFI (2023)

SAIDI (2023)

Consumer tariff subsidy / pricing
support (Y/N)

1158 km
(June 2023)

N/A

7.0%
(3 years,
2021-2024)

257 (?)

Not reported

Yes/ Yes

Yes
(with multiple biz
models)

13.6%
Yes
21.7 (2022-23)

N/A

Yes
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Electricity access (2022) 50.6%
ESIA process for transmission
. Yes
projects (Y/N)
Established public consultation /
compensation framework and Yes
procedure (Y/N)
Indicator Data
Electricity consumption per 62.5

capita (kWh/yr/capita, 2022)

Average residential tariff 0.241 (2022)

(USD/kWh) 0.215 (2023)
Indicator Data
Distribution transformer capacity N/A
(MVA)
Distribution overhead and cable 29504 km (2023)
length (km)
Annual average growth in distribution 3.9%

line length (over 5 years) (2018-2023)

Distribution grid loss (%) N/A

Data Sources: USEIA; BNEF Climatescope; World Bank Development Indicators; IEA/IRENA/WHO/USSD/World Bank ESMAP-Tracking SDG7; and National documents of respective countries

(See Appendix 2)
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Progress

» Grid development planning, economic regulations, and environmental and social impacts all show strength, indicating good
foundation and high institutional capacity.

= Robust ODA supports and private business models available in transmission sector also show promise.

= Existing hydro power generation offers good starting point for energy transition as clean energy and flexibility for VRE integration.

Challenges

= While grid system performance such as reliability and efficiency relatively compared to the region indicate fair services, affordability
Is very low and electricity access and per capita consumption is also low.

= System operation is a challenge due to its relatively closed and very small system size. Stronger growth of non-hydro renewable
power generation, along with diversification of flexibility with interconnectors, utilization of demand side management and strategic
placement of network energy storage can be warranted in the mid-term and long-term.

= Technical regulations and grid codes currently do not consider VRE and non-synchronous generator conditions and requirements,
which becomes important considering the country’s small power system and the existing operational difficulty.

= Diversification of power generation and flexible energy sources become critical while reducing fossil fuel power generation. Risks
from changing weather patterns can be high with strong hydro dependance.

Conclusion

= Rwanda has significant electricity access gaps and mini-grid deployment along with T&D expansion needs to be prioritized.

= Grids management and grid strengthening needs prioritization as the country has high system interruptions.

= The country plans and projects strong increase of its power system size by 2030 (90% increase from 2022) with VRE share of 10%
and this would need improvements in current grid operations and strengthening.
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Total Land Area GDP per Capita Annual GDP Net ODA received Poverty headcount ratio at Population WB Income
Population (2022, square (2023, PPP 2021 Growth ratio (2022 Current USD) 2017 PPP USD 2.15 a day Estimate (2030) Group
(2023) km) international dollar)  (2023) (2014, % of population) (2024)
63,212,384 12,13,090 km2 13,690.4 USD 0.7% USD 1,028.6 million 20.5% 64,659,278 Upper middle
(Urban 69%) (0.26% of GNI) (2% up from 2023) income
North ?' curore © WorldAtlas.com 4 0 mi gicpop WS South Africa is the southern most country and one of
Atlantic " o the most developed economies of the continent.
Oceon g 125 km 2 _
i S Botswana erpopo Py 1) The country moved to democracy in the late 1990s,
! Windhoek | Tropic oF Rivero :
X _ : S ABRICH Kruger but the progress stagnated in the past decade,
N : Mediterrogean= JEEEEEEENN ~ -~ """~ (TS e Ll m‘ suffering from multiple structural constraints,
{3‘ I . ot Pretorla N including infrastructure bottlenecks and low
235N . A amibia ohannesbu,g"' ¥ a productivity, weak GDP growth, and rising
: “’o\}‘ = \ N KALAIHARI  SOWeto el .o B unemployment and poverty.
. . o A b DESERT Kimberle 2 s t . .
: AFRICA ” ea o ME o Electricity supply crisis since 2007 severely
: jg (it constrained economic activities and growth and
RSN ] Like T o8 Equator South Oé;;’éﬁe increased operating costs for businesses with diesel
5. Victoria Atl. Africa ((rsttho backup gensets. The improvement was made in
South &, indian St. Johns 2024 with intensive two-year government
Atlantic  =! Ocean : : :
0 u, Georg Indian intervention to the state-owned enterprise (SOE)
AU SQUTH - Port d il
giey | EE AFRICA o Caps o O Mossel Bay Elizabeth Ocean utility ESKOM.
: k C‘*”;{'};‘;’R:‘n. Good Hope Cape Agulhas 'SOUTH AFRICA Other infrastructure also suffer from structural
1 A | ‘ . . . . . . .
5 e © WorldAtlas.com T challenges, including transport and logistics with

Source: World bank Development Indicators; World Bank South Africa Overview; WorldAtlas.com

weak management of SOEs.



Power Sector Overview

Power
Generation

Power
Consumption

Power Trade

Total grid-connected power capacity
(system size) (GW) (2022)

% of fossil fuel power capacity (2022)

5-year CAGR of total grid-connected power
generation capacity (utility-scale) (2017-2022)

Annual total grid-connected power
generation (TWh) (2022)

% of fossil fuel power generation (2022)

5-year CAGR of total grid-connected
power generation (2017-2022)

Annual total electricity net consumption
(TWh) (2022)

5-year CAGR of electricity
net consumption (2017-2022)

Power Import (% of net consumption) (2022)
Power Export (% of net consumption) (2022)

Power Export (% of generation) (2022)

65.9

77.1%

4.2%

229.6

87.7%

-1.7%

200.6

-2.0%

5.2%

6.1%

7.0%

Power Sector
in General

Market
Structure

Regulated
status
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Partially Unbundled (legal) —

Unbundling Status ..
Transmission only

Private participation Yes

Yes
(IPPs and self-consumption
Power Generation generators for on-grid. private
developers in SHS sector, while
mini-grids are done by ESKOM)

No (National Transmission
Company South Africa (NTCSA))
—a 100% subsidiary of ESKOM

No
(SOE-ESCOM & licensed
Municipalities that cover 60% of
end-users)

Transmission
(System Operation)

Distribution / Retails

Wholesale open / competitive
market trading in energy,
balancing, and / or ancillary

No - single off taker (ESKOM)
(Currently in reform process of
establishing the Wholesale Market)

services
Market integration with
. . No
neighboring systems
Regional pool participation =
g poolp p (SAPP)

National / Independent

regulatory body Yes (since 2005)
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Power Sector — Generation

Electricity Generation, Consumption &
Trade (TWh)

2012

2013 2014 2015 2016 2617 2018 2019 2020
mmmm Fossil fuels generation Nuclear generation
=—@— Consumption =@=|mports =@ EXxports

=@=—Net imports

Data Source: US EIA International database — Electricity

2021

2022

mmmm Renewables generation
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Share of Installed Capacity by Source
(65,871 MW, 2022)

Biomass
. and waste
Wind = 5o Pumped
5% hydro
Solar storage
10% 4%
Hydro
1%
Nuclear
3% Fossil
fuels
77%

South Africa’s power system is much larger than other sub-
Saharan African countries, with total installed capacity of 66 GW
(USEIA data). Fossil fuels dominate both power and electricity
generation mixes (77% and 87% respectively, mostly from coal.
The system also has pumped hydro capacity, co-developed with
nuclear in the 1980s. Solar and wind together contribute 15% of
installed capacity.

Total electricity generation and consumption has been declining
in the past decade. While renewable power generation
increases, poor management of the system at ESKOM has been
causing numerous load shedding (planned backouts) and failed
delivery of power.



Power Sector — South Africa Electricity Crisis

South Africa’s power system has been experiencing significant problems since 2007 until March 2024 as Eskom was
not able to deliver power to meet consumer demand. Numerous load shedding / planned blackouts were implemented
to maintain the supply / demand balance, and to ensure sufficient reserve capacity to respond to significant unplanned

breakdowns or disruptions to supply, to protect the power system.

Root Causes

= Poor management at
Eskom, causing deep
structural and maintenance
issues, including long-tern
underinvestment for
expansion and
maintenance of
generation assets

= Political corruption,
involving Eskom leadership

= Revenue collection
issues through
municipalities that
distribute power to end-
users but fail to pay bills to
Eskom

» Sabotage such as stealing
coals from Eskom power
plants for other usages.

Situation in 2022 & 23 (Eskom Integrated reports 2023 & 2024)
= High levels of unplanned generation unavailability,

combined with low diesel fuel levels at Open Cycle Gas

Turbine (OCGT) stations and / or low water levels at

pumped storage stations, leading to a need to conserve and /

or replenish emergency resources, as the direct causes of the
frequent loadshedding.

The number of days with loadshedding implementation reached

280 days in FY 2022/23 and 329 days in FY 2023/24 (FY runs

between April and March).

o In FY 2022/23, on average, around 15,700MW was not
available for generation at total unplanned
unavailability of 33.58%, with close to 4,900MW
unavailable due to planned maintenance, leaving
around 26,000MW capacity available for generation.

o Theincreasing VRE leads to huge shifts in available
capacity from day to day due to their non-dispatchability.

Immediate additional dispatchable capacity needs (FY2022/23)
were 4,000MW — 6,000MW & additional renewable capacity of
13,000MW-20,000MW (with average load factor of 30%)

Government Programme

2022 & 2023

High-level political support
(The President’s Energy
Action Plan (2022) &

declaration of a national state

of disaster)

Treasury's 254-billion-rand
debt-relief package for
Eskom

Eskom’s two-year Generation

Operational Recovery Plan
Eskom leadership change
Decreased demand for
Eskom with increasing
distributed RE and storage
capacity as consumers

avoided Eskom service due to

increased energy bills and
unreliability
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2024

No planned
loadshedding /
blackouts
between
April 2024
and
January 2025

= |ncrease of
available
capacity to
35,000 MW

= Better
maintenance
implemented
for both Eskom
and IPP-owned
power plants

Sources: Eskom (2023, 2024) Integrated Reports 2023 and 2024; Financial Times (2024) South Africa’s Eskom faces ‘existential problem’ as local councils fail to pay their bills, KAA (2024) South Africa’s Eskom problem;
and BBC (2024) Joy and relief as South Africa manages to keep its lights on



Power Sector — Transmission

Cumulative Transmission Transformer Capacity (MVA) and Circuit Length (km)

Note; Data are as of the end of March each year
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Data Source: OECD Creditor Reporting System,
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South Africa’s transmission circuit
length has increased 3% in six
years, while its transformer
capacity has increased 6%,
showing a moderate growth trend.

The circuit length reached 33,328
km in March 2024. The most
recent 5-year average annual
growth ratio is 0.3%.

Transformer capacity stood
155,995 MVA. The most recent 5-
year average annual growth ratio
is 0.5%

Total power grid ODA
disbursement peaked in 2016 and
then showed down considerably.

Weighted 5-year average power
grid ODA disbursement per MW of
total on-grid power installed
capacity (RE and non-RE) is 68.3
Million USD / MW, which is much
smaller compared to other sub-
Saharan African countries.



Power Sector — Transmission

South Africa’s existing and planned transmission lines

Solid lines represent existing lines, while

dotted lines represent proposed new lines

Source: NTCSA (2024) Transmission Development Plan 2025-2034
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= South Africa’s transmission system is
composed of eight voltage levels (765 kv,
533 kV, 400 kV, 275 kV, 220 kV, 132 kV, 110
kV and 88 kV).

= South Africa is well-interconnected, directly,
with neighboring countries in SAPP. Based on
a SAPP map, the current total interconnector
capacity amounts to 7180 MW.

@)
@)
@)

Botswana (132 kV & 400kV, 800 MW total)
Lesotho (132 kV, 230 MW total)
Mozambique (533 kV DC, 400 kV, 275 kV,
& 110 kV, 3850 MW total)

Nambia (400 kV & 220 kV, 850 MW total)
and

Swaziland (400 kV & 132 kV, 1450 MW
total)



Power Sector Structure

LOAD Significant transmission development
is required in the northern, central
and southern corridors

Lower load in the South
remains
Legend

2034 Installed Capacity
B Battery St
Gas

csp

Coal

Hydro
Import Hyd
Nuclear

PV

Pumpec Sto
Rooftop PV
Wind

GENERATION
52% (~28%) 48% (~T2%)

Generation increase in the
South
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Renewable energy resources are widely
distributed throughout the country, especially in
the Northern, Western and Eastern Cape
provinces.

However, the current generation and demand
are concentrated in Eastern part of the country.
The grid was primarily designed to move
electricity from a very concentrated area in
Mpumalanga to the rest of the country due to the
geographic concentration of coal resources.

Large-scale and rapid investment in
renewable energy, particularly in the
Northern and Eastern Cape, will require
unprecedented annual levels of investment
in the transmission grid.

If this transmission investment is not expedited,
there is a very real danger of service disruption.

Regional capacity of the transmission grid
will be the main bottleneck both to the
expansion of the electricity system and its
decarbonization, if the investment on
transmission grid were not increased rapidly.

Sources: Government of South Africa (2022) SOUTH AFRICA’S JUST ENERGY TRANSITION INVESTMENT PLAN (JET IP) for the initial period 2023—-2027; NTCSA (2024) Transmission Development Plan 2025-2034
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Department of Mineral National Energy Regulator of National Nuclear
Energy and Electricity Resources and Energy (DMRE) South Africa (NERSA) Regulator (NNR)
Policy & Regulations

Independent Procurement

Program (IPP) Office

Generation Independent Power producers

' Imports & Exports
(IPPs) ESKOM Generation p p

Transmission NG,
(100% ESKOM subsidiary)

Distribution & Retall L T
Municipalities ESKOM Distribution The 2024 Electricity Regulation

Amendment (ERA) Act aims to
creating an open market
platform for competitive
wholesale or retail buying and
selling of electricity.

Note: The IPP Office was established by the DMRE, National Treasury (NT) and the Development Bank of Southern Africa (DBSA) for the specific purpose of delivering objectives of on the IPP Procurement Programme.

Source: SEforALL analysis based on ESKOM (2024) Integrated Report; Government of South Africa (2024)
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White Paper on Energy Policy (1998)

Renewable Energy White Paper (2003)

National Climate Response Policy
White Paper (2011)

National Development Plan 2030
(2012)

Integrated Resource Plan (IRP) (2019)
&

IRP 2023 Draft (under public review as
of November 2024)

ESKOM / NTCSA Strategic
Grid Plan

ESKOM / NTCSA Transmission
Development Plan (TDP)

South Africa's Just Energy Transition
Investment Plan (JET-IP) (2022)

Source: SEforALL analysis

The White Paper sets policy objectives for the country’s energy system and directs restructuring and liberalization of the
electricity supply industry as a part of energy system.

Aims to establish a renewable energy industry to provide a sustainable alternative to fossil fuels and expand access to
electricity.

Addresses climate change mitigation and adaptation in the short, medium, and long-term (up to 2050)

The county’s long-term plan, aiming to eliminate poverty and reduce inequality by 2030. The plan identifies investment needs
for economic infrastructure including energy infrastructure.

= Development plan for power generation to provide a clear strategy for electricity generation expansion over a 20-year
period with the least-cost electricity supply and demand balance

= Considers the security of supply and minimize the environment impacts through the minimization of negative emissions
and water use

= Define the procurement schedule by technology up to 2030 with projected additional VRE installed capacity of 22,876 MW

» |IRP’s assumptions and scenarios direct the two transmission plans; long-term Strategic Grid Plan and medium-term
Transmission Development Plan done by ESKOM.

= ESCOM'’s long-term strategic transmission corridor requirements with a 20-year planning horizon, based on IRP power
generation assumptions and scenarios.
» Updated every 2-3 years

= ESCOM'’s investment plan, to clarify investment requirements for transmission network infrastructure over 10 years,
showing the financial commitments required in the short to medium term.
» Updated annually

The investment plan for 2023-2027, providing investment needs to achieve the decarbonization commitments in the
Nationally Determined Contribution (NDC)
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The Integrated Resource Plan (IRP) is the
country’s long-term electricity system master plan,
establishing clear framework and procedures,
including stakeholder engagement.

The IRP tests various scenarios, in addition to
Business-as-usual (BAU), with different economic
growth ratios, carbon budgets, renewable
deployment ratios and gas prices, considering their
impacts on the power system. With the results of
these scenario, one plan is set as the IRP for long-
term. The IRP is currently being updated (the 2023
draft is under public review as of November 2024).
Based on the IRP results and assumptions, Eskom
| NTCSA creates Transmission Development Plan
(TDP) and update every two years. The Grid codes
has clarified the transmission development plan
procedure and specifications.

The TDP uses updated data and revised IRP
assumptions, providing detailed provincial grid
development plans with geospatial analysis and
investment / capital needs, considering advanced
VRE integration techniques and flexibility resource
requirements.

The country also has specified dedicated
renewable development zones and special
transmission corridors for priority development.
South Africa’s clear system planning framework
and procedures show high institutional capacity.

Source: SEforALL analysis

= South Africa has good economic regulations, as the
Electricity Pricing Policy of 2008 set pricing
principles for transmission tariffs, while the South
Africa’s grid codes (SAGC) set tariff setting
methodology and procedure (components of
transmission tariffs, how to determine them, input
costs for setting revenue requirements, asset
definitions / boundaries and cost allocation
concepts, the principles behind the regulation of
incomes).

» The tariff codes require tariffs to be connected to
five-year Transmission system development plan.

= Cost allocation and reimbursement concepts and
methods are well-developed to avoid free rider
issues by late comers to use transmission assets
without paying for the assets.

= Eskom publishes clear wheeling charge formulas.
methods and modeling tool for diverse cases.

= As transmission unbundling to proceed further, to
stimulate more private sector participation and
competition, the revenue requirements and
regulatory formula can be further elaborated to
provide clear investment recovery guidance /
incentives for the NTCSA and future private sector
participation, along with developing and permitting
diverse business models.

= The South Africa’s Grid Codes (SAGC), which is

well-advanced, consist of sub-codes dedicated to
governance, scheduling and dispatch, network
connection, system operations, information
exchange, and tariff setting. Special detailed codes
for renewable power plants (RPP) include
specifications for dispatchable and non-
dispatchable plants. The most recent addition to
the grid code family is the 2023 battery storage grid
codes. Both are important for VRE expansion and
operation for the future.

The SAGC covers detailed technical requirements
for interconnection, required planning, ancillary
services, and day-ahead and real-time dispatch
procedures with clear dispatch algorism for
dispatchable generators, demand-side resources
and interconnectors as well as non-dispatchable
generators (VRE). Basic grid planning and
operational procedures and rules are well set in
these aspects.

The SAGC clarifies priority dispatch of non-
dispatchable generators (renewable). The RPP
code specifies requirements for operational
parameters and forecasting, and curtailment
conditions are also clarified by types of RPPs and
rated capacity.

Compensation mechanism for RPP curtailment can
be clarified as a part of market rules in near future.
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Indicators 2022 or Latest data 2030 Projection or Target
(Reference Case)

Installed Capacity (MW)

Annual Growth Ratio (%)
VRE (MW)

Electricity Supply

Ratio of VRE (%)

o Peak Demand (MW)
Electricity Demand _
Annual Growth Ratio (%)

Reserve Margin (%)
Supply vs Demand 5-year CAGR of power generation (%)

— 5-year CAGR of electricity consumption (%)
Transformer capacity of transmission lines
o Annual Growth Ratio (%)
Transmission o o
Circuit length of transmission lines

Annual Growth Ratio (%)

65871 MW (2022)

(Firm capacity was reportedly approx.

26000 MW only)
4.2% (2017-2022)
9489 MW (2022)

14.4% (2022)

34666 MW (2022)

-33.3% (against firm capacity)
0.3% (2017-2022)

155995 MVA (2024)
0.5% (2019-2024)
33328 km (2024)
0.3% (2019-2024)

90916 MW (2032)

(97466 MW with battery storage)

3.3% (2022-2032 w/o battery)

44673 MW (2032)

49.1% (2032, w/o battery)
(46% w/ battery)

34000 - 46000 MW (2032)
- 0.2% - 2.9% (2022-2030)
98.6 % -167.4% (2032)

0.4% - 3.6% (2022-2032)

246104 MVA (2032)
5.9% (2024-2032)
43626 km (2032)
3.4% (2024-2032)

= South Africa is projecting approximately 38% increase in power capacity between 2022 and 2030, requiring 3% annual growth ratio. VRE share is expected to
increase more than three times. Peak demand is projected to increase 24% and 32% in medium-growth and high-growth scenario during the period, respectively.

= Interms of transmission grid, the NTCSA plan projects 58% increase in transformer capacity and 31% increase in circuit length during the same period, requiring
significant increase in annual growth ratios to catch up with the decades of underinvestment and cope with demand for the energy transition.

Data Sources: US EIA; Eskom Integrated Report (2021, 2023, 2024); NTCSA (2022) Transmission Development Plan 2023-2032 (See Appendix 2)



Key Indicators

RE share in power mix (2022)

VRE share in power mix (2022)

Average annual growth in VRE
penetration in installed capacity,
(2017-2022)

RE curtailment ratio (%)

Average annual growth in electricity
demand (over 5 years, 2017-2022)

System flexibility
(WEF 2024 indicator, 0-100)

Demand projection (2030)

Generation supply target (2030)

Grid target / strategy in national
policy / planning or NDC

Independent regulatory body (Y/N)

15.5%

14.1%

11.3%

N/A

-2.0%

3.2

34-5 GW

90.9 GW

Yes

Yes

Note: RE Renewable Energy; VRE Variable Renewable Energy
Data Sources: USEIA; BNEF Climatescope; World Bank Development Indicators; IEA/IRENA/WHO/USSD/World Bank ESMAP-Tracking SDG7; and National documents of respective countries

(See Appendix 2)

Transmission circuit length
(km, 2022)

Transformer capacity (MVA, 2022)

Annual average growth in
transmission line length
(over 5 years)

Current interconnections capacity
(MW, known)

VRE in connection queue
(MW)

Economic regulations - grid tariff
determination and its cost
reflectiveness (Y/N)

Private participation / investment in
transmission asset development
(Y/N)

Grid loss (total, %, 2022)
RE Priority dispatch (Y/N)
SAIFI (2023)

SAIDI (2023)

Consumer tariff subsidy / pricing
support (Y/N)

33194 km

155 820 MVA
(March 2023)

0.32%
(2019-2024)

7180

Not reported

Yes /yes

Yes
(limited with EPC
but changes in
progress)

11.0%
Yes
6.0
30.5

Yes
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Electricity access (2022)
ESIA process for transmission
projects (Y/N)
Established public consultation /
compensation framework and
procedure (Y/N)

86.5%

Yes

Yes

Electricity consumption per
capita (kWh/yr/capita, 2022)
Average residential tariff
(USD/kWh)

3348.7

0.170 (2022)
0.154 (2023)

Distribution transformer capacity
(MVA)
Distribution overhead and cable
length (km)
Annual average growth in distribution
line length (over 5 years)

Distribution grid loss (%)

146927 MVA
(2024)

375760 km
(2024)

1.2%
(2019-2024)

9.7% (2023)
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Progress

= South Africa has strong institutional readiness and grid sector capacity.

= Political awareness and commitment for the importance of grids in the clean energy transition is strong.

= A well-advanced power system planning and economic / technical regulations show high human resource and institutional capacity
and readiness for more VRE integration into the power system, providing a strong foundation for more private sector participation
under the unbundled sector structure and planned wholesale market introduction in the near future.

Challenges
= Grid service quantity and quality to the existing consumers are decreasing and affordability has also deteriorated.
» Electricity consumption per capital is higher than Modern Energy Minimum but has been decreasing in recent years due to Eskom’s
financial and service delivery issues.
» While South Africa has committed to a clean energy transition and has strong awareness of grid development, there is a weak
foundation for the transition due to the coal-dominant electricity profile and inability historically to deliver power to consumers.
o Renewable energy resources are widely distributed throughout the country; however, transmission networks need to be
expanded beyond a coal reliant network concentrated in eastern part of the country (from coal mines to demand centers).
o While South Africa has strong interconnector capacity, the growth ratio of domestic transmission assets are low with
underinvestment by Eskom.
o Security of supply was quite low with more than 30% of deficit in reserve margin against peak demand in 2023. In addition to
low clean energy profile, coal dominance creates low power plant flexibility for VRE integration.
o The long-term energy crisis jeopardized the business foundation of Eskom / NTCSA, making grid service to consumers quite
poor and deteriorating for many in the recent decade.

Conclusion

» The country must build an estimated 1,400 km of new transmission lines annually for the next 10 years to meet its energy needs.

» There is an urgent need to prioritize grid stability, grid management and to accelerate efforts towards unbundling of transmission
sector and building wholesale market and power trading structure.
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Country Overview

Total Land Area GDP per Capita Annual GDP Net ODA received
Population (2022, square (2023, PPP 2021 Growth ratio (2022 Current USD)
(2023) km) international dollar) (2023)

66,617,606 885,800 km?  USD 3,620.8 5.1% USD 1,077 million

Urban (37%) (3.5% of GNI)
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Poverty headcount ratio at Population WB Income
2017 PPP USD 2.15 a day Estimate (2030) Group
(2018, % of population) (2024)
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Source: World Bank Development Indicators; World Bank Tanzania Overview; WorldAtlas.com

44.9%

Lower-middle
income

81,885,304

Tanzania has experienced strong economic
growth, supported by ongoing structural reforms
and an improved business environment.
Manufacturing, electricity, construction, tourism,
trade, and financial services have driven the
economy.

Inflation remains low and stable. Strong annual
6% economic growth is expected for near future
with further improvements in the business
environment and full implementation of reforms
that will likely attract more investment.

Still, poverty reduction has been persistent
developmental challenge. Using strong economic
growth momentum, it is important to prioritize
human capital development, increase agricultural
productivity, and strengthen social protection and
climate resilience.



Power Sector Overview

Total grid-connected power capacity
(system size) (GW) (2022)

% of fossil fuel power capacity (2022)

5-year CAGR of total grid-connected power
generation capacity (utility-scale) (2017-2022)

Power
Generation  Annyal total grid-connected power
generation (TWh) (2022)
% of fossil fuel power generation (2022)
5-year CAGR of total grid-connected
power generation (2017-2022)
Annual total electricity net consumption
Power (TWh) (2022)

Consumption 5-year CAGR of electricity

net consumption (2017-2022)
Power Import (% of net consumption) (2022)
Power Trade Power Export (% of net consumption) (2022)

Power Export (% of generation) (2022)

1.8

62.0%

4.0%

9.6

63.1%

6.4%

7.9

5.6%

1.9%

0.0%

0.0%

Power Sector
in General

Market
Structure

Regulated
status
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Vertically Integrated (SOE —
Tanzania Electric Supply Company
Limited (TANESCO)

Private participation Yes

Unbundling Status

Yes
(IPPs and small power producers
for on-grid and
a limited number of developers
in mini-grid and SHSs)

Power Generation

Transmission (System No
Operation) (SOE -TANESCO)
Yes

Distribution / Retails (but extremely limited -

TANESCO with 99% market share)

Wholesale open / competitive
market trading in energy,

balancing, and / or ancillary No - single off taker

services
Market integration with
: : No
neighboring systems
Yes

Regional pool participation (EAPP & SAPP)
National / Independent

regulatory body Yes (since 2006)
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. : : Share of Installed Capacity by Source
Electricity Generation, Consumption & (31818 MWp202IZ); y >ou

Trade (TWh)

10 Solar Wind Biomass
1% 0% and waste
9 4%
Geothermal
)
8 0%
Hydro
7 33%
6
5
4
= Tanzania generates 63% of electricity from natural
3 gas and the rest is mostly from hydro power.
Electricity generation and consumption both grows
2 at rapid pace, while power trade has a very small
profile.
1 = Power installed capacity shows a very similar share
distribution with that of electricity generation. Fossil
0 fuels (natural gas) is the largest installed capacity
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 (63%), followed by hydro power (33%).
Geothermal, solar PV and wind have negligible
mmm Fossil fuels generation mmmm Renewables generation ==@==Consumption «=@==|mports Exports ==@=Net imports capacity_

Data Source: US EIA International database — Electricity



Power Sector — Transmission

Cumulative Transmission Transformer Capacity (MVA) and Circuit Length (km)

- 7000 6519 6634
S 6000 8036
=3 5116
O 5000 5646 5896 5896 - 6850
3]
c 6139 6139
S 4000 3533 \] 4356 3779
2 < 3000
£
= ~"2000
c
ie)
_g 1000
: o
g 2017 /2018 2018/2019 2019/2020 2020/2021 2021/2022 2022/2023 2023/2024
mmm Tranmission Transformer Capacity (MVA) Circuit length (km)
Data Source: EWURA Electricity Sub-sector Performance Reports Fiscal years 2017-18, 2018-19, 2019-20, 2020-21, 2021-22, 2022-23, 2023-24
Power Grid ODA (disbursement) (million USD, 2022 constant)
- 153.6
o150 418 1325  126.9
o 96.1 102.5 96.7
c € 100
:g % 74.5 61.8
1B
0
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Note: The figures include ODA for both transmission and distribution grid

Data Source: OECD Creditor Reporting System
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Tanzania’s transmission circuit length
has increased 42% in six years,
while its transfer capacity has
increased 87% in five years, showing
a strong growth trend.

The circuit length reached 8,036km
in FY2023/24. The most recent 5-
year average annual growth ratio is
6.4%.

Transformer capacity stood 6,634
MVA in FY 2022/23. The most recent
5-year average annual growth ratio is
13.4% which is very high.

Total power grid ODA disbursement
peaked in 2013 and then showed a
decreasing trend between 2015 and
2020. However, the trend has
reversed since 2020. Although it has
not reached the 2013 peak, it
reached 165.5 million USD in 2022.

Weighted 5-year average power grid
ODA disbursement per MW of total
on-grid power installed capacity (RE
and non-RE) is 68.3 Million USD /
MW.



I Power Sector Overview — Transmission il

» Tanzania’s transmission system is composed of four voltage
| 2019-GRID NETWORK | levels (1085 km of 400 kV lines, 4137 km of 220 kV lines, 1827
S - . km of 132 kV lines, and 580 km of 66 kV lines).
Y : :§ g ég : = The 2020 Power System Master Plan assessment revealed there
o oma O s —— - —N | were some constraints at peak demand hours in the Dar es Salaam
|: e molNy A sy ama -3 ! and Pwani Grid Network and could not meet the entire demand.
- E e o~ 8 8 : . . .
A o O ) |t A f- — =  Power system infrastructure in general is reportedly aged and
| s “_”Lli_.;.__._ﬂ Y e :,; ST L . overloaded with weak preventive maintenance and monitoring.
: : o — | 2025 - 2034 GRID NETWORK] |
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Source: PSMP 2020 Updae Team Compilabon Figure 4-3. G tion and Transmission Plan - Year 2034

Source: Ministry of Energy Power System Master Plan 2020
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= TANESCO imports power from Uganda through 132 kV, Zambia
through 66 kV lines and Kenya through 33 kV line.

= The existing interconnector capacity is still small, but numerous
projects are planned, in progress or completed in recent years,
including:

R

RWANDA 7

P!

-, 3 .
- s S,
; &

o Tanzania (Singida — Arusha — Namanga) — Kenya (Isinya) 400
kV interconnection project (commissioned in 2023)

o Tanzania— Zambia 400 kV interconnection project (planned for
2026)

o Tanzania (Nyakanazi — Kyaka) — Uganda (Masaka) 400 kV
interconnection project (planned for 2028)

Tanzania — Mozambique 400 kV interconnection project

Tanzania, Rwanda, and Burundi Interconnection Project 220 kV
interconnector project (commissioned in 2024)

Tanzania — Malawi 400 kV interconnection project
Tanzania (Shinyanga — Mwanza — Musoma) — Kenya (Kilgories)
400 kV interconnection project

Source: TANESCO 2023

Source: World Bakk (2024) Tanzania - Improving Sustainability of the Power Sector and Accelerating Electricity Access: A Proposed WBG Roadmap; Ministry of Energy Power System Master Plan 2020
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Power Sector Structure

Energy and Water Utilities

Ministry of Energy and
Regulatory Authority (EWURA)

Energy and Electricity Minerals (MEM)
Policy & Regulations

Rural Energy Agency

) Small Power Proiects Independent Power producers
Generation J (IPPs) & Emergency Power TANESCO Generation Imports & Exports
(BIFHPS) Producer (EPPs)

Transmission TANESCO Transmission

. . . . Il istrib . .
Distribution & Retail e TANESCO Distribution

Notes:
* Small Power Projects (SPPs) are the projects with less than 10MW of plants with RE, cogeneration, waste heat sources.
Small Power Distributors (SPDs) are entities that purchases electricity at wholesale prices from a distribution network operator or some other bulk supplier and resells it at retail prices to Customers

Source: SEforALL analysis based on EWURA (2017) The Tanzania Electricity Grid Code
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Rural Energy Act, 2005

Electricity Act, 2008

National Energy Policy (NEP) 2015

Third National Five-Years Development Plan
(2021/22. - 2025/26)

Tanzania Power System Master Plan (2020)

Nationally Determined Contributions (NDC)

Source: SEforALL analysis

Established the Rural Energy Board and Rural Energy Fund (REF) for promoting improved access to modern
energy services in rural areas of mainland Tanzania

Clarified a general framework for the Ministry of Energy and Minerals (MEM) and Energy and Water Utilities
Regulatory Authority (EWURA). The Act have many amendments in subsequent years.

First created in 1992, the current NEP was made in 2015, targeting to create enabling environment for
affordable, reliable, efficient, and clean energy services while ensuring effective community participation in the
sector.

The nation-wide medium term development plan with multi-sector focus. The current plan is the third edition,
aiming at achieving the goals set in the National Development Vision 2025, and aiming at 2025/2026 horizon.
The plan has a theme of realizing competitiveness and industrialization for human development. The energy
sector aligns its aim / priority with this goal of advancing industrialization, enhancing infrastructure, and
fostering private sector growth.

Ministry of Energy (MoE) in collaboration with TANESCO, EWURA, REA among others prepares the Power
System Master Plan (PSMP), which is a 20-year time horizon planning for power generation and transmission.
It provides projections for electricity demand and generation capacity needs through 2044. The next edition is
planned to be released in 2025.

The first Intended NDC was submitted in 2015 and an updated NDC was done so in 2021. The updated NDC
commits to reducing emissions by between 30-35% by 2030 compared to the business-as-usual scenario.
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The current Power System Master Plan (PSMP) of
2020 has updated targets for the next 25 years (up
to 2044).

The PMSP provides investment roadmap and
plans towards development of generation and
transmission power projects based on the available
and forecasted demand.

The execution timeframes of the PMSP are set to
short term plans (up to five years), medium term
plans (up to ten years) and long-term plans (above
ten years).

While the power technical assessment process is
clear and sound, the PMSP is a plan based on
Business-as-Usual (BAU) projections only with
least-cost analysis, resulting further increasing of
fossil fuels in power and electricity generation mix
by 2044 (the power mix by 2044 consist of 5,690
MW (28.15%) of hydro; 6,700 MW (33.18%) of
natural gas; 5,300 MW (26.24%) of coal).

The planning approach does not consider clean
energy pathways, climate change goals and
electricity access targets. The plan also does
consider existing and planned regional
interconnectors.

The periodic update cycle of the PSMP is four year,
can be modified to annual or every two years.

Source: SEforALL analysis

Economic regulations show good progress through
the 2021 tariff and ratio setting methodology rules
and the grid codes that provide clear investment
recovery guidance / incentives for incumbent
companies as well as future private sector
participation.

The rules set are performance-based incentive
regulation with revenue requirement of regulated
companies. It creates a multi-year tariff regime with
3-year price control periods. The contents are
detailed well and robust.

In transmission sector, further refinement in cost
allocation and pricing principles and methods can
be possible, for example, geographical location-
based ratio setting.

The rules can stimulate more private sector
participation in transmission sector by creating a
clear investment environment, although developing
and permitting diverse business models and
removing other bottlenecks are necessary.
However, the regulatory process for its initial
application has not been seen and the rules are yet
to be applied although several years have passed
since the publication of the rules.

The Tanzania grid codes cover detailed technical
requirements for interconnection, required
planning, ancillary services, and dispatch
procedures for both synchronous (Type 1) and non-
synchronous (Type 2) generators. Basic planning
and operational procedures and rules are well set
in these aspects.

The codes do not cover the priority dispatch rules
for RE and more advanced system operation
requirements for Type 2 generators, targeting solar
and wind, such as advanced forecasting of VRE
generators into dispatch scheduling and planning.
The grid codes are not clear about VRE curtailment
rules. Compensation mechanism for such
curtailment can be clarified simultaneously as a
part of market rules.

Operational and safety requirements for battery
storages and demand side management can be
added in medium and long-term future.
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Indicators 2022 or Latest data 2030 Projection or Target
(Reference Case)

6390 MW (2030)

Installed Capacity (MW) 1818 MW (2022) 20200 MW (2044)
Electricity Supply Annual Growth Ratio (%) 4.0% (2017-2022) 17.0% (2022-2030)
VRE (MW) 18 MW (2022) 1515 MW (2044)
Ratio of VRE (%) 1.0% (2022) 7.5% (2044)
4878 MW (2030)
Peak Demand (MW) 1341 MW (2022)
Electricity Demand 17611 MW (2044)
Annual Growth Ratio (%) 17.5% (2022-2030)
Reserve Margin (%) 26.2% (2022) 31.1% (2030)
Supply vs Demand 5-year CAGR of power generation (%)
[ - - 0 -
— 5-year CAGR of electricity consumption (%) i (A2, st (B0 22A0ED),
Transformer capacity of transmission lines 6634 MVA (FY 2022/23) N/A
o Annual Growth Ratio (%) 13.4% (FY2017/18-FY2022/23) N/A
Transmission
Circuit length of transmission lines 8036 km (FY2023/24) 15088 km (2034)
Annual Growth Ratio (%) 6.4% (FY2018/19-FY2023/24) 6.5% (2024-2034)

» Tanzaniais projecting approximately 3.5-fold increase of power capacity between 2022 and 2030, requiring 17% annual growth ratio, based on the 2020
PSMP update. VRE share is expected to increase more than seven times. Peak demand is projected to increase 160% during the period with annual growth
ratio of 17.5%.

= Interms of transmission grid, the Power System Master Plan 2020 projects 87% increase in circuit length between 2022 and 2034.

= As these projection figures are created in 2019, an urgent updated master plan is warranted to provide much clearer picture for practical investment.

Data Sources: USEIA; EWURA Electricity Sub-sector Performance Reports Fiscal years 2017-18, 2018-19, 2019-20, 2020-21, 2021-22, 2022-23, 2023-24 ; Ministry of Energy (2020) POWER SYSTEM MASTER PLAN
2020 UPDATE (see Appendix 2)



Key Indicators

RE share in power mix (2022)

VRE share in power mix (2022)

Average annual growth in VRE
penetration in installed capacity,
(2017-2022)

RE curtailment ratio (%)

Average annual growth in electricity
demand (over 5 years, 2017-2022)

System flexibility
(WEF 2024 indicator, 0-100)

Demand projection (2030)

Generation supply target (2030)

Grid target / strategy in national
policy / planning or NDC

Independent regulatory body (Y/N)

32.5%

1.0%

5.9%

N/A

5.6%

99.3

4878 MW (peak)/

6390 MW

Yes

Yes

Note: RE Renewable Energy; VRE Variable Renewable Energy
Data Sources: USEIA; BNEF Climatescope; World Bank Development Indicators; IEA/IRENA/WHO/USSD/World Bank ESMAP-Tracking SDG7; and National documents of respective countries

(See Appendix 2)

Transmission circuit length
(km, 2022)

Transformer capacity (MVA, 2022)

Annual average growth in
transmission line length
(over 5 years)

Current interconnections capacity
(MW, known)

VRE in connection queue
(MW)
Economic regulations - grid tariff
determination and its cost
reflectiveness (Y/N)

Private participation / investment in
transmission asset development
(Y/N)

Grid loss (total, %, 2022)
RE Priority dispatch (Y/N)
SAIFI (2023)

SAIDI (2023)

Consumer tariff subsidy / pricing
support (Y/N)

6139 km
6519 MVA

6.4%
(2019-2024)

100

Not reported

Yes/ Yes

Yes
(limited with EPC
but changes in
progress)

12.9%
No
46.8

20.9

Yes
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Electricity access (2022) 45.8%
ESIA process for transmission Yes
projects (Y/N)
Established public consultation /
compensation framework and Yes

procedure (Y/N)

Electricity consumption per
capita (kWh/yr/capita, 2022)
Average residential tariff
(USD/kWh)

Distribution transformer capacity

121.1

0.084 (2022)
0.081 (2023)

(MVA) N/A
Distribution overhead and cable 163804 km (2023)
length (km)
Annual average growth in distribution 9.6%

line length (over 5 years) (2018-2023)

Distribution grid loss (%) N/A
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Key Findings FORALL

Progress

The institutional enabling environment is in progress as good advancement has been observed recently in both economic and
technical regulations, offering a decent foundation for future grid expansion.

In particular, economic regulations have clear rate setting formula, providing good foundation for grid asset investment recovery,
although its full implementation needs to be assured.

Strong existing gas and hydro power capacity, along with rapidly increasing interconnector capacity, can provide excellent flexibility
for VRE integration into the grid.

Challenges

The Power System Master Plan needs to be updated more regularly, as the most recent published plan is six years old.

The grid codes can be improved further with priority dispatch rules for RE, use of real-time dispatch, utilization of advanced
forecasting, and curtailment conditions for VRE.

The current system planning only considers BAU projection that will increase fossil fuels in the future, lacking clear energy transition
and RE expansion targets.

Economic regulations can be enhanced with more detailed and clear methods for network charge determination method including
wheeling.

Tanzania has extended grid networks to be available for all villages, but due to economic considerations, electricity consumption per
capita is still extremely low and overall electricity access remains low at <46% nationally and 36% in rural areas.

Conclusion

Tanzania needs to expand its mini-grid footprint but also invest significantly in grid extension and strengthening to reduce losses and
interruption.

Tanzania has a good foundation for a clean energy future, but it needs more frequent system plan updates with clear RE expansion
strategy and the enhancement of economic and technical grid regulations to reduce business risks related to private sector
participation in grid development and VRE-related operation.
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Power Sector Overview

Power
Generation

Power
Consumption

Power Trade

Total grid-connected power capacity
(system size) (GW) (2022)

% of fossil fuel power capacity (2022)

5-year CAGR of total grid-connected power
generation capacity (utility-scale) (2017-2022)

Annual total grid-connected power
generation (TWh) (2022)

% of fossil fuel power generation (2022)

5-year CAGR of total grid-connected
power generation (2017-2022)

Annual total electricity net consumption
(TWh) (2022)

5-year CAGR of electricity
net consumption (2017-2022)

Power Import (% of net consumption) (2022)
Power Export (% of net consumption) (2022)

Power Export (% of generation) (2022)

59.3

89.3%

4.7%

209.9

91.0%

1.3%

176.7

1.7%

0.1%

0.8%

0.9%

Power Sector
in General

Market
Structure

Regulated
status
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ENERGY
FORALL

Partially
Unbundled (Legal)
(Generation and distribution in a
Egyptian Electricity Holding Company
(EEHC, SOE) & transmission in
Egyptian Electricity Transmission
Company (EETC, SOE))

Unbundling Status

Private participation Yes
: Yes
Power Generation (On-grid with IPPs)
Transmission (System No
Operation) (SOE) (EETC as the SO)
Yes

(But quite limited with private
distribution companies in licensed
geographic areas)

Distribution / Retails

Wholesale open / competitive No
market trading in energy, (But currently in reform process
balancing, and / or ancillary toward to competitive market

services structure)
Market integration with

: : No
neighboring systems
Regional pool participation No

National / Independent

regulatory body Yes (since 2000)
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Power Sector — Generation

Electricity Generation, Consumption &

Trade (TWh)

2012 2013 2014 2015 2016 2017

2018

2019

2020

2021

2022

mmm Fossil fuels generation = Renewables generation ==@==Consumption «==@=|mports ==@=Exports ==@=Netimports

Data Source: US EIA International database — Electricity
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Share of Installed Capacity by Source
(59,301 MW, 2022)

Solar wind Biomass
3% 304 and waste
0%

Hydro
5%

Fossil
fuels
89%

Power generation in Egypt depends heavily on fossil
fuels, with approximately 90% share in, both, power
capacity and electricity generation mix. Electricity
generation is growing with annual growth ratio of
1.3% while consumption grows around 1.7%.

The country has power trade surplus, but the trade
profile itself is very small.

Fossil fuel dominance shows energy security risk
and strong necessity to change it for clean energy
transition.
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Electricity — Current Status vs 2030 FORALL

Indicators 2022 or Latest data 2030 Projection or Target
(Reference Case)

Installed Capacity (MW) 59301 MW (2022) N/A

.. Annual Growth Ratio (%) 4.7% (2017-2022) N/A
Electricity Supply

VRE (MW) 3367 MW (2022) 35% VRE (2035)

Ratio of VRE (%) 5.7% (2022) N/A

o Peak Demand (MW) 34200 MW (2022) N/A
Electricity Demand

Annual Growth Ratio (%) N/A

Reserve Margin (%) 42.3% (2022) N/A

Supply vs Demand 5-year CAGR of power generation (%)

- 0 -
— 5-year CAGR of electricity consumption (%) B petes) b
Transformer capacity of transmission lines 199517 MVA (FY2023/24) N/A
o Annual Growth Ratio (%) 6.5% (FY2018/19-FY2023/24) N/A
Transmission
Circuit length of transmission lines 57504 km (FY2023/24) N/A
Annual Growth Ratio (%) 3.3% (FY2018/19-FY2023/24) N/A

= Due to unavailability of the Power System Plan, only the 2035 VRE share target (35%) is known.

Data Sources: USEIA; EEHC Egyptian Electricity Holding Company Annual Report (2022. 2023); MOEE (2022b) (see Appendix 2)



I Key Indicators

RE share in power mix (2022) 10.5%

VRE share in power mix (2022) 5.7%

Average annual growth in VRE
penetration in installed capacity, 29.2%
(2017-2022)

RE curtailment ratio (%) N/A
Average annual growth in electricity 1.7%
demand (over 5 years, 2017-2022) ’

System flexibility 95.5
(WEF 2024 indicator, 0-100) '
Demand projection (2030) N/A
Generation supply target (2030) N/A

Grid target / strategy in national No
policy / planning or NDC

Independent regulatory body (Y/N) Yes

Note: RE Renewable Energy; VRE Variable Renewable Energy

Transmission circuit length
(km, 2022)

Transformer capacity (MVA, 2022)

Annual average growth in
transmission line length 3.3%
(2019-2024)
(over 5 years)

Current interconnections capacity 840
(MW, known)

54507 km

199517 MVA

VRE in connection queue
(MW) Not reported

Economic regulations - grid tariff
determination and its cost

Yes/ Yes
reflectiveness (Y/N)
Private participation / investment in Yes
transmission asset development (limited with EPC)
(Y/N)
Grid loss (total, %, 2022) 17.9%
RE Priority dispatch (Y/N) Yes
SAIFI (2023) 3/1.99
SAIDI (2023) 2.0
Consumer tariff subsidy / pricing Yes
support (Y/N)

SUSTAINABLE
ENERGY
FORALL

Electricity access (2022) 100%
ESIA process for transmission
. Yes
projects (Y/N)

Established public consultation /
compensation framework and
procedure (Y/N)

Yes

Electricity consumption per

. . 1592.2
capita (kWh/yr/capita, 2022)
Average residential tariff 0.054 (2022)
(USD/kWh) 0.048 (2023)

Distribution transformer capacity

100344 MVA
(MVA) (June 2023)
Distribution overhead and cable 578588 km
length (km) 9June 2023)
Annual average growth in distribution 2.6%

line length (over 5 years) (2018-2023)

Distribution grid loss (%) 22.5% (2021)

Data Sources: USEIA; BNEF Climatescope; World Bank Development Indicators; IEA/IRENA/WHO/USSD/World Bank ESMAP-Tracking SDG7; and National documents of respective countries. (See Appendix 2)
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Key Finding R

Progress
» Egypt has strong economic and technical regulations for grid development and operation.

o The Egyptian Electric Utility and Consumer Protection Regulatory Agency (EgyptERA) clearly defines tariff rules and economic
principles for tariff calculations, including network charges, electricity exchange prices between non-qualified members, and
network system charges, providing a transparent pathway for investment cost recovery.

o The grid codes have both solar PV and wind specific codes at different levels of voltage connection with clear requirements and
procedures for network connection, operation and the allocation of connection costs.

= Natural gas power has close to 90% share and rapid interconnector capacity increase is also planned by 2030. Both can provide
flexibility for VRE integration into the grid.

= Egypt has 100% electricity access.

Challenges

= Approximately 90% of electricity is generates from fossil fuels (mostly from gas). The country’s power mix shows a similar share of
fossil fuels while RE share is 10% with 5% of VRE share. Unlike other African countries examined, hydro power share is around 5%
in both electricity generation and power mixes, indicating reducing fossil fuel shares is a formidable task.

= System planning tasks are obligated by the 2015 Electricity Law (Law No. 87/2015) to the EETC, jointly with the Ministry of
Electricity and Renewable Energy to produce and submit the Expansion Plan on Production for a period of 5 years and an
Expansion Plan on Transmission for a period of 10 years. However, as no mandatory disclosure is required by the Law, both the

plans have not been made publicly available for interested market participants, making low incentives for private sector participation
to the transmission sector that is dominated by the SOT EETC.

Conclusion

= Grids in Egypt need to reduce losses as it is higher than the average losses in the African continent.

= Publicly available and clear grid investment plan is needed to incentivize more private sector participation and for more VRE
integration.
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Power Sector Overview

Power
Generation

Power
Consumption

Power Trade

Total grid-connected power capacity
(system size) (GW) (2022)

% of fossil fuel power capacity (2022)

5-year CAGR of total grid-connected power
generation capacity (utility-scale) (2017-2022)

Annual total grid-connected power
generation (TWh) (2022)

% of fossil fuel power generation (2022)

5-year CAGR of total grid-connected
power generation (2017-2022)

Annual total electricity net consumption
(TWh) (2022)

5-year CAGR of electricity
net consumption (2017-2022)

Power Import (% of net consumption) (2022)
Power Export (% of net consumption) (2022)

Power Export (% of generation) (2022)

5.7

2.5%

5.0%

17.4

0.0%

5.8%

10.6

3.9%

0.0%

9.6%

15.7%

Power Sector
in General

Market
Structure

Regulated
status

SUSTAINABLE

ENERGY
FORALL

Partially Unbundled
(Generation and transmission is in
Ethiopian Electric Power (EEP) &

distribution & retail in Ethiopian
Electric Utility (EEUV))

Yes

Unbundling Status

Private participation

Yes
(On-grid with IPP and off-grid with a

Power Generation . . L
limited number of developers in mini-

grid)
I No (SOE)
Transmlssmcr)] (esrsggrrs Ethiopian Electric Power (EEP)
P as the SO
No

Ethiopian Electric Utility (EEU, SOE)
as the sole buyer and distributor of
power

Distribution / Retails

Wholesale open / competitive
market trading in energy,

balancing, and / or ancillary No - single off taker

services
Market integration with
. : No
neighboring systems
Regional pool participation Yes (EAPP)

National / Independent

regulatory body Yes (since 2001)
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Electricity Generation, Consumption &
Trade (TWh)
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Share of Installed Capacity by Source

win BiomassFossil
704 and wastefuels
6% 3%

Solar
0%

Geothermal
0%

Hydro
84%

Ethiopia has a very clean electricity generation mix with no
fossil fuel generation in 2022. Installed power capacity
shows the dominance of hydropower with 84% share,
followed by 7% of wind energy and 6% of biomass and
waste. Fossil fuels account only 3%.

Electricity generation is growing with annual growth ratio of
6% while consumption only grows around 4%.

The country also has power trade surplus. 16% of electricity
generated was exported in 2022 with no import.
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Electricity — Current Status vs 2030 FORALL

Indicators 2022 or Latest data 2030 Projection or Target
(Reference Case)

Installed Capacity (MW) 5734 MW (2022) 17500 (2030)
- Annual Growth Ratio (%) 5.0% (2017-2022) 15.0% (2022-2030)
Electricity Supply
VRE (MW) 425 MW (2022) 2275 MW (2030)
Ratio of VRE (%) 7.4% (2022) 13% (2030)
o Peak Demand (MW) N/A N/A
Electricity Demand
Annual Growth Ratio (%) N/A
Reserve Margin (%) N/A N/A

Supply vs Demand 5-year CAGR of power generation (%)

[ o
— 5-year CAGR of electricity consumption (%) L0 PO, b
Transformer capacity of transmission lines N/A N/A
o Annual Growth Ratio (%) N/A N/A
Transmission
Circuit length of transmission lines 21309 km (2022) N/A
Annual Growth Ratio (%) 4.1% (2017-2022) N/A

= Ethiopia is projecting approximately three-fold increase of power capacity between 2022 and 2030, requiring 15% annual growth ratio. VRE capacity is expected
to increase more than five times. Those annual growth ratios are much higher than the past trends.

Data Sources: USEIA; Ethiopian Electricity Power (2025a) (see Appendix 2)



Key Indicators

RE share in power mix (2022)

VRE share in power mix (2022)

Average annual growth in VRE
penetration in installed capacity,
(2017-2022)

RE curtailment ratio (%)

Average annual growth in electricity
demand (over 5 years, 2017-2022)

System flexibility
(WEF 2024 indicator, 0-100)

Demand projection (2030)

Generation supply target (2030)

Grid target / strategy in national
policy / planning or NDC

Independent regulatory body (Y/N)

91.5%

7.4%

4.8%

N/A

3.9%

95.6

N/A

17500 MW

No

Yes

Note: RE Renewable Energy; VRE Variable Renewable Energy
Data Sources: USEIA; BNEF Climatescope; World Bank Development Indicators; IEA/IRENA/WHO/USSD/World Bank ESMAP-Tracking SDG7; and National documents of respective countries. (See Appendix 2)

Transmission circuit length

(km, 2022) 21397 km
Transformer capacity (MVA, 2022) N/A
Current interconnections capacity 6000
(MW, known)
Grid loss (total, %, 2022) 18.1%
Annual average growth in 4.9%

transmission line length

(over 5 years) (2017-2022)

VRE in connection queue

(MW) Not reported
Economic regulations - grid tariff
determination and its cost Yes/ No
reflectiveness (Y/N)
Private participation / investment in Yes
transmission asset development  (limited with EPC &
(Y/N) consultancy)
RE Priority dispatch (Y/N) No
SAIFI (2023)
N/A
SAIDI (2023)
Consumer tariff subsidy / pricing NO
support (Y/N)

SUSTAINABLE

ENERGY
FORALL

Electricity access (2022) 55.4%
ESIA process for transmission Yes
projects (Y/N)
Established public consultation /
compensation framework and Yes

procedure (Y/N)

Electricity consumption per
capita (kWh/yr/capita, 2022)
Average residential tariff
(USD/kWh)

Distribution transformer capacity

85.9

0.041 (2022)
0.039 (2023)

(MVA) N/A
Distribution overhead and cable N/A
length (km)
Annual average growth in distribution N/A
line length (over 5 years)
Distribution grid loss (%) N/A
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Key Findings FORALL

Progress
» Ethiopia had two important updates to regulations in 2022, both of which provide a good foundation for the sector transformation.

o The 2022 grid code revision also delivers a strong technical regulatory foundation, especially for VRE deployment and
integration.

o The 2022 electricity tariff setting methodology guidelines gave Ethiopia a very strong economic regulation profile in all
generation, transmission and distribution, providing tariff formulas with detailed components along with clear conceptual basis
behind the formula.

= Ethiopia currently has a strong clean electricity profile; however, this has heavy hydro dependance at 84% of installed capacity.
= The country also has a very strong interconnector profile with around 6GW of capacity, which can provide high flexibility to diversify
power sources with non-hydro renewables while keeping a clean electricity profile intact during the energy transition.

Challenges

= Grid service performance and progress (e.g., SAIFI and SAIDI) are not publicly available.

= Although affordability of on-grid electricity service is good, electricity access is still only 55%, with rural access to electricity at 43%
and urban at 98%. The current electricity consumption per capita level is extremely low, and its growth rate is lower than the GDP
per capita growth, on grid electricity access will enable increased use of energy for development and services.

= The extremely high dependance on hydro power can pose an increasing security risk with water scarcity related to climate change
and population growth, in addition to water disputes with neighboring countries.

Conclusion

= Grids investment in Ethiopia needs to focus on increasing electricity access through minigrids and grid extension.

= |t will be highly cost effective to prioritize reducing high grid losses.

= While Ethiopia has a strong clean energy mix at the moment, overcoming energy poverty with increasing both supply and
consumption while diversifying the energy and power mixes with VRE is essential.
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Power Sector Overview

2022 2020
Total grid-connected power capacity 33 12.0
(system size) (GW) (2022) ' '
% of fossil fuel power capacity (2022) 33.2% 81.9%
5-year CAGR of total grid-connected power B 2 6%
Power generation capacity (utility-scale) (2015-2020) 070
Generation  Annual total grid-connected power 38.0 38.0
generation (TWh) (2022) ’ '
% of fossil fuel power generation (2022) 76.2% 79.5%
5-year CAGR of total grid-connected 0 0
power generation (2015-2020) Sl 2L
Annual total electricity net consumption
32.7 32.7
Power (Twh) (2022)
Consumption y ici
p 5-year CAGR of electrlc;lty 2 9% 3.0%
net consumption
Power Import (% of net consumption) (2022) 0.0% 0.0%
Power Trade Power Export (% of net consumption) (2022) 0.0% 0.0%
Power Export (% of generation) (2022) 0.0% 0.0%

Fossil fuel (natural gas) dominates on-grid electricity generation (75% in 2022), while
large hydropower mostly delivers the rest of electricity.

Data Source: US EIA International database — Electricity
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Power Sector Overview

On-grid Installed Capacity by Source
(2012-2022, GW)

Share of Installed On-grid Capacity
by Source (12,036 MW, 2020)
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Share of Firmly Available On-grid Capacity
by Source (3,344 MW, 2022)

- Solar Biomass Biomass and
12 Hydro 0% and waste Solar waste
10 18% 0% 3% 1%
Fossil
8 fuels
33%
6
4
2 Hydro
ssil fuels 63%
0 82%

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

mFossil fuels ®mHydro mSolar m®Biomass and waste

The international electricity database of the United States Energy Information Administration (US EIA) shows a large discrepancy of installed capacity of Nigeria before
2020 and after 2021, while total electricity generation of on-grid system shows consistency over the years up to 2022 (see the previous slide). An IRENA report (2023)
states “The total installed capacity of grid-based systems is around 13 GW” which is consistent with the US EIA data before 2020, but hugely different from the US
EIA 2022 system size data of 3.3 GW shown in the left and right figures above. Meanwhile, the same IRENA report mentions “today’s available on-grid peak generation
varies and hovers around 4.5 GW. Unavailability of gas, machine breakdowns, seasonal water shortages and limited grid capacity have severely limited the
operational performance of these power plants (Yetano Roche et al., 2020, cited in the IRENA report).” In addition, transmission capacity of the country is reportedly
around 8.6 GW in 2022, which is far below the total installed capacity of 13 GW, the IRENA 2023 reports. Considering these evidences, the US EIA 2021 and 2022
data of installed capacity indicate the firmly available on-grid capacity, connected for delivery to the country’s grid network, while the US EIA data before 2020 include the
installed capacity which were built but not being able to deliver electricity services with various reasons. In short, discrepancy between grid-connected installed
capacity and firmly available capacity due to the lack of ability to deliver electricity including grid capacity has resulted in acute shortage of grid-electricity and
Nigeria has heavy reliance on fossil fuel generator sets to meet daily demand as well as peak power capacity. As a result, Nigeria today heavily relies on back-up
generator sets, mostly using fossil fuels such as oil and diesels, making the country the largest importer of such generators in Africa and one of the largest in the world.

Data Source: US EIA International database — Electricity


https://www.irena.org/Publications/2023/Jan/Renewable-Energy-Roadmap-Nigeria
https://nerc.gov.ng/wp-content/uploads/2024/01/TCNPIPSubmission.zip

Power Sector Overview

Power Sector
in General

Market Structure

Regulated status

Unbundling Status
Private participation

Power Generation

Transmission (System Operation)

Distribution / Retails

Wholesale open / competitive market trading in energy,
balancing, and / or ancillary services

Market integration with neighboring systems

Regional pool participation

National / Independent regulatory body
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ENERGY
FORALL

Unbundled
(Legal)

Yes

Yes
(liberalized for all on-grid, mini-grid and SHS)
No (SOE)
Transmission Company of Nigeria (TCN) performs the SO
function.
Upon acquiring its license, it will operate as an independent
company in future.
Yes
(liberalized for all on-grid,
mini-grid and SHS)
No - single off-taker
(Nigerian Bulk Electricity Trading (NBET) Plc as the
sole trader of electricity)

No

Yes
(WAPP)

Yes (since 2005)
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Electricity — Current Status vs 2030 FORALL

Indicators 2022 or Latest data 2030 Projection or Target
(Reference Case)

56 GW, including off-grid solar of
13 GW (2030)
(IRENA projection)

13.6% (on-grid capacity, 2020-2030)

12036 (installed capacity, 2020)

InsiztlEe) CEpREsy (AN 3344 MW (firm capacity, 2022)

Electricity Suppl io (° - 0 -
y supply Annual Growth Ratio (%) 22.9% (2017-2022) 16.6% (total capacity,2020-2030)
VRE (MW) 37 MW (2022) 5824 MW (2030)
Ratio of VRE (%) 1.1% (2022) 10.4% (2030)
o Peak Demand (MW) 5800 MW (2022) N/A
Electricity Demand
Annual Growth Ratio (%) N/A
Reserve Margin (%) -73.4% (2022) N/A
Supply vs Demand 5-year CAGR of power generation (%)
- 0 -
— 5-year CAGR of electricity consumption (%) U728 (AU, A
Transformer capacity of transmission lines 8229 MW (estimated Sep. 2022) N/A
o Annual Growth Ratio (%) N/A N/A
Transmission
Circuit length of transmission lines N/A N/A
Annual Growth Ratio (%) N/A N/A

= Although consistent national power system development plans / master plans are not available, IRENA’s recent scenario analysis (2023) projects 43GW of on-grid
installed capacity in 2030 with the present plan. VRE share is expected to increase approximately 10 times (on-grid + off-grid total capacity).

Data Sources: USEIA; IRENA (2023) (see Appendix 2)



Key Indicators

RE share in power mix (2022) 65.4%

VRE share in power mix (2022) 3.1%

Average annual growth in VRE
penetration in installed capacity, 14.1%
(2017-2022)

RE curtailment ratio (%) N/A
Average annual growth in electricity 3.6%

demand (over 5 years, 2017-2022) ’
System flexibility 98.1

(WEF 2024 indicator, 0-100)

Demand projection (2030)

56 GW (total)
Generation supply target (2030) 43 GW (on-grid)
(IRENA)
Grid target / strategy in national No
policy / planning or NDC
Independent regulatory body (Y/N) Yes

Note: RE Renewable Energy; VRE Variable Renewable Energy

192 TWh (IRENA)

Transmission circuit length
(km, 2022)

Transformer capacity (MVA, 2022)

Annual average growth in
transmission line length
(over 5 years)

Current interconnections capacity
(MW, known)

VRE in connection queue
(MW)
Economic regulations - grid tariff
determination and its cost
reflectiveness (Y/N)

Private participation / investment in
transmission asset development
(Y/N)

Grid loss (total, %, 2022)
RE Priority dispatch (Y/N)
SAIFI (2023)

SAIDI (2023)

Consumer tariff subsidy / pricing
support (Y/N)

8229 MW

N/A

N/A

872

Not reported

Yes/ Yes

Yes
(limited with EPC
but changes in
progress)

14.2%

Yes

N/A

Yes

SUSTAINABLE
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Electricity access (2022) 60.5%
ESIA process for transmission
. Yes
projects (Y/N)
Established public consultation /
compensation framework and Yes

procedure (Y/N)

Electricity consumption per
capita (kWh/yr/capita, 2022)
Average residential tariff
(USD/kWh)

Distribution transformer capacity

144.5

0.127 (2022)
0.091 (2023)

(MVA) N/A
Distribution overhead and cable
N/A
length (km)
Annual average growth in distribution N/A
line length (over 5 years)
Distribution grid loss (%) 25.0% (2022)

Data Sources: USEIA; BNEF Climatescope; World Bank Development Indicators; IEA/IRENA/WHO/USSD/World Bank ESMAP-Tracking SDG7; and National documents of respective countries. (See Appendix 2)
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Key Findings FORALL

Progress

» Nigeria has detailed system assessments and planning done by TCN and the country’s Multi-Year Tariff Order (MYTO) provide a
basis for transmission investment recovery.

» The 2018 grid codes provide good technical requirements for both synchronous and non-synchronous generators (Power Park
Models), while providing priority dispatch for RE with merit order principle.

= Nigeria has excellent flexibility to include VRE in its power profile, with significant gas and hydro power in electricity generation mix.

Challenges

» Despite the 13GW of existing power plant installed capacity, transmission capacity is far below this level. As a result, the security
and reliability of power supply is very low as reserve margin is negative.

» The discrepancy between grid-connected installed capacity and firmly available capacity due to the lack of grid capacity results in a
shortage of grid-electricity and heavy reliance on fossil fuel generator sets to meet daily demand and peak power capacity.

= Electricity access needs to expand very rapidly, considering its strong population growth. As electricity consumption per capita via
on-grid service is quite low, higher tier access provision via grid expansion is critical, along with initial electricity access provision
with off-grid technologies.

= The country currently heavily relies on fossil fuels (gas power) for electricity generation, making an urgent necessity to reduce this
dependance while increasing VRE from both energy security and environmental perspectives.

Conclusion
= The Nigeria energy transition plan indicates 8.4 million people are far from existing grid infrastructure and need to be connected to
mini grids.

= 5.4 million people in densely populated regions need grid strengthening.
» There are significant opportunities to reduce grid losses with regulatory and market interventions.
= Nigeria needs to invest in 95 GW transmission and distribution network by 2060 for a net-zero power system.
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Power Sector Overview

Total grid-connected power capacity
(system size) (GW) (2022)

% of fossil fuel power capacity (2022)

5-year CAGR of total grid-connected power
generation capacity (utility-scale) (2017-2022)

Power
Generation  Apnual total grid-connected power
generation (TWh) (2022)
% of fossil fuel power generation (2022)
5-year CAGR of total grid-connected
power generation (2017-2022)
Annual total electricity net consumption
Power (TWh) (2022)

Consumption 5-year CAGR of electricity

net consumption (2017-2022)
Power Import (% of net consumption) (2022)
Power Trade Power Export (% of net consumption) (2022)

Power Export (% of generation) (2022)

Uganda decided to return to vertical integration structure to pursue
efficiency in the 2022 Amendment of Electricity Act.

1.5

15.7%

7.6%

5.7

1.0%

8.7%

4.0

10.3%

0.6%
5.9%
8.5%

Power Sector
in General

Market
Structure

Regulated
status
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Unbundled (Legal)
(will be vertically
integrated again)

Unbundling Status

Private participation Yes
. Yes
Power Generation On-grid with IPP participation
No (SOE)

Transmission (System  Uganda Electricity Transmission

Operation) Company Ltd (UETCL 100% SOE)
as the single operator
Yes.
Distribution / Retails (Nine distribution private
companies)

No - Uganda Electricity
Transmission Company Ltd
(UETCL) as a single buyer of bulk

Wholesale open / competitive
market trading in energy,
balancing, and / or ancillary

services electricity
Market integration with

: : No
neighboring systems
Regional pool participation Yes (EAPP)

National / Independent

regulatory body Yes (since 2000)
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Share of Installed capacity by Source
(1450 MW, 2022)

Biomass F |
and waste fosIS|
Solar 7% uels

6%

Hydro
71%

While fossil fuel occupies about 16% of installed

capacity, its power generation amount is around 1%

and the rest is generated by renewables, showing a

very good clean energy profile. Hydro power capacity

dominates the power mix, while solar and biomass also

contribute significant amount.

= Uganda shows strong growth in both electricity
generation and consumption.

= The country is also actively exporting power to

neighboring countries.
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Indicators 2022 or Latest data 2030 Projection or Target
(Reference Case)

Installed Capacity (MW) 1450 MW (2022) 2300 MW (2030)
.. Annual Growth Ratio (%) 7.6% (2017-2022) 5.9% (2022-2030)
Electricity Supply
VRE (MW) 94 MW (2022) N/A
Ratio of VRE (%) 6.5% (2022) N/A
o Peak Demand (MW) 843 MW (2022) 1644 MW (2030)
Electricity Demand
Annual Growth Ratio (%) 8.7% (2022-2030)
Reserve Margin (%) 33.6% (2022) 39.9% (2030)
Supply vs Demand 5-year CAGR of power generation (%)
- 0 - - 0 -
— 5-year CAGR of electricity consumption (%) 200\ P, 2800 (U2
Transformer capacity of transmission lines 6666 MVA (2024) 17210 MVA (2030)
o Annual Growth Ratio (%) 19.8% (2017-2022) 12.6% (20220-2030)
Transmission
Circuit length of transmission lines N/A N/A
Annual Growth Ratio (%) N/A N/A

= Uganda is projecting approximately 1.6-fold increase of power capacity between 2022 and 2030, requiring 5.9% annual growth ratio with the least cost expansion
plan.

» Peak demand is projected to increase twice during the period with annual growth ratio of 8.7%.

» Interms of transmission grid, 258% increase is projected in transformer transfer capacity with annual growth ratio of 12.6% between 2022 and 2030.

Data Sources: USEIA, Electricity Regulatory Authority (ERA) (2021b) Least Cost Electricity Expansion Plan 2020-2030, Ministry of Energy and Minerals Development (Annual report FY2022-2023, Statistical Abstract 2023
(see Appendix 2)



Key Indicators

RE share in power mix (2022)

VRE share in power mix (2022)

Average annual growth in VRE
penetration in installed capacity,
(2017-2022)

RE curtailment ratio (%)

Average annual growth in electricity
demand (over 5 years, 2017-2022)

System flexibility
(WEF 2024 indicator, 0-100)

Demand projection (2030)

Generation supply target (2030)

Grid target / strategy in national
policy / planning or NDC

Independent regulatory body (Y/N)

77.4%

6.5%

16.2%

N/A

10.3%

N/A

1644 MW

2300MW

Yes

Yes

Note: RE Renewable Energy; VRE Variable Renewable Energy
Data Sources: USEIA; BNEF Climatescope; World Bank Development Indicators; IEA/IRENA/WHO/USSD/World Bank ESMAP-Tracking SDG7; and National documents of respective countries. (See Appendix 2)

Transmission circuit length
(km, 2022)

Transformer capacity (MVA, 2022)

Annual average growth in
transmission line length
(over 5 years)

Current interconnections capacity
(MW, known)

VRE in connection queue
(MW)

Economic regulations - grid tariff

determination and its cost
reflectiveness (Y/N)

Private participation / investment in
transmission asset development
(Y/N)

Grid loss (total, %, 2022)
RE Priority dispatch (Y/N)
SAIFI (2023)

SAIDI (2023)

Consumer tariff subsidy / pricing
support (Y/N)

6445.5 MVA

N/A

2400 (?)

Not reported

No / No

Yes
(with EPC and IPT
models)

19.2%

Yes

N/A

Yes
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Electricity access (2022) 47.1%
ESIA process for transmission Yes
projects (Y/N)
Established public consultation /
compensation framework and Yes

procedure (Y/N)

Electricity consumption per 84.0
capita (kWh/yr/capita, 2022)
Average residential tariff
(USD/kWh)

Distribution transformer capacity

0.222 (2022)
0.217 (2023)

(MVA) N/A
Distribution overhead and cable 70565 km (2024)
length (km)
Annual average growth in distribution 6.0%

line length (over 5 years) (2019-2024)

Distribution grid loss (%) 17.6% (2022)
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Progress

Strong political commitments are observed for the energy transition with the clear grid target.

The country also has power export supported by its interconnector capacity, which is also witnessing a steady increases.
Uganda shows strong political commitment, grid development planning, and environmental and social impacts mitigation.
Transmission and interconnector asset development shows strong growth trend with established network development planning
framework and procedures.

Challenges

Grid service performance and progress (e.g., SAIFI and SAIDI) are not publicly available.

Technical regulations for grid operation need enhancement to support greater VRE integration, as current grid codes have yet to
formally incorporate the 2017 interconnection codes and wheeling agreement study, which offer a strong technical foundation for
such integration.

Economic regulations related to transmission investment recovery, grid part of tariff determination methods, and cost reflectiveness
are weak.

On-grid access remains limited and there is low individual electricity consumption, with both tariff and connection affordability
issues, and a need for significant improvements in access and power reliability

Conclusion

Upgrading grid codes to formally incorporate the 2017 interconnection codes and wheeling agreement study is essential for
diversifying clean energy sources and reducing heavy reliance on hydropower

Economic regulations, technical regulations, grid operations, need to be strengthened to enhance the enabling environment for
network investment.

Grids in Uganda need to focus on closing access challenges through mini-grid deployment and strategic transmission expansion.
Data collection can be improved on grid interruption frequency and duration.
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Power Sector Overview

Total grid-connected power capacity
(system size) (GW) (2022)
% of fossil fuel power capacity (2022)

5-year CAGR of total grid-connected power
generation capacity (utility-scale) (2017-2022)

Power
Generation Annual total grid-connected power
generation (TWh) (2022)
% of fossil fuel power generation (2022)
5-year CAGR of total grid-connected
power generation (2017-2022)
Annual total electricity net consumption
(TWh) (2022)
Power

Consumption 5-year CAGR of electricity

net consumption (2017-2022)
Power Import (% of net consumption) (2022)
Power Trade Power Export (% of net consumption) (2022)

Power Export (% of generation) (2022)

3.9

16.3%

5.8%

19.5

11.1%

6.0%

15.0

3.5%

0.2%

11.1%

14.4%

Power Sector
in General

Market
Structure

Regulated
status
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Vertically integrated
(SOE - Zambia Electricity Supply
Corporation Limited (ZESCO))

Unbundling Status

Private participation Yes
Power Generation U
(Both on-grid with IPP and off-grid)
No / Yes

(SOE ZERCO as the SO of the
national grid. However, two private
companies operate transmission
and distribution grid in their
respective serving mining regions.)
Yes
(SOE ZERCO, two vertically
integrated private companies as
distributor) plus mini-grid
developers and SHS companies

Transmission (System
Operation)

Distribution / Retails

Wholesale open / competitive
market trading in energy,
balancing, and / or ancillary
services

No - ZESCO as single-buyer

Market integration with

neighboring systems NE
Regional pool participation M
dionatpoot particlp (SAPP)

National / Independent

regulatory body Yes (since 1997)
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Share of Installed capacity by Source
(3948 MW, 2022)

Biomass
Solar and waste Fossil
3% 1% fuels

16%

Hydro
80%

= Although renewable energy dominates the electricity
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generation over the years, fossil fuel power generation is
growing in recent years. Electricity consumption shows

slower growth than power generation. Power trade

displays strong surplus, with Zambia providing around

15% of its power generation to neighboring countries.
= Hydro power dominates installed capacity with 80%

share, while the shares of other renewable energy (solar

and biomass and waste) are very low.
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Indicators 2022 or Latest data 2030 Projection or Target
(Reference Case)

Installed Capacity (MW) 3948 MW (2022) 10013 MW (2030)
.. Annual Growth Ratio (%) 5.9% (2017-2022) 12.3% (2022-2030)
Electricity Supply
VRE (MW) 97 MW (2022) 3304 MW (2030)
Ratio of VRE (%) 2.4% (2022) 33% (2030)
o Peak Demand (MW) 2375 MW (2022) 5422 MW (2030)
Electricity Demand
Annual Growth Ratio (%) 10.9% (2022-2030)
Reserve Margin (%) 39.9% (2022) 84.7% (2030)
Supply vs Demand 5-year CAGR of power generation (%)
0 - 0 -
— 5-year CAGR of electricity consumption (%) 2850 (P2 AR EEAZEE0E,
Transformer capacity of transmission lines 10407 MVA (2022) 12641 MVA (2030)*
o Annual Growth Ratio (%) N/A 3.2%
Transmission
Circuit length of transmission lines 12705 km (2022) N/A
Annual Growth Ratio (%) N/A

= Zambia is projecting approximately 2.5-fold increase of power capacity between 2022 and 2030, requiring 12.3% annual growth ratio, based on the 2023
Integrated Resource Plan. VRE share is expected to increase more than 13 times. These annual growth ratios are much higher than the past trends.

= Peak demand is projected to increase 230% during the period with annual growth ratio of 10.9%.

= Interms of transmission grid, the Integrated Resource Plan- Transmission Planning projects 21% increase in transformer capacity between 2022 and 2030.

Note: *Calculated with 2234 MVA increase planned between 2022 and 2030 based on Transmission Development Plan 2022 and 2030 maps in IRP.
Data Sources: USEIA; Ministry of Energy (2023c, 2023d, 2023e) Integrated Resource Plan (IRP) — Transmission Planning, Demand Forecast, and Power Generation module reports (see Appendix 2)



Key Indicators

RE share in power mix (2022)

VRE share in power mix (2022)

Average annual growth in VRE
penetration in installed capacity,
(2017-2022)

RE curtailment ratio (%)

Average annual growth in electricity
demand (over 5 years, 2017-2022)

System flexibility
(WEF 2024 indicator, 0-100)

Demand projection (2030)

Generation supply target (2030)

Grid target / strategy in national
policy / planning or NDC

Independent regulatory body (Y/N)

82.6%

2.4%

295.3%

N/A

3.5%

94.2

5422 MW (peak)

10013 MW

Yes

Yes

Note: RE Renewable Energy; VRE Variable Renewable Energy
Data Sources: USEIA; BNEF Climatescope; World Bank Development Indicators; IEA/IRENA/WHO/USSD/World Bank ESMAP-Tracking SDG7; and National documents of respective countries. (See Appendix 2)

Transmission circuit length
(km, 2022)

Transformer capacity (MVA, 2022)

Annual average growth in
transmission line length
(over 5 years)

Current interconnections capacity
(MW, known)

VRE in connection queue
(MW)
Economic regulations - grid tariff
determination and its cost
reflectiveness (Y/N)

Private participation / investment in
transmission asset development
(Y/N)

Grid loss (total, %, 2022)
RE Priority dispatch (Y/N)
SAIFI (2023)

SAIDI (2023)

Consumer tariff subsidy / pricing
support (Y/N)

10407 MVA

9.6%
(one year, 2022-
2023)

2090

Not reported

Yes/ Yes

Yes

10.3%
No
4.9

51.2

No
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Electricity access (2022) 47.8%
ESIA process for transmission Yes
projects (Y/N)
Established public consultation /
compensation framework and Yes

procedure (Y/N)

Electricity consumption per
capita (kWh/yr/capita, 2022)
Average residential tariff
(USD/kWh)

Distribution transformer capacity

747.7

0.052 (2022)
0.054 (2023)

(MVA) N/A
Distribution overhead and cable 12500 km (2022)
length (km)
Annual average growth in distribution N/A
line length (over 5 years)
Distribution grid loss (%) N/A
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Progress

» Grid development, generation and transmission planning and least cost analysis is being conducted for unelectrified regions.

» Interconnector asset development and planned projects to 2030 show strong growth trends.

» The existing hydro power and good interconnector presence offer an excellent starting point by providing good flexibility for VRE
deployment and integration.

Challenges

= National transmission grid needs upgrading due to the existing aging assets.

= Current economic regulations related to transmission investment recovery and cost reflectiveness are quite weak, although grid tariff
determination method formula is available.

= The country’s grid codes do not have clear established dispatching rules, priority dispatch to renewables, nor dedicated curtailment
management rules. Real-time dispatch, high quality variable renewable forecasting, or curtailment compensation rules are not in the
current codes either.

» The 2023 Integrated Resource Plan has detailed transmission plan for 30 years ahead, but it does not consider transmission
expansion for increasing renewable energy integration, regional power trading within SAPP, and increasing industrial and
agricultural demand.

Conclusion

= Grids in Zambia need to focus on closing access challenges through mini-grid deployment and strategic transmission expansion.

= While regional interconnectors offers strength, domestic transmission assets have aging issues.

» Improvement of economic and technical regulations is essential for utilizing the existing assets wisely with advanced operations
while progressing the asset upgrade.

= More robust planning that consider stronger VRE integration, increasing demands and regional trades, utilizing its well-established
planning framework and procedures, becomes important as well.
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Data Sources & References — Global FORALL

The assessment used the following publicly available open-source databases:

Bloomberg New Energy Finance (BNEF) (2024) Climatescope — Power sector results, https://www.global-climatescope.org/results
Dartmouth College Sustainable Transitions Lab (2024) Global Transmission database, https://zenodo.org/records/10870602
Energy and Climate Intelligence Unit (ECIU), Net Zero Scorecard, https://eciu.net/netzerotracker

European Union Emissions Database for Global Atmospheric Research (EU EDGAR) (2024) EU EDGAR / IEA CO2 database 1970-2023,
https://edgar.jrc.ec.europa.eu/, https://jeodpp.jrc.ec.europa.eul/ftp/jrc-opendata/EDGAR/datasets' EDGAR_2024 GHG/IEA_EDGAR_CO2_1970_2023.zip

International Energy Agency (IEA), International Renewable Energy Agency (IRENA), United Nations Statistics Division (UNSD), World Bank, and World
Health Organization (WHO) (2024) Tracking SDG7: The Energy Progress Report Datasets, https://trackingsdg7.esmap.org/downloads

International Monetary Fund (IMF) (2024) IMF data base, https://data.imf.org/regular.aspx?key=63087881
IRENA (2024) IRENA Statistics Data tool, https://www.irena.org/Data/Downloads/IRENASTAT, https://www.irena.org/Data/Downloads/Tools

Organization for Economic Cooperation and Development (OECD) (2024a) OECD Country Risk Classification,
https://www.oecd.org/content/dam/oecd/en/topics/policy-sub-issues/country-risk-classification/cre-crc-current-english.pdf

OECD (2024b) OECD ODA data / OECD Creditor Reporting System, https://stats.oecd.org/Index.aspx?DataSetCode=crs1#

United States Energy Information Administration (US EIA) (2024) International Electricity Database,
https://www.eia.gov/international/data/world/electricity/more-electricity-data

World Bank (2024) World Bank Development Indicators, https://data.worldbank.org/indicator, https://databank.worldbank.org/source/world-development-
indicators

World Bank Energy Sector Management Assistance Programme (ESMAP) (2022) RISE - Regulatory Indicators for Sustainable Energy.
https://rise.esmap.org/countries, https://rise.esmap.org/indicators

World Economic Forum (2024), WEF Energy Transition Index, https://www.weforum.org/publications/fostering-effective-energy-transition-2024/country-
profiles-8dad724ce3/
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Data Sources & References — Egypt (1/2) FORAL

= Africa Energy Portal (2023) Electricity Regulatory Index for Africa — Egypt, https://africa-energy-portal.org/eri/country/egypt

= Egyptian Electric Utility and Consumer Protection Regulatory Authority (EgyptERA) (2014) Wind Codes,
https://egyptera.org/en/Download/Code/CodeFinal2014.pdf

= EgyptERA (2015) Electricity Law 2015 (Law No. 87/2015 ), https://egyptera.org/en/SidePages/img/works/pdf/SitePDF/law2015.pdf
= EgyptERA (2016a) Decree No 230/ 2016, https://egyptera.org/en/SidePages/img/works/pdf/SitePDF/ExecutiveRequlationsforeleclow.pdf

= EgyptERA (2017) Grid code for solar plant connection On MV and HV,
https://egyptera.org/en/Download/Code/Egypt_gridcode_for_solar_plant_connectionOnMVandHV.pdf

= EgyptERA (2023) Transmission Wheeling Cost of service methodology,
https://egyptera.org/en/download/pdf/calculation_methodology_for_transmission_network_usage.pdf

= EgyptERA (2024) Transmission Fee, https://egyptera.org/en/TransmissionFees.aspx

= Egyptian Electricity Holding Company (EEHC) (2023) Technical Specification For Grid Interconnected Photo Voltaic System Up To 30 MW DC,
https://eehc.gov.eg/CMSEehc/media/akwhrrhf/%D8%A7%D9%84%D9%85%D9%88%D8%A7%D8%B5%D9%81%D8%A9-final-v2-edms-02-
100-2.pdf

= Egyptian Electricity Transmission Company (EETC), Transmission Grid Codes, http://www.eetc.net.eg/grid_code.html

= Energy Storage News (2025) Egypt: Government signs contracts for country’s first standalone battery storage projects, https://www.energy-
storage.news/egypt-government-signs-contracts-for-countrys-first-standalone-battery-storage-projects/

= Environics (2015) EIA for Imbaba (220/66/11 KV) GIS Substation, https://environics.org/projects/eia-for-imbaba-220-66-11-kv-gis-substation/

= Environics (2018) ESIA for OTL and Transformer Substation - Gulf of Suez,
https://www3.dfc.gov/Environment/ElIA/lekelaboo/Transmission_ESIA.pdf

= The European Union Global Technical Assistance Facility for Sustainable Energy and Stantec (2024), Bridge Phase of “Modelling of the
African Continental Masterplan (CMP)” Deliverable 4 — Generation and Transmission Priority Projects, Final Report,
EuropeAid139956/DH/SER/Multi Contract No 2019/405-992

= [nternational Finance Corporation (IFC) (2021) Power market database, https://www.worldbank.org/content/dam/Documents/Power-Market-
Database-Country-Snapshot.pdf


https://egyptera.org/en/SidePages/img/works/pdf/SitePDF/ExecutiveRegulationsforeleclow.pdf
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Data Sources & References — Egypt (2/2) FORAL

= MEDREG Consumer Working Group (CUS WG) (2022) Update On Technical And NONMED22 Technical Losses - Empowering Mediterranean
regulators for a common energy future, https://egyptera.org/ar/Download/report/CUS_Report_Final.pdf

= Ministry of Electricity and Renewable Energy (MOEE) (2018) 500kV Electrical Interconnection between Zahraa El Maadi Substation and
Helwan South Power Plant - Retroactive Review For Already Constructed Towers And Abbreviated Resettlement Action Plan (ARAP) For One
Tower, http://www.moee.gov.eg/english%5Fnew/EEHC_Rep/HelwanSouthinterconnectionFinal ARAPENGLISH.pdf

= MOEE (2019a) Environmental And Social Impact Assessment (ESIA) for 220 KV Double Circuit Overhead Transmission Line Of Length 20
km from Gulf Of Suez Substation (500/220 KV) TO 250-MW Boo Wind Power Plant (World Bank requirements),
http://www.moee.gov.eg/english_new/EEHC_Rep/ESIA_220kv_OHTL_Ras_Gharib-Wind_BOO_April_2019 MS_AF_ECS_Final(1).pdf

= MOEE (2019b) Egyptian Electricity Holding Company Annual Report 2018/19, http://www.moee.gov.eg/english_new/EEHC_Rep/2018 -
2019en.pdf

= MOEE (2020) Egyptian Electricity Holding Company Annual Report 2019/20, http://www.moee.gov.eg/english_new/EEHC_Rep/finalaEN1 9-
20.pdf

= MOEE (2022a) Egyptian Electricity Holding Company Annual Report 2021/22, http://www.moee.gov.eg/english_new/EEHC_Rep/REP2021 -
2022en.pdf

= MOEE (2022b), Egypt Energy Transition Investment in Green Projects,
http://www.moee.gov.eg/english_new/Presentations/EGYPT_Energy_Transition.pdf

= MOEE (2023) Egyptian Electricity Holding Company Annual Report 2022/23, http://www.moee.gov.eg/english_new/EEHC_Rep/REP2022 -
2023en.pdf

= MOEE (2025) Statistics, http://www.moee.gov.eg/english_new/ST_main.aspx
= Ministry of International Cooperation (2025) Integrated Sustainable Energy Strategy (ISES), https://moic.gov.eg/sector/Energy/4

= Omar H. Abdalla: "Technical Background of the Grid Code - Tutorial", Presented at the Cigre Conference, The Future of Electricity Grids - Challenges and
Opportunities, Cairo, Egypt, 6-8 March 2019.xxx

= United Nations. Economic Commission for Africa (UNECA) (2023). Regulatory review of the electricity market in Egypt: towards crowding-in private sector
investment. Addis Ababa: © UN. ECA,. https://res4africa.org/wp-content/uploads/2023/03/RegulatoryReviewofElectricityMarketinEgypt.pdf
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= African Development Bank (AfDB) (2016) Addis Ababa Transmission and Distribution System Rehabilitation and Upgrading Project
(AATDRUP), https://www.afdb.org/sites/default/files/documents/environmental-and-social-assessments/ethiopia_-
_addis_ababa_transmission_and_distribution_system_rehabilitation_and_upgrading_project_aatdrup_-_esia_summary.pdf

= Africa Energy Portal (2023) Electricity Regulatory Index for Africa — Ethiopia, https://africa-energy-portal.org/eri/country/ethiopia

= Danish Energy Agency (2023) Review of Ethiopian Energy Efficiency Policy 2023, https://etiopien.um.dk/en/-/media/country-sites/etiopien-
en/media/review-of-ethiopian-energy-efficiency-policy-2023.ashx

= Ethiopian Energy Authority (EEA) (2013) Mini-grid directives,
http://www.pea.gov.et/attachments_documents/approved%20directives/License%20and%20economic%20regulation%20directorate/Mini%20 Gr
1d%20Directive.pdf

= EEA (2020a) Electricity tariff setting methodology,
http://www.pea.gov.et/attachments_documents/approved%20directives/License%20and%20economic%20regulation%20directorate/Electricity
%20Tariff%20Setting%20Methodology. pdf

= EEA (2020b) Investment Guidelines, http://www.pea.gov.et/attachments_documents/Laws%20&%20Regulation/investment/investment-
regulation-no.-4742020.pdf

= EEA (2022) Transmission grid codes,
http://www.pea.gov.et/attachments_documents/approved%?20directives/Competency%?20certification%20and%20technical%20regulation%?2 0di
rectorate/Ethiopian%20National%20Transmission%20Grid%20Code.pdf

= Ethiopian Electricity Power (EEP) (2023) Environmental and Social Impact Assessment (ESIA) - Degehabur — Kebridehar 132 kV Power
Transmission Line, https://www.eep.com.et/?sustainabilities=environmental-and-social-impact-assessment-for-hurso-harar-iv-jigjiga-ii-400-kv-
transmission-line-project

= EEP (2025a) Future Generation Plan, https://www.eep.com.et/?page_id=1033
= EEP (2025b) Power Transmission , https://www.eep.com.et/?page_id=781
= EEP (2025c) Power Generation, https://www.eep.com.et/?page_id=1033
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= The European Union Global Technical Assistance Facility for Sustainable Energy and Stantec (2024), Bridge Phase of “Modelling of the
African Continental Masterplan (CMP)” Deliverable 4 — Generation and Transmission Priority Projects, Final Report,
EuropeAid139956/DH/SER/Multi Contract No 2019/405-992

= Federal Democratic Republic of Ethiopia (2019) National Electrification Program 2.0, https://www.powermag.com/wp-content/uploads/2020/08/ethiopia-
national-electrification-program.pdf

= Federal Democratic Republic of Ethiopia Environment Protection Authority (EPA) (2022) Environmental and Social Management Plan Guidelines,
https://www.epa.gov.et/images/licencing/ESMP%20Guideline%202022.pdf

» FDRE EPA (2023) National Strategic Environmental And Social Assessment guidelines,
https://www.epa.gov.et/images/licencing/Final%20SESA%20Guideline%202023.pdf

= United Nations. Economic Commission for Africa (UNECA) (2021). Regulatory review of the electricity market in Ethiopia: towards crowding-in private
sector investment. Addis Ababa: © UN. ECA,. https://res4africa.org/wp-content/uploads/2023/04/RegulatoryReviewoftheElectricityMarketinEthiopia.pdf

= World Bank (2023) EEP- Update the Environmental and Social Impact Assessment (ESIA) for LOT-I: Metu-Mesha 230 KV Single Circuit Transmission
Line, https://documentsl.worldbank.org/curated/en/099445008022225164/pdf/P11989309342d60fe09cab0b36caaae26ed.pdf



SUSTAINABLE

ENERGY

Data Sources & References — Ghana (1/4) AL

= Africa Energy Portal (2023) Electricity Regulatory Index for Africa - Ghana, https://africa-energy-portal.org/eri/country/ghana

= Energy Commission of Ghana (2008a) Electricity Regulations, 2008 (L.1.1937), https://www.energycom.gov.gh/newsite/index.php/regulation/electricity-
transmission-and-distribution?download=22:electricity-regulations-2008-1i-1937

= Energy Commission of Ghana (2008b) Strategic National Energy Plan 2008 https://www.energycom.gov.gh/index.php/planning/strategic-national-
energy-plan?download=45:snep-main-report

= Energy Commission of Ghana (2009) National Electricity Grid Code 2009, https://www.energycom.gov.gh/newsite/index.php/regulation/codes-
sub-codes?download=13:national-elect-grid-code-2009

= Energy Commission of Ghana (2015) Renewable Energy Code for the Transmission System-2015,
https://www.energycom.gov.gh/newsite/index.php/regulation/codes-sub-codes?download=16:renewable-energy-code-for-the-transmission-system-2015

= Energy Commission of Ghana (2019a) Strategic National Energy Plan 2019, https://www.energycom.gov.gh/index.php/planning/strategic-national-
energy-plan?download=50:snep-demand-2030

= Energy Commission of Ghana (2019b) Integrated Power System Master Plan 2019, https://www.energycom.gov.gh/index.php/planning/ipsmp-
data?download=54:ipsmp-2019; https://www.energycom.gov.gh/index.php/planning/ipsmp-data?download=55:ipsmp-2019

= Energy Commission of Ghana (2022) 2020-2022 Performance Of The WEM Report, https://www.energycom.gov.gh/newsite/index.php/planning/wem-
report?download=717:2020-2022-performance-of-the-wem-report

= Energy Commission of Ghana (2023) Integrated Power System Master Plan 2023, https://www.energycom.gov.gh/index.php/planning/ipsmp-
data?download=413:integrated-power-sector-master-plan-for-ghana-volume-2-march-2023

= Energy Commission of Ghana (2024a) Energy Outlook for Ghana 2024, https://www.energycom.gov.gh/index.php/planning/sub -
codes?download=718:2024-energy-outlook-mid-year-
report#:~:text=The%200outlook%20for%20the%20second,%25%2C%20and%200CTP%2023%25.

= Energy Commission of Ghana (2024b) Key energy statistics & Energy Statistics,
https://www.energycom.gov.gh/newsite/index.php/planning/energy-statistics; https://www.energycom.gov.gh/newsite/index.php/planning/key-
energy-statistics

= Energy Year (2022) Ghana’s Transmission System Map, https://d3jmgibn6sgz2k.cloudfront.net/wp-content/uploads/2022/02/03083842/The-
Energy-Year-Ghana-2022-GRIDCo-Map.pdf
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= The European Union Global Technical Assistance Facility for Sustainable Energy and Stantec (2024), Bridge Phase of “Modelling of the
African Continental Masterplan (CMP)” Deliverable 4 — Generation and Transmission Priority Projects, Final Report,
EuropeAid139956/DH/SER/Multi Contract No 2019/405-992

= Ghana Central Bank (2023) Ghana’s Power Sector Reporthttps://www.gcbbank.com.gh/research-reports/sector-industry-reports/359-ghanas-power-
sector-report-2023-v2/file

» Global Legal Insights (2025) Energy Laws and Regulations 2025 — Ghana, https://www.globallegalinsights.com/practice-areas/energy-laws-
and-regulations/ghana/

= Ghana Grid Company (GRIDCO) (2018a) GRIDCO 2017 Annual Report, https://gridcogh.com/wp-
content/uploads/2020/05/2017_GRIDCo_Annual_Report.pdf

= GRIDCO (2018b) Electricity Supply Plan 2018, https://gridcogh.com/wp-content/uploads/2022/05/2018-Electricity-Supply-Plan.pdf

= GRIDCO (2019a) GRIDCO 2018 Annual Report, https://gridcogh.com/wp-content/uploads/2020/05/2018_GRIDCo_Annual_Report.pdf
= GRIDCO (2019b) Electricity Supply Plan 2019, https://gridcogh.com/wp-content/uploads/2022/05/2019-Electricity-Supply-Plan.pdf

= GRIDCO (2020) Electricity Supply Plan 2020, https://gridcogh.com/wp-content/uploads/2022/05/2020-Electricity-Supply-Plan.pdf

= GRIDCO (2021) Electricity Supply Plan 2021, https://gridcogh.com/wp-content/uploads/2022/07/2022-Electricity_Supply_Plan-1.pdf

= GRIDCO (2022) Electricity Supply Plan 2022, https://gridcogh.com/wp-content/uploads/2022/05/2021-Electricity-Supply-
Plan_Final_MasterCopy_220421.pdf

= GRIDCO (2023a) GRIDCO 2022 Annual Report, https://gridcogh.com/wp-content/uploads/2025/01/GRIDCo_2022_Annual-Report_Final_5-12-
24 .pdf

= GRIDCO (2023b), GRIDCO Advances Set Up of Capacity Market with Inauguration of Working Group, https://gridcogh.com/gridco-advances-
setup-of-capacity-
market/#:~:text=A%20Capacity%20Market%20ensures%20the,generation%20resource%20adequacy%20and%20procurement.

= GRIDOCO (2023c) Environmental and Social Impact Assessment for the 330 kV Accra - Kumasi Transmission Line and Associated

Substations, https://gridcogh.com/wp-content/uploads/2023/05/International-Open-Tender-with-Prequalification-ESIA-330kV-Accra-Kumasi-
TX-Line-Associated-Substations.pdf
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= GRIDCO (2024a) GRIDCO 2023 Annual Report, https://gridcogh.com/wp-content/uploads/2025/01/GRIDCo_2023_Annual_Report_Final_5-12-
24 .pdf

= GRIDCO (2024b) Overview and System Operation, https://gridcogh.com/gridcogh-backbone-to-power-delivery/overview/;
https://gridcogh.com/system-operations/

» GRIDOCO (2024c) RoW Sensitization — Land Management Department,
https://gridcogh.com/row_sensitisation_land_management_department/

» GRIDOCO (2024d) Environmental and Social System Assessment, https://gridcogh.com/wp-
content/uploads/2024/05/ESSA_FINAL_DRAFT_25-04-2024-002.pdf

= GRIDOCO (2024€) 400/330kV WAPP Ghana - Cote D’ivoire Interconnection Reinforcement Project, Feasibility Study & Line Route and
Environmental and Social Studies, https://gridcogh.com/wp-content/uploads/2024/11/312-ESA-R-SP-001-D-DRAFT-FINAL-SEP.pdf

= Government of Ghana (2019) Renewable Energy Master Plan 2019, https://faolex.fao.org/docs/pdf/gha208774.pdf

= Government of Ghana (2024) Stakeholder engagement plan for investment Project Financing (IPF) Component, https://gridcogh.com/wp-
content/uploads/2024/05/SEP_IPF_Final DRAFT_25042024.pdf

= J.K Arthur -Member, J.O Adjei, and E.A Frimpong (2018) A Comprehensive Overview of Ancillary Services in the Ghanaian Power Market,
https://www.iaeng.org/publication/WCECS2018/WCECS2018 pp294-297.pdf

= Ministry of Energy (2010), National Energy Policy (2010), https://www.greenpolicyplatform.org/sites/default/files/downloads/policy-
database//GHANA%29%20National%20Energy%20Policy.pdf

= Netherlands commission for Environmental Assessment (2024) Ghana Strategic Environment Assessment — profile, https://www.eia.nl/en/countries/ghana/

= Office of the President / National Energy Transition Committee (2023) National Energy Transition Investment Plan,
https://www.seforall.org/system/files/2023-09/report-ghana-etip_ WEB.pdf

= Public Utilities Regulatory Commission (PURC) (2008) Electricity Transmission (Technical, Operational And Standards Of Performance) Rules, 2008,
https://www.purc.com.gh/attachment/904780-20201123121154.pdf


https://gridcogh.com/system-operations/

SUSTAINABLE

ENERGY

Data Sources & References — Ghana (4/4) AL

= PURC (2009) National Transmission Grid Codes 2009, https://www.energycom.gov.gh/index.php/regulation/codes-sub-codes?download=13:national-elect-
grid-code-2009

= PURA (2010), Renewable Energy Act 2010, https://www.purc.com.gh/attachment/631538-20201207031245.pdf

= PURC (2015) Renewable Energy Code for the Transmission System-2015, https://www.energycom.gov.gh/index.php/regulation/codes-sub-
codes?download=16:renewable-energy-code-for-the-transmission-system-2015

= PURC (2017) ratio setting Guidelines for Electricity Distribution and Supply, voll, https://www.purc.com.gh/attachment/438724-
20201119111122.pdfhttps://www.purc.com.gh/attachment/438724-20201119111122. pdf

= PURC (2018a) ratio setting Guidelines for Electricity Distribution and Supply, vol2, https://www.purc.com.gh/attachment/932496-20201119111143.pdf

= PURC (2018b) ratio setting Guidelines for Electricity Distribution network Asset Owners - Tariff setting methodology - Vol.3 Network Asset owners,
https://www.purc.com.gh/attachment/658187-20201119101106.pdf

= PURC (2020) Publication Of Electricity Tariffs, https://www.purc.com.gh/attachment/283548-20210226070231.pdf
= PURC (2022) 2022 Annual Report, https://docs.purc.com.gh/s/tY9bw2kpQqLKigS

= PURC (2023) ratio Setting Guidelines for Procurement and Supply of Electricity Generation Capacity and Energy for the Regulated Electricity Market,
https://www.purc.com.gh/attachment/78170-20230615050634.pdf

= PURC (2024) STAKEHOLDER CONSULTATIONS (tariff proposal 2022-2027) https://www.purc.com.gh/categ/reports/subcategories/stakeholder-
consultations

= United Nations. Economic Commission for Africa (UNECA) (2021). Regulatory review of the electricity market in Ghana: towards crowding-in private sector
investment. Addis Ababa: © UN. ECA,. https://hdl.handle.net/10855/46743;
https://repository.uneca.org/bitstream/handle/10855/46743/b11999111.pdf?sequence=3&isAllowed=y

= West African Power Pool (2025) WAPP / West African Power Pool, https://www.ecowapp.org/

= WorldAtlas.com (2025) Ghana Maps & Facts, https://www.worldatlas.com/maps/ghana

= World Bank (2024) Ghana Overview, https://www.worldbank.org/en/country/ghana; https://www.worldbank.org/en/country/ghana/overview
= World Bank (2025) Development Indicators, https://data.worldbank.org/indicator; https://data.worldbank.org/indicator?tab=all
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= Africa Energy Portal (2023) Electricity Regulatory Index for Africa — Kenya, https://africa-energy-portal.org/eri/country/kenya
= Energy and Petroleum Regulatory Authority (EPRA) (2019) Energy Act 2019, https://www.epra.go.ke/sites/default/files/Documents/Energy-Act-2019.pdf

= EPRA (2021) Power Market Study in the Electric Power Sub-Sector, 2021, https://www.epra.go.ke/sites/default/files/2024-
12/Power%20Market%20Study%20MAI%20Final%20Report%20-%20171121 compressed.pdf

= EPRA (2023) Energy & Petroleum Statistics Report 2022, https://www.epra.go.ke/sites/default/files/Documents/Energy-and-Petroleum-Statistics-Report.pdf,

= EPRA (2024a) Draft Electricity Markets, Open Access and Bulk Supply Regulations, https://www.epra.go.ke/sites/default/files/Documents/Electricity-Market-
and-Open-Access-Regulatiions-Gazette-Vol.-19-16-2-24-Special-Formatted-EPRA.2.pdf

= EPRA (2024b) Regulatory Impact Assessment (RIA) study for draft Electricity Markets, Open Access and Bulk Supply Regulations,
https://lwww.epra.go.ke/sites/default/files/Documents/Electricity-Market-and-Open-Access-Regulatiions-Gazette-Vol.-19-16-2-24-Special-Formatted-
EPRA.2.pdf

= EPRA (2024c) The Integrated National Energy Plan (INEP), https://www.epra.go.ke/integrated-national-energy-plan-inep; https://www.epra.go.ke/inep-long-
term-plans; https://www.epra.go.ke/energy-planning-inep-medium-term-plans

= EPRA (2025), Power Transmission & Distribution System, https://renewableenergy.go.ke/resources/power-transmission-and-distribution-system

= The European Union Global Technical Assistance Facility for Sustainable Energy and Stantec (2024), Bridge Phase of “Modelling of the
African Continental Masterplan (CMP)” Deliverable 4 — Generation and Transmission Priority Projects, Final Report,
EuropeAid139956/DH/SER/Multi Contract No 2019/405-992

» Kenya Electricity Generating Company (KenGen) (2025) Key Sector Players, https://www.kengen.co.ke/index.php/information-center/key-sector-
players.html

» Kenya Electricity Transmission Company (KETRACO) (2016) Kenya National Transmission Grid Code,
https://www.ketraco.co.ke/sites/default/files/downloads/KNTGC_11 May 2016.pdf

= KETRACO (2021a) Kenya National Transmission Grid Code 2021, https://www.ketraco.co.ke/sites/default/files/downloads/Kenya-National-Transmission-
Grid-Code-KNTGC-Final-30-04-2021-1.pdf

= KETRACO (2021b) Transmission Master Plan 2020-2040 Volume 1, https://drive.google.com/file/d/1HOBRy8f62Qrf9-blJaupfoPYZJIxTtncr/view
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= KETRACO (2021c) Resettlement Policy Framework,
https://www.ketraco.co.ke/sites/default/files/downloads/Resettlement%20Policy%20Framework_0.pdf

= KETRACO (2023) KETRACO Transmission Master Plan 2023/2042, https://drive.google.com/file/d/1p_j3pJT4sdOcx01Msfol80yLEQYi]j8hA/view
= KETRACO (2025a) Transmission projects (completed), https://www.ketraco.co.ke/transmission/projects/completed-projects

= KETRACO (2025b) Eastern Africa Power Pools - Regional Interconnectors, https://ketraco.co.ke/transmission/eastern-africa-power-pools

= KETRACO (2025c) Easements and Property Rights, https://www.ketraco.co.ke/transmission/easement-wayleave

= KETRACO (2025d) Environmental Policy, https://www.ketraco.co.ke/transmission/environment/safety-health-and-environment/environment-policy

= KETRACO (2025e€) Kenya Electricity Systems Improvements Project (KESIP)- Environmental And Social Management Framework (ESMF)
https://www.ketraco.co.ke/sites/default/files/reports/Final_KESIP_KETRACO_ ESMF-RSA_0.pdf KETRACO (2024) Statement on the Growth of Power
Transmission Infrastructure & the Public-Private-Partnership (P.P.P) Financing Option,
https://www.ketraco.co.ke/sites/default/files/downloads/STATEMENT%200N%20THE%20GROWTH%200F%20POWER%20TRANSMISSION%20INFR
ASTRUCTURE%20%26%20THE%20PUBLIC%20PRIVATE%20PATNERSHIP%20PPP%20FINANCING%200PTION.pdf

= KETRCAO (2025f) Land Issues / compensation, https://ketraco.co.ke/information-center/fags/land-issues

= KETRACO (2025q) Ppp Stakeholder Engagement Plan
https://www.ketraco.co.ke/sites/default/files/downloads/PPP%20Stakeholder%s20Engagement%20Plan.pdf

= Kenya Power (2017) The abridged report and financial statements for the year ended 30th june 2017,
https://kplc.co.ke/storage/01J1A98QFIKIB2AG3HWFK1QC5Q.pdf

= Kenya Power (2018) Annual report and audited financial statements for the year ended 30th june 2018,
https://kplc.co.ke/storage/01J1A7G5T652FT6M83842HKB2P.pdf

= Kenya Power (2024) The Kenya Power And Lighting Company PLC Integrated Annual Report and Financial Statements for the Year Ended 30th June
2024 | https://kplc.co.ke/storage/01JDRPZS8NZ473CWE2XCSQ1REJ.pdf

= Ministry of Energy (MoE) (2016) Power Generation and Transmission Master Plan, Kenya 2015-2035, https://www.enerqy.go.ke/electrical-power-
development-O#accordion-gesfw-4; https://kcv.co.ke/wp-content/uploads/2020/07/Kenya-PGTMP-Final-LTP-Vol-I-Main-Report-October-2016.pdf

= MOE (2018) National Energy Policy 2018, https://kplc.co.ke/img/full/BLAPdOgKixFT_National%20Energy%20Policy%200ctober%20%202018.pdf



https://www.ketraco.co.ke/sites/default/files/downloads/PPP%20Stakeholder%20Engagement%20Plan.pdf
https://www.energy.go.ke/electrical-power-development-0#accordion-qesfw-4
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= MOE (2021) Least Cost Power Development Plan 2021- 2030, https://communications.bowmanslaw.com/REACTION/emsdocuments/LCPD%202021.pdf

= MOE (2023) Request For Expression Of Interest (REOI) (Consulting Services Firms Selection), https://energy.go.ke/sites/default/files/2023-07/THE-
POWER-GENERATION-AND-TRANSMISSION-MASTER-PLAN-33-x-3-2.pdf

= MOE (2025a) National Energy Policy 2025-2034 ,
https://www.energy.go.ke/sites/default/files/Final%20Draft%20%20National%20Energy%20Policy%2018022025.pdf

= MOE (2025b) Electrical Power Development, https://www.energy.go.ke/electrical-power-development-departments

= Netherlands commission for Environmental Assessment (2024) Kenya - Legislation at strategic level, https://www.eia.nl/en/countries/kenya/;
https://www.eia.nl/en/countries/kenya/legislation-at-strategic-level/

= Oxfam (2024) Electricity Utility Governance in Kenya - A comprehensive report, https://kenya.oxfam.org/latest/publications/electricity-utility-governance-
kenya United Nations Economic Commission for Africa (2022) Regulatory Review of the Electricity Market in Kenya: Towards Crowding-in Private Sector
Investment https://res4africa.org/wp-content/uploads/2023/04/RegulatoryReviewofElectricityMarketinKenya. pdf

= Republic of Kenya (2016) National Climate Change Framework Policy (NCCFP) , http://aiap.or.ke/wp-content/uploads/2018/10/Climate-Change-
Framework-PolicyMay2017.pdf WorldAtlas.com (2025) Kenya Maps & Facts, https://www.worldatlas.com/maps/kenya

= Republic of Kenya (2018), National Climate Change Action Plan (NCCAP), 2018-2022, https://faclex.fao.org/docs/pdf/ken190169.pdf;

= United Nations. Economic Commission for Africa (UNECA) (2022). Regulatory review of the electricity market in Kenya: towards crowding-in private
sector investment. Addis Ababa: © UN. ECA,. https://repository.uneca.org/handle/10855/49979;
https://repository.uneca.org/bitstream/handle/10855/49979/b12039275.pdf?sequence=1&isAllowed=y

= World Bank (2024) Kenya Overview, https://www.worldbank.org/en/country/kenya; https://www.worldbank.org/en/country/kenya/overview
= World Bank (2025) Development Indicators, https://data.worldbank.org/indicator; https://data.worldbank.org/indicator?tab=all

= World Bank / Energy System Management Assistance Program (ESMAP) (2023), Expanding Mini grids for economic growth in Kenya,
https://www.esmap.org/sites/default/files/2022/MG%20Kenya%202023/booklet%2025%20feb%20rev.pdf
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= Africa Energy Portal (2023) Electricity Regulatory Index for Africa — Nigeria, https://africa-energy-portal.org/eri/country/nigeria

= Akpojedje, F. O. And Mormah, E. C. (2019) Transmission System and Rural Electrification Scheme in Nigeria: Issues, Challenges, Constraints
and Way forward December 2019, Journal of Advances in Science and Engineering 2(2):9-28, DOI:10.37121/jase.v2i2.60,
https://www.researchgate.net/publication/337997171

» Energy Commission of Nigeria (2015) Nigeria Energy Calculator 2050,
https://www.energy.gov.ng/Energy_Laws/Nigeria%20Energy%20Calculator NECAL2050.pdf

= Energy Commission of Nigeria (2022a) National Energy Masterplan,
https://www.energy.gov.ng/Energy_Policies_Plan/APPROVED_NEMP_2022.pdf

* Energy Commission of Nigeria (2022b) National Energy Policy,
ttps://www.energy.gov.ng/Energy_Policies_Plan/APPROVED_REVISED_NEP_2022.pdf

= Federal Ministry of Power (2023) Electric Power Sector Reform Act 2023, https://www.power.gov.ng/download/electricity-act-2023/

= The European Union Global Technical Assistance Facility for Sustainable Energy and Stantec (2024), Bridge Phase of “Modelling of the
African Continental Masterplan (CMP)” Deliverable 4 — Generation and Transmission Priority Projects, Final Report,
EuropeAid139956/DH/SER/Multi Contract No 2019/405-992

= International Association for Energy Economics (IAEE) (2008) Evaluating the Methodology of Setting Electricity Prices in Nigeria,
https://www.iaee.org/en/publications/newsletterdl.aspx?id=212

= [nternational Renewable Energy Agency (IRENA) (2023) RE Map Nigeria, https://www.irena.org/Publications/2023/Jan/Renewable-Energy-Roadmap-
Nigeria

= Japan International Cooperation Agency (JICA) (2020) Preparatory Survey For Power Transmission Project In The Federal Republic Of Nigeria (Phase 2)
Final Report, https://www.tcn.org.ng/repository/procnotices/JICA%20Preparatory%20Study%20Report_final.pdf

= JICA (unknown) 5. Stakeholder Consultation - meeting minutes,
https://www.jica.go.jp/Resource/english/our_work/social_environmental/id/africa/nigeria/c8h0vm000090rj61-att/c8h0vmO000fIyp4k. pdf

= National Bureau of Statistics (2020) Annual electricity report, https://nigerianstat.gov.ng/pdfuploads/Electricity%20Report%202015-2020.pdf
= Nigeria CEA (2017) SEA Guidelines, https://ead.gov.ng/wp-content/uploads/2017/04/SEA_GUIDELINE_3rdREVISED_17042017-1.pdf
= Nigeria Electricity System Operator (2025) History of System Operations, https://nsong.org/AboutUs/History.aspx
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= Nigerian Electricity Regulatory Commission (NERC) (2012) MYTO Model, https://nerc.gov.ng/wp-content/uploads/2012/03/MYTO%20Methodology.pdf

= NERC (2014) Regulations On Procedure For Electricity Tariff Reviews In The Nigerian Electricity Supply Industry, https://nerc.gov.ng/wp-
content/uploads/2015/02/NERC%20Guidelines%200n%20Rate%20Review%202014.pdf

= NERC (2018) Grid codes for transmission and distribution, https://nerc.gov.ng/resource-category/codes/
= NERC (2019) Procurement of spinning reserve, https://nerc.gov.ng/wp-content/uploads/2019/10/Procurement%200f%20Spinning%20Reserve.zip

= NERC (2020) Guidelines of Merit order dispatch, https://nerc.gov.ng/wp-
content/uploads/2021/02/NERC%20Economic%20Merit%200rder%20Dispatch%20Guidelines%202020.pdf

= NERC (2022a) DisCo energy sales by service band dataset Nov 2020 to Sep 2022, https://nerc.gov.ng/wp-
content/uploads/2022/12/DisCos%20Energy%20Sales%20by%20Service%20Bands%20Reports_Nov.20-Sep.2022_30122022.zip

= NERC (2022b) Key Operational & Financial Data for NESI, https://nerc.gov.ng/wp-
content/uploads/2022/12/Key%200perational%20&%20Financial%20Data%200f%20NESI_%20Jan.2019-%20Sep.2022_30122022.zip

= NERC (2022c) Statistics and Performance data, https://nerc.gov.ng/resource-category/statistics-and-performance-data/

= NERC (2023a) Transmission sector development and performance improvement plan - 2024-28 Volume 1, https://nerc.gov.ng/resource-category/statistics-
and-performance-data/

= NERC (2023b) Fact Sheet, https://nerc.gov.ng/stat-category/factsheets/
= NERC (2025) MYTO Model - excel model, https://nerc.gov.ng/resources/myto-2-1-model-zip/

= OALPP & | (2024) Electricity Sector Investment Guide in Nigeria, https://www.olaniwunajayi.net/blog/wp-content/uploads/2024/06/ELECTRICITY-
SECTOR-INVESTMENT-GUIDE-IN-NIGERIA-OALP-Power-Infrastructure-BU-June-2024.pdf

= Rural Electrification Agency (REA) (2005) Rural electrification goal, https://rea.gov.ng/theagency/rural-electrification-goal/
= REA (2025) Master Plan, https://rea.gov.ng/themasterplan/

= Strenandblan (2024) NBET: Order On Transition To Bilateral Trading In The Nigerian Electricity Supply Industry, https://strenandblan.com/wp-
content/uploads/2024/08/SBP-ENERGY-SECTOR-UPDATE-NBEt-ORDER-ON-TRANSITION-TO-BILATERAL-TRADING-IN-THE-NIGERIAN-ELECT. pdf
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= Stear.com (2024) Electricity Brief: Nigeria's new electricity tariffs are a game changer for commercial and industrial solar companies,
https://www.stears.co/article/the-brief-nigerias-new-electricity-tariffs-are-a-game-changer-for-commercial-and-industrial-solar-companies/
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= TCN (2023) TCN News Post, https://tcn.org.ng/blog_post_sidebar178.php

= United Nations. Economic Commission for Africa (UNECA) (2021). Regulatory review of the electricity market in Rwanda: towards crowding-in private
sector investment. Addis Ababa: © UN. ECA,. https://repository.uneca.org/handle/10855/49979;
https://repository.uneca.org/bitstream/handle/10855/49979/b12039275.pdf?sequence=1&isAllowed=y
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= The European Union Global Technical Assistance Facility for Sustainable Energy and Stantec (2024), Bridge Phase of “Modelling of the
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= Government of Rwanda (2017) National Strategy for Transformation (NTS1) 2017-2024, https://facolex.fao.org/docs/pdf/rwa206814.pdf

= Government of Rwanda (2024) National Strategy for Transformation 2024-2029 (NTS2),
https://www.minecofin.gov.rw/index.php?elD=dumpFile&t=f&f=112650&token=cb55b3319372¢c3f73528c46433b587ef72e8d4eb;
https://www.minecofin.gov.rw/index.php?elD=dumpFile&t=f&f=112653&token=dbe8e7d0faf00f43ce4605a42bfaa0fd795a5bb8
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http://197.243.22.137/mininfra8/fileadmin/_migrated/content_uploads/ELECTRICITY_LAW_RWANDA 01.pdf

= MININFRA (2015), Rwanda Energy Policy 2015, http://197.243.22.137/mininfra8/fileadmin/user_upload/Rwanda_Energy_Policy_March_2015.pdf

= MININFRA (2016) Rural Electrification Strategy (2016)
https://www.mininfra.gov.rw/fileadmin/user_upload/Mininfra/Documents/Energy_Docs/Rural_Electrification_Strategy.pdf
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ttps://mwww.mininfra.gov.rw/index.php?elD=dumpFile&t=f&f=44920&token=5ebf3b18701d4e8d26b270ca2c9171b9a40a3efe
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» REG (2021a) Strategic environmental assessment For RUEAP,
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» REG (2021b) Environmental and Social Impact Assessment (ESIA) - Rwanda Transmission System Reinforcement and Last Mile Connectivity,
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= REG (2024c) Annual Report 2023-24, https://www.reg.rw/fileadmin/user_upload/REG_Annual_Report_2023-24FY.pdf
» REG (2025a) Facts & Figures , https://www.reg.rw/facts-figures/facts-figures-details/facts/total-km-of-transmission-lines/
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= REG (2025f) Energy Development Corporation Limited (EDCL), https://www.reg.rw/about-us/subsidiaries/edcl/
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= REG (2025h) REG-EUCL Procurement manual https://www.reg.rw/fileadmin/user_upload/REG_PROCUREMENT_MANUAL.pdf
= REG (2025i) New Connection Policy https://www.reg.rw/fileadmin/user_upload/REG_PROCUREMENT_MANUAL.pdf
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https://www.reg.rw/fileadmin/user_upload/REGULATIONS_ON_FEED_TARIFFS_HYDRO_POWER_PLANTS.pdf

= RURA (2013), Rwanda Grid Codes, https://rura.rw/fileadmin/Documents/Energy/RegulationsGuidelines/RWANDA_GRID_CODE_FINAL.pdf
» RURA (2016) Guidelines on Right of way for Power Lines, https://rura.rw/fileadmin/Documents/docs/Guidelines_on_Right-Of-Way_for_Power_Lines.pdf

= RURA (2016) Electricity Quality of Service Regulations, https://rura.rw/fileadmin/Documents/docs/Electricity_Quality of Service Regulations-
_March_16.pdf

= RURA (2020) Draft Tariff Methodology for Isolated Grid in Rwanda,
https://rura.rw/fileadmin/Documents/Energy/RegulationsGuidelines/Tariff_methodology_Isolated_Grids_July 2020.pdf

= United Nations. Economic Commission for Africa (UNECA) (2021). Regulatory review of the electricity market in Rwanda: towards crowding-in private
sector investment. Addis Ababa: © UN. ECA,. https://repository.uneca.org/handle/10855/47810;
https://repository.uneca.org/bitstream/handle/10855/47810/b11999135.pdf?sequence=1&isAllowed=y

= WorldAtlas.com (2025) Rwanda Maps & Facts, https://www.worldatlas.com/maps/rwanda
= World Bank (2024) Rwanda Overview, https://www.worldbank.org/en/country/Rwanda; https://www.worldbank.org/en/country/rwanda/overview
= World Bank (2025) Development Indicators, https://data.worldbank.org/indicator; https://data.worldbank.org/indicator?tab=all
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https://www.afdb.org/sites/default/files/documents/environmental-and-social-assessments/south_africa_-
_eskom_transmission_improvement_project_-_rap_summary_venus_line_.pdf

= Africa Energy Portal (2023) Electricity Regulatory Index for Africa — South Africa, https://africa-energy-portal.org/eri/country/south-africa
= BBC (2024) Joy and relief as South Africa manages to keep its lights on, https://www.bbc.com/news/articles/c4nglygxzddo

= The European Union Global Technical Assistance Facility for Sustainable Energy and Stantec (2024), Bridge Phase of “Modelling of the
African Continental Masterplan (CMP)” Deliverable 4 — Generation and Transmission Priority Projects, Final Report,
EuropeAid139956/DH/SER/Multi Contract No 2019/405-992

= Dept of Forestry, Fisheries and the Environment (2025a) Strategy and framework | National Environmental Impact Assessment and Management Strategy
(EIAMS)

= Dept of Forestry, Fisheries and the Environment (2025b) Strategic Transmission Corridors (EGI), https://egis.environment.gov.za/eqi
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African-Energy-Sector-Report.pdf

= DMRE (2023a) The South African Energy Sector Report 2023,
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= DMRE (2023b) Integrated Resource Plan 2023 — Draft, https://www.dmre.gov.za/mining-minerals-energy-policy-development/integrated-resource-plan/irp-
2023; https://lwww.dmre.gov.za/Portals/O/Energy_Website/IRP/2023/IRP%20Government%20Gazzette%202023.pdf
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friendly.pdf
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= ESKOM (2022) Integrated Report 2022, https://www.eskom.co.za/wp-content/uploads/2022/12/2022_integrated_report.pdf

= ESKOM (2023) Integrated Report 2023, https://www.ntcsa.co.za/wp-content/uploads/2024/06/Eskom_integrated_report_2023.pdf
= ESKOM (2024) Integrated Report 2024, https://www.eskom.co.za/wp-content/uploads/2024/12/Eskom-integrated-report-2024.pdf
= ESKOM (2025) Wheeling, https://www.eskom.co.za/distribution/tariffs-and-charges/wheeling/

= Financial Times (2024) South Africa’s Eskom faces ‘existential problem’ as local councils fail to pay their bills, December 19, 2024,
https://www.ft.com/content/a2ebf9f5-705f-497a-b2b8-e0a861ch4938

= Government of South Africa 92024), Electricity Regulation Amendment (ERA) Act, 38 of 2024,
https://www.gov.za/sites/default/files/gcis_document/202408/51100electricityregamendmentact380f2024. pdf

= KAA (2024) South Africa’s Eskom problem - Lessons for Uganda’s Electricity Sector, https://www.kaa.co.ug/wp-content/uploads/2024/03/KAA-South-
Africas-Eskom-problem.pdf

= National Energy Regulator of South Africa (NERSA) (2012) Regulatory rules on network charges for Third Party Transportation of Energy,
https://www.cityenergy.org.za/uploads/resource_451.pdf

= NERSA (2016) Grid Codes -Scheduling and Dispatching, https://www.nersa.org.za/wp-content/uploads/bsk-pdf-manager/2021/08/Scheduling-and-
Dispatch-Rules.pdf

= NERSA (2018) System Adequacy Outlook Issue 16: August 2018, https://www.nersa.org.za/wp-content/uploads/bsk-pdf-manager/2020/09/NERSA-
System-Adequacy-Outlook-Issue-No-16-August-2018.pdf

= NERSA (2022a) Grid Codes - Network Code, https://www.nersa.org.za/wp-content/uploads/2022/02/SAGC-Network-Version-10.1_January-2022.pdf
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= NERSA (2022b) Grid Codes - System Operation Code, https://www.nersa.org.za/wp-content/uploads/2022/02/SAGC-System-Ops-Version-10.1_January-
2022 .pdfhttps://www.nersa.org.za/wp-content/uploads/2022/02/SAGC-System-Ops-Version-10.1_January-2022.pdf

= NERSA (2022c) Grid Codes -Transmission Tariff Code, https://www.nersa.org.za/wp-content/uploads/2022/02/SAGC-Tariff-Version-10.1_January-2022.pdf

= NERSA (2022d) Grid connection code for renewable power plants (RPPs) connected to the electricity transmission system or Distribution System,
https://www.nersa.org.za/wp-content/uploads/bsk-pdf-manager/2022/01/SAGC-Requirements-for-Renewable-Power-Plants-Rev-3.1.pdf

= NERSA (2023a) Grid connection code for battery energy storage facilities (BESF) connected to the electricity transmission or Distribution System,
https://www.nersa.org.za/wp-content/uploads/2024/08/BESF_Code_ Version_5.3.pdf

= National Transmission Company of South Africa (NTCSA) (2013) Final EIA report - Anderson-Dinaledi 400 KV Transmission Line Between The Proposed
New Anderson Substation (Flora Park) And The Dinaledi Substation (Brits), North West And Gauteng Provinces, https://www.eskom.co.za/eia/tx/wp-
content/uploads/migrated//Anderson-Dinaledi-400kV/Final_Eskom_Anderson_Dinaledi_Transmission_Line_ EIR.pdf

= NTCSA (2018) Transmission Development Plan 2019-2029, https://www.eskom.co.za/wp-content/uploads/2021/08/TDP-Report-2019-2029 Final.pdf
= NTCSA (2022) Transmission Development Plan 2023-2032, https://www.ntcsa.co.za/tdp/transmission-development-plan-2023-2032/

= NTCSA (2024a) Transmission Development Plan 2025-2034 Public Forum Presentation, https://www.ntcsa.co.za/wp-
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= NTCSA (2024b) Medium-Term System Adequacy Outlook 2025-2029 Generation System Adequacy for the Republic of South Africa,
https://www.ntcsa.co.za/wp-content/uploads/2024/10/Medium-Term-System-Adequacy-Outlook-2025-2029. pdf

= NTCSA (2025a) Transmission Environmental Impact Assessments, https://www.eskom.co.za/eia/tx/
= NTCSA (2025b) Generation connection assessment, https://www.ntcsa.co.za/gcca/
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https://www.treasury.gov.za/comm_media/press/2024/2024121101%20Media%20Statement%20-
%20Launch%200f%20the%20Independent%20Transmission%20Projects%20(ITP)%20Market%20Sounding%20Exercise.pdf

= Presidential Climate Commission (2023 Just Energy Transition Investment Plan (JET IP) for the five-year period 2023-2027,
https://www.climatecommission.org.za/south-africas-jet-ip; https://pccommissionflo.imgix.net/uploads/images/South-Africas-Just-Energy-Transition-
Investment-Plan-JET-IP-2023-2027-FINAL.pdf
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https://www.gov.za/sites/default/files/gcis_document/201409/ndp-2030-our-future-make-it-workr.pdf

= Southern African Power Pool (SAPP) (2025) SAPP Interconnectors, https://www.sapp.co.zw/interconnectors

= United Nations. Economic Commission for Africa (UNECA) (2021). Regulatory review of the electricity market in South Africa: towards crowding-in private
sector investment. Addis Ababa: © UN. ECA,. https://repository.uneca.org/bitstream/handle/10855/47744/b1199910x.pdf?sequence=1&isAllowed=y

= WorldAtlas.com (2025) South Africa, Maps & Facts, https://www.worldatlas.com/maps/south-africa
= World Bank (2024) South Africa Overview, https://www.worldbank.org/en/country/southafrica ; https://www.worldbank.org/en/country/southafrica/overview

= World Bank (2025) Development Indicators, https://data.worldbank.org/indicator;


https://data.worldbank.org/indicator?tab=all
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Mbeya And Songwe Regions, Tanzania, https://www.afdb.org/fileadmin/uploads/afdb/Documents/Environmental-and-Social-
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drozxMTGd9QOKs_LIST%200F%20PRIORITY%20POWER%20INVESTMENT%20PROJECTS%20_2023 09 12 07_45 12.pdf

= TANESCO (2024a) TANESCO ESIA Report Tanga Pemba Interconnection Mainland, https://www.tanesco.co.tz/investments/view-environment-
report?id=40

= TANESCO (2024b) SEP report - Stakeholder engagement plan, https://www.tanesco.co.tz/investments/view-environment-report?id=39

= TANESCO (2025a) Engineering, Procurement And Construction Contract (Epc) Including The Engineering Design, Supply, Installation, Testing And
Commissioning Of 220kv Transmission Line Double Circuit From Benaco To Kyak, https://www.tanesco.co.tz/procurement/view-current-tenders?id=46

= TANESCO (2025b) Available Power Infrastructure Projects For Private Sector Participation, https://www.tanesco.co.tz/investments/opportunities;
https://lwww.tanesco.co.tz/procurement/current-tenders; https://www.tanesco.co.tz/procurement/procurement-plan

= Vice President’s office (2017) National Guidelines For Strategic Environmental Assessment, https://www.vpo.go.tz/uploads/publications/sw-1592644741-
NATIONAL-GUIDELINES-FOR-STRATEGIC-ENVIRONMENTAL-ASSESSMENT.pdf

= WorldAtlas.com (2025) Tanzania Maps & Facts, https://www.worldatlas.com/maps/tanzania
= World Bank (2024a) Tanzania Overview, https://www.worldbank.org/en/country/Tanzania; https://www.worldbank.org/en/country/tanzania/overview

= World Bank (2024b) Improving Sustainability of the Power Sector and Accelerating Electricity Access in Tanzania,
https://documentsl.worldbank.org/curated/en/099061424235032922/pdf/P17965415d283b02819dcb198dabea9914a.pdf

= World Bank (2025) Development Indicators, https://data.worldbank.org/indicator; https://data.worldbank.org/indicator?tab=all

= World Bank / Mission 300 (2025a) Africa Energy Summit - National Energy Compact For United Republic Of Tanzania,
https://thedocs.worldbank.org/en/doc/7d09ddf2619513d85e489e2620252793-0010012025/original/M300-AES-Compact-Tanzania.pdf
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= Africa Energy Portal (2023) Electricity Regulatory Index for Africa — Uganda, https://africa-energy-portal.org/eri/country/uganda

= Electricity Regulatory Authority (ERA) (2017) The 2017 Interconnection Codes & Wheeling agreement Study,
https://www.era.go.ug/index.php/resource-centre/regulatory-instruments/regulations-codes/916-interconnection-code-wheeling-
agreement/download

= ERA (2018a) Electricity (Primary Grid Code) Regulations, 2003, https://www.era.go.ug/index.php/resource-centre/regulatory-
instruments/regulations-codes/92-the-electricity-primary-grid-code-regulations-2003/download

= ERA (2018b) Electricity (Tariff Code) Regulations, 2003, ttps://www.era.go.ug/index.php/resource-centre/regulatory-instruments/regulations-
codes/88-the-electricity-tariff-code-regulations-2003/download

= ERA (2018c) Electricity investment approval and verification guidelines, https://www.era.go.ug/index.php/resource-centre/regulatory-
instruments/guidelines-and-standards/47-electricity-investment-approval-and-verification-guidelines/download

= ERA (2020a) The Electricity (Approval and Verification of Investments) Regulations, 2020, https://www.era.go.ug/index.php/resource -
centre/regulatory-instruments/regulations-codes/566-the-electricity-approval-and-verification-of-investments-regulations-2020/download

= ERA (2020b) The Electricity (Code of Quality of Service) Regulations, 2020, https://www.era.go.ug/index.php/resource-centre/regulatory-
instruments/regulations-codes/564-code-of-quality-service-regulations-2020/download

= ERA (2020c) National Environment (Environmental and Social Assessment) Regulations S.I. No. 143 of 2020,
https://www.era.go.ug/index.php/resource-centre/regulatory-instruments/regulations-codes/735-national-environment-environmental-and-
social-assessment-regulations-s-i-no-143-o0f-2020/download

= ERA (2021a) Quarterly Tariff Adjustment methodology, https://www.era.go.ug/index.php/tariffs/tariff-adjustment-methodology;
https://www.era.go.ug/index.php/tariffs/tariff-adjustment-methodology/634-20210426-quarterlytariffadjustmentmethodology2021-pdf/download

= ERA (2021b) Least Cost Electricity Expansion Plan 2020-2030, https://www.era.go.ug/index.php/resource-centre/publications/plans/626-least-
cost-electricity-expansion-plan-2020-2030/download

= ERA (2022) ERA Annual Report FY 2020- 21, https://www.era.go.ug/index.php/resource-centre/publications/annual-reports/729-annual-report-
fy-2020-21/download

= ERA (2023a) Revised Energy Policy for Uganda, 2023, https://www.globalrightsalert.org/sites/default/files/2024-
02/Energy%20Policy%20for%20Uganda%202023-14082023docx_230911 114502%20%281%29.pdf;
https://www.era.go.ug/index.php/resource-centre/regulatory-instruments/policies/773-revised-energy-policy-for-uganda-2023/download
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= ERA (2023b) The Electricity (Independent Power Transmission) Regulations, 2023, https://www.era.go.ug/index.php/resource -
centre/regulatory-instruments/regulations-codes/829-the-electricity-independent-power-transmission-regulations-2023/download

* ERA (2023c) Electricity Supply Industry Performance Report for the Year 2022, https://www.era.go.ug/index.php/resource -
centre/publications/reports/793-electricity-supply-industry-performance-report-for-the-year-2022/download

* ERA (2023d) ERA Annual Report FY 2021- 22, https://www.era.go.ug/index.php/resource-centre/publications/annual-reports/796-era-annual-
report-fy-2021-22/download

» ERA (2024) Electricity Supply Industry Performance Report for the Year 2023, https://www.era.go.ug/index.php/resource -
centre/publications/reports/922-electricity-supply-industry-performance-report-for-the-year-2023/download

= ERA (2025a) Electricity sector overview, https://www.era.go.ug/index.php/sector-overview/uganda-electricity-sector

= ERA (2025b) Transmission statistics 2024Q3 - excel file, https://www.era.go.ug/index.php/download-repository/618-electricity-transmission-
statistics/download

= ERA (2025c) Statistics Transmission, https://www.era.go.ug/index.php/stats/transmission-stats/transmission-network-length

= ERA (2025d) Maximum demand, https://www.era.go.ug/index.php/stats/transmission-stats/maximum-
demandhttps://www.era.go.ug/index.php/stats/transmission-stats/maximum-demand

= ERA (2025e) Sales and Loss, https://www.era.go.ug/index.php/transmission/energy-purchases-sales-and-losses

= ERA (2025f) Distribution statistics 2024Q3 — excel file, https://www.era.go.ug/index.php/data-statistics/electricity-distribution-statistics/26-
electricity-distribution-statistics/download

= The European Union Global Technical Assistance Facility for Sustainable Energy and Stantec (2024), Bridge Phase of “Modelling of the
African Continental Masterplan (CMP)” Deliverable 4 — Generation and Transmission Priority Projects, Final Report,
EuropeAid139956/DH/SER/Multi Contract No 2019/405-992

= [nternational Energy Agency (IEA) (2023a) Uganda Energy Policy Review, https://memd.go.ug/wp-content/uploads/2020/07/Uganda2023-
Energy-Policy-Review.pdf

= |[EA (2023b) Uganda Energy Transition Plan, https://memd.go.ug/wp-content/uploads/2020/07/UgandaEnergyTransitionPlan-2023.pdf

= Ministry of Energy and Minerals Development (MEMD) (2018) Statistical Abstract 2018, https://memd.go.ug/wp -
content/uploads/2020/07/2018_statistical_abstract-1.pdf
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= MEMD (2022) Renewed Hope for Free Electricity Connections, https://memd.go.ug/wp-content/uploads/2020/07/Access-Newsletter-Issue-1-
Vol-3-Final-1.pdf

= MEMD (2023a) Statistical Abstract 2023, https://memd.go.ug/wp-content/uploads/2020/07/2023-Statistical-Abstract.pdf
= MEMD (2023b) Annual report FY2022-2023, https://memd.go.ug/wp-content/uploads/2020/07/Annual-Report-FY-2022_2023-compressed.pdf

= MEMD (2024) Electricity Access Scale-up Project Stakeholder Engagement Framework, https://memd.go.ug/wp-
content/uploads/2020/07/Uganda-Electricity-Access-Scale-up-Project-SEF_-May-2024-Update_disclose-updated.pdf

»= National Environment Management Authority (NEMA) (2020a) Guidelines For Strategic Environmental Assessment (SEA) In Uganda,
https://nema.go.ug/sites/all/themes/nemal/docs/Strategic%20Environmental%20Assessment%20(SEA)%20Guidelines%20Pdf%202020.pdf

= NEMA (2020b) The National Environment (Strategic Environmental Assessment) Regulations, 2020,
https://nema.go.ug/sites/all/themes/nema/docs/National%20Environment%20(Strategic%20Environmental%20Assessment)%20Regulations %2
0S.1.%20N0.%2050%200f%202020.pdf

= Uganda Electricity Transmission Company Ltd (UETCL) (2018) Grid Development Plan 2018- 2040, https://uetcl.go.ug/wp-
content/uploads/2024/04/Grid-Development-Plan-2018-2040.pdf

= UTC (2020) UETCL Annual Report 2019-2020, https://uetcl.go.ug/2024/04/17/annual-report-2021-2022/
= UTC (2022) UETCL Annual Report 2021-2022, https://uetcl.go.ug/wp-content/uploads/2024/04/Annual-Report-2021-2022-compressed-1.pdf

= UTC (2023) UETCL Annual Report 2022-2023, https://uetcl.go.ug/wp-content/uploads/2024/04/UETCL-Annual-Report-2022-
2023_compressed.pdf

= UTC (2024a) Corporate Strategic Plan 2024, https://drive.google.com/file/d/1p2S-x1Up2VwmjDNEB8jQzn91vdwuMuy7/view?usp=sharing

= UTC (2024b) Resettlement Action Plan Report For The Proposed 400kv Uganda-south Sudan Interconnection Project, https://uetcl.go.ug/wp-
content/uploads/2024/08/Combined-Disclosure-Approval-Report.pdf

= UTC (2024c) ESAI Report For Proposed 400kv Uganda (Olwiyo) To South Sudan Interconnection Project, https://uetcl.go.ug/wp-
content/uploads/2024/11/DISCLOSURE-PACKAGE-UG-SS.pdf

= UTC (2024d) ESIA GERP 2024 World Bank Disclosure, https://uetcl.go.ug/wp-content/uploads/2024/07/ESIA-GERP-2024-WORLD-BANK-
DISCLOSURE_.pdf
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= Africa Energy Portal (2023) Electricity Regulatory Index for Africa — Zambia, https://africa-energy-portal.org/eri/country/zambia
= Copperbelt Energy Corporation (CEC) Limited (2025) Business segments, https://cecinvestor.com/businesses/#power

= Energy Regulation Board (ERB) (2021) Zambia Electricity Cost of Service Study 2021, https://www.moe.gov.zm/wp-
content/uploads/2022/08/COSS_Final-Report.pdf

= ERB (2022a) 2022 Energy Sector report, https://www.erb.org.zm/wp-content/uploads/files/esr2022.pdf
= ERB (2022b) Statistical Bulletin 2022, https://www.erb.org.zm/wp-content/uploads/statBullet2022.pdf
= ERB (2023) 2023 Energy Sector report, https://www.erb.org.zm/wp-content/uploads/files/esr2023.pdf

= The European Union Global Technical Assistance Facility for Sustainable Energy and Stantec (2024), Bridge Phase of “Modelling of the
African Continental Masterplan (CMP)” Deliverable 4 — Generation and Transmission Priority Projects, Final Report,
EuropeAid139956/DH/SER/Multi Contract No 2019/405-992

= Ministry of Energy (MOE) (2019a) Electricity Act No. 11 of 2020, https://www.moe.gov.zm/wp-content/uploads/2022/10/The-Electricity-Act-No-11-of-
2019.pdf

= MOE (2019b) Energy Regulation Act No. 11 of 2020, https://www.moe.gov.zm/wp-content/uploads/2022/10/The-Energy-Regulation-Act-No-12-0f-2019.pdf
= MOE (2019c) National Energy Policy, https://www.moe.gov.zm/wp-content/uploads/2024/10/Zambia_The-National-Energy-Policy-2019.pdf

= MOE (2021) Zambia Power Development Framework, https://www.moe.gov.zm/wp-content/uploads/2022/08/Zambia-Power-Development-Framework.pdf
= MOE (2022) Strategic Plan 2022-2026, http://www.moe.gov.zm/wp-content/uploads/2024/05/Final-Ministry-of-Energy-2022-to-2026-Strategic-Plan.pdf

= MOE (2022b) Renewable Energy Strategic Plan 2022, http://www.moe.gov.zm/wp-content/uploads/2022/08/Renewable-Energy_final-file_for-web.pdf

= MOE (2023a) Strategic Environmental Assessment of the Energy Sector in Zambia, https://www.moe.gov.zm/wp-content/uploads/2023/12/SEA-Final-Draft-
Report_Nov-2023_For-Public-Comments-1.pdf

= MOE (2023b) Integrated Resource Plan, https://www.moe.gov.zm/irp/?wpdmpro=summary-report
» MOE (2023c) Integrated Resource Plan - Transmission Planning, https://www.moe.gov.zm/irp/?wpdmpro=transmission-planning
= MOE (2023d) Integrated Resource Plan - Demand forecast, https://www.moe.gov.zm/irp/?wpdmpro=demand-assement-and-forecast
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= MOE (2023e) Integrated Resource Plan - Power generation, https://www.moe.gov.zm/irp/?wpdmpro=generation-planning
= MOE (2023f) Integrated Resource Plan - Distribution Planning, https://www.moe.gov.zm/irp/?wpdmpro=distribution-planning
= Netherlands commission for Environmental Assessment (2024) Countries: Zambia, https://www.eia.nl/en/countries/zambia/

= RE Foundation / Enel (2020) Integration Of Variable Renewable Energy Sources In The National Electric System Of Zambia, https://res4africa.org/wp-
content/uploads/2023/04/Integration-of-Variable-Renewable-Energy-Sources-in-the-National-Electric-System-of-Zambia. pdf

= Zambia Electricity Supply Corporation Limited (ZESCO) (2023) Low Power Factor Surcharge Implementation, https://systemoperator.zesco.co.zm/blog/2
= ZESCO (2025a) Transmission Operations and Trade, https://www.zesco.co.zm/transmission.php
= ZESCO (2025b) Strategic Plan 2022-2031, https://www.zesco.co.zm/assets/documents/strategic_plan.pdf

= ZESCO Environment And Social Affairs Department (2012) Resettlement Policy Framework For The Lusaka Transmission And Distribution Rehabilitation
Project (RP14180Zambia000180201300Box374368B),
https://documentsl.worldbank.org/curated/pt/528621468334783372/RP14180Zambia000180201300Box374368B.doc

= Zambia Environmental Management Agency (ZEMA) (2019) Call For Views and Inputs On The Strategic Environmental Assessment For The National
Energy Policy 2019 Under The Ministry of Energy, https://www.moe.gov.zm/?p=3064

= ZEMA (2023) Environmental Impact Statement For The Construction Of A 330kv Double Circuit Transmission Line, https://www.zema.org.zm/wp-
content/uploads/2023/11/EIS-RCTC-PROJECT-Zesco-.pdf

= ZEMA (2024) EIS: Mulembo Lelya Hydro Electric Power Limited Transmission Line, https://www.zema.org.zm/wp-content/uploads/2024/07/MULEMBO-
TL.zip

= United Nations. Economic Commission for Africa (UNECA) (2021). Regulatory review of the electricity market in Zambia: towards crowding-in private
sector investment. Addis Ababa: © UN. ECA,. https://repository.uneca.org/handle/10855/46746

= World Bank / Mission 300 (2025) Zambia Energy Compact,


https://thedocs.worldbank.org/en/doc/54ece4387e7fd4bde8f1b29f55aa579d-0010012025/original/M300-AES-Compact-Zambia.pdf
https://thedocs.worldbank.org/en/doc/54ece4387e7fd4bde8f1b29f55aa579d-0010012025/original/M300-AES-Compact-Zambia.pdf
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