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FOREWORD BY THE MINISTER OF ENERGY AND MINERAL
DEVELOPMENT

This Plan also supports Government'’s broader
development agenda by identifying the
energy infrastructure needed to power
strategic projects such as the Kabalega
Industrial Park, which will facilitate the delivery
of first oil in 2026 and the electrification of

the Standard Gauge Railway from Malaba

to Kampala. These initiatives will significantly
reduce the cost of transporting goods

and people between Uganda and Kenya,
thereby enhancing regional trade and
competitiveness.

In consultation with the Uganda Investment
Authority, the Plan also anticipates industrial
expansion by providing for adequate
transformation capacity to supply planned
industrial park substations, key enablers of
Uganda’s industrial growth and job creation.

| take pride in the fact that this document
was developed through close collaboration
among all power sector institutions and
stakeholders, with the Uganda Electricity
Transmission Company Limited (UETCL)
providing technical leadership.

The role of Government is to formulate

sound policies, legal, institutional and
investment frameworks that attract adequate
financing to reinforce Uganda’s energy
security and ensure reliable, affordable and
sustainable energy for social and economic
transformation.

In conclusion, | wish to express my sincere
appreciation to His Excellency Yoweri Kaguta
Museveni, President of the Republic of Uganda,
for his unwavering commitment to prioritising
energy development as a cornerstone of

) ) Uganda’s socio-economic transformation.
The Grid Development Plan (2025—2040) builds

upon the achievements of the earlier Grid
Development Plan (2018-2040), with renewed
emphasis on supporting the targets of the
National Development Plan IV, the Tenfold
Growth Strategy, the Energy Policy (2023)

and Vision 2040. It provides a clear roadmap
for the investments required in generation
evacuation, transmission, and transformation
capacity as Uganda advances towards high
middle-income status.

Hon. Dr. Canon Ruth Nankabirwa Ssentamu
MINISTER OF ENERGY & MINERAL
DEVELOPMENT
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THE CHAIRPERSON OF THE UETCL BOARD OF DIRECTORS

It is my pleasure to present the Grid
Development Plan (GDP) 2025-2040, a
strategic roadmap document to guide the
development and expansion of Uganda’s
electricity transmission network.

The national transmission grid plays a critical
role in ensuring the reliable delivery of bulk
power from generation sources to power
supply distributors and the large power
consumers nationwide. As Uganda advances
its agenda for industrialisation, regional

integration and sustainable economic growth,

the continued expansion and modernisation
of the transmission system remain a national
priority.

The Board of Directors of Uganda Electricity
Transmission Company Limited (UETCL)
remains committed to providing strategic
oversight and sound governance in line with
the UETCL mandate of bulk power supply,
operation of high voltage grid, power system

operator, import and export of power, and
public infrastructure provision.

Furthermore, the Board of Directors undertakes
to ensure that the Company’s transmission
infrastructure is planned and implemented in
a prudent, efficient, and sustainable manner.

The Board also recognises that long-term
planning is essential to ensure that the
transmission network is aligned with national
development priorities and emerging
opportunities within the regional power
market. Through strong governance and
close collaboration with sector stakeholders,
UETCL shall continue to play its pivotal role

in delivering a resilient and future-ready
transmission system.

This Grid Development Plan outlines a clear
framework for identifying priority investments
for system expansion, strengthening grid
reliability, fostering regional power trade,
meeting power evacuation needs, and the
growing demand.

On behalf of the Board of Directors, |
commend the UETCL Management team,
UETCL staff, Electricity Supply Industry players,
and the development partners, whose
collective efforts have contributed to the
preparation of the GDP 2025-2040.

wame Ejalu Ejuku
CHAIRMAN, BOARD OF DIRECTORS
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FOREWORD BY THE CHIEF EXECUTIVE OFFICER, UETCL

| am pleased to introduce to you the latest
edition of the Grid Development Plan (GDP)
2025 - 2040. The GDP is a strategic document
in the Uganda Electricity Transmission
Company Limited (UETCL's) overall planning,
and is in line with the Corporate Strategy
Plan, Energy Sector objectives, National
Development Plan and Vision 2040. It details
future grid requirements in terms of projects
and investment costs to meet the national
load growth, generation developments and
regional interconnection requirements.

The 2025 - 2040 edition of the Grid
Development Plan provides a 15-year outlook
of the Uganda transmission system with
2023/2024 serving as the base year.

The Electricity Sector is one of the major
enablers of economic transformation and with
this in mind, the GDP will aid UETCL and the
sector at large to make the right investments
for the grid to enable sustainable economic
growth. The GDP is therefore a necessary
guide to Government of Uganda on the
required investments for the transmission grid
and will aid resource planning. This document
@ provides sufficient guidance in determining
power transmission grid investments to be
prioritized and the necessary prerequisites for

The 2025 - 2040 investment.
edition of the Grid
Development Plan

Finally, | would like to thank and appreciate
the efforts of all our stakeholders who have

prOVIdeS al5- made invaluable contributions towards
year outlook of the the development of this document. Your
qundq transmission contribution is much appreciated.

system with

2023/2024 serving as \‘\J\Q/»CQL

the base year.
Eng. Richard Matsiko
Q CHIEF EXECUTIVE OFFICER
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PREFACE

The purpose of the Grid Development Plan (GDP) is to inform stakeholders about the anticipated
developments in Ugandad’s electricity transmission network, as proposed by Uganda Electricity
Transmission Company Limited (UETCL), the National Transmission Company.

UETCL is a public limited company wholly owned by the Government of Uganda, represented by
Minister of Energy and Mineral Development (majority shareholder) and the Minister of Finance,
Planning and Economic Development.

UETCL Visionis:

To be Eastern Africa’s Leading Electricity Transmission Company

UETCL Missionis:

To Buy, Transmit and Sell Reliable and Quality Bulk Power for Sustainable Regional Development.

UETCL's Mandate

UETCL s a power transmission company which is licensed to operate and maintain the high voltage
power transmission grid. It is also responsible for grid planning and development. As such, UETCL
has the following licenses:

. Bulk Power Supply

. Operation of High Voltage Transmission Grid

. System Operator

) Power Export and Import; and

. Public Infrastructure Provider for owning and operating the opitic fibre infrastructure

Prior to the Electricity Amendment Act 2022, UETCL was the desighated single buyer of bulk
power in Uganda. However, the space has now been opened and allowed for direct purchase
by big customers from either transmission or generation companies, and it has also opened the
transmission space to include Independent Power Transmitters (IPTs).

The roles of UETCL following these changes have been defined in the big consumers and IPT
Regulations that have been published by the Electricity Regulatory Authority.

The 2024- 2040 edition of the Grid Development Plan provides an outlook of the Uganda transmission
system for the next 15 years. The GDP presents the demand forecast, generation expansion plan,
Demand — Supply Balance for the current and subsequent years, power system analysis results,
the Grid Investment Requirements and Grid Investment plan.

This edition also presents an outlook of four scenarios showing the assumptions, planned
implementation strategy and associated recommendations:

. The base case scenario looks at the Business-As-Usual model.

. The National Development Plan IV (FY2025/26 - FY2029/30) scenario under the theme
“‘Sustainable Industrialization for inclusive growth, employment and wealth creation” that
aims at strengthening Uganda’s competitiveness through sustainable industrialization for
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inclusive growth, employment and wealth creation, with set targets to be implemented within
Byears.

o The Ten-Fold Growth scenario that assumes a ten-fold growth of existing installed generation
capacity from 2,050MW to 22GW by 2040.

. Uganda’s Vision 2040 scenario that aims at transforming Ugandan Society from a Peasant to
a Modern and Prosperous Country within 30 years.

In addition, the Energy Policy 2023 was launched by the Ministry of Energy and Mineral Development
of Uganda.

This edition of the GDP will serve as the planning document for the financial years FY2024/2025
-FY2039/2040 with the year FY2023/2024 acting as the base year.
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EXECUTIVE SUMMARY

Uganda Electricity Transmission Company Limited (UETCL) has a leading role in developing,
operating and maintaining an efficient High Voltage Transmission Grid (HVTG) to evacuate
generation plants, meet national demand and regional power exchange requirement through
regional interconnections within the national and international technical, social-economic and
environmental standards.

A key responsibility in this respect, is to constantly plan and develop the HVTG. The purpose is to
establish a rationale for building a robust network, improve reliability and quality of supply, which
will in turn contribute towards the economic development of Uganda.

Inline with company strategic objectives, the Grid Development Plan (GDP) is a strategic and tactical
document in UETCL's overall planning process and is communicated to all major stakeholders.
The plan identifies new proposed grid investments. It is reviewed and updated to reflect latest
information on Government policy and strategies. It is also an input to the company’s financial
projections and annual budget.

The GDP presents results of preliminary technical analyses for various investments to meet the
national demand and power exchange obligations. The technical analysis derived from power
system studies form a basis for determining technical pre-feasibility of the proposed projects.

The results from the technical analysis are used to determine the Grid Investment plan and the
associated cost estimates which culminate into financial projections. The Feasibility, Environmental
and Social Impact Assessment are carried out before implementation of each individual project to
confirm viability and project specific aspects.

The results from the above analyses indicate high capital investment requirements during the
period of 2025/26-2029/30. This is mainly attributed to many generation plants that are to be
commissioned during this period and the corresponding power evacuation transmission lines and
Substations. To absorb the new generation capacity, several grid and substations extensions and
reinforcements are to be implemented in the same period.
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BACKGROUND

UETCL has a major role in contributing to the development of an efficient electricity sub sector
in Uganda through planning, developing and maintaining an efficient transmission grid to meet
the national electric power requirements within the allowable national, regional and international
standards.

UETCL owns, operates, develops and maintains the high voltage transmission grid. The grid connects
power generation plants to load centres throughout the country as well as interconnecting with
neighbouring countries. UETCL also owns a National Control Centre which coordinates and monitors
grid operations and maintenance activities.

At present, the transmission grid comprises circuit length of 606km for 400kV overhead line, 1,002km
for 220kV overhead line, 3,773.32km for 132kV overhead line, 114km for 132kV underground cable line
& 35.2km for 66kV overhead line and 43 substations and switching stations (including Isimba &
Nalubaale switching stations and as well as the Mobile substation at Mbale Industrial Park).

With reference from the previous GDP 2018-2040 in the period from 2018-2024, a total of 3,888.96
km of transmission line length was achieved, representing 62.44% of the target 6,228.6 km. 28
substations were commissioned out of the planned 55, while 5,096MVA of transformation capacity
was achieved, accounting for 36.45% of the target 13,979 MVA.

The GDPis a planning document that is written in line with the Corporate Strategic Plan, Energy Sector
objectives, National Development Plan and Vision 2040. It details present and future transmission
gridinfrastructure that will support National demand growth, generation requirements and regional
power trade obligations.

The GDP is reviewed to cater for power evacuation, grid reinforcement, grid expansion and regional
interconnection projects in line with government programs such as National Development Plan,
Tenfold, Vision 2040, and Energy Policy, among others.

The updated GDP has the following deliverables: Demand and Supply Balance, Power System
Improvement Recommendations, the Grid Investment Plan, Financial and Economic analysis
projections; Project Implementation Schedule, Monitoring & Evaluation and Risk & Opportunities
Analysis.

The 2025 — 2040 edition of GDP is UETCL's planning reference guide for the years 2024/2025 -
2039/2040 with the year 2023/2024 serving as the base year.
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Uganda Electricity Transmission Company Limited

1. REVIEW OF THE PREVIOUS GDP 2018-2040

The previous Grid Development Plan was drawn and envisagedto beimplemented over the planning
horizon 2018-2040 with the year 2017 serving as the base year. This chapter highlights an analysis
of assumptions versus actual out-turn, the achievements that were realized, the challenges that
were faced while implementing the plan and their mitigation measures. The assessments were
done under the following categories.

. Demand Prognosis
. Generation expansion plan

. Transmission expansion plan

11. DEMANDPROGNOSIS2018-2024Table1and Figurelhere undershowthedemand
prognosis 2018-2024 Vs actual observed.
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Uganda Electricity Transmission Company Limited

Figure 1: Demand prognosis 2018-2024 Vs actual observed

( Demand Prognosis VS Actual Demand (2018 - 2024) )
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Forecasted System Demand with industrial loads (MW)
B Actual System Demand realized (MW)
- /

Observations and deductions

In all cases, the realized domestic demand exceeds the forecasted domestic demand,
primarily because it also includes industrial loads. The variance between the demand values
lies within the acceptable tolerance band of +/-10% for only 2018—-2021. Beyond this, it ranges
from 10.30% (in 2022) to 29.22% (in 2024).

Similarly, the realized system demand exceeds the forecasted demand (without industrial
loads) for all cases.

The forecast demand (inclusive of industrial loads) and realized system demand did not grow
as envisaged largely due to the limited realization of planned industrial loads. As a result,
the variance between the forecasted and actual demand largely mirrored historical growth
patterns observed in system demand.

The variance in system demand from 2019 is significantly higher because of the increased
import requirements by Kenya.
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Grid Development Plan 2025 - 2040

1.2.1. ACHIEVEMENTS (2018-2024) FOR THE BUSINESS-AS-USUAL SCENARIO

1.2.1.1. ACHIEVEMENTS (2018-2024) - GENERATION EXPANSION PLAN

The planned generation expansion and the actualized added generation, for the period 2018 to
2024 are presented in Table 2 and Table 3 respectively here under.

Table 2: Planned Additional Plants between 2018-2024

Year Power Plant Installed Capacity (MW)
Isimba HPP 183
Sindila HPP 525
Siti Il HPP 16.5
Mahoma HPP 27
2018 Nkusi HPP 9
Nyamwamba HPP | 9.2
Mayuge Solar 10
Agago-Achwa HPP Il (ARPE) 42
Karuma HPP 600
Nyabuhuka Mujunju HPP 32
Kyambura HPP 76
Kakaka HPP 5
Nyamagasani 1 HPP 15
Nyamagasani 2 HPP 5
2019 Nyamabuye 7
Xsabo Solar 20
Waki HPP 48
Nyagak lll HPP 55
Ndugutu HPP 51
Kanyampara 48
Mayuge Sugar Plant 23
Kikagati HPP 14.(7)
Bukinda HPP 6.5
2020 Senok Wind 20
SCOUL 25
Nengo Bridge HPP 6.7
Agago-Achwa HPP 1 (ARPE) 4
Sironko HPP 7
T Kabeywa HPP 12
Bukwa HPP 9
Keere Small HPP 6.3
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Year Power Plant Installed Capacity (MW)
Kinyara Cogen Plant 35
Ngoromwo HPP 8
Maziba 1
Cresta 5
Nshongezi HPP 35 (175)

2021 Nyagak 1 35
Albatros Thermal plant 50
Gas to power (Tilenga and King fisher) 58
Jinke solar 500
CP-EM Solar 1000
Sky Power Solar 500
Muyembe Sirimityo HPP 7
Muzizi 447
Agago-Achwa Il (ARPE) 13

2022 Agago-Achwa IV (ARPE) 105
Sisi 71
Simu Slo)
Kigwabya 42
Lwakhaka 6

2024 Agbinika 2
Okulacere 6.5

Total 52 Plants 3,413.05
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Table 3: Actual Generation plants added 2018-2024

Year Power Plant Installed Capacity (MW)
Lubilia 54
Nyamwamba 92
Nkusi 9.6
2018 Mahoma 27
Waki 48
Isimba 183
Xsabo solar 20
Bufulubi solar 10
Sindila 5.25
2019 Kyambura 7.6
Siti 2 16.5
Ndugutu Si9
Agago/Achwa 2 41
2020 Bukinda 6.5
Tororo PV 10
SCOUL 25
Achwal 42
2091 Nyamagasani 1 15
Nyamagasani 2 6.1
Kakaka 45
Kikagati 14
2022 Nyamwamba 2 7.8
Karuma 600
SM Hydro 6.9
2023 Kinyara Sugar Works 5
Mayuge Sugar 322
Busitema 4
2024 N.yugc.1k Il 35
Victoria Sugar 26
TOTAL 29 Plants Added 1129.45MW

Note: 29 Power plants (1129.45 MW) were commissioned with in the period of 2018-2024, against the

target of 52 power plants (3.413.05) as per GDP 2018-2040.

Table 4 below presents the plants that were planned to be commissioned within the period 2018-

2024 as per GDP 2018-2040 but were not achieved.
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Uganda Electricity Transmission Company Limited

Table 4: Un-achieved generation plants in the period 2018-2024

No  PowerPlant Installed Capacity (MW)
1 Nyabuhuka Mujunju HPP 32
2 Nyamabuye 7
3 Kanyampara 4.8
4 Senok Wind 20
5 Nengo Bridge HPP 6.7
6 Sironko HPP 7
7 Kabeywa HPP 12
8 Bukwa HPP 9
9 Keere Small HPP 6.3
10 Ngoromwo HPP 8
n Maziba 1
12 Cresta 5
13 Nshongezi HPP 35(17.5)
14 Nyagak 1 35
15 Albatros Thermal plant 50
16 Gas to power (Tilenga and King fisher) 58
17 Jinke solar 500
18 CP-EM Solar 1000
19 Sky Power Solar 500
20 Muyembe Sirimityo HPP 7
2] Muzizi 447
22 Agago-Achwa Iil (ARPE) 13
23 Agago-Achwa IV (ARPE) 105
24 Sisi 71
25 Simu 9.9
26 Kigwabya 42
27 Lwakhaka 6
28 Agbinika 2
29 Okulacere 6.5
16 Gas to power (Tilenga and King fisher) 58
17 Jinke solar 500
18 CP-EM Solar 1000
19 Sky Power Solar 500
20 Muyembe Sirimityo HPP 7
21 Muzizi 44.7
22  Agago-Achwa lll (ARPE) 13
23 Agago-Achwa IV (ARPE) 105
24 Sisi 71
25 Simu 0.9
26 Kigwabya 42
27 Lwakhaka 6
28 Agbinika 2
29 Okulacere 6.5
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Table 5 below presents the plants that were commissioned within the period of 2018-2024 but were
not included in the generation expansion plan as per the GDP 2018-2040.

Table 5: Generation plants commissioned between 2018-2024 but were not included in
expansion plan as per the GDP 2018-2040

No Power Plant Installed Capacity (MW)
1 Lubilia 54

2 | Tororo PV 10

3 | Nyamwamba 2 78

4 | SM Hydro 6.9

5 Busitema 4

6 | Victoria Sugar 26

1.2.1.2. ACHIEVEMENTS (2018-2024) — TRANSMISSION EXPANSION PLAN

1.2.1.2.1. TRANSMISSION LINES

The transmission expansion with respectto the planned transmissionlines and the actualized added
transmission lines, for the period 2018 to 2024 are presented in Table 6 and Table 7 respectively here
under.

Table 6: Planned Transmission lines between 2018-2024 as per the GDP 2018-2040

Description for the Planned Transmission lines as per GDP 2018 -2040

Mbarara — Nkenda 132kV 160km line

Bujagali — Tororo - UGKY border 220kV 127km line
2018 Mbarara — Mirama - UGRW border 220kV 66km line
Kawanda — Masaka 220kV 137km line

e Fort Portal — Hoima 220kV 170km line

Isimba — Bujagali 132kV 42km line

Karuma — Olwiyo 400kV 54.2km line

Karuma — Lira 132kV 75.5km line

Karuma — Kawanda 400kV 248km line
e T Matuga Kapeka 132kV 45km line

e Mutundwe — Entebbe 132kV 23.5km line
At e T-Mukono from Nalubaale - Namanve Transmission Line 132kV 8km line
e T-Iganga from Bujagali - Tororo Transmission Line 132kV 15km line

¢ Namanve - Namanve South 132kV 6km line

e Kawanda - Kasana 132kV 54km line

e Opuyo — Moroto 132kV 160km line
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Description for the Planned Transmission lines as per GDP 2018 -2040

e Gulu—-Agago 132kV 83km line

e Lira — Gulu132kV 90km line

e Gulu- Nebbi (Via Olwiyo) 132kV 160km line

e Nebbi - Arua 132kV 63km line

e Buloba branch point — Buloba Substation 132kV 0.8km line

o (New Mukono Substation — Mukono Substation) 132kV 0.3km line

¢ New Mukono branch point — New Mukono Substation 220kV 4.2km line

2020
¢ New Mukono Substation — New Mukono branch point (Southern trunk line) 132kV

0.4km line

e Mukono branch point (Northern trunk line) - Kampala North substation 132kV
25.4km line

¢ Kampala North Substation — Mutundwe Substation 132kV 10.2km line
¢ Kawaala branch point — Kawaala Substation 132kV 0.lkm line

e Buloba branch point — Buloba Substation 220kV 0.9km line

e Mirama — Kabale 132kV 85km line

e Masaka - Mbarara 400kV 134km line

e Tororo SS — SGR Tororo Traction SS 132kV 1lkm line

e Bujagali — Tororo T/L T-off to SGR Buwoola SS 132kV 64km line
2021 e Iganga SS - SGR Iganga Traction SS 132kV 3.5km line

e Nalubaale - Lugogo T/L to SGR Nyenga SS 132kV 5km line

¢ Namanve South — SGR Kompala East SS 132kV 3.7km line

e Hoima - Kinyara 220kV 45km line

e Kinyara — Kafu 220kV 47km line

¢ Kingfisher — Kabale 132kV 50km line

¢ Tilenga - Kabale 132kV 135km line

e Wobulenzi — Kapeka 220kV 37km line

e Kapeka - Kiboga - Hoima 220kV 142.9km line

¢ Nakasongola — Kaweweta- Kapeka 132kV 160km line
e Mbale - Bulambuli — Kween 132kV 76km line

e Mirama — Nsongezi 132kV 37.3km line

2022 e Masaka — Mutukula 220kV 92km line

e Bujagali — Tororo T off to Jinja 132kV 5km line

e Mbarara Nkenda Toff to Ishaka 132kV 10km line
¢ Masaka Kyaka Toff to Rakai 132kV 10km line

¢ Nkonge — Mubende 132kV 30km line

e Nkenda — Mpondwe 220kV 72.5km line

e Oriang interconnection 400kV 10km line
Ayago interconnection 400kV 12km line
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Table 7: Actual Added Transmission lines in the period 2018-2024

Description for the Added Transmission line in the period 2018 -2024

e Mbarara — Mirama - UGRW border 220kV 66km line
2018 e Kawanda — Masaka 220kV 137km line and 132kV 300m Underground cable at
Masaka West substation
e Isimba — Bujagali 132kV 42km evacuation line
e Nkenda — FortPortal — Hoima 220kV 226km line
e 132kV 300m Underground cable at Masaka West substation
e Mbarara — Nkenda 132kV 160km line
e T-Mukono from Nalubaale - Namanve Transmission Line to create 1LILO of 132kV
2019 4.2km to Mukono substation
e T- Iganga from Bujagali - Tororo to create 2LILOs of 132kV 9.7km to Iganga
substations
¢ Kawanda — Kapeeka 132kV 52km single circuit line
2020 ¢  Mbale-Opuyo-Lira 132kV 222.7km double circuit line
2091 ¢ Namanve - Namanve South 132kV 5km line
Opuyo - Moroto 132kV 160.2km double circuit line
Karuma — Kawanda 400kV 248km double circuit line
e Karuma — Olwiyo 400kV 54.2km double circuit line (operoting at 132kv)
2022 ¢ Karuma — Lira 132kV 75.5km double circuit line
e Namanve South — Luzira 132kV 15km double circuit line
¢ Mutundwe — Entebbe 132kV 23.8km double circuit line
2028 e Gulu - Agago 132kV 83km double circuit line
o Kole — Gulu 132kV 67.25km double circuit line
e Gulu- Olwiyo 132kV 57.08km double circuit line
e Olwiyo - Nebbi132kV 102.1km double circuit line
o Nebbi- Arua 132kV 62.7km double circuit line
2024 e Mirama — Kabale 132kV 88.5km line
132kV 0.2438km T-off line to Muzizi along FortPortal - Hoima Line
e 132kV 0.94km T-off line to Xsabo solar along Kabulasoke — Nkonge line

Table 8 below presents the transmission lines that were planned to be commissioned within the
period of 2018-2024 as per the GDP 2018-2040 but were not achieved.
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Table 8: Un-achieved transmission lines in the period 2018-2024

Planned Transmission lines that were not achieved in the period 2018 -2024
e Tororo- UGKY border 220kV 127km line

e T Matuga Kapeka 132kV 45km line

e Kawanda - Kasana 132kV 54km line

e Buloba branch point — Buloba Substation 132kV 0.8km line
e (New Mukono Substation — Mukono Substation) 132kV 0.3km line

¢ New Mukono branch point — New Mukono Substation 220kV 4.2km line

¢ New Mukono Substation — New Mukono branch point (Southern trunk Iine) 132kV 0.4km line

e Mukono branch point (Northern trunk line) — Kampala North substation 132kV 25.4km line

¢ Kampala North Substation — Mutundwe Substation 132kV 10.2km line

e Kawaala branch point — Kawaala Substation 132kV 0.1km line
e Buloba branch point — Buloba Substation 220kV 0.9km line

e Masaka - Mbarara 400kV 134km line

e Tororo SS — SGR Tororo Traction SS 132kV Tkm line

e Bujagali — Tororo T/L T-off to SGR Buwoola SS 132kV 64km line

e Iganga SS - SGR Iganga Traction SS 132kV 3.5km line
e Nalubaale - Lugogo T/L to SGR Nyenga SS 132kV 5km line
¢ Namanve South — SGR Kampala East SS 132kV 3.7km line

e Hoima - Kinyara 220kV 45km line

e Kinyara — Kafu 220kV 47km line

¢ Kingfisher — Kabale 132kV 50km line

e Tilenga - Kabale 132kV 135km line

e Wobulenzi — Kapeka 220kV 37km line

e Kapeka - Kiboga - Hoima 220kV 142.9km line

¢ Nakasongola — Kaweweta- Kapeka 132kV 160km line

¢ Mbale — Bulambuli - Kween 132kV 76km line

e Mirama — Nsongezi 132kV 37.3km line
e Masaka — Mutukula 220kV 82km line

e Bujagali — Tororo T off to Jinja 132kV 5km line

¢ Mbarara Nkenda Toff to Ishaka 132kV 10km line
e Masaka Kyaka Toff to Rakai 132kV 10km line

¢ Nkonge — Mubende 132kV 30km line

¢ Nkenda - Mpondwe 220kV 72.5km line

¢ Oriang interconnection 400kV 10km line

e Ayago interconnection 400kV 12km line

Table 9 below presents the transmission lines that were additionally constructed and commissioned
within the period of 2018-2024.

14 (0000 &y QPR LR LR



Grid Development Plan 2025 - 2040

Table 9: Additional Transmission Lines constructed within the period of 2018-2024

Year Additional transmission lines

2019 132kV Kawanda-Kapeeka 52km single circuit wooden transmission line

2024 132kV 0.2438km T-off line to Muzizi along FortPortal - Hoima Line
132kV 0.94km T-off line to Xsabo Solar along Kabulasoke -Nkonge Line

A summary of the statistics for planned line circuit length as per the GDP 2018-2040, against actual
line length achieved between the period of January 2018 to December 2024 is shown in Table 10
here under.

Table 10: Planned against actual Circuit line length achieved between 2018-2024

Line Expectecill ActualLinelength ., pievedLine Achievedline length
Planned Line Commissioned
Voltage I Length between Between2018-2024
(kv) ength Between between 2018-2024 (%)
2018-2024 2018 -2024
66 kv N/A N/A N/A N/A
132 kV 3446.00 242496 1,021.04 70.37%
220 kV 1873.20 858 1,014.96 4580%
400 kV 909.40 606.00 3034 66.64%
Total (km) 6,228.60 3,888.96 2,339.4 62.44%

A summary of the cumulative commissioned transmission line statistics between the period 2018-
2024 are presented in Table 11 below.

Table 11: Commissioned Transmission Line Statistics (2018-2024)

Description Total Circuit Length of Transmission lines as of Dec. 2024 (km)
Voltage level (kV)/ Years | 2018 2019 2020 2021 2022 2023 2024
66 kV 352 352 352 352 352 352 352

132 kV 1364.66 | 1783.86 | 2229.26 H2,559.66 | 2,710.66 | 3,088.76 K 3,705.08
132kV Underground cable 0.9 0.9 0.9 0.9 0.9 0.9 11438
220 kV 1002 1002 1002 1002 1002 1002 1002
400 kv 0 0 0 496 606 606 606
Total circuit length (km) 240276 | 282196 | 3267.36 | 409376 | 435476 | 4,732.86 | 534942
Growth Rate (%) 1745% | 15.78% 2529% | 6.38% 8.68% 13.03%

1.2.1.2.2. TRANSMISSION SUBSTATIONS

The transmission expansion with respect to the planned and actualized added transmission
substations, for the period 2018 to 2024 are presented in Table 12 and Table 13 respectively here
under.
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Table 12: Planned transmission Substations achieved in the period 2018-2024

Description for the Planned Transmission substations as per GDP 2018-2040
2018 e 1x15/20MVA 132/33kV Kapeeka substation
e 1x20MVA 132/33kV Kawanda substation
e 2Xx250MVA 220/132kV Kawanda substation
e 2x650MVA 400/220kV Kawanda substation
e 1x 50MVA 132/33kV Mobile substation
e 2x125MVA 220/132kV Masaka West substation
e 1x40/60MVA 132/33kV Mabara South substation
e 1x40/60MVA 220/132kV Mirama substation
e 2x32/40MVA132/33kV Hoima substation
e 2x50/63MVA132/10.5kV Sukulu Phosphate substation
e 2x650MVA 400/132kV Karuma Substation
e 2x20MVA 132/33kV Karuma substation
e 2x15/20MVA 132/33kV Olwiyo substation

2019 e 3x40/63MVA 132/33kV Nomanve South substation
e 3x32/40MVA132/33kV Luzira substation

e 3x40/63MVA 132/33kV Mukono substation

e 2x60/80MVA 132/33kV Entebbe substation

e 1x15/20MVA 132/33kV Kasana Substation

e 1x32/40MVA132/33kV Kawanda substation

e 1x32/40MVA132/33kV Kampala North Substation
e 1x60/80MVA 132/33kV Tororo substation

e 2x32/40MVA 132/33kV Iganga substation

e 2x32[/40MVA 132/33kV Opuyo substation upgrade
e 2x32/40MVA 132/33kV Moroto substation

2020 e 2Xx32/40MVA 132/33kV Kabale substation

e 1x60/80MVA 132/33kV Mbale substation

e 2x32/40MVA132/33kV Gulu substation

e 2x32/40MVA 132/33kV Nebbi substation

e 2x32/40MVA132/33kV Arua substation

e 2x32/40MVA132/33kV Agago substation

2021 e 2x250MVA 400/220/33kV Wobulenzi substation
e 3 X125MVA 220/132kV New Mukono substation

e 2x125MVA 220/132kV Buloba substation

e 2Xx32/40MVA 132/33kV Buloba substation
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Description for the Planned Transmission substations as per GDP 2018-2040
2021 e 1x20MVA132/1kV Kawaala substation upgrade
e 3x32/40MVA 132/33kV Kawaala substation upgrade
e 1Xx20MVA 132/33kV Mobile substation
e 2x10MVA 133/27.5kV Nyenge traction SS
e 2x10MVA133/27.5kV Kampala East traction SS
e 2x250MVA 133/33kV Mbarara South substation upgrade
e 2x40/60MVA 33/132/220kV Fort portal Substation
e 1Xx B0MVA 220/132kV Mirama Substation
e 2x50/60MVA133/33kV Mirama Substation
e 2x250MVA 220/132/33kV Hoima substation
e 2x250MVA 220/132/33kV Nkenda substation
o 2x250MVA 400/220/33kV Kafu substation
e 2x250MVA 220/132/33kVKabaale substation
e 2x32[/40MVA 132/33kV Kingfisher substation
e 3x32/40MVA 132/33kV Tilenga substation
e 2Xx250MVA 220/132/33kV Muzizi substation
e 2x40/60MVA 132/220kV Kinyara substation
e 1x250MVA 220/132kV Bujagali substation
e 2Xx250MVA 220/132kV Tororo substation
e 2x10MVA132/27.5kV Tororo traction SS
e 2x10MVA 132/27.5kV Buwoola traction SS
e 2x10MVA132/27.5kV Iganga traction SS
2022 e 2x50/60MVA 132/33kV Mutundwe substation
e 2x50/60MVA 132/1kV Mutundwe substation
e 3x50/63MVA 132/33kV Kapeeka substation
e 2Xx125MVA 220/33kV Kapeeka substation
e 2x32/40MVA 132/33kV Nakasongola substation
e 2x50/60MVA 132/33kV Lugogo substation
e 2x50/60MVA 132/1kV Lugogo substation
e 2x32/40MVA 132/33kV Kaweweta substation
e 2x50/60MVA 132/33kV Masaka West substation
e 2x50/63MVA132/33kV Mbarara North substation upgrade
e 2xB60MVA132/33kV Nkenda substation
e 2x32/40MVA 132/33kV Nsongezi substation
e 2x32/40MVA 132/33kV Nkonge substation
e 2x32/40MVA132/33kV Mubende substation
o 2x32/40MVA 132/33kV Rakai substation
o 2x32/40MVA132/33kV Ishaka substation
e 3 x50/60MVA 132/33kV Jinja substation
e 3x50/63MVA132/33kV Tororo substation
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Description for the Planned Transmission substations as per GDP 2018-2040
2022 e 2x45[60MVA 132/33kV Kapterol substation

o 2x60/80MVA 132/33kV Mbale substation

e 2x50/63MVA 132/33kV Kole substation

Table 13: Actual Added Transmission substations in the period 2018-2024

Description for the Added Transmission substations in the period 2018-2024
2018 e 2Xx250MVA 220/132kV Kawanda Substation
e 2x250MVA 220/132kV Masaka Substation
e 2x32/40MVA132/33kV Hoima Substation
e 1x40/60MVA 220/132kV Mbarara South Substation
e 1x32/40MVA Nkenda substation upgrade
e 2x32/40MVA132/33kV Fort Portal substation
e 1x50MVA 132/33/1kV Mbale Mobile substation
e 2Xx125MVA 220/132kV Masaka West substation
2019 e 3x50/63MVA 132/33kV Mukono substation
e 2x32/40MVA 132/33kV Iganga substation
e 1x32/40MVA132/33kV Kawanda substation
e 2x220kV Bujagali bays
e 1Xx20MVA 132/33kV Kapeeka substation

2020 e 1x32/40MVA 132/33kV Kampala North Transformer
e 1x32/40MVA 132/33kV Opuyo substation upgrade
2021 e 1x32/40MVA132/33kV Opuyo substation upgrade

e 2x50/63MVA 132/33kV Namanve South substation
e 2XxB650MVA 400/220kV Kawanda substation
e 2xB650MVA 400/132kV Karuma Substation
2023 e 2x40MVA132/33kV Entebbe substation

e 2x40MVA132/33kV Gulu substation

e 2Xx40MVA132/33kV Kole substation

2024 e 2x20MVA 132/33kV Muzizi B substation

e 2x32/40MVA 132/33kV Nebbi substation

e 2x32/40MVA 132/33kV Arua substation

e 1x50.4/60MVA 220/132kV Mirama substation
e 2x32/40MVA 132/33kV Kabale substation

e 1x25MVA 132/33kV Nkonge solar substation

Table 14 below presents the transmission substations that were planned to be commissioned
within the period of 2018-2024 as per the GDP 2018—-2040 but were not achieved.
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Table 14: Un-achieved transmission substations in the period 2018-2024

Planned Transmission substations that were not achieved in the period 2018-2024
e 2x80/80MVA 132/10.5kV Sukulu Phosphate substation

e 1x15/20MVA 132/33kV Kasana Substation

e 2x250MVA 400/220/33kV Wobulenzi substation
e 3 X125MVA 220/132kV New Mukono substation

e 2Xx125MVA 220/132kV Buloba substation

e 2x32/40MVA 132/33kV Buloba substation

e 1x20MVA 132/1kV Kawaala substation upgrade

e 3x32/40MVA 132/33kV Kawaala substation upgrade
e 1Xx20MVA 132/33kV Mobile substation

e 2x10MVA 133/27.5kV Nyenga traction SS

e 2x10MVA 133/27.5kV Kampala East traction SS

e 2x250MVA 133/33kV Mbarara South substation upgrade
e 2x40/60MVA 33/132/220kV Fort portal Substation
e 2x50/60MVA 133/33kV Mirama Substation

e 2x60/80MVA 220/132kV Hoima substation

e 2x250MVA 220/132/33kV Nkenda substation

e 2x200/250MVA 400/220/33kV Kafu substation

e 2x250MVA 220/132/33kV Kabaale substation

e 2x32[/40MVA132/33kV Kingfisher substation

e 3x32/40MVA132/33kV Tilenga substation

e 2x250MVA 220/132/33kV Muzizi substation

e 2 x60/80MVA 132/220kV Kinyara substation

e 1x250MVA 220/132kV Bujagali substation

e 2 Xx250MVA 220/132kV Tororo substation

e 2XxI0MVA 132/27.5kV Tororo traction SS

e 2xI10MVA 132/27.5kV Buwoola traction SS

e 2x10MVA132/275kV Iganga traction SS

e 2x50/60MVA 132/33kV Mutundwe substation

e 2x50/60MVA 132/1kV Mutundwe substation

e 2 x125MVA 220/33kV Kapeeka substation

e 2x32/40MVA 132/33kV Nakasongola substation

e 2x50/60MVA 132/33kV Lugogo substation

e 2x50/60MVA 132/1kV Lugogo substation

e 2x32/40MVA 132/33kV Kaweweta substation

e 2x50/60MVA 132/33kV Masaka West substation
e 2x50/63MVA 132/33kV Mbarara North substation upgrade
e 2 xB0MVA 132/33kV Nkenda substation

e 2x32/40MVA132/33kV Nsongezi substation

e 2x32/40MVA132/33kV Nkonge substation

e 2x32[40MVA 132/33kV Mubende substation

e 2x32/40MVA 132/33kV Rakai substation
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Planned Transmission substations that were not achieved in the period 2018-2024
e 2x32/40MVA132/33kV Ishaka substation

e 3 x50/60MVA 132/33kV Jinja substation

e 3x50/63MVA 132/33kV Tororo substation

e 2x45/60MVA 132/33kV Kapterol substation

e 2x60/80MVA 132/33kV Mbale substation

e 2x50/63MVA 132/33kV Kole substation

A summary of the statistics for the planned transformation capacity as per the GDP 2018-2040,
against the actual transformation capacity achieved between the period of January 2018 to
December 2024 is shown in Table 15 below.

Table 15: Planned against actual Transformation capacity achieved between 2018-2024

Planned Achieved Unachieved -
Transformer (MVA) Between (MVA)Between (MVA)Between Aclz:z ;’ e
2018 -2024 2018 -2024 2018 -2024

400/200kV 2,300 1,302 998 56.61%
400/132kV 1,300 630 670 48.46%
220/]32kV 4665 1,620 3,045 34.73%
220/33 kV 250 0 250 0.00%
132/33 kv 4978 1494 3,484 30.01%
132/33/11 kv 0 50 N/A N/A
]32/27.5 kv 100 0 100 0.00%
]32/ﬂkV 260 0 260 0.00%
]32/]0.5kV 126 0 126 0.00%
Total Transformation (MVA) 13,979 5,096 8,883 36.45%
wmber o spstotons] | x -

A summary of the statistics for substations commissioned between the period 2018 — 2024 is
presented in Table 16 below.

Table 16: Commissioned Substations Statistics (2018-2024)

Transformers Total MVA Total MVA
By Dec. 2018 By Dec. 2024

400/132kV 0 630.00
400/220/33kV 0 1,302.00
220/132/33 kV 2,060 2120.00
132/33 kV 14465 279550
132/ kv 220 220
66/1 kv 28 28
Mobile Transformer 132/33/11 kV 50 50
Total (MVA) 375450 714550
Capacitor Banks (MVAR) 08 205.864
Reactors (MVAR) 0 455
Number of substations and Switching stations 19 43
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1.2.1.3.ACHIEVEMENTS (2018-2024) — INVESTMENTS

The achieved investments from GDP 2018-2024 are presented below.

Table 17: Achieved investments from GDP 2018-2024

Achievement

Project and Financing Details

Status

Financing was
secured for the

Masako-Mbarara 400kV Transmission line
and associated substations

AFD loan signed on 27th April 2018 and
KfW loan was signed on 21st June 2018.

Loan extension from Kfw
and AFD is awaited for
commencement of works.

Kampala Metropolitan Project (Buloba,
Kawaala, Mukono, Bujagali substations)

JICA loan was signed on 26th
April 2018.

Mukono-Kampala North-Lugogo and
Kampala North-Mutundwe transmission
line restringing

JICA loan was signed on 26th
April 2018.

Gulu — Agago 132kV transmission line and
associated substations project

KfW loan signed on 30th
October 2019.

following projects.

Uganda-Tanzania feasibility, ESIA and
Resettlement Policy Framework (RPF)
Study

Balance from Grid Expansion
and Reinforcement Project
(GERP) was used

Ugandao-DRC feasibility, ESIA and RAP
study.

Funded by AfDB under NELSAP
coordination.

Uganda-South Sudan feasibility, ESIA and
RAP study.

Funding secured from AfDB
under MEMD savings from the
AfDB funded Uganda Rural
Electricity Access Project
(UREP).

Matugga-Kasana, Nkenda and Mbarara

ERA Approved Capex

EPC and
supervision
consultancy

Kole-Gulu-Nebbi-Arua 132kV transmission
line and associated substation

Commissioned in July 2024

Masaka-Mbarara 400kV transmission line
and associated substations

Procurement is at contract
award stage

Gulu-Agago 132kV transmission line and
associated substations

Commissioned on 21st
February 2024

procurement was
concluded for the

Mirama-Kabale 132kV transmission line
and associated substations

Commissioned on 12th
February 2025

following projects.

220kV underground and associated
substations

At implementation stage.
COD expected in December
2025

Kampala Metropolitan 220kV and 132kV
transmission system improvement
project

At implementation stage.
COD expected in 2026

The status of the EPC contracts undertaken within the period 2018-
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Table 18: Remarks on signed EPC Contracts

EPC Contract Signed Remark

Kole-Gulu-Nebbi-Arua 132kV transmission line
and associated substation

Commissioned in 2024

Electrification of Industrial Parks phase Il and
trade free zones comprising of Sukulu, Mbale,
Wobulenzi,Kapeeka, Kaweweta and Nakasongola
substations and associated transmission lines

Procurement of supervision consultant is
ongoing

SCADA Upgrade

Complete

Mirama-Kabale 132kV transmission line and
associated substations

Commissioned in 2024

Mirama-Kikagati-Nshongezi transmission line
and associated substations

Update of feasibility studies is being
undertaken by a new developer (China
National Electric Engineering Company Ltd.)

Mbarara North 32/40MVA Transformer Upgrade

Energized on 14th June 2025

Nkenda 60/80MVA Transformer Upgrade

Energized on 19th May 2025

40MVAR 132kV FortPortal Reactor

Implementation is ongoing

Kampala Metropolitan 220kV and 132kV
Transmission system improvement project.

EPC implementation ongoing.

220kV underground cable and associated
Kabalega substation.

At implementation stage

50MVA Multi-ratio Mbale Mobile station

EPC Commercial contract signed pending
conclusion of pre-financing agreement
between Tangshan Mbale Industrial Park Ltd
and MoFPED

1.2.2. ACHIEVEMENTS OF THE NDPIIl SCENARIO (FY2020/21 -FY2024/25)

The National Development Plan (NDPIII) was the third in a series of six NDPs that would guide the
nation in delivering the aspirations articulated in Uganda Vision 2040.

The NDPIII (FY2020/21-FY2024/25) was anchored on the progress made, challenges encountered,
and lessons learnt from previous planning and implementation of NDPI and NDPII; and came into
effect at the time when the country and the World are battling the COVID-19 pandemic that has
posed social and economic impacts.

The goal of the NDP lIl plan was to increase house incomes and improve quality of life of Ugandans
through sustainable industrialization for inclusive growth, employment and sustainable wealth

creation.

In light of the plan, some of key results set to be achieved over five years from 2020/21 to 2024/25 as
highlighted here under in Table 19.
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Table 19: NDP Il targetsl

2017/18

Description Baseline 2020/21 2021/22 2022/23 2023/24 2024/25
Year

Increase in Energy Generation
Capacity (MW) 984 1884 19904 24936 = 29968 3,500
Consumption Per Capita
(kwh) 100 150 200 300 400 578
Population? projection in 40 429 442 456 469 483
Millions
Populg’qonownh Access to o 40 45 50 55 60
Electricity (/o)
Computed Consumption
(GWh)S 840 2574 3,978 6,840 10,318 16,750
Computed Demand (MW)4 96 294 454 781 1178 1912
Increase in 'e”?th for High 2354 2600 3000 3400 3800 4354
voltages lines (km)
Increase in grid Reliability (%) 90 90 90 90

The NDP lIl targets in terms of increased energy generation capacity, demand, increase in length
of transmission lines, increase in per capita consumption and increase in grid reliability, were
compared with the realized outcomes of implementing the GDP by FY2024/25, to determine the
extent of progress made towards achieving the goals. The results are indicated in Table 20.elow.

Table 20: Comparison between the NDP Ill targets and realized outputs by 2024/25

Planned Target Achieved Achieved
Description Between 2017/18 Between 2017/18 Between 2017/18
-2024/25 -2024/25 -2024/25 (%)
Increase in Energy Generation o
Capacity (MW) 2,516 1,066 42.4%
Demand (MW) 1816 825 45.4%
Iporease in length for High voltage 2000 2094 123%
lines (km)
Increase in Per Capita Consumption | 478 n8 24.7%
Increase in grid reliability (%) 90 986 109%

Source of the targets: NDP Ill
Source for projected population: UBOS

ogahbhownNn

The computed consumption was not listed among the NDP lll targets. It was only computed based on the targets
The demand was not listed among the NDP il targets. It was only computed based on the targets.
The High voltages referred to range from 132kV - 400kV as cited in the NDP Il document

The cited 98% grid reliability was measured based on the availability of the transmission network.
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1.3. CHALLENGES FACED IN IMPLEMENTING THE GDP 2018-2040

The Challenges faced in implementing the GDP 2018-2040 and the proposed mitigation measures

are presented in the table below

Table 21: Challenges faced during implementation of the GDP 2018-2040 and the proposed

mitigation measures

CHALLENGES MITIGATION MEASURES

e Acquisition of way leaves for
construction of transmission lines
continues to be a challenge.

Strengthening stakeholder engagement and
community sensitization to explain the benefits
of the project and address their concerns; while
ensuring they are fairly compensated for the
land used, to ease the acquisition process.

e Securing funding for new
investments

Exploring public-private partnerships (PPPs)
and engaging various development partners to
secure funding.

e Rampant vandalism, which is
a threat to the integrity of the
transmission infrastructure
and increases significantly the
Operations and Maintenance (O&M)
budget of UETCL.

Intensifying security by regularly patrolling the
transmission lines, working with the police and
other security teams, and encouraging locall
communities to help protect the infrastructure
through awareness campaigns

e Pinpointing the cause of the
increasing losses and subsequent
mitigation measures has been a
challenge

Conducting detailed technical audits and energy
loss studies aimed at segregating technical and
non-technical losses in order to develop and
implement targeted loss-reduction strategies.

e Challenges in operations due
to high voltages as a result of
commissioned projects.

Installation of reactive power compensation
equipment to address the voltage regulation

e Delayed release of counterpart
funds from GoU.

Improving coordination with MoFPED and fast-
tracking disbursement processes to minimize
delays in securing funds. Including contingency
measures in project planning

e Delays in establishment of a
regulatory and legal framework for
private investment in transmission.

The Electricity Regulatory Authority (ERA)
introduced the Independent Power Transmission
(IPT) framework model in 2023, aimed at
encouraging private investment in a bid to
enhance competition within the transmission
sector.

e Project time overruns due to
unforeseen circumstances like the
COVID 19 pandemic.

Including risk buffers in project schedules and
budgets, as well as enabling contract flexibility to
cater for unforeseen.

o Different reporting timelines
between GOU and ERA continue to
be a challenge.

Harmonizing reporting requirements through joint
planning sessions and standardized templates.

e The grid is not yet completely N-I
compliant.

Prioritizing  critical  investments in  grid
reinforcement and redundancy through long-
term system expansion planning.
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1.4. LESSONS learnt FROM IMPLEMENTING GDP 2018-2040

The following lessons were learnt from implementing the GDP 2018-2040.

. Pandemics like the Covid —19 led to project delays and reduction in observed demand growth
rate.

. Political instability in other countries can result in significant variations in planned Project
costs such as the Russia - Ukraine war.

J The transformation capacity in industrial parks has not been fully utilized due to low
consumption. UETCL should engage MEMD to further engage Ministry of Trade, Industry and
Cooperatives to ensure that the new industries are located within the existing industrial parks
with reliable supply.

J Securing of financing takes a longer time due to the new project financing approaches
introduced like EPC+F

J Technically compliant but lowest priced bidder does not always guarantee quality works and
services.
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2. THEGRID DEVELOPMENT PLAN PROCESS

2.1. OBJECTIVES OF THE GRID DEVELOPMENT PLAN
The main objectives of the Grid Development Plan are:

J To give an outlook of the future power system of Uganda.

J To present the High Voltage Transmission Grid's (HVTG) investment requirements to meet
forecasted demand.

. To detail the new power generation development projects over the planning horizon and
their associated evacuation infrastructure.

J Identify power transmission investment requirements to mitigate anticipated system
constraints.

o To form a basis for the company’s financial projections, multi -year tariff and multi-year
budget.

2.2. METHODOLOGY

A scenario-based approach has been adopted for the 2025-2040 Grid Development Plan Update.
Four scenarios have been considered as follows:

. The Business-as-usual (BAU) 2040 Scenatrio (base case): This scenario involves observing
historical demand growth trends, growth projections of the Gross Domestic Product,
distribution connection strategies and regional power trade projections, implementation of
loss reduction strategies and the need to address constraints that have created suppressed
demand in the past.

e  NDPIV2030Scenario (FY2025/26-FY2029/30): This scenario aims at strengthening Uganda’s
competitiveness through sustainable industrialization for inclusive growth, employment and
wealth creation, with set targets to be implemented within 5 years.

. The Tenfold 2040 Scenario: This scenario assumes a tenfold growth of existing installed
generation capacity from 2,050MW to 22GW by 2040.

e  Vision 2040 scenario (updated by the Energy Policy 2023): This scenario is anchored by
Uganda’s Vision 2040 which provides development paths and strategies to operationalize
Uganda’s Vision statement which is “A Transformed Ugandan Society from a Peasant to a
Modern and Prosperous Country”. It aims at transforming Uganda from a predominantly
peasant and low-income country to a competitive upper middle-income country.

The Vision 2040 is conceptualized around strengthening the fundamentals of the economy to
harness the abundant opportunities around the country. The identified opportunities include oll
and gas, tourism, minerals, ICT business, abundant labour force, geographical location and trade,
water resources, industrialization and agriculture among others that are to date considerably
under-exploited. Achieving the transformational goal will thus depend on the country’s capacity
to strengthen the fundamentals including: infrastructure (energy, transport, water, oil and gas,
and ICT); Science, Technology. Engineering and Innovation (STEI); land use and management;
urbanization; human resource; and peace, security and defence and that's where UETCL comes in

to expand the transmission network to deliver bulk, quality and reliable power.
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To achieve the Vision 2040, one of the key targets was to increase Uganda’s installed generation
capacity to 41,738MW by 2040. However, following the launch of the Energy Policy 2023 in September
2023 which envisions an installed generation capacity of 52GW by 2040, the Vision 2040 target was
subsequently updated from 41GW to 52GW to align with the new ambition.

2.2.1 THE GRID DEVELOPMENT PLAN PROCESS

The process used for formulating the GDP is illustrated in Figure 2 below.

External Factors Assumptions System Analysis Out put
*  Macro-
+ Government economic Model Power and Energy
policy and parameters update Demand —Supply

strate . . . . balance
9y Historical Simulations

External observations 2024/25, System requirements
stakeholders 2025/26,

Requirements Planning 2026/27, Planned grid
e.g. IPPs, objectives 2027/28, investments

Distribution 2028/29, Prioritisation of plans

companies, 2029/2030, : ;

neighbouring 2034/35, Flnorjcml

countries, etc. 2039/2040 requirements and
implications

Results

analysis *  Risk Analysis ;M&E

Internal factors
Forecast
Company

objectives * Load forecast

+  Generation
planning

Planning criteria

Observed system
constraints

Figure 2: The Grid Development Plan process

From the above figure, it can be observed that the inputs to the GDP process include both externall
and internal factors, which are then used in the analyses for load forecast and power system to
yield results which are further analysed to come-up with the outputs.

The load forecast conducted for the Business as usual, NDPIV 2030, Tenfold 2040 and the Energy
Policy 2023-Vision 2040 scenarios for the period 2024/25-2039/40 was based on the respective
assumptions for each scenario as detailed in the respective sections. Power system constraints
as observed in the day-to-day operation of the network were considered in the power system
analysis. These include quality of supply, equipment loading, system reliability and availability.

Generation expansion planning was based on the implementation timelines for power plants under
construction and those planned (Licensed, with or without executed Power Purchase Agreements).
The demand-supply balance analysis for each respective scenario recommended the timing of
additional required generation capacities.

Power system studies and analysis were carried out on eight system models. The results formed the

basis for determining the updated Grid Investment Plan that details the identified project concepts
with their respective cost estimates and timing.
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3. PLANNING CRITERIA

3.1. TRANSMISSION PLANNING CRITERIA

The transmission planning criteria provides a framework for system design in order to operate the
power grid in a manner that satisfies the grid code and the regional interconnection requirements.
This section describes the criteria utilized when analysing Uganda’s transmission system and
serves as a guide for determining future transmission infrastructure investments.

The Planning criteria are utilized to ensure the following objectives are met:

. Provide a transmission system that can adequately serve the system loads.

. Provide a robust transmission system that can withstand system disturbances arising from
faults and / or switching.

. Provide a transmission system that contributes to overall system integrity and supports
effective competition in a power pool.

. Provide a transmission system whose revenue requirement, capital and operating costs are
minimized while being consistent with the above goals.

3.1.1. SYSTEM VOLTAGE

Under steady state and post contingency conditions, all system voltages from 66kV and above (ie.
132kV, 220kV, and 400kV) should be within the limits set as shown below.

Table 22: Voltage Limits.

Description Normal condition? Contingency condition
Location Minimum | Maximum | Minimum Maximum
Value/ % Value/ % Value/ % Value/ %
400 kV Transmission Substation Bus Voltage | 380 (95%) | 420 (105%) 360 (90%) = 440 (110%)
220 kV Transmission Substation Bus Voltage | 209 (95%) = 231(105%) = 198 (90%) | 242 (110%)
132 kV Transmission Substation Bus Voltage | 1254 (95%) 1386 (105%) 1188 (90%) = 145 (110%)
66 kV Transmission Substation Bus Voltage | 627 (95%) = 69.3 (105%) = 59.4 (90%) | 72.6 (110%)

Under normal operations, the system voltages at various levels at the tail end of the lines shall be
as close to the nominal voltage as possible. The transformer tap positions may be increased or
decreased at peak load or off load conditions as need arises.

The system should withstand outage of any two circuits of 220kV lines or any one circuit of 400 kV
line with voltage and frequency levels remaining within prescribed limits.

3.1.2. SYNCHRONISM

The system shall remain in synchronism even in the event of a single line to ground fault or three
phase fault and upon successful clearance of fault by the protective devices. Adequate margin
shall be available, in terms of voltage and steady state oscillating stability. The voltage angles
between consecutive substations should be in the region of 30 degrees.

7 The Uganda grid code stipulates the operating voltage limits of +/- 10%. UETCL has adopted a planning criterion from the East African Power Pool Intercon-
nection code which stipulates operating voltage range of +/- 5% during normal operating conditions.
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3.1.3. EQUIPMENT LOADING

Under normal conditions all transmission equipment can be loaded up to 100% of the continuous
rating. Under contingency conditions, this will be allowed to increase to 120% of continuous rating
for a limited period depending on the age and physical condition of the equipment.

3.1.4. REACTIVE POWER COMPENSATION

Reactive resources should be planned and designed such that adequate reactive power
compensation is provided in the form of dynamic reserves at synchronous generators and Static
Var Compensators (SVCs) before, during and after system disturbances. Reactive loads should be
served by fixed and mechanically switched or variable shunt compensation to the extent practical.
Reactive power dynamic reserves at generators and SVCs should help minimize the impact of
system disturbances and unusual operating conditions.

3.1.5. VOLTAGE SELECTION

Voltage selection shall consider cases where existing voltages are found inadequate and will also
consider new power transmission lines, catering for all power plants to be developed and power to
be evacuated from that particular region. This aims at optimizing transmission capacity, optimizing
wayleaves, reducing technical losses and operation & maintenance costs.

3.1.6. RELIABILITY CRITERIA

The future transmission system is planned to operate satisfactorily under the condition of a single
element contingency, N-1. Modifications and enhancements shall be made to the system to
improve reliability when needed. Criteria such as contingency, load growth, load density was used
in the analysis of reliability.

3.1.7. OPERATING RESERVE

Operating reserves consist of spinning reserves and non-spinning reserves. Spinning reserves
constitute the additional output from generating plant that must be realizable in real time in order
to arrest a drop of system frequency due to a loss of generation or a loss of external interconnector
or mismatch between generation and demand.

Non-spinning reserves constitute the output available from standby generating units that can be
synchronized and loaded up within 5 minutes for a hydro and 30 minutes for a thermal plant to
respond to abnormal demand increase or further generating units breakdown.

3.1.8. GENERATION MIX

For peak load conditions, optimal generation mix comprising of various energy resources taking
into consideration the marginal cost of production for the different plants is recommended to be
used. For the minimum load conditions, the must run power plants shall be used in conjunction with
the most economical generation.

3.1.9. FAULT CURRENT CRITERIA

Three phase and single phase to ground fault current values associated with transmission system
buses are reviewed to check equipment rating adequacy. Transmission facilities are rechecked as
needed to determine that all equipment can withstand available fault duty. Maximum fault levels
should not exceed 80% of the rated fault interrupting capacity of the circuit breaker.
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Table 23: Switchgear rated fault current interrupting capacity

Rated Voltage (kV) Switchgear Rating (kA)

400 63

220 40
132 315
66 315
33 31.5%
1 25*

* Due to the distribution grid configuration adopted and the proximity of generation sources to the
medium voltage buses, it has necessitated the installation of higher rated circuit breakers in some
cases. This is considered on a case-by-case basis.

3.1.10. SYSTEM FREQUENCY

The operating frequency of the system should be maintained within £1% of 50Hz. This is a grid code
requirement. Sufficient means to carry out active load balancing with active power generation
shall be put in place to ensure that the frequency is within the set limits.

Under frequency load shedding is carried out in the stages below: -

Stage 1-at 49.2Hz

Stage 2 — at 48.9Hz

Stage 3 — at 48.6Hz

Stage 4/ decoupling — at 48.0Hz

3.1.11. INFORMATION AND COMMUNICATION TECHNOLOGY

As new transmission infrastructure is planned, consideration shall be made of the fact that sufficient
communication facilities are incorporated to cater for present and future needs of the company
and other potential external users.
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4.1 LOAD AND GENERATION PROGNOSIS FORTHEBAU 2040
SCENARIO

The national load forecast was prepared using regression analysis based on econometric
parameters. The indicators considered include Gross Domestic Product and population growth.
Other parameters used include historical energy purchases, energy sales, system peak demand,
regional power trade obligations and additional industrial load requirements. The tool used for
load forecasting is EViews, an Excel based econometrics model. The assumptions, methodology
applied are elaborated and the results are presented in form of tables and charts along with
corresponding narrative.

Load Forecasting Strategy

This is an approach used to forecast and estimate the future electrical energy needs to meet both
system and domestic demand. The forecasted amounts not only reflects what can be supplied
but also what is required to meet the energy needs.

Historically, the real Gross Domestic Product figures were used in the forecast and although
the figures exhibited growth, it was mostly under certain constraints. With the removal of the
constraints to economic growth (e.g. more investment in the power sector, lowering of tariffs, etc)
itis anticipated that the Gross Domestic Product will grow at a rate faster than previously observed.
Further more, the population growth is expected to follow the trend observed in the UBOS report of
2024.

These two factors ie. population growth and historical real Gross Domestic Product were
considered to be the independent variables and the correlation between them with the historical
energy consumption was determined in order to establish the forecast. The correlation between
real Gross Domestic Product and energy consumption was found stronger therefore population
data was not considered while preparing the load forecast.

Approach and Methodology for the Forecasts

To determine the national energy needs and demand forecast, the approach shown in Figure 3
here under.
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Figure 3: Approach and Methodology for the forecasts

The power demand indicated in the approach above was forecast using e-views. To obtain the
corresponding peak demand, power losses were also put into consideration.

To forecast the electrical energy (sales to distributors), conversion factors such as the load factor
and hours of power consumption were applied to the power demand.

The sales to distributors indicated in the approach above include both distribution and embedded
generator losses.

In estimating the generation requirement to meet the distributors’ energy needs, transmission

energy losses were also put into consideration.

4.1.1. ASSUMPTIONS AND DATA FOR DEMAND - SUPPLY PROGNOSIS

4.1.1.1. HISTORICAL DEMAND TRENDS

The growth in the historical power and energy consumption data for the period FY2018/19-FY2023/24
as presented in Table 24 here under was used in the analysis.

The data in Table 24 here under was sourced from the UETCL Statistics reports.
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The value of the domestic peak demand recorded in Table 24 below was the highest domestic
peak demand registered within the year.

The average growth rates of the system peak demand, domestic demand, system energy sales

and domestic energy sales for the past five financial years (FY2018/19 to FY2023/24) are shown in
Table 25 here under.
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Uganda Electricity Transmission Company Limited

The historical trend of the National (Uganda’s) peak demand (for both domestic and system

demand) is illustrated in Figure 4 below.
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Figure 4: Trend of National electricity peak demand (FY2018/19-FY2023/24)

The historical energy purchases and sales (including regional exchanges) in the period of FY2018/19—
FY2023/24 were also taken into consideration as presented in Table 26 and illustrated in Figure 5 &

Figure 6 shown here under.

Table 26: Energy Sales and Purchases in the period FY2018/19-FY2023/24

Financial Domestic Energy Sales ExportEnergy Domestic Energy Import Energy
Years to Distributors (GWh)  Sales (GWh) Purchases (GWh) Purchases (GWh)
2018/19 4102 268.55 4122 4

2019/20 417 278.47 4299 22

2020/21 4536 169.90 4778 22

2021/22 5,055 45314 5704 34
2022/23 5410 413.21 5,642 16
2023/24 5,537 493.99 6,284 51

0®®UETCL @ www.uetcl.go.ug
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Figure 5: Trend of the national domestic energy exchanges (FY2018/19-FY2023/24)
ENERGY PURCHASES AND SALES INCLUDING REGIONAL EXCHANGES
(FY2018/19 - 2023/24)
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Figure 6: Trend of Energy exchanges inclusive of regional exchanges
Observations
. The energy demand was observed to grow despite the interruption to the economy owing to
the covid -19 pandemic in 2020 and 2022.
. The peak demand including exports on the Uganda power system increased from year

to year. However, a reduction in system demand was observed in the FY 2020/2021 due to
reduced exports during the hour of consideration (hour of the highest domestic demand in
December 2020).
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. On the contrary, the energy sales growth rate significantly increased in the same financial
year 2020/2021.

4.1.1.2. GROSS DOMESTIC PRODUCT

The historical real Gross Domestic Product figures and corresponding growth rates used in the
load forecast are presented in Table 27 below.

It was established that there is a strong correlation between electricity energy consumption and
Gross Domestic Product.

Table 27: Historical Gross Domestic Product values and computed growth rates

YEAR 2018/19 2019/20 2020/21 2021/22 202223 2023/24

Real Gross Domestic Product 8

2 2 2 2]2 212
(Bn UGX) 128,694 138283 |148278 |162]23 184,895 12,541

Growth Rate (%) 7.5% 7.2% 9.3% 14.0% 14.95%

The Gross Domestic Product was forecast as presented in Table 28 here under were using
projections obtained from UBOS, National Development Plan IV and Vision 2040 report.

Table 28: Gross Domestic Product projections

FINANCIAL YEAR 2024/2025 2029/30 2034/35 2039/40

Forecasted Gross Domestic Product growth rate (%) | 6.4%9 106%10  807% 7.83%

4.1.1.3. POPULATION GROWTH

The 2024 national census indicated that Uganda’s population is estimated at 456.9million12, showing
that the country’s population has grown by 1.3million from 34.6million since the last census in 2014.
At an average annual growth rate of 2.9%, Uganda’s population is projected to increase from
45.9million in 2024 to 72.5million in 2040.

Our analysis revealed that the correlation between Population and energy consumption, and that
of a combination of population and Gross Domestic Product were lower than Gross Domestic
Product alone. Population data was therefore not used while preparing the load forecast.

4.1.1.4. SYSTEM LOSSES

No matter how carefully the system is designed, losses are present. In the transmission system,
losses are a summation of losses due the heating of conductors, heating of transformers, corona
discharge, amongst other factors.

The historical transmission losses as reported in UETCL's System Annual Operations reports are
presented in Table 29 below.

8 Source for Real Gross Domestic Product values: Uganda Bureau of Statistics (UBOS)
9 Source of projected Gross Domestic Product value for FY2024/25: UBOS
10 Source: of projected Gross Domestic Product value for FY2029/30: NDP IV (2025/26 — 2029/30)

11 Source of projected Gross Domestic Product value for FY2031/32 — FY2039/40: Vision 2040
Source of population values: National Population and Housing Census 2024 preliminary report (UBOS)
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Table 29: Historical Transmission system losses (FY2018/19-FY2023/24)

Financial Year 2018/19 2019/20 2020/21 2021/22 2022/23 2023/24

Historical Transmission Losses13 (%) | 3.53% 3.67% 3.93% 453% 5.03% 479%

The corresponding transmission loss targets as set by the Electricity Regulatory Authority (ERA)
are also presented in Table 30 below to provide a comparison between the actual and targeted
transmission losses

Table 30: ERA set targets for Transmission losses for the period 2018-2024

2018 2019 pLoplo) 2021 2022 2023 2024

Target Transmission Lossesl4 (%) | 337%  338%  335% | 329%  303% | 465% | 460

Given the envisaged generation addition onto the grid, demand forecast and the envisaged
network topology, the projected system loss trajectory for the period FY2024/25 — FY2039/2040 for
the UETCL grid is computed as shown in the Table 31 below.

Table 31: Transmission energy loss projections

2029/30 2034/35

- - 2039/ 40
2033/34 2038/39

Year 2024/25 2025/26 2026/27 2027/28 2028/29

Transmission
Losses
without
industries (%)

4.80% 4.91% 5.17% 5.09% 5.07% 4.31% 3.54% 414%

Transmission
Losses with 5.06% 4.84% 481% 475% 4% 415% 4.06% 5.52%
industries (%)

4.1.1.5. EXPORT POTENTIAL

Uganda has five neighbouring countries and with each is either export, import or energy exchange
agreement through both interconnectors and as cross boundary transactions.

The table below details the maximum power exportsls for the period FY2018/19 to FY2023/2024.

Table 32:Past Maximum exports (2018/2019-2023/2024)

Financial Years 2018/19 2019/20 2020/21 2021/22 2022/23 2023/24
Kenya 9164 95.38 8754 96.51 97.95 116.90
Tanzania 19.47 17.0 19.77 2428 29.52 32.30
Rwanda 57.87 55.01
DR Congo 0.35 0.37 0.21 0.30 0.36 0.30
S.Sudan 0 0 0 0
12 Souras for Target Tramamission losons. ERA sot targets |- e eHens fepert

Source for maximum power exports: UETCL System Annual Operations Reports
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Observations

. Uganda - Kenya: Although Kenya indicated a need to import 50MW from Uganda, it imported
up to 7MW in the period 2018/19 — 2023/24.

) Uganda —Tanzania: Uganda exported up to 32MW to Tanzania (Maximum 2716MW to Northern
Tanzania and 514MW to Murongo).

. Uganda-Rwanda: Uganda exported up to about 58MW to Rwanda and reduced Rwanda’s
import requests to 40MW following the transformer constraints at Mbarara South as well as
the instability caused to Rwanda due to transformer tripping on overload.

. Ugando-DRC: Uganda exported up to about 0.4MW to DRC.

With an exception of power supply to Northern Tanzania which is considered part of the Ugandan
domestic demand for the planning period, power export and import from or to Kenya and Rwanda
as well as power export to DRC are on a need versus power availability basis.

In this edition of the GDP, the approach that has been adopted is to forecast the demand
considering two cases:

. Forecasting Demand for Uganda (National demand) including Northern Tanzania exports only
to be considered as the domestic peak demand. This has been compared to the expected
available generation capacity which further determines available Surplus in forecasted
years.

) Forecasting Demand considering the adopted domestic demand (the national demand
including Northern Tanzania exports), as well as additional exports to neighbouring countries.
Exports to Kenya, Rwanda, DRC, Tanzania through Murongo and South Sudan will be on
availability basis in the absence of committed power exchange amounts. This shall also
take into consideration the emerging request for power under the new regulations of direct
Supply to big consumers

The assumptions used to forecast exports are briefly explained below, with the exports presented
in Table 33 here under.

J Exports to Northern Tanzania only (through Kyako), assumed to range up to 40MW for the
entire planning horizon

. Exports to Kenya were assumed to range from 4MW to 100MW in the planning horizon. The
maximum exports of 100 MW are based on historical trade patterns via the existing Uganda-—
Kenya interconnection.

. Exports of up to 60MW to Rwanda were assumed in order not to destabilize the Rwanda grid.

. Exports to the DRCongo were assumed to range from 20MW to 100MW in the planning horizon.
The maximum exports of 100 MW were assumed as a conservative approach informed by
demand patterns observed on the Uganda—Kenya 400 kV interconnector and applied to the
proposed Uganda—DRC 400 kV interconnector.

. Exports to South Sudan were projected to range from 45.7 MW to 261.3 MW over the planning
horizon, based on findings obtained from the Uganda—-South Sudan feasibility study.

. Additional exports to Tanzania (Murongo) across the planned 400kV interconnector were
assumed at range from 4MW to 140MW, in the planning horizon.
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Table 33: Projected Exports to neighbouring countries

. : Kenya Rwanda DRC South Northelzn Additior!al T?iial
inancial Sudan Tanzania Tanzania  Additional
Years Eaas;;s E?h?l‘\:\;;s Eaas;;s Exports Exports Exports Exports
(Mmw) (Mw) (Mw) (Mw)
2024/25 100 60 0 0 40 0 200
2025/26 100 60 0 0 40 0 200
2026/27 100 60 0 0 40 0 200
2027/28 100 60 0 0 40 0 200
2028/29 100 60 0 457 40 4 2497
2029/30 4 60 20 69.4 40 4 1974
2030/31 4 60 20 952 40 4 2232
2031/32 4 60 20 1245 40 4 2525
2032/33 4 60 50 154.3 40 4 312.3
2033/34 4 60 50 144.3 40 4 302.3
2034/35 100 60 50 457 40 140 4357
2035/36 100 60 100 457 40 140 485.7
2036/37 100 60 100 457 40 110 4557
2037/38 100 60 100 115.2 40 110 5262
2038/39 100 60 100 85.8 40 1o 495.8
2039/40 100 60 100 261.3 40 10 671.3

The exports shown in the above table, indicate that tie line capacities are envisaged to Kenya and
Tanzania upon commissioning of the respective 400kV transmission lines due to the upcoming
competitive EAPP power trade. During this period, Kenya and Tanzania are expected to utilize
power from their planned generation plants such as the planned construction of a IGW nuclear
generation plant in Kenya and an import agreement between Kenya and Ethiopia in addition to
available power on the EAPP market.

It is further envisaged that upon commissioning of the additional large power plants, Uganda
would have a more competitive tariff that will once again increase exports to Kenya and Tanzania.
The indicative Projected Exports for the period FY2024/25 — FY2039/40 along with the planned
projects intended to enable achievement of the export levels are summarized below.
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Table 34: The indicative projected exports to neighbouring countries

Expected
Description 2024/25 2025/26-2039/40 Planned projects commissioning
timeline
Kenya 100 4-100MW 400kV Karuma — Tororo T-Line | 2029/30
Tanzania 40 40-18016MW 400KV Masaka = Mutukla 2028/29
Rwanda 60 | BOMW 400kV New Mbarara — 2039/40
Rwanda T-Line
400kV Mbarara South —
. 2031/32
DR Congo 20 — -IOOMW deese - DRC T_ Llne
132kV Arua — Arue T-line 2030/31
s.sudan 45 — 260MW H00LeY Olintiyo = BUSIE) =SOUEY | popaise
Sudan T-Line

4.1.1.6. LOAD FACTOR

A review of the 2018 to 2024 System Annual Operations reports by the UETCL System Control Centre
revealed the system Load Factor as per Table 35 below.

Considering the average load will always be less than the maximum demand, a high value of Load
Factor implies the load is using electrical energy on the system more efficiently.

The load factor is assumed to increase to maximum of 80% by the end of the planning period as
indicated in Table 36, due to growth in the base load which is due to increased industrial loads,
lowering tariffs, and improved welfare of population. These will result into better utilization of the
generation resources on the grid.

Table 35: Historical load factor

Financial Year 2018 2019 2020 2021 2022 2023
National Load Factor (%) 72% 74% 73% 72% 77% 70%
System Load Factor (%) 75% 78% 77% 72% 79% 75%

Table 36: Load factor projection

2024/25-2029/30 2030/31-2036/37 2037/38-2039/40

Load Factor (%) 78% 79% 80%

4.1.2. ASSUMPTIONS FOR GENERATION PLAN

The assumptions for the generation plan are briefly highlighted below.

1. For the generation plants along the Nile River, the average flow considered is 1000 cumecs

2. Spinning Reserve —the additional output from generating plant that must be realizable in real
time to arrest a drop of system frequency due to a loss of generation or a loss of external
interconnector or mismatch between generation and demand. The spinning reserve
considered the largest unit on the grid.

16 Export range includes both Northern Tanzania and Additional Tanzanian exports
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3. Plant factor for large hydros considered is:

. Nalubaale & Kira - 0.66
. Bujagali — 0.72
. Karuma, Isimba, Ayago, Oriang, Kiba & Uhuru - 0.67
4. Dispatch of Bujagali HPP will follow the discharge from Kiira and Nalubaale thus limiting its
capacity to 1237 times the combined dispatch of Nalubaale and Kiira and is estimated as
below;
. Peak: 235 -250MW
° Shoulder: 185 - 21I7MW
° Off peak: 100 -169MW -The exact dispatch will depend on the coincident maximum

demand requirements for the different periods.

5. Mini hydros have been dispatched with a plant factor between 40% and 82%. All the mini-
hydro Power Plants are dispatched as base plants.

The following plant factors shown in Table 37 have been observed and are assumed to hold for the
future: -

Table 37: Plant factor for the mini-hydro plants

Plant name/ Plant Factor Plant name/ Plant Factor

e Mobuku 1(KML) 0.52 e Sitill 049

e Mobuku 3(KCCL) 0.78 e Nyamwamba | 048
e EPUL (Ishasha) 0.4 e Nyamwamba Il 0.48
e Nyagaka 3 0.57 e Achwal 04l

e TPL(Bugoye) 0.77 e Achwall 041

e EMS (Mpanga) 052 e Sindila 057

e Hydromaxx (Buseruka) 0.48 e Ndugutu 052

e Kikagati 0.76 e Kakaka 0.58

e Atari0.77 e Kyambura 0.5

e Rwimi 0.56 e Mahoma 05

e Muzizi 0.57 e Nkusi0.59

e Muvumbe 0.55 e Nyamagasanill 0.59
e Siti1057 e Nyamagasani | 0.49
o  Waki 0.59 e Bukinda 0.49

e Lubilia 0.57 e Nyagak 3 0.57

e Nyamwamba Il 0.48 e Muyembe 049

e Agago/Achwa lll &IV 0.41 e Nyabuhuka -Mujunju (Rwenkuba) 0.56
e Sironko 0.49 e Kabeywal&110.77

¢ Nyamabuye 0.59 e Bukwa 0.59
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Plant name/ Plant Factor Plant name/ Plant Factor

e Keere 059 e Ngoryomwo 0.59
e Mazima 0.82 e Nengo Bridge 0.66
e Kigwabya 0.59 e NsongiHPP 0.77
¢ Ngenge 059 e Mukoki 0.5
e Lwakhakha 0.59 e Bukurungo 0.5
¢ Nyagak105 ¢ Nshongezi 0.72
e Kiraboha 0.56 e Hoimo 0.588
e Rushaya 056 e |gassa 0.588
e Kanyampara 0.5 e Kabasanja 0.588
e Sisi0b e Tokwe 0.56
e SiMmu05b e Nsongya 05
e Latoro 041 e Nchwera 0.56
e Haisesoro 0.5 e Katooke 0.5
¢ Rwembya 048 e Rushobe 0.5
e Okollo 0.64 e Kinsonko 0.5
e Awere HPP 041 e Warugo 05
e Lower Achwa (Gidro-Sila) HPP 0.41 e Bugongo 059
e Esha SHPP 0.56 e SebeiHPP 0.59
e Nyakinengo SHPP 0.4 e RwimillHPP 0.56
e Rubabo HPP 0.5 e Buwangani HPP 0.59
e Mitaano - Kashegu (Pago) HPP 0.5 e Birara HPP 05
6. Thermal Power Plants:

° Namanve 50MW HFO Thermal Plant: The thermal power plant shall be dispatched
according to merit order dispatch of up to 50MW but with a minimum dispatch of 7MW.

It has a plant factor of 97%.

o Electromaxx (B0MW): The thermal power plant shall be dispatched according to merit
order dispatch of up to 50MW but with a minimum dispatch of 7MW. It has a plant factor

of 97%.

e  Gas to Power Tilenga (200MW): The thermal plant shall be dispatched according to
merit order dispatch up to 200MW. It has a plant factor of 97%.

. Gas to Power Kingfisher (39IMW): The thermal plant shall be dispatched according to
merit order dispatch up to 39.IMW. It has a plant factor of 97%.

7. Cogeneration Plants

° 5IMW Kakira with up to 32MW sold to the grid

° 19.5MW Kinyara majorly for own use with a planned upgrade to 40MW in 2027/28; selling
up to 256MW to the grid

° T.OMW SAIL with up to 8.9MW sold to the grid
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° 25MW SCOUL with up to 1I9MW sold to the grid

° 32.2MW Mayuge Sugar with 17MW sold to the grid.

° 16MW Victoria sugar with TOMW sold to the grid

. 20MW Biogas power plant Masindi with a plant factor of 65%.

o 20MW Pece Biomass with a plant factor of 65%.

. 9MW Kyankwanzi Bagasse with a plant factor of 82%

. 1I5MW Kamuli sugar with a plant factor of 82%

. 30MW Bugiri sugar with 20MW sold to the grid. It has a plant factor of 82%.

. 5MW Modern Laminates with a plant factor of 82%

° 10MW GM Sugar Ltd with a plant factor of 82%

° BMW Vidul Biomass with a plant factor of 65%

° 32MW NLS Waste to Power with 29.5MW sold to the grid. It has a plant factor of 65%.
. 10.2MW Premium Distillers Ltd with 6MW sold to the grid. It has a plant factor of 82%

8. Solar Power Plants

. Access Solar 10MWp dispatched during the shoulder band

. Tororo Solar North 10MWp dispatched during the shoulder band

° Xsabo Solar Kabulasoke 20MWp dispatched during the shoulder band
. Bufulubi Solar 1I0MWp dispatched during the shoulder band

. Tororo PV Solar 10MWp dispatched during the shoulder band

] Nkonge Xsabo solar 20MWp dispatche during the shoulder band.

° Busitema PV Solar 4AMWp dispatched during the shoulder band

9.  Solar/Wind

° Future solar plants have been planned to operate with a plant factor between 0.2- 0.25

. Wind power plants have been planned to operate at a plant factor of 0.34

10.  All plants are scheduled according to timelines as per the PPAs or feasibility study reports

4.1.3. GENERATION EXPANSION PLAN

The objective of generation expansion planning is to determine the generation capacity and
energy requirements to meet forecasted demand during the planning period. It informs the need
to optimize the generation resources as well as timing for new power plants.

The new power plants, their capacity and expected commissioning years are presented in Table
38 below.

Previously, the generation expansion plan projected the commissioning of large hydro power plants
as follows, Kiba 400MW power plant would be commissioned by 2028/29, Oriang 392MW power
plant by 2029/30, Ayago 840MW power plant by 2031/32, and the nuclear power plant; Buyende
1400MW by 2029/30 respectively.
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These plants were expected to be integrated at full capacity, aligned with the anticipated demand
growth. However, following the mentioned timelines would lead to excessive generation in

comparison with the forecasted demand, and lead to high associated deemed energy costs.

As a result, installed capacity of the additional large hydro power plants and nuclear power plants
were adjusted to follow a staggered approach and adjusted timeline as indicated in Table 38 here

under.

Table 38: Curtailing of additional generation power plants and proposed commissioning year

Year Additional Generation Power Plants

2024/25

Nyagak 1 3.5MW, Nyagak Il HPP 8.6MW, Kigwalbya HPP 4.2MW, Nkonge Xsabo solar 20MW,
Victoria Sugar 16MW, Kikagati — Additional 2MW, ltuka West Nile Solar PV 20MW

2025/26

Nyabuhuka-Mujunju HPP 3.2MW, Hoimo HPP 3.3MW, Igassa HPP 0.3MW, Kabasanja HPP
0.4MW, Tokwe HPP 0.3MW, Nsongya HPP 0.7MW, Nchwera HPP 0.5MW, Katooke HPP 0.3MW,
Rushobe HPP 0.234MW, Kinsonko HPP 0.693MW

2026/27

Maziba HPP 118MW, Nengo Bridge HPP 7.5MW, Kiraboha HPP 5MW, Rushaya HPP 4.2MW,
Sisi HPP 7IMW, Simu HPP 9.5MW, Mitaano-Kashegu HPP 13.6MW, Nshongi HPP 7MW, Senok
Wind 20MW, Kingfisher(Gas to power) 39IMW, Tilenga (Gas to power) 200MW

2027/28

Sironko HPP 7MW, Nyamabuye HPP 7MW, Keere Small HPP 68.3MW, Ngoryomwo HPP 2MW,
Haisesoro HPP 1IMW, Rwembya HPP 0.4MW, Nyakinengo HPP 52MW, Rubabo HPP 1.8MW,
Buwangani HPP 7MW, Birara HPP IMW, Mukooki HPP 3.4MW, Bukurungo HPP 0.05MW, Warugo
HPP 0.5MW, Bugongo HPP 6.5MW, Panyimur Geothermal power plant 10MW, SUNFarming
Food and Energy solar 30MW, Total Energies (Iganga and Tororo) Solar plant 40MW,
Machame solar plant 20MW, Biogas power plant Masindi 20MW, Pece Biomass 20MW,
Kyankwazi bagasse 9MW, Bugiri Sugar bagasse 30MW, Kamuli Sugar bagasse plant
15MW, Modern Laminates bagasse plant 5SMW, GM Sugar Limited bagasse plant 10MW,
MMP Agro Industries Ltd Bagasse plant 20MW, Birara (IMW), Mukoki (34MW), Bukurungo
(0.05MW), Warugo (0.5MW); Bugongo (6.5MW)

2028/29

Atari HPP 3.25MW, Agago/Achwa lll & IV HPP 17.57MW, Kabeywa I&ii HPP 8 5MW, Awere HPP
18MW, Lower Achwa HPP 17.8MW, Esha SHPP 4.2MW, Sebei HPP 9.5MW, Rwimi Il HPP 5MW,
Kabale Peat 33MW, Kabale Energy Ltd 80OMW, AAAS Energy BV Solar plant 256MW, Vidul
Biomass 5BMW, NLS Waste to Power 32MW, Premium Distillers Ltd. 10.2MW

2029/30

Muzizi HPP 44.7MW, Nyamwamba lIl HPP 45MW, Bukwa HPP 9MW, Ngenge HPP 13.8MW,
Kanyampara HPP 1.6MW, Latoro HPP 4.2MW, Okollo HPP BMW, Panyimur Geothermal plant
- additional 50MW, Floating solar 10MW, Bulambuli Solar 150MW

2030/31

2031/32

Nshongezi HPP 1.7MW, Panyimur Geothermal plant-additional 70MW

2032/33

Kiba HPP 300MW (Adjusted timeline with staggered installed capacity)

2033/34

Kiba HPP — additional 100MW, Oriang HPP 200MW (Adjusted timeline with staggered in-
stalled capacity)

2034/35

Oriang HPP — additional 192MW

2035/36

Ayago HPP 300MW (Adjusted timeline with staggered installed capacity), Buyende
Nuclear power plant 1400 MW (Adjusted timeline), Panyimur Geothermal plant -
additional 20MW

2036/37

Ayago HPP — additional 200MW

2037/38

Ayago HPP — additional 100MW

2038/39

Ayago HPP - additional 100MW

2039/40

Uhurul7 HPP 100MW(with staggered installed capacity), Ayago HPP — additional 140MW

17 In line with minimizing excessive generation with respective to demand, Uhuru HPP 400MW will be commissioned following a staggered approach, with
the first 00MW unit schedule for commissioning in FY2039/40. The remaining units (300MW) will be installed beyond the current planning horizon
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4.1.4. PRESENT DEMAND-SUPPLY STATUS

The graphillustrated in Figure 7 below shows the energy demand18 and supply as recorded for the
period December 2023 — December 2024. An analysis shows an annual growth in energy demand.
This shows that the electricity supply needs to be maintained at this rate or higher to avoid running
into a deficit situation.

Energy Supply and Demand Dec '23 - Dec "24
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Figure 7: Energy supply and demand for the period of Dec. 2023 to Dec. 2024

Annual Load Duration Curve 2024
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Figure 8:Load duration curve December 2024
The Load Duration graph above shows the annualload duration for 2024. Itillustrates the relationship

between generating capacity requirements and capacity utilization. The curve further shows that
the base load of the Ugandan grid is about 450MW and the peak load on the Uganda national

Source: UETCL Control Center Monthly Reports

@X@X@X@X@X@X 2% D DD 0000 @ e




Uganda Electricity Transmission Company Limited

grid is about 1,000 MW that is observed to occur for approximately a period of less than 2% of the
time. Therefore, there is need to improve Demand Side Management measures to reduce the peak

demand to avoid investment in expensive peak generation facilities.

To meet the power and energy requirements, the generation plants in Table 39 below need to be

optimally utilized.

Table 39: Installed Generation Capacity

GENERATOR PLANT CATEGORIZED ACCORDING BY TECHNOLOGY TYPES

LARGE HYDROS

Generator Plant Name

Installed Capacity (MW)

Generator Plant Name

Nalubaale (EUL) 180
Kiira (EUL) 200
Bujagali 250
Isimba 183
Karuma 600

MINI HYDROS

Installed Capacity (MW)

Mpanga 18
Bugoye 13
Kilembe Mines 5
Kasese Cobalt 9.9
Ishasha 6.4
Buseruka 9
Rwimi 554
Muvumbe 6.5
Siti | 5
Siti Il 16.5
Lubilia 54
Nyamwamba | 9.2
Nyamwamba I 78
Nkusi 9.6
Mahoma 27
Walki 4.8
Sindila 525
Kyambura 7.6
Ndugutu 5.9
Agago/Achwa i 41
Agago/Achwa | 42
Bukinda 6.5
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GENERATOR PLANT CATEGORIZED ACCORDING BY TECHNOLOGY TYPES
15

Nyamagasani 1
Nyamagasani 2 6.1
Kakaka 45
PA TECHNICAL - Kigwabya 42
Nyagak 1 35
Kikagati 14
SM Hydro 6.9
Generator Plant Name Installed Capacity (MW)
Kakira Sugar Works 51
Kinyara Sugar Works 195
Sugar Corporation Uganda Ltd 26
SAIL Sugar Works 1.9
Mayuge Sugar 322
Victoria Sugar 16
Generator Plant Name Installed Capacity (MW)
Jacobsen Uganda Limited (Namanve HFO) 50
Electromaxx (HFO) 50
B
Generator Plant Name Installed Capacity (MW)
Access Uganda Solar 10
Tororo Solar North Limited 10
Kabulasoke Xsabo Solar 20
Bufulubi 10
Tororo Solar PV 10
Busitema 4
NKonge Xsabo Solar 20
Total Installed Generation Capacity 2,050.39

4.1.5 DEMAND FORECAST

The demand prognosis was prepared using 2023/24 as the base year. For the Business-as-usual
scenario demand forecast, the assumptions in section 4.11 above were used. A correlation factor
between electricity consumption and the Gross Domestic Product was determined using historical
values.

The average annual growth rate obtained for the planning period is 6.70% and 7.26% for domestic
peak demand and energy respectively.

A summary of the load forecast results is shown in the proceeding tables below: -
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Grid Development Plan 2025 - 2040

4.1.6. FORECASTED GENERATION MIX

The generation expansion plan has been presented in Table 38 above. A deeper look into the
generation mix reveals that the Uganda system will continue to rely heavily on green sources of
electrical energy.

The system is initially dominated by hydropower, contributing approximately 83% in the early years
of the planning horizon. However, with the planned diversification of the generation mix to introduce
nuclear, hydropower’s share is projected to decline to 58% by the end of the planning horizon, while
nuclear is expected to contribute 21%.

The graphs in Figure 9 here under show the installed capacity of the generation mix in the various
years of FY2024/25, FY2029/30, FY2034/35 and FY2039/40 respectively.
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Figure 10 below shows the forecast generated power of the generation mix for the planning horizon

Forecasted Generated Power of the Generation Mix
Business As Usual Scenario
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Figure 10: Forecasted generated power of the generation mix for planning period FY2024/25-
FY2039/40

4.1.7. DEMAND-SUPPLY BALANCE FINDINGS

A Demand-Supply balance was conducted to ascertain whether the generation capacity meets
the projected demand and envisaged additional loads including the export requirements and
required spinning reserve.

The Demand-Supply Power and Energy balance detailed results that considered domestic demand
(ie. Uganda's national demand including Northern Tanzania exports), industrial loads with data
centers and Additional Exports are summarized as shown here under in Table 43 and Table 44
respectively and illustrated in Figure 11 and Figure 12 respectively.

The excess/deficit power and energy supply are illustrated in Figure 13 and Figure 14 respectively.
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Uganda Electricity Transmission Company Limited

Demand - Supply Power Balance Prognosis 2024/25 - 2039/2040

(with National Demand, IND load, Northern Tanzania and additional exports)
6000

5000

4000

3000
2000 - —
1°°°II 1 ”I
0
92

N ) > > ©
A o RSP G
RS S S
Financial Years

Power (MW)

2,
~
2

mmmm National Peak Demand (BAU) (MW) mmmm Power Exports - Northern Tanzania Only (MW)
= Proposed industrial loads with Data Centers (MW) mmmm Total Additional Exports (MW)
Total Available Generation (Minus spinning) (Mw)

Figure 11: Demand-Supply power balance of BAU Scenario

Demand - Supply Energy Balance Prognosis 2024/25 - 2039/2040
(with National Demand, IND load, Northern Tanzania and additional exports)
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Figure 12: Demand-Supply Energy balance of BAU scenario
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Grid Development Plan 2025 - 2040

Excess/Deficit Power Supply

. (National Demand, IND Load, Northern Tanzania and Additional exports)
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Figure 13: Excess/Deficit Power supply for BAU scenario
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Figure 14: Excess/Deficit Energy for BAU scenario
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4.1.7.1. OBSERVATIONS FROM DEMAND SUPPLY BALANCE

Observations
For the Demand-Supply Power Balance

. The surplus generation capacity to meet any additional demand, after accounting for
domestic demand ranges from 2035MW in 2025/26 to 1844.9MW in 2038/39.

) With the consideration of envisaged additional industrial loads and emerging data centers,
the surplus generation capacity after meeting domestic demand and industrial loads is
projected to range from 1.8MW in 2034/35 to 1,056.1MW in 2038/39 to meet additional demand.

) However, a deficit is observed of 9.8MW in 2031/32, indicating that the available generation
may be inadequate to fully support significant additional loads and data centers

. Surplus generation capacity sufficient to support additional demand after accounting for
domestic demand and Additional exports is projected to range from 43.5 MW in FY2025/26 to
13891 MW in FY2038/39.

. Similarly, excess generation ranging between 31IMW in FY2024/25 and 600.3 MW in FY2038/39
suggests the potential to accommodate additional demand after accounting for domestic
demand, exports, new industrial loads and emerging data centers demand.

. However, deficits are observed ranging from 26.0 MW in FY2029/30 to 383.9 MW in FY2034/35,
indicating that the available generation may be inadequate to fully support significant
additional loads and data centers.

For the Demand-Supply Energy Balance

. The surplus generated energy to meet any additional energy needs after domestic demand
energy needs ranges from 16191GWh in 2025/26 to 16,5301GWh in 2038/39.

. With the consideration of envisaged additional industrial loads and emerging data centers,
the surplus generated energy after meeting domestic demand, and industrial load demand
energy needs ranges from 4531GWh in 2025/26 to 10,6791GWh in 2038/39.

. Surplus generated energy after supporting domestic demand and Additional exports energy
needs is projected to range from 840.3GWh in FY2025/26 to 14911.7GWh in FY2038/39.

. Similarly, excess generated energy ranging between 357.8GWh in FY2031/32 and 9,052.6GWh
in FY2038/39 suggests the potential to accommodate additional domestic demand, exports,
new industrial loads and emerging data centers demand energy needs

. However, deficits are observed ranging from 103.5GWh in FY2034/35 to 325.2GWh in FY2025/26,
indicating that the available generated energy may be inadequate to fully support significant
additional loads and data centers.

4.1.7.2. RECOMMENDATIONS

) Demand Growth opportunities need to be explored to realize demand that matches the
generation capacity development for cases of surplus generation. Considering that the
magnitude of available generation capacity varies widely over continuous period, it is
advantageous for the country to harness the benefits of being part of the power pool which
would allow for power exchange as required.
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It should be noted that data centers could draw power from the grid at a higher tariff than that for
excess power. The tariff proposed for power that could be drawn from the grid is the Bulk Supplier
Tariff for Big Consumers as guided under the Supply of Electricity in Bulk to Specified Consumers
Regulations, 2022.

Furthermore, it should be noted that there is currently no legal framework for the sale of excess
power. The excess power is subject to availability as declared by the System Operator.

4.2. POWER SYSTEM ANALYSIS

The current transmission lines and substations are presented in appendix Al and A2 detailing the
capacities of the components. The present 2025 power system network is illustrated in appendix
A.31.The grid consists of:

. The hydro power plants: Karuma (600MW), Owen-Falls complex (Nalubaale and Kiira HPPs)
whose installed capacity is 380MW, Bujagali (250MW), Isimba (183MW), Tibet Hima mining Co
Ltd formerly Kilembe mines (5MW), Ishasha (6.4MW), Mpanga (1I8BMW) Bugoye (13MW) Buseruka
(QMW), Kasese Cobalt company Ltd (9.9MW), Muvumbe (6.5MW), Rwimi (5.54I\/IW), Nkusi
(9.6MW), Siti I(BMW), Siti Il 165MW), Nyamwamba | (9.2MW), Nyamwamba Il (7.8MW), Lubilia
(5.4MW), Nyamagasani | (1IBMW), Nyamagasani Il (6IMW), Mahoma (2.7MW), Ndugutu (59MW),
Sindila (525MW), Waki(4.8MW), Achwa | (42MW), Achwa Il (4IMW), Kyambura (7.6MW), Bukinda
(6.5MW), Kakaka (45MW), Kikagati (14MW), Muyembe (6.9MW), Kigwabya (42MW), Nyagak |
(35MW), SM Hydro (6.9MW)

e Thethermal power plants: Namanve (50MW) and Electromaxx (50MW) plants

o Co-generation, Bagasse plants: Kakira Sugar works (BIMW) plant, Kinyara sugar works
19.5MW plant, SCOUL (26MW) and Sail plant (I1I9MW), Mayuge Sugar (32.2MW), Victoria Sugar
(1MW)

o Solar plants: Access solar TSK 10MW, Tororo solar north 10MW, Kabulasoke Xsabo solar 20MW,

Bufulubi I0OMW, Tororo PV (10MW), Busitema Solar(4MW), Nkonge Xsabo solar 20MW

. The transmission grid: Presently, the transmission grid comprises 606km of 400kV 1,002.24km
of 220kV, 33l41km of 132kV overhead line, 35.2km of 66kV high voltage, 0.9km of 132kV
Underground cable transmission lines and 43 substations (including Isimba & Nalubaale
switching stations and as well as the mobile substation).

The power system analysis was carried out using the status of the network of May 2025 as the
base year scenario. Power system models were developed to enable analysis of present and future
power systems. An Engineering software, PSS/E (Power System Simulation for Engineers), was used to
develop the models.

Eight models were developed to analyze the present and future grids. The eight models include
the 2024/2025 model, 2025/2026 model, 2026/2027 model, 2027/2028 model, 2028/2029 model,
2029/2030 model, 2034/2035 model and 2039/2040 model.

The above grid models were established and analyzed to determine whether the grid shall behave
within agreed voltage and thermal limits. The power system studies included: load flow and fault
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The results were analyzed to pre-determine the following:

. Network reliability in terms of transmission line and power transformer loading (N-1 Criteria
being fulfilled)

. Power supply quality in terms of voltage limits

. Technical losses and Optimum utilization of transmission lines and substations

4.2.2.1. MODEL INPUTS AND OUTPUTS
Input Data

The input data for power system modelling is:

. Plant and Generator data

. Transformer data

. Substation loads

. Line parameters for Existing transmission lines
) Line parameters for planned transmission lines
. Reactive power compensation data

Output Results

The output results for power system modelling are:

a. Power flow result in terms of:

) Voltage profile to guard against insulation failure and maintain quality of supply
. Line and transformer loading

. Power flow and

o Losses

b. Fault calculation results in terms of:

o Fault levels to confirm switchgear safe breaking capability
The technical analysis derived from power system studies formed a basis for
determining technical viability and timing of the projects.

The technical analysis was conducted by studying two major scenarios, each with two sub
scenarios as outlined below:

1. Business as Usual case, where projects are commissioned within the anticipated
timelines.

2 Sensitivity analysis case, where projects are delayed and commissioned one year later
than initially planned, specifically for FY 2028/29 and FY2029/30.

Under each major scenario, two demand sub scenarios were considered.

1. Base case, where Demand is exclusive of the envisaged industrial load.
2 High case, where Demand is inclusive of the envisaged industrial load
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The results of the studies are presented below.

4.2.2.2.FY 2024/25 MODEL: MAY - PEAK SYSTEM

Key Events
. Power plants commissioned:
>  Karuma (600MW) fully commissioned > Nyagak Il (6.6MW)
>  Nyagak | (35MW) connected to the grid >  Ituka WestNile Solar PV (20MW)
»  Nkonge Xsabo solar (20MW) »  Victoria Sugar (1I6MW)
>  Kigwabya (42MW) connected tothe grid ~ »  Kikagati (additional 2MW)

. Projects commissioned:

. 132kV  Kole-Gulu-Nebbi-Arua Project (Substations: 2X32/40MVA 132/33kV Gulu SS,
2X32/40MVA 132/33kV Nebbi SS & 2X32/40MVA 132/33kV Arua SS; Transmission Lines:
75.1km 132kV Kole SS - Gulu SS, 159.4km 132kV Gulu SS - Nebbi SS & 60km 132kV Nebbi SS -
Arua SS), Kole Swich-yard upgrade to 2x40MVA 132/33kV substation, 4x132kV Line bays at
Olwiyo substation.

. 85km 132kV Mirama - Kabale Transmission Line (2X32/40MVA 132/33kV Kabale SS)
. 132kV Gulu — Agago 83km double circuit and associated substation (2x32/40MVA).

. 23.5km132kV double circuit Mutundwe — Enteblbe transmission line (2x60/8OMVA 132/33kV
Entebbe substation)

4.2.2.2.1. FY2024/25 MODEL ANALYSIS OF BASE CASE (WITHOUT ENVISAGED INDUSTRIAL LOAD)

The demand and generation capacity modeled are: -

. Peak Demand :1176.22MW
e Transmission losses (loss factor)  :59.5MW (4.80%)
. Required Generation :1240.3MW

4.2.2.2.2. FY2024[25 MODEL ANALYSIS OF HIGH CASE (WITH ENVISAGED INDUSTRIAL LOAD)

The demand and generation capacity modeled are: -

e Peak Demand :1160.2MW
e Industrial +Data centers Demand : 68.65MW
e Total system Demand :1228.82MW
e Transmission losses (loss factor) :65.7MW (5.06%)
e Required Generation :12991MW
Findings
. Voltage Violations

> No violations
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. N - 1Loading violations observed at:

>  Substations: Kawanda 132/33kV (101.9%), Mutundwe 132/33kV (82.6%), Mutundwe 132/11kV
(89.2%), Kawaala 132/1kV (85.5%)

o Fault level violations
> No observed fault level violations

. Mitigation Measures

» Reticulate the 33kV network of Bombo area to be supplied from Kasana substation to
relieve Kawanda substation.

> Expedite the procurement of new transformers for Kawanda 2x60/80MVA 132/33kV and
Mutundwe 2x32/40 132/1kV substations to increase transformation capacities at the
respective substations

4.2.2.3.FY 2025/26 MODEL

Key Events
. Power plants commissioned:

>  Hoimo (3.3MW) >  Nchwera (0.5MW)

>  Igassa (0.3MW) >  Katooke (0.3MW)

»  Kabasanja (0.4MW) >  Rushobe (0234)

>  Tokwe (0.3MW) >  Kinsonko (0.693MW)

>  Nsongya (0.7MW). > Nyabuhuka-Mujunju (Rwenkuba) (32MW)
. Projects commissioned:

> 132kV Kabaale Industrial Park Substation Phase 1(132/33kV 3x60/80MVA Kabaale SS): 6km
Underground Cable LILO from Hoima - Fort Portal transmission line to Kabaale Industrial
Park SS

141.2km 132kV Tororo - Opuyo Transmission Line Project

425 km 132kV Matugga - Kasana T/L , 132kV Switching Station at Matugga and 1X20MVA,
132/33kV Substation Phase 1.

Mbarara North Power transformer Upgrade IXISMVA to 32/40MVA.
Nkenda Power transformer Upgrade 1x20MVA to 60/80MVA
1x 40MVAr Reactor at Fort Portal Substation

YV V V V¥V

Tkm 132kV LILO from Tororo - Lessos transmission line to Sukulu Phosphate SS(2X60/80MVA
132/33kV Power Transformers -Phase 1)
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4.2.2.3.1. FY2025/26 MODEL ANALYSIS OF BASE CASE (WITHOUT ENVISAGED INDUSTRIAL LOAD)

The demand and generation capacity modeled are: -

e Peak Demand :1222MW
e Transmission losses (loss factor) :64.9MW (5.01%)
¢ Required Generation :12952MW
Findings
. Voltage Violations

> No violations were observed

. Loading violations
»  Nkonge 132/33kV (128.3%)

. N - 1Loading violations observed at; > Masaka West 132/33kv (913%), Namanve
132/33kV (82.5%). Lugogo 132/33kV (78%), Kawaala 132/1kV (76.2%)

. Fault level violations> No violations were observed.
4.2.2.3.2. FY2025/2026 MODEL ANALYSIS OF HIGH CASE (WITH ENVISAGED INDUSTRIAL LOAD)

The demand and generation capacity modeled are: -

e Peak Demand 11,222MW

e Industrial +Data centers Demand :163.5IMW

e Total system Demand :1,385.5IMW

e Transmission losses (loss factor) :67.7MW (4.62%)

e Required Generation :1,465.3MW
Findings
. Violations

> No violations were observed

Loading violations
»  Nkonge 132/33kV (135.5%)

. > Masaka West 132/33kV (96.4%), Namanve 132/33kV (86.6%), Lugogo 132/33kV (80.4%),
Kawaala 132/1kV (78.6%)

. > Mutundwe TIkV (201kA)
Mitigation Measures

> Expedite the procurement of the third transformer at Namanve substation
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Uganda Electricity Transmission Company Limited

Exchange transformers of Masaka West with transformers from Agago.

Expedite upgrade of the 1IkV distribution system in the Kawaala environs to a 33kV system to
fully utilize the newly commission 132/33kV Kawaala substation

> Upgrade of all 25kA rated TIkV circuit breakers at Mutundwe to ones with a 31.5kA short circuit
withstand capacity or installation of current limiting reactors.

4.2.2.4. FY 2026/2027 MODEL

Key Events

) Power plants commissioned:
> Maziba (118MW) > Mitaano — Kashegu (quo) (13.6MW)
»  Nengo Bridge HPP (7.5MW) >  Nsongi (19MW)
> Kiraboha (BMW) > Gas to Power — Tilenga (200MW)
> Rushaya (42MW) > Gas to Power — Kingfisher (391mMwW)
> Sisi (9.5MW) >  Senok Wind (20MwW)
> Simu (7aMw)

. Projects commissioned:

> Kampala Metropolitan Area Improvement Project (Transmission Lines; 25.4km 132kV 1
cct Mukono branch point (Northern trunk line) — Kampala North Substation, 10.2km 2cct
Kampala North Substation — Mutundwe Substation, 5.3km 132kV 2 cct Kampala North
Substation — Lugogo Substation, 0.km 132kV 2 cct Kawaala branch point — Kawaala
Substation, 0.3km 132kV 2 cct (New Mukono Substation — Mukono Substation), 4.2km
220kV 4 cct New Mukono branch point — New Mukono Substation, 0.4km 132km 2 cct
New Mukono Substation — New Mukono branch point (Southern trunk Iine), 0.8km 132kV
2 cct Buloba branch point — Buloba Substation, 0.9km 220kV 4 cct Buloba branch point
— Buloba Substation; Substations (2X 125MVA 220/132kV Buloba SS, 2X40MVA 132/33kV
Buloba SS, 3X200MVA 220/132/33kV Mukono SS, 3X40MVA 132/33kV Kawaala SS, 1X20MVA
132/1kV Kawaala SS, IX250MVA 220/132/33kV Bujagali SS, IX20MVA 132/33kV Mobile SS)

> 50MVA Mbale Mobile Substation (assuming financing is confirmed by May 2025)

»  Mirama Substation Upgrade (Relocation of 2X20MVA, 132/33kV Transformers from
Mbarara North and Nkenda Substations)

Kasana Substation Power Transformer Upgrade (1x32/40MVA, 132/33kV)

»  220kV NELSAP (Bujagali - Tororo & Mbarara - Mirama): Residual work at Mirama and
Tororo SSs; Transmission Lines: 131.2km 220kV Bujagali — Tororo- UG/KY Border

4.2.2.4.1. FY2026/2027 MODEL ANALYSIS OF BASE CASE (WITHOUT ENVISAGED INDUSTRIAL LOAD)

The demand and generation capacity modeled are: -

. Peak Demand :1288.8MW
. Transmission losses (loss factor) :746MW (5.43%)
J Required Generation :1,372.2MW
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Findings

>  Kawaala132kV (0.94p.u), Kampala North 132kV (0.94p.u), Mutundwe 132kV (0.94p.u), Tororo
(093p.u), Namanve South 132kV (0.94p.u), Kawanda (0.94p.u), Lugogo 132kV (0.94p.u),
Kapeeka 132kV (0.93p.u), Clock Tower (0.94p.u).

. Loading violations observed at:
>  Masaka 132/33kV (97.6%). Nkonge 132/33kV (137.4%)

. N - 1Loading violations observed at:

»  Lugogo 132/33kV (814%), Kawaala 132/1kV (81%)

. Fault level violations

> No violations were observed.

4.2.2.4.2. FY2026/2027 MODEL ANALYSIS OF HIGH CASE (WITH ENVISAGED INDUSTRIAL LOAD)

The demand and generation capacity modeled are: -

o Peak Demand :1,288.8MW

) Industrial +Data centers Demand :168.87MW

) Total system Demand 1457 7MW

. Transmission losses (loss factor) - 73.9MW (4.78%)
) Required Generation :1,540.5MW
Findings

Voltage Violations observed at:

>  Kawaala 132kV (0.9p.u), Kampala North 132kV (0.92p.u), Mutundwe 132kV (0.92p.u), Tororo
(091pu), Namanve South 132kV (0.93p.u), Luzira (0.93p.u), Kawanda (0.93p.u), Lugogo
132kV (0.92p.u). Kapeeka 132kV (0.92p.u), Clock Tower (0.92p.u), Entebbe 132kV (0.92p.u),
Kawanda 132kV (0.93p.u), Mukono 132kV (0.93p.u)

Loading violations observed at:

»  Masaka 132/33kV (103%), Nkonge 132/33kV (145.5%)

N - 1Loading violations observed at:

>  lugogo 132/33kV (86.5%), Kawaala 132/1kV (83.5%)
. > Mutundwe TIkV (20.2kA)
Mitigation Measures

> Expedite the implementation of Western Transmission system Upgrade

> Upgrade of all 25kA rated TkV circuit breakers at Mutundwe to ones with a 31.5kA short circuit
withstand capacity or installation of current limiting reactors.
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4.2.2.5. FY 2027/2028 MODEL
Key Events
. Power plants commissioned:
>  Sironko (7MW) >  Birara (IMW),
>  Nyamabuye (7MW) > Mukoki (3.4MW),
»  Keere Small HPP (6.3MW) »  Bukurungo (0.05MW)
>  Ngoryomwo (2MW) >  Warugo (0.5MW)
>  Haisesoro (1IMW) »  Bugongo (65MW)
>  Rwembya (0.4MW) »  Panyimur Geothermal Plant (I0OMW).
>  Nyakinengo (52MW) »> SUN Farming Food and Energy Solar
> Rubaabo (18MW) (sonw)
> Buwagani (7MW) »  TotalEnergies (Iganga and Tororo) (40MW)
>  MMP Agro Industries Ltd (20MW) > Machame Solar (20MW)
> Pece Biomass (20MW) > Biogas power (20MW)
> Kamnuli sugar (I5MW) »  Kyankwanzi Bagasse (9MW)
>  Modern Laminates (BMW) > Bugiri Sugar (30MW)
> GM Sugar (10MW)

) Projects commissioned:
>  Kawanda Substation Upgrade 2x60/80MVA 132/33kV

» Tkm 132V LILO from Owen Falls - Mukono transmission line to Njeru $S (Phase 1: Ix40MVA
132/33kV Njeru SS)

Kapeeka 1x32/40MVA, 132/33kV Power Transformer

Namanve 1x32/40MVA, 132/33kV Power Transformer Replacement
Mutundwe Upgrade 2x40MVA 132/1kV

Tororo Substation Upgrade (1x60/80MVA,132/33kV Power Transformer)

vV V V V V

Mirama Substation Upgrade (Reollocction of IXBOMVA 220/132/33kV Transformer from
Mbarara South to Mirama Substation)

2X125MVA 220/132kV Tororo substation Interbus Transformers

Mbarara North Substation Upgrade (1x32/40 MVA132/33kV Power Transformers).
Nkenda Substation 132/33kV Upgrade (1x60/80MVA 132/33kV Transformers).
2X125MVA 220/132kV Tororo Interbus Transformers

2X125MVA 220/132kV Mbarara South Interbus Transformers

118km 132kV Bujagali-lganga-Tororo Double circuit Line Re-conductoring
IX20MVAr Reactor at Kabale Substation

Mirama 1x40MVA Power Transformer

134km 400kV Masaka - Mbarara Transmission Line and associated substation

V V V ¥V ¥V V VY VY V V

29.2km 132kV Moroto — Katikekile transmission line and related substation (2><4OMVA
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Katikekile Substation)

> 92km 220kV Hoima-Kinyara-Kafu. (2X80MVA 220/33kV and 40MVAR(220kV)) at Kinyara
SS, (2x250MVA, 400/220/33Kv, 2x40MVA 220/33kV and 40MVAR(400kV), 20MVAR(220kV ) at
Kafu SS, 2x80MVA 220/132kV and 20MVAR(220kV ) at Hoima SS

> Electrification of industrial parks and free trade zones including project scope: Sukulu
Phosphate Transmission Line Project phase 2-(Tkm 220kV LILO from Tororo — Lessos
transmission line to Osukulu substation with associated 3x80MVA, 220/33kV Power
Transformers at Osukulu substation), 2x80 MVA 220/132kV Kapeeka Substation,apeeka
Industrial Park Project (3X50/63MVA132/33kV Kapeeka SSMbale Industrial Park substation
and associated transmission 3x80MVA 132/33kV Substation

4.2.2.5.1. FY2027/2028 MODEL ANALYSIS OF BASE CASE (WITHOUT ENVISAGED INDUSTRIAL LOAD)

The demand and generation capacity modeled are: -

o Peak Demand :1361.2MW

. Transmission losses (loss factor) :72.3MW (5.01%)

) Required Generation :1,596.1MW
Findings

> No voltage violations

»  Nkonge (150.7%), Masaka West (106.8%)

>  Lugogo 132/33kV (895%). Lugogo 132/1kV (77.6%). Kawaala 132/1kV (88.4%), Namanve
132/33kV (63.5%), Kampala North 132/1kV Kawanda 132/33kV (569.6%)

. > No violations were observed.

4.2.2.5.2. FY2027/2028 MODEL ANALYSIS OF HIGH CASE (WITH ENVISAGED INDUSTRIAL LOAD)

The demand and generation capacity modeled are: -

) Peak Demand :1,361.2MW

o Industrial + Data centers Demand : 32875MW

o Total system Demand :1,689.9MW

. Transmission losses (loss factor) : 835MW (4.68%)
. Required Generation :1,782.4MW
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Findings

> No voltage violations

»  Nkonge (159.5%), Masaka West (112.9%)

>  Lugogo 132/33kV (95.0%). Lugogo 132/1kV (82.6%). Kawaala 132/1kV (90.4%), Namanve
132/33kV (65.7%), Kampala North 132/1kV (82.4%), Kawanda 132/33kV (63%), Queensway
(66.5%). Njeru 132/33kV (69.8%)

»  Mutundwe 33kV (20.44kA), Tororo 33kV (22.7kA), Kampala North TikV (28 95kA), Mutundwe
kv (32.5kA)

Mitigation Measures

> Upgrade circuit breakers in respective substations to circuit breakers with higher rated short
circuit withstand capacity or installation of series current limiting reactors.

Expedite implementation of Matugga substation to relieve Kawanda substation.

Add transformation capacity at Njeru substation

4.2.2.6.FY 2028/2029 MODEL

The FY2028/2029 model was analyzed using the two sub-scenarios of business as usual case and
sensitivity analysis for each major scenario of the base case (demand without envisaged industrial
load) and high case (demand with envisaged industrial load) as detailed below.

Key Events
. Power plants commissioned:
> Atari (325MW) > Rwimi Il HPP (BMW)
> Achwa ll & IV (17.57MW) >  Kabale Peat (30MW)
>  Kabeywal & 11 (85MW) »  Kabale Energy Limited (80MW)
>  Awere (18MW) »  AAASEnergy BV Solar (25MW)
>  Lower Achwa (Gidro-Sila) (1I7.8MW) >  Vidul Biomass (BMW)
>  Esha SHPP (42MwW) >  NLS Waste to Power (32MW)
>  SebeiHPP (9.5MW) >  Premium Distillers Ltd. (10.2MW)
. Projects commissioned:

> Mutundwe 132kV 150MVAr Capacitor Bank

> 37.3km 132kV Mirama- Nshongezi Transmission Line and Associated Nshongezi
2x32/40MVA 132/33kV Substation

> Upgrade of Mutundwe — Buloba — Kabulasoke — Masaka and Kabulasoke — Nkonge -
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Rugonjo — Nkenda 359km 132kV Transmission Line and Associated substation works
(2X40MVA 132/33kV Kabulasoke SS, 2X40MVA 132/33kV Nkonge).

Masaka west Power Transformer Upgrades (2x60/80MVA, 132/33kV)

150km 400kV Olwiyo - Bibia - Juba (Sudan) Transmission Line, Olwiyo 2x250MVA
400/132kV interbus transformers, Bibia IXIOOMVA 400/132kV, 2x40MVA 132/33kV substation
- (Uganda’s part)

> 92km 400kV Masaka - Mutukula - Mwanza Transmission Line, 151km Wobulenzi - Masaka
and associated substations (2X250MVA 400/220kV New Masaka substation)

Standard Gauge Railway Transmission Line Project

47km 132kV Kabale-Nyakagyeme Transmission Line and associated substations
(2X132kV line bays at Kabale SS and 1X40MVA 132/33kV Nyakagyeme substation)

> Electrification of industrial parks and free trade zones including project scope: 123km
132kV double circuit Nakasongola, Kaweweta Kapeka transmission line, 37km 220kV
Wobulenzi - Kapeeka Transmission Line and Wobulezi 400/220kV 2x250MVA

The Business as usual case analysis considers projects to be commissioned with in the anticipated
timelines, with demand excluding the envisaged industrial load.

The demand and generation capacity modeled are: -

o Peak Demand :1489.2MW
. Transmission losses (loss factor) - 545MW (3.52%)
J Required Generation 1 1,5491IMW

028/2029 MODEL OF BASE CASE WITH SENSITIVITY ANALYSIS

The Sensitivity analysis considers a one-year delay in the commissioning of all transmission projects
relative to the anticipated timelines, with demand excluding the envisaged industrial load.

The demand and generation capacity modeled are: -

. Peak Demand :1443520MW

. Transmission losses (loss factor) :77.3MW (5.05%)

) Required Generation :1529.4MW
Findings

> No voltage violations

. > No loading violations

. > Lugogo 132/33kV (90.5%), Lugogo 132/1kV (79.6%), Kawaala 132/1kV (99.4%), Namanve
132/33kV (65.5%), Kampala North 132/1kV (62.6%)

> No violations were observed.

20 Exports to South Sudan (456.7MW) were not considered due to delayed commissioning of the respective interconnectors
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4.2.2.6.2. FY2028/2029 MODEL ANALYSIS OF HIGH CASE (WITH ENVISAGED INDUSTRIAL LOAD)

4.2.2.6.2.1. FY2028/2029 MODEL OF HIGH CASE WITH- BUSINESS AS USUAL CASE

The Business as usual case analysis considers projects to be commissioned within the anticipated
timelines, with the envisaged industrial load inclusive of demand.

The demand and generation capacity modeled are: -

. Peak Demand :1489.2MW
o Industrial + Data centers Demand 1 249.7MW
. Total system Demand :1,829.8IMW
. Transmission losses (loss factor) :67.6MW (3.55%)
. Required Generation :1,903.8MW
4.2.2.6.2.2. FY2028/2029 MODEL ANALYSIS OF HIGH CASE WITH SENSITIVITY ANALYSIS

The Sensitivity analysis considers a one-year delay in the commissioning of all transmission projects
relative to the anticipated timelines, with the envisaged industrial load inclusive of demand.

The demand and generation capacity modeled are: -

o Peak Demand :1,784N12IMW

. Transmission losses (loss factor) : 88IMW (4.67%)

. Required Generation :1,884.6MW
Findings

> No voltage violations

. > No loading violations

»  Lugogo 132/33kV (96.0%), Lugogo 132/1kV (84.6%), Kawaala 132/1kV (90.4%), Namanve
132/33kV (66.7%), Kampala North 132/1kV (82.4%), Kawanda 132/33kV (64%), Queensway
(66.5%). Njeru 132/33kV (70.8%)

. > Mutundwe 33kV (20.85kA), Mutundwe TkV (32.62kA), Tororo 33kV (22.9kA), Kampala
North TIkV (29.95kA)

Mitigation Measures

> Upgrade circuit breakers in respective substations to circuit breakers with higher rated short

21 Exports to South Sudan (457MW) & Increased exports to Tanzania (I40MW) were not considered due to delayed commissioning of their respective
interconnectors.
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circuit withstand capacity or installation of series current limiting reactors.
> Expedite implementation of Matugga substation to relieve Kawanda substation.

> Add transformation capacity at Njeru substation

4.2.2.7.FY 2029/2030 MODEL

The FY2029/2030 model was similarly analysed using the two sub-scenarios of business-as-usual
case and sensitivity analysis for each major scenario of the base case (demand without envisaged
industrial load) and high case (demand with envisaged industrial load) as detailed below.

Key Events
) Power plants commissioned:
> Muzizi (447MW) >  Latoro HPP (4.5MW)
> Nyamwamba lll (45MW) >  Okollo (BMW)
> Bukwa (9MW) »  Panyimur Geothermal (Additional 50MW)
>  Ngenge (13.8MW) »  Floating Solar (10MW).
»  Kanyampara (1.6MW) >  Bulambuli solar (1I50MW)
. Projects commissioned:

> Kawanda 132kV 150MVAr Capacitor Bank
» Nkenda 220kV 60MVAr Bus Reactor

>  76km 132kV Mbale - Bulambuli - Kween Transmission Line; 1X 60/80MVA 132/33kV Mbale
SS, 2X60MVA 132/33kV Kween SS and 2X80MVA Bulambuli $S)

78km 132kV Nakasongola - Kasana Transmission Line and 2x40MVA Kasana Substation
150km 132kV Adjumani - Arua Transmission Line (2X32/40MVA 132/33kV Adjumani SS)

72.5km 400kV (initially operated at 220kV) Nkenda- Mpondwe (D.RCongo) Transmission
line (2X220kV bays at 220/132kV Nkenda SS)

70km 132kV Arua - Oraba Transmission Line (2X40MVA 132/33kV Oraba SS)

345km 400kV Karuma - Tororo Transmission Line (2X250MVA 400/220kV Boarder SS in
Tororo District, 2X400kV line bays at Karuma SS) and Ntinda 2x40MVA 132/33kV Substation
and Associated 2km 132kV Transmission Line

> Electrification of industrial parks and free trade zones including project scope -
Nakasongola SS, 2X32/40MVA and 132/33kV Kaweweeta SS

> Upgrade of Nkenda - Fort Portal - Hoima to 220kV (Nkendo 2X250MVA 220/132kV Interbus
transformers, Fort Portal 2X80MVA 220/132 Substation, Kabaale 2x250 MVA 220/132kV,
3x80MVA 132/33kV Substation, Lyanda/Muzizi 2x80MVA 220/132kV, x40MVA 132/33kV
Substation

>  132kV Buloba- Entebbe - Gaba-Luzira (2x32/40MVA132/33kV Gaba SS; 40km 132kV Buloba
- Entebbe Transmission Line, 45km 132kV Entebbe — Gaba Transmission Line and 8km
132kV Ggaba - LuziraTransmission Line)

4.2.2.7.1. FY2029/2030 MODEL ANALYSIS OF BASE CASE (WITHOUT ENVISAGED INDUSTRIAL LOAD)
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4.2.2.7.1.1. FY2029/2030 MODEL ANALYSIS OF BASE CASE WITH BUSINESS AS USUAL CASE

The Business as usual case analysis considers projects to be commissioned with in the anticipated
timelines, with demand excluding the envisaged industrial load.

The demand and generation capacity modeled are: -

. Peak Demand :1521.6MW
. Transmission losses (loss factor) 529MW (3.34%)
. Required Generation :15682.7MW
4.2.2.7.1.2. FY2029I2030 MODEL ANALYSIS OF BASE CASE WITH SENSITIVITY ANALYSIS

The Sensitivity analysis considers a one-year delay in the commissioning of all transmission projects
relative to the anticipated timelines, with demand excluding the envisaged industrial load.

The demand and generation capacity modeled are: -

o Peak Demand :1501.622MW
. Transmission losses (loss factor) - 555MW (3.55%)
. Required Generation :1562.7MW
Findings
. > Mpondwe 220kV (113p.u), Nkenda 220kV (112p.u), Nkenda 132kV (1.08p.u) Ishaka 132kV

(1.06p.u), Kahugye 132kV (108p.u), Nkonge 132kV (1.06p.u).

> No loading violations

> No violations were observed.

> No violations were observed.

4.2.2.7.2.1. FY2029/2030 MODEL ANALYSIS OF HIGH CASE WITH BUSINESS AS USUAL CASE

The Business as usual case analysis considers projects to be commissioned within the anticipated
timelines, with the envisaged industrial load inclusive of demand.

The demand and generation capacity modeled are: -

Exports to DRC (20MW) were not considered due to delayed commissioning of the respective interconnectors.
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o Peak Demand 1 1,521.6MW
. Industrial + Data centers Demand : 353.69MW
. Total system Demand :1,875.30MW
o Transmission losses (loss factor) : 58.8MW (3.03%)
. Required Generation :1942.4MW
4.2.2.7.2.2. FY2029I2030 MODEL ANALYSIS OF HIGH CASE WITH SENSITIVITY ANALYSIS

The Sensitivity analysis considers a one-year delay in the commissioning of all transmission projects
relative to the anticipated timelines, with the envisaged industrial load inclusive of demand.

The demand and generation capacity modeled are: -

o Peak Demand :1855.323MW
. Transmission losses (loss factor) - 69.2MW (358%)
) Required Generation :1,930.9MW

Exports to DRC (100MW) were not considered due to delayed commissioning of their respective interconnectors.
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Findings

»  Entebbe 132kV (0.93p.u), Kawanda 132kvV (0.93p.u), Lugogo 132kV (0.93p.u), Namanve
132kV (0.93p.u), Clock Tower 132kV (0.92p.u), Luzira 132kV (0.93p.u), Kawaala 132kV (0.93p.u),
Kampala 132kV (0.92p.u), Mutundwe 132kV (0.93p.u), Namanve South 132kV (0.93p.u).

. > No loading violations

> No N-1Loading violations

. > Mutundwe 33kV (21.9kA), Mutundwe TIkV (33.8kA), Tororo 33kV (24.91kA), Kampala North
TkV (301kA), Nkenda 33kV (21.04kA), Mukono 33kV (211kA)

Mitigation Measures

> Install a 220kV 60MVar variable bus reactor at both Nkenda and Mpondwe
> Install a132kV 150MVar Capacitor bank at Kawanda

> Upgrade of circuit breakers/switchgear to ones with high short circuit withstand capacity or
installation of series current limiting reactors.

It is important to note that the further the planning period extends from the current grid status, the
greater the uncertainty in predicting future grid conditions due to multiple unknown factors.

The key events in the financial years FY2030/31 to FY2033/34 as highlighted below were observed to
have insignificant impact on the grid performance in terms of voltage violations, loading violations,
N —1loading violations, fault level violations and transmission losses.

As a result, the grid performance from FY2029/30 through to FY2033/34 is assumed to remain
constant

Key events in FY2030/31

. Power plants commissioned: None
. Projects commissioned:

> 10km 132kV LILO from Bujagali- Iganga transmission line to Masese SS (2x80MVA 132/33kV
Masese Substation)

Njeru SS (2x80MVA 132/33kV Njeru Substation) Permanent Solution

20km 220kV LILO from Bujagali- Kawanda transmission line to Busiika substation (Busiika
2x80MVA 220/33kV Substation)

> 18km132kV Arua (Uganda) - Aru - Duruba (DRC) Transmission Line Project - Uganda Part
(2X32/40MVA 132/33kV Arua SS Upgrade)
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Key events in FY2031/32
) Power plants commissioned:

»  Nshongezi HPP (1.7MW)
»  Panyimur Geothermal plant (additional 70MW)

) Projects commissioned:

> 160km 400kV New Mbarara - Kasese - D.R.Congo Uganda’s side Kasese Industrial Park
SS ((2x250MVA 400/220/33kV substation) and (2X250MVA, 400/220/33kV transformers at
New Mbarara SS)

> Ayago Interconnection Project (includes Nile HPP 400kV Switching station, 2km 400kV
Ayago - Nile HPPs Switching Station Underground Cable, 10km Nile HPPs Switching Station
- T- Ayago 400kV Underground Cable and T-Ayago 400kV Switching station

Tororo 1x60/80MVA, 132/33kV Upgrade
2km 132kV LILO from Masaka - Mbarara transmission line to Akageti substation (Akageti
2x40MVA 132/33kV Substation)

Key events in FY2032/33

. Power plants commissioned:
> Kiba (300MW)

. Projects commissioned:

> 0.5km 132kV LILO from Mbarara - Nkenda transmission line to Kasese Industrial Park SS
(2x80MVA 132/33kV Kasese Industrial Park Substation)

» 2km 220kV LILO from Bujagali-Tororo transmission line to Jinja Industrial Park SS (2x80MVA
220/33kV Jinja Industrial Park Substation)

> 5km 132kV LILO from Mbarara - Nkenda transmission line to Ishaka Industrial Park SS
(2x80MVA 132/33kV Ishaka Industrial Park Substation)

> 400kV Kiba Interconnection Project (10km 400kV Kiba - Nile HPPs Switching Station
Underground Cable)

Key events in FY2033/34
. Power plants commissioned:
>  Kiba (Fully Commissioned with the Additional 100MW)

»  Oriang (200MW)

. Projects commissioned:

> 400kV Oriang Interconnection project (10km 400kV Oriang - Nile HPPs Switching Station
Underground Cable)
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4.2.2.8 FY2034/2035 MODEL

Key Events

. Power plants commissioned:

»  Oriang (Fully commissioned with the Additional 192MW)

. Projects commissioned:
> Kasese Industrial Park 400kV 100MVAr Bus Reactor

> Grid strengthening project including: Reinforcement of the proposed Lira Substation
(2x40MVA, 132/33kV Power transformer), 132kV, 2km Double circuit Nkonge — 21km
Mubende - Kiboga - Kapeeka 132kV Transmission Line, New Mubende Substation and
interconnection (2x4OMVA, 132/33kV Power tronsformer), New Kiboga Substation and
interconnection ( 2x40MVA, 132/33kV Power transformer), Kapeeka substation extension
(2x132kV Line bays), Nkonge substation extension (2x132kV Line bays), 132kV,13km LILO to
Rakai SS and new Rakai Substation (2x80MVA, 132/33kV Power transformer), 132kV, 2km
LILO to Lugazi Substation and upgrade of Lugazi substation (2x40MVA, 132/33kV Power
transformer), Mutundwe SS Upgrade (2x80MVA, 132/33kV Power transformer), Lugogo SS
Upgrade ( 2x80MVA, 132/1kV Power transformer)

> 160km, 132kV Agago/Achwa - Kitgum - Bibia East Transmission Line and Associated
Substations Project (2X32/40MVA 132/33kV Kitgum SS)

4.2.2.8.1. FY2034/2035 MODEL ANALYSIS OF BASE CASE (WITHOUT ENVISAGED INDUSTRIAL LOAD)

The demand and generation capacity modeled are: -

o Peak Demand . 2,288.8MW

. Transmission losses (loss factor) - 65.9MW (2.77%)

. Required Generation : 2.379MW
Findings

>  Kasese Industrial 400kV (107p.u), Mpondwe (1.07p.u). Masaka 220kV (1.06p.u), Mbarara
220kV (107p.u). Kiboga 132kV (1.06p.u), Mbarara North 132kV (106p.u), Mirama (106p.u).

. > No loading violations
. > No N-1Loading violations
. > No violations observed

4.2.2.8.2. FY2034/2035 MODEL ANALYSIS OF HIGH CASE (WITH ENVISAGED INDUSTRIAL LOAD)

The demand and generation capacity modeled are: -

. Peak Demand :1,853.1MW
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) Industrial + Data centers Demand : BBLAIMW

. Total system Demand :2,84017MW

o Transmission losses (loss facror) :1813MW (3.98%)

. Required Generation :2,9681MW

Findings

. > Masaka 400kV (106p.u), Kasese Industrial 400kV (1.07p.u), Mbarara 220kvV (1.07p.u),

Masaka 220kV (1.07p.u), Mirama 132kV (1.06p.u), Mbarara South 132kV (107p.u), Mutukula 400kV
(1.06p.u). Mpondwe 400kV (1.07p.u), Mirama 220kV (1.07p.u), Mbarara North 132kV (1.06p.u).
Masaka West 132kV (106p.u), Kiboga 132kV (106p.u).

. > No loading violations

> No N-1Loading violations

. > Mutundwe 33kV (23.22kA), Tororo 33kV (26.4kA), Olwiyo 33kV (29.65kA), Nkenda 33kV
(21.34kA), Mbale 33kV (21.79kA), Mukono 33kV (231kA), Namanve South 33kV (20.6kA), Kampala
North TikV (30.5kA), Mutundwe TkV (55.2kA), Kawaala TkV (29.7kA), Sukulu 33kV (59.2kA)

Mitigation Measures

> Install a 400kV IXIDOMVAR variable bus reactor at Kasese Industrial S/S and 400kV 1XIOOMVAR at
Mpondwe DR Congo side.

»  Upgrade of Circuit breakers/switchgear to ones with higher short circuit withstand capacity or
installation of series current limiting reactors where fault level violations have been observed.

Similar to the events that are anticipated between the financial years FY2030/31 to FY2033/34, the
key developments projected in the financial years FY2035/36 to FY2038/39 as highlighted below
were observed to have insignificant impact on the grid performance in terms of voltage violations,
loading violations, N — 1loading violations, fault level violations and transmission losses. As a resullt,
the grid performance from FY2034/35 through to FY2038/39 is assumed to remain constant.

Key events in FY2035/36

) Power plants commissioned:

> Ayago (300MW)
> Panyimur Geothermal plant (additional 20MW)

> Buyende Nuclear (1,4OOMW)
. Projects commissioned:

> Evacuation of power from the proposed Nuclear Power Plant at Buyende through 400kV
lines from, Buyende to Jinja Industrial, Buyende to Nakasongola, Buyende to Opuyo &
Buyende to Tororo

Key events in FY2036/37

) Power plants commissioned:
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>  Ayago (Additional 200MW)

. Projects commissioned: None
Key events in FY2037/38

) Power plants commissioned:
»  Ayago (Additional 100MW)

) Projects commissioned:

> B60km 132kV Kalbale - Kisoro Transmission Line (2 X 32/40MVA 132/33kV Kisoro Substotion)
Key events in FY2038/39

. Power plants commissioned:

>  Ayago (Additional 100MW)

. Projects commissioned:

> 95km 132kV Kabale — Ishaka Transmission Line Project

4.2.2.9 FY2039/2040 MODEL

Key Events

. Power plants commissioned:

>  Ayago (Additional 140MW)
>  Uhuru (TooMw)

. Projects commissioned:
> Mbale 132kV 140MVAr Capacitor Bank

> 400kV Uhuru Falls Interconnection Project (38km 400kV Uhuru - Olwiyo Underground
Cable)

130km 132kV Bulambuli - Moroto Transmission Line (2X132kv Line bays at Bulambuli SS)
220km 132kV Moroto - Kitgum Transmission Line

50km 132kV Bibia - Adjumani Transmission Line Project

> 70km 400kV New Mbarara South - Shango Double Circuit Transmission line and
associated substations (5.5km 220kV Double Circuit Transmission Line from 220/132kV
Mbarara SS to 400/220kV Mbarara SS)

> 150km 220kV Kapeeka- Kiboga - Hoima Transmission Line (2x125MVA 220/132kV Kiboga
substation interbus tronsformers)

4.2.2.9.1. FY2039/2040 MODEL ANALYSIS OF BASE CASE (WITHOUT ENVISAGED INDUSTRIAL LOAD)
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The demand and generation capacity modeled are: -

) Peak Demand :3.277IMW

o Transmission losses (loss factor) :162.3MW (4.74%)

. Required Generation : 3,4247MW
Findings

»  Tororo 132kv  (092pu). Sukulu 132kV  (093pu). Buwoola SGR 132kv  (091p.u),
Kampala SGR (093p.u), Masese 132kV  (091p.u), Opuyo 132kV (0.94p.u), Kasana
132kVv(0.91pu), Kaweweta (0.94p.u), Entebbe 132kV (0.92p.u), Kampala North 132kV (0.93p.u),
Mutundwe 132kV(0.94p.u), Opuyo 132kV (0.94p.u). Mbale 132kv(091p.u), Clock Tower
132kv(0.93p.u). Mukono 132kV (0.94p.u), Iganga 132kV (0.91p.u), Ntinda 132kV (0.93p.u),
Kawaala (094p.u), Lugogo 132kV (0.93p.u), Namanve 132kV (0.93p.u), Kapeeka 132kV
(0.94p.u), Lugazi 132kV (O.94p.u), Namanve South (O.93p.u), Luzira 132kV (0.93p.u), Gaba
132kVv(0.93p,u), Tororo SGR (0.92p.u). Iganga 132kV(0.91p.u).

> No loading violations

> No N-1Loading violations

> No violations observed

4.2.2.9.2. FY2039/2040 MODEL ANALYSIS OF HIGH CASE (WITH ENVISAGED INDUSTRIAL LOAD)

The demand and generation capacity modeled are: -

o Peak Demand :3.277IMW

) Industrial + Data centers Demand 1 822.7MW

o Total system Demand :4,099.82MW

. Transmission losses (loss factor) :303.26MW (6.98%)
. Required Generation 1 4.3447MW
Findings

>  Kaweeweta 132kv(0.88p.u), Ntinda 132kV(0.8lp.u), Bujagali 220kvV (0.90p.u), Buloba
132kV(0.91p.u), Sukulu 132kV (0.91p.u), Kapeeka (0.93p.u), Entebbe 132kV 0.8p.u, Kawanda
132kV 0.81p.u, Namanve 132kV (0.80p.u), Bujagali 132kV (0.92p.u), Opuyo 132kV (0.91p.u),
Moroto 132kV (0.93p.u), Masaka West 132kV (0.93p.u), Kapeeka 132kV (0.89p.u). Lugazi
132kv(0.85p.u), Namanve South 132kV (0.8p.u), Luzira 132kV (0.79p.u). Gaba 132kV (0.79p.u),
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Rakai 132kV (0.90p.u), Buwoola SGR 132kV (0.87p.u), Nyega (0.88p.u), Mubende 132kV
(0.94p.u). Masese 132kV (0.87p.u). Masese 132kV(0.87p.u), Nakasongola 132kV (0.88p.),
Bulambuli 132kV(0.94p.u), Kawanda 220kv (0.92p.u), Tororo 220kV (0.92p.u), Mukono
220kV (0.89p.u), Jinja Industrial 220kV (0.9p.u), Kawala 132kV (0.81p.u), Kampala North
132kV (0.81p.u), Mutundwe 132kV (0.83p.u), Nkonge 132kV (0.94p.u), Nalubale 132kV (0.90p.u),
Tororo 132kV(0.89p.u), Kabulasoke 132kV (0.91p.u). Mbale 132kV (0.88p.u), Clock Tower
(0.81p.u). Mukono 132kV (0.85p.u), Iganga 132kV(0.87p.u), Buloba 132kV(0.86p.u), Tororo SGR
132kV (0.87p.u).

132kV Mutundwe-Buloba transmission line (134.7%)
132kV Bujagali-Nalubaale (122.8%)

>  Kaweweeta 132/33kV (851%)
>  Masaka West 132/33kV (81.2%)
>  Mbale132/33kv (76.8%)

> Njeru33kV (24.1kA), Kawanda 33kV (22.01kA), Mutundwe 33kV (24.6kA), Tororo 33kV (27.9kA),
Mbale 33kV (22.6kA), Mukono 33kV (23.7kA), Namanve South (215kA), Kampala North Tikv
(81.75kA), Mutundwe TikV (57.2kA), Kawanda TIkV (30.6kA), Olwiyo 33kV (31.6kA)

Mitigation Measures

132kV 140MVAR Capagcitor bank at Mbale Substation

90MVAR Capacitor bank at Kapeeka

250MVAR capacitor at Mutundwe

Add a fourth transformer of 132/33kV 60/80MVA at Mbale
Upgrade the Masaka West 2x15/20MVA transformers to 32/40MVA

vV V V V VYV VY

Upgrade of Circuit breakers/switchgear to ones with higher short circuit withstand capacity
or installation of series current limiting reactors.

Further to the above results, we are cognizant that the simulated losses are at the end of the
respective years and yet the investments will not materialize on the first day of the year. In effect,
the losses are expected to relatively lessen through the year as the investments come online. For
this reason, the adopted losses per year are an average of the year’'s simulated losses and the
previous year’s loss.

The detailed and summarized transmission loss trajectory are presented in Table 45 and Table 46
here under, and illustrated in Figure 15.
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Uganda Electricity Transmission Company Limited

PROJECTED TRANSMISSION LOSSES

" 201 5.17 @

2024/25 2025/26 2026/27 2027/28 2028/29 2029/30 2034/35 2039/40

«=g==Transmission losses(%) with new industries

«=o==Transmission losses(%) without new industries

Figure 15: Projected Transmission losses (%)

Explanation of Transmission losses

The transmission loss trajectory generally increased over the period from 4.8% (May 2025) to 517%
in 2026/27.

In the latter years the transmission losses are projected to reduce to 3.54%, largely due to an
assumption that the load would be redistributed to newly constructed infrastructure in the different
regions in the grid outside the Kampala Metropolitan Area and Jinja.

Upon commissioning of the Mbale Bulambuli project, the losses due to long dedicated distribution
lines are expected to lower.

The losses are later seen to increase due to increased load in the network.

It should be noted that the further away the period from the current grid status, the more uncertain
it is to predict the grid status.

Projects in the later years 2036 — 2040 mainly target reliability of the Grid rather than reduction of
losses since the grid is almost saturated and yet demand keeps increasing. This therefore leads
to an increase in losses as losses are directly proportional to the current flowing through the
infrastructure.

It is observed that the power losses in the scenario with industries from 2025/2026 - 2029/2030 are
lower than the losses without industries. This is due to the introduction of data centers that are
located and consumer power closer the source, hence reducing the power losses that would be
incurred in wheeling power to demand centers that are far from the power sources. In the later
years, the power losses for industrial scenario increase due to increased demand across the grid.
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Grid Development Plan 2025 - 2040

The accuracy to predict the location where the load will grow lower with the passing year due to
the less visibility of the later years.
Recommendations to reduce on the losses

The Government should promote industrialization in areas that are lowly loaded to ensure that
loading of the power grid is evenly distributed in a bid lower loss that would amass due to the high
loading in the Kampala metropolitan area.

Implementation of the Transmission loss study consultancy that has been included as investment
requirement in the GDP.
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Uganda Electricity Transmission Company Limited

4.3. GRID INVESTMENT PLAN (2024/25-2039/40) FORBAU SCENARIO

To ensure that the future electricity needs of the nation are satisfied, there is need to have
major capital investments in the power sector. Such investments comprise of generation plants,
transmission lines and expansion of the distribution network.

Itis against this background that the Grid Investment Plan was developed to establish a rationale for
building a robust transmission network, contribute to Government of Uganda’s strategic objective
to provide adequate and reliable energy supply to meet national and regional, socio-economic
development.

4.3.1. GRID OUTLOOK BY 2040 TO INFORM REQUIRED INVESTMENTS

By the end of the planning period and upon successful implementation of this plan, the grid shall
have a total additional circuit length of about 8711.41 km, 52 additional substations/switching
stations and 14,329MVA additional transformation capacity.

Table 47 and Figure 16 here under illustrate the incremental transmission line length in the planning
horizon.

Table 47: Incremental transmission line length after the end of the planning period.

Line Voltage (kV) Line length at the Beginnin Total Additional Line Length at the End

g of FY 2024/25 (km) Circuit length (km) of FY 2039/40 (km)
66 35.20 0.00 35.20
132 3,203.86 5,139.61 8,344.37
220 1,002.00 1,069.80 2,071.80
400 606.00 2502 3,08
Total 4,847.06 8,711.41 13,559.37
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Grid Development Plan 2025 - 2040

Transmission Grid Length (km) from 1954 - FY2039/40

16000
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Figure 16: HVTG Outlook by 2040

Table 48 and Figure 17 here under illustrate the transformation capacity growth during the planning
period.
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Uganda Electricity Transmission Company Limited

Table 48: Additional Substations and transformation capacity outlook by 2040

. Additional
Transformation . .
. Transformation Transformation
. capaclty at the o :
Transformation level eginning of capacity from capacity at the end
= 202 425 (MVA) 2024/25-2039/40 of FY 2039/40 (MVA)
400/132 kv 630.00 1,200.00 1,830.00
400/220/33kV 1,302.00 3,000 4302.00
220/132/33 kV 2,060.00 3,550.00 5,610.00
220/33 kV 0 800.00 800.00
]32/33 kv 2,395.50 5,449.00 7.844.50
132/1] kV 220.00 260.00 480.00
132/33/1kV Mobile TX 50.00 70.00 120.00
66/1 kv 28.00 - 28.00
TOTAL MVA PERFY 6,685.50 14,329.00 21, 014.5
Number of SUb.statlonsI 39 52 ol
Switching stations
Total Number of substations and Total Substation MVA of FY 2023/24 - FY2039/40
100 25,000.00
90 N
80 20,00000 £
g 70 z
T 60 1500000 3
£ g
3 50 c
7] (]
5 40 1000000 ¥
g 30 E
§ 20 500000 ‘@
2 5
10 =
0 -
> O > © D WO
A\ b\" ro\ «\ <z>\” q\q’ A w\q’ Y u\““ og\"*’ oy \'b A\
0‘%{”@@”@”@@”w’bw"e@”’w“-’&@r&%wwor»o‘b
Financial Yearsl
I TOTAL MVA PER FY Number of Substations

Figure 17: Additional Substations and transformation capacity outiook by 2040
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Grid Development Plan 2025 - 2040

4.3.2. GRID INVESTMENT PLAN SUMMARY

The main deliverable of GDP is the Grid Investment Plan (GIP) which indicates estimated costs and
implementation schedules for identified projects. The GIP is used to prepare company financial
projections and annual budgets.

The Grid Investment Plan Projects have been classified into the following categories:

) Power evacuation projects
. Grid re-investment projects
. System Expansion projects
. Regional projects.

The Grid Investments, objectives and implementation period are presented in the Table 49 here
under.
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Grid Development Plan 2025 - 2040

4.3.3. SUMMARY OF FINANCIAL REQUIREMENTS BY THE YEAR 2040

The cost implication to implement all the projects of grid investment plan (as shown in Table 49
above) under this scenario in the planning horizon is 4,359,005,010 USD and is premised on an
exchange rate of 1USD=UGX 3,884.46: Source BOU 22/03/2024. The summarized cost breakdown is
shown in Table 50 below.

Table 50: Summary of financial requirements by 2039/40

Project Category Estimated Cost (Billion UGX) Estimated Cost (x1000 USD)
Power Evacuation Projects 3,949 1,016,662
Re-Investment Projects 1,455 374,598
System Expansion Projects 8200 21,057
Regional Interconnection Projects 3,321 855,032
Other Investments 6 1656
Total Grid Investment Requirement 16,932 4,359,005

OO OO OO XORORORE: 6805 & v 7
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Grid Development Plan 2025 - 2040

4.3.3.2. THEFIVE-YEAR PLAN GDP 2023/24-2039/40 INVESTMENTS SUMMARY

Table 52: 5 Year Plan GDP 2023/24 — 2039/40 Investment Requirement Summary

Project Category Estimated Cost (x 1000USD)

FY23/24 FY25/26 FY30/31 FY35/36

-FY24/25 -FY29/30 -FY34/35 - FY39/40

Power Evacuation Projects 46,839 315,524 434,690 219,608
Re-Investment Projects 39,274 309,429 16,874 9,021
System Expansion Projects 21917 1,283,078 467,462 338,600
Regional Interconnection Projects 2,812 617,505 15,625 119,001
Other Investments 1656 - - -
Total Grid Investment Requirement 12,498 2,525,537 1,034,650 686,320

4.3.3.3. THE FIVE-YEAR PLAN GDP 2023/24-2039/40 DONOR FUNDING AND COUNTERPART
FUNDING REQUIREMENTS

5 Year Investment Requirement
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Figure 18: 5 Year Plan GDP 2023/24 - 2039/40 Investment Requirement
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Grid Development Plan 2025 - 2040

4.3.3.4. INVESTMENT REQUIREMENT SUMMARY

The grid Investment requirements for the planning horizon are shown in the graph in Figure 19
below.

Grid Investment Requirement (2023/34 - 2039/40)
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4,500,000,000

4,000,000,000
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Figure 19: UETCL Grid Investment Requirements 2023/24-2039/40

4.3.4. REGIONAL INTERCONNECTION POWER LINES

Regionalinterconnection power lines are based on the recommendations from the interconnection
studies carried out by the regional bodies (NBI and EAC) including EAPMP, the Comprehensive Basin
Wide Study undertaken by the Nile Basin Initiative (NBI) and the Eastern Africa Power Pool Master
Plan by EAPP.

Within the Nile Basin Initiative framework, the NELSAP has engaged in solidarity actions to promote
poverty reduction, economic growth and reverse the environmental degradation process in
member countries.

Regarding the energy sector, the NBI focused on optimization and development of hydroelectric
power generation and interconnection among member states.

The East African Power Pool (EAPP) is a regional institution established in 2005 to coordinate cross-
border power trade and grid interconnection among nations of the Eastern Africa region.

In February 2005, seven countries in the Eastern African region came together because they saw
mutual benefit in having one power pool. The original member countries that signed the Inter-
Governmental Memorandum of Understanding (IGMOU) were, Burundi, Democratic Republic
of Congo, Egypt, Ethiopia, Kenya, Rwanda, and Sudan. Later, Tanzania (2010), Libya (201), Djibouti,
Uganda (2012) joined the pool. South Sudan and Somalia joined recently bringing the number of
member countries to thirteen (13) and there’s a possibility that Eritrea may join.

LR LD LR R KK 0000 & | T




Uganda Electricity Transmission Company Limited

The current member utilities are; REGIDESO of Burundi, SNEL of DRC, EEHC of Egypt, EEP of Ethiopia,
GECOL of Libya, KenGen of Kenya, KPLC of Kenya, KETRACO of Kenya, REG of Rwanda, SETCO of Sudan,
SINELAC of DRC — Rwanda — Burundi, TANESCO of Tanzania, UETCL of Uganda, EDD of Djibouti and the
newly joined SSEC of South Sudan and Electricity utilities of Somalia. The governing instrument for
the utilities is the Inter Utility Memorandum of Understanding (lumovu).

The objectives of the Eastern Africa Power Pool include

a)  The reduction of power costs within the region
b)  Facilitation of power trade between the members
c) increasing energy availability to citizens of member countries

d)  Increase the grid security of the member countries.

The Interconnections projects are currently at the following stages.

Completed
. Uganda (Mbarara) - Rwanda (Birembo) 220kV Transmission line

Construction

. Uganda (Bujagali) — Kenya (Lessos) 220 kV Transmission line

Update of Feasibility Study

. Uganda (Nkenda - DRC (Beni/Bunia) 400kV transmission line; The feasibility study was
completed in 2013 and the feasibility study is currently being updated.

. Uganda (Masaka) — Tanzania (Mwanza) 400kV line and 400kV Wobulenzi - New Masaka line;
Feasibility Study was completed in 2011 for Masaka-Mutukula T/L and the feasibility study is
currently being updated.

e Uganda (Olwiyo)- Juba (Southern Sudan) 400kV line: The feasibility study is completed.

Other Projects
) 400kV Northern Corridor; There was a change in scope for this project.

The transmission line in the new scope include 400kV Mbarara - Shango line. The full 400kV
transmission ring is Tororo - Karuma, Karuma - Kawanda, Kawanda - Wobulenzi, Wobulenzi -
New Masaka, Masaka - Mbarara and Mbarara - Shango.

. Arua — Aru 132kV transmission line is at concept stage.
. Mbarara South — Kasese industrial 400kV transmission line is at concept stage.

4.3.5. PROJECT PRIORITIZATION FOR FINANCING

It is observed, from the Grid Development Plan process, that there are numerous grid projects that
must be implemented in the first five to ten years of the planning horizon.

It is therefore necessary to prioritize these projects as a means of allowing special attention to the
most critical ones.

The projects have prioritized as follows

. Power Evacuation Projects
. Projects leading to industrial Growth
. Regional Interconnection projects

Projects currently under consideration for IPT (Independent Power Transmitter) model.
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Uganda Electricity Transmission Company Limited R W

UETCL's objective is to build and maintain a smart national grid that maintains a flexible and reliable
electricity supply. This requires a changed approach to grid investment and a similar change in its
telecommunications investment.

UETCL currently implements the Optical Fibre with Ground Earth wire (OPGW) as part of every EPC
contract for construction of transmission lines and as such the communication infrastructure is
expanding at the same pace as the power transmission grid.

The current UETCL telecommunications network is in most cases up to date but there is need to
make certain that it shall continue to be future proof.

The demand for a reliable communication network that ensures optimum management of the
power system and its ability to meet other business requirements are increasing.

UETCL's response to the challenges faced includes and shall continue to have the following
initiatives:

) Communication infrastructure that enables improved monitoring and control of the power

system as well as increased access to detailed power system network information.

. The telecommunications network needs to support UETCL's critical grid services comprising
of tele-protection, SCADA, telemetering and voice communication.

o The move towards an IP based environment is leading UETCL into paying more attention to
communication networks.

) Cybersecurity measures put in place to:

> Protect operators against threats that cause outages and data breaches such as
viruses, ransomware and malware.

> Ensure safe communication between components and provide for secure storage of

data.
> Providing secure management services such as authentication, encryption and robust
monitoring.
. Unified converged system that integrates CCTV and access control components to provide

robust surveillance and automated approval for authorised personnel to infrastructure.

. Embracing new initiatives like Internet of Things (IoT) and Wireless Sensor Networks (WSN) to
perform accurate monitoring and measurements on the grid.

e leveraging Artificial Inteligence (Al) combined with Machine Learning (ML) to improve
analytics of data that is available from the grid and foster; power usage optimisation, flexible
demand-side management, precise forecasting, self-repairing and many other improved
operations.

In addition, new lines of business in telecommunication are being identified by the company. This
shall ensure better utilisation of present and future grid communication infrastructure.

Optical Fibre Leasing: This is a business area that has been identified by UETCL. All new transmission
lines shall have sufficient optical fibre installed to cater for other users who wish to lease the fibre.
An aggressive marketing campaign shall be used to attract more users. UETCL, however, has a
challenge of avoiding service interruptions resulting from vandalising the towers that support the
fibre.
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Whenever there is an occurrence on earth, the most important question that comes into the
human mind is where and when it took place. UETCL to address the aforementioned question as
well as keep up with global trends where a service is as good as the convenience it comes with
embarked on implementing a Geographical information system (GIS).

Geographical Information System (GIS) will continue to play a big part in UETCL's portfolio, acting as
a cornerstone on its journey towards Digital transformation, paving the way for Grid modernization.
With its ability to manage and analyze spatial power transmission systems data. GIS will help
UETCL in improving the reliability and efficiency of its operations as well as maintenance of ISO
Certifications through:

) Asset Maintenance and Forecasting - GIS can primarily be employed for Transmission Asset
Management, helping UETCL manage detailed information about the location and condition
of their assets on the network. This will help in the timely maintenance and servicing of assets
in return enabling operators to quickly identify the location of faults or outages, enabling
rapid response and minimizing downtime.

. Network Planning and Design- UETCL will use GIS in Site Selection which will include analyzing
and selecting optimal locations for new substations or power lines based on factors such as
terrain, accessibility, and environmental considerations.

. Land Management — UETCL acquires multiple parcels of land during transmission project
execution and also has existing land that was inherited from UEB. GIS gives a good platform
for the management of land parcels as well as rights from easements, Licenses and Leases.

o Safety Management — UETCL Substation installations are high-risk areas, application of GIS to
geo-fence all substation areas and triggering an alert for all staff to follow safety measures
before access will greatly reduce the accidents both at our substations but also in our project
areas during construction.

. Brand improvement - GIS facilitates effective communication with customers through
interactive maps and real-time updates. Providing customers with information about
planned power outages, maintenance schedules, and other relevant details can enhance
transparency and trust in the brand

UETCL is going to embark on full operationalization of GIS in the areas mentioned and any other
priority area as a way of achieving its mission of buying, transmitting and selling quality bulk power
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4.4. FINANCIALPROJECTION AND ANALYSIS

This section presents the resultant Financial Projections and Analysis based on the Grid Investment
Plan, the Demand and Supply balance projections as the key inputs.

The Grid Investment Plan shows the various projects to be undertaken, the associated costs
and project life cycle timelines. These are used to derive the projected Fixed Asset base (Work in
Progress and the Capitalized Assets). The Financing structure of the project costs i.e. EPC Costs have
been assumed to be financed from debt instruments (concessional loans) whereas the feasibility
studies, Land and RAP Costs are assumed to be funded through GoU contribution.

The Demand and Supply balance projects the domestic demand, system demand, primary and
secondary spinning reserve, the generator installed capacity and the resultant energy generation.
This is used to establish the resultant company Revenue requirements accordingly.

The section below discusses the assumptions made and the resultant Financial Projections.

4.4.1.1. MACRO-ECONOMIC ASSUMPTIONS

The macro-economic assumptions are briefly highlighted below.

. Exchange Rate: Over 95% of Invoices from power generators are in foreign currency
denomination (USD). These USD invoices are affected by the movement in exchange rates
during conversion to UGX at payment. The Exchange rate has been projected basing on the
previous years’ BoU rates. The exchange rates are also used to adjust the Foreign Exchange
portion of the Transmission System Operator costs periodically.

) Consumer Price Index (CPI): The CPI is used in the adjustment of the Local Currency
component of the Transmission System Operator Costs periodically.

o Producer Price Index (PPI): The Producer Price Index is used in the adjustment of the O&M
component of the Generator prices (Tariffs) as provided for in the respective Power Purchase
Agreements. This parameter has been projected based on the previous trend.

) The fuel price affects the prices of power produced by thermal power plants. It is important to
note that in addition to the existing thermal plants (UEGCL—Nomonve and Electromox) UETCL
anticipates additional thermal plants on to the grid which Include Gas to Power (Tilenga) and
Gas to Power (Kingfisher), yet thermal Prices are determined at the world global markets.

4.4.1.2. ENERGY PROJECTIONS ASSUMPTIONS

The energy projection assumptions are discussed briefly below.

. Energy Units Projections: The Energy Projections are based on the Demand and Supply
balance projections. This is based on normal organic demand growth, the anticipated
industrial loads inclusive data centres and the projected export potential from time to time.

. Energy Cost Projections: The Energy cost projections are based on the prevailing tariffs
in the Power Purchase Agreements and the ERA REFIT Phase V1 Tariffs guidelines. The O&M
component of the generation tariffs are adjusted for inflation annually.

) The Power generators are projected to generate power beyond the Power Purchase
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Agreement term if they still have useful economic life.

. Bujagali and Kiira-Nalubaale have been projected as capacity plants. Other large power
plants like Karuma, Isimba Ayago, Oriang, Kiba, Uhuru and Muzizi are projected as energy
deals and dispatched for demand supply balance after taking care of the must run plants.

4.4.1.3. TRANSMISSION SYSTEM OPERATOR COSTS ASSUMPTIONS

Transmission System Operator Costs include Grid Repair and Maintenance costs, Staff Costs,
General Administrative Costs and Grid investments that are approved by ERA.

. Grid and Maintenance costs comprise of substation maintenance, software maintenance,
transmission lines maintenance, other grid maintenance.

> Substation maintenance costs have been projected based on the expansion in the
number of substations. These costs have further been adjusted for by movement in
inflation.

> Transmission line maintenance have been projected based on the growth in the
transmission line route length. These costs have further been adjusted for by movement
in inflation.

) Staff costs have been projected based on the previous trends and projected further based
on inflation movement.

) The General Administrative costs have been projected based on the previous trends and
projected further based on inflation movement.

) Depreciation: this has been assumed as a percentage of the Gross Fixed Asset, basing on the

previous trend. Depreciation is catered for inform of spares, repair and maintenance of the
grid.

4.4.1.4.WORKING CAPITAL

. Accounts Receivables and Payables: these have two months of credit to allow collections
from energy sales and make payments thereto.

. Inventories have been assumed as a percentage of the fixed assets and is based on the
previous trend.

. Impairment of financial instruments; This provision has been based on the IFRS 9 Standard

that requires recognition of financial assets impairment.

4.4.1.5.ASSETS, GOU CONTRIBUTIONS AND BORROWINGS

) Fixed Assets: Fixed assets comprise both the work in progress and the capitalized projects.
The fixed asset base is projected basing on the number of projects anticipated to be
implemented during this period following the respective project life cycles.

) GOU Contributions: GOU has been projected to cover the RAP implementation within the
project costs.

) Borrowings: Borrowing for projects is projected to be paid by GoU and as such do notimpact
the tariff but impact on the Statement of Financial Position. For projects with already secured
financing, borrowings / long term debt is projected based on the termsinthe loan agreements.
For projects without secured financing, an average assumption of 5% loan interest with a
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twenty (20) year loan period inclusive of a five (05) year grace period is assumed.

Some projects are projected to be passed through within the tariff. However, a cap of Ugx
90BN which can be accommodated in the tariff has been used.

4.4.1.6. OTHERS

e Corporate Income Tax has been assumed at 30%

e Generation Levy has been assumed at 0.7% while Rural Electricity Levy has not been considered
as per the Electricity Amendment Bill 2022.

e All Projections have been based on the financial year

e AllIPPs are expected to be in dispatch even after their contract term (expiry) if they still have
the economic useful life.

e UEGCL Kiira -Nalubaale and Bujagali power plants expected to be dispatched as capacity
deals. Other large hydro plants projected like Ayago, Oriang, Kiba, Uhuru and Muzizi expected
to be dispatched as energy deals

4.4.1.7.ENERGY PURCHASES

The following events in generation are expected to drive the power supply projections

. Commissioning of large hydro power plants such as Kiba 400MW in 2032/33, Muzizi 45MW in
2029/30, Oriang 392MW in 2033/34, Ayago 840MW in 2035/36, Uhuru 100MW in 2039/40.

. The total installed Capacity is projected to increase from projected 2,087.92MW in 2025/26 to
MW 6,498.23 in 2039/40. This Increase is premised to ensure that there is ample generation
capacity to always meet the growing projected demand for electricity.

. Hydro power plants installed capacity is premised to increase to 3747.8 MW (both Large
hydro plants and Mini Hydro plants) by 2039/40 and continue being the major contributor to
the required generation capacity.

J The current thermal power plants of Namanve 50MW and Electro Maxx 50MW are expected
to remain in the mix until 2040 and will be supplemented with 2 additional thermal plants
(Gas to Power Tilenga(200MW) & Kingfisher (391IMW) which are expected in 2026/2027. This will
bring the total Installed thermal capacity to 339.1 MW by 2039/40.

. Geothermal is expected to come into the generation mix bringing on board 183MW from two
power plants, Panyimur 1I50MW in a phased manner from 2027/2028 and Kabale peat 30MW
in 2028/2029.

J Numerous solar plants have been lined in the generation mix that will have a total 479MW of
solar Installed capacity by 2039/2040.

o Wind is expected to be added into the mix, bringing on board 20MW from Senok wind power
plant in 2026/2027

J Nuclear Energy Is projected onto the grid in 2035/36 with the commissioning of Buyende
Nuclear Power Plant (1400MW).

. Numerous Co-generation plants have also been lined in a phased implementation manner

bringing the total Cogen Installed capacity to 332.3MW by 2039/40
Based on the aligned installed capacity trend above, the expected energy production which is
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required to meet the growing demand (inclusive of energy sales to the National distributors, Northern
Tanzania exports and industrial loads inclusive data centres) is expected to be 27.560.55GWh by
2039/40 from the projected base of 9146.81 GWh in 2025/26. This represents an average annual
growth of 10. % and overall growth of 201% over the period as shown in Table 55 and Figure 20 here
under.
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Energy Purchases trend from 2025/26 to 2039/40 (GWh)

30000

25000
20000 I I I

15000

Enerrgy (GWh)

10000 - .
|
- I I I I I I I
0
© N\ D ) O > v el X ’\ ) Q
(ﬁ)\% q,‘b\q, ({/\‘L q/‘\z q?’\{b 0njg\ 0\\‘5 q&b ‘b\{b D‘\(b 43\(5 rb(b'b q/,\\ %qj\rb rbod\b(
O N A R A S

Financial Year

M Large Hydros B Mini Hydros Thermals Geothermal mSolar/wind mNuclear B Cogens MImports

Figure 20: Energy Purchase Generation Mix 2025/26 to 2039/40

4.4.1.8. RESULTANT REVENUE REQUIREMENTS

The Revenue Requirements comprise of Single Buyer and Transmission System Operator (TSO)
costs. UETCL is a not-for-profit public limited company. Therefore, the Bulk Supply Tariff mainly is to
recover the revenue requirements for the company. Single Buyer costs are mainly driven by Power
Purchase costs and other costs (third party charges / levies) as approved by ERA.

The third-party charges are computed as 0.7% of exports in accordance with the Electricity
Amendment act 2022.

The Transmission System Operator costs component mainly comprise of staff costs, administrative
costs, transport costs, grid maintenance and repair, license fees, bank guarantee charges,
insurance and communication levy.

Based on the single buyer and transmission system operations assumptions above, the resultant
revenue requirements are expected to increase from Ugx 1678,319.37Mn in 2025/26 to UGX 9,072,036
Mn in 2039/40 leading to 440.54% growth. Single buyer costs are expected to contribute an average
of 8873% while Transmission System Operator (TSO) costs expected to contribute 11.27%.

In the year 2035/2036, energy costs are seen to Increase due to majorly the phased projected
commissioning of Buyende Nuclear Plant (1400MW) in addition to the large hydro’s of Kiba (400MW),
Oriang (392MW) and Ayago (840MW).

Table 56 and the graph shown in Figure 21 here under show the trend of the single buyer costs and
the Transmission Operations Costs (TSO)
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Table 56: Single buyer Costs and Transmission Operations Costs for the period 2025/26 -

2039/40.

Amount (Ushs Million) single Buyer TSO Contribution
single Buyer TSO SR Contribution (%) (%)
2025/26 1452368 225,951 1,678,319 86.54% 13.46%
2026/27 1,454,008 302,357 1,756,365 82.79% 17.21%
2027/28 1,940,711 309,167 2249877 86.26% 13.74%
2028/29 2452, 381 391,640 2,844,021 86.23% 13.77%
2029/30 2901240 401,099 3,302,338 87.85% 12.15%
2030/31 2,944,610 410,492 3,355,102 87.77% 12.23%
2031/32 3,360,165 450,475 3,810,640 88.18% 11.82%
2032/33 3,420,308 466,331 3,886,639 88.00% 12.00%
2033/34 3,676,264 456,356 4132620 88.96% 1.04%
2034/35 3,410,036 488,565 3,898,601 87.47% 12.53%
2035/36 4,666,912 474,375 5141286 90.77% 9.23%
2036/37 5,291322 502,450 5,793,773 91.33% 8.67%
2037/38 5,595,246 506,486 6,101,732 91.70% 8.30%
2038/39 7,912,709 510,710 8,423,419 93.94% 6.06%
2039/40 8,452,372 619,665 9,072,036 9317% 6.83%

Total 58,930,651.35  6,516,117.81 | 65,446,769.17
Growth 481.97% 174.25% 440.54% 88.73% 1.27%
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Revenue Requirement Growth (Ushs Mn)
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Figure 21: Revenue Requirements

The single buyer costs account for approximately 88.73% of the total revenue requirement while the
transmission Costs account for the 11.27% of the total revenue requirement.

The single buyer costs paid to the power generators, are external and heavily Influenced by long
term high value Power Purchase agreements (PPAS) signhed between UETCL and the Independent
Power Producers. They are volume driven (variable based on amount of electricity dispatched
from the power Plant), foreign currency indexed, globally affected by fuel prices and also include
Capacity payments for capacity plants. The Single buyer costs are pass through costs to the end
user.

The transmission operational costs are Internal costs purely controlled and managed by the Utility
based on agreed Internal operation and maintenance plans and governance structures.

4.4.1.9.ENERGY REVENUES, COST OF SALES AND GROSS PROFIT

UETCL revenue is mainly generated from the sale of energy to various power distributors. UETCL
however, generates additional income from leasing of optic fibre co-location - rentals and others
which reduce the operation and maintenance costs.

The energy sales revenue is used to pay off the cost of sales (power purchase costs) and the third-
party levies which leads to gross profit. The gross profit is used to pay off the transmission system
operator costs. The Company is expected to recover all the costs through a cost reflective tariff
and therefore the profit (loss) after tax is projected to be zero during the period.

The Company is expected to generate revenue of approximately Ugx 10,200,328Mn in 2039/40 from
Ugx 2,058,991.97 Mn in 2025/26 leading to 395.40% overall revenue growth throughout the period.
On the other hand, the cost of sales is expected to increase from Ugx 1846129.59Mn in 2025/26 to
Ugx 9,589,346 Mn in 2039/40 leading to 419.43% overall growth. Gross profit is expected to be Ugx
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619,665Mn in 2039/40 from Ugx 225,951.03 Mn in 2025/26 representing 174.25% overall growth.

Table 57 below presents the revenue, cost of sales and gross profit during the projection period.

Table 57: Revenue, Cost of Sales and Gross profit

Amount (Ushs Million)

2025/26 2,058,992 1,846,130 225,951
2026/27 2142210 1,852,965 302,357
2027/28 2,640,896 2,344,863 309,167
2028/29 3,249,300 2,870,754 391,640
2029/30 3,523,304 3,136,648 401,099
2030/31 3,582,316 3,186,282 410,492
2031/32 4,041,224 3,605,242 450,475
2032/33 4,216,096 3,763,626 466,331
2033/34 4,467,545 4,025,070 456,356
2034/35 4,844,347 4,365,447 488,565
2035/36 6,268,951 5,803,027 474,375
2036/37 6,861,541 6,368,019 502,450
2037/38 798,728 6,701,026 506,486
2038/39 9,635,866 9,033,891 510,710
2039/40 10,200,328 9,589,346 619,665
Total 74,831,644.49 68,492,338.47 6,516,117.81
Growth 395.40% 419.43% 174.25%

0®®UETCL @ www.uetcl.go.ug
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Figure 22 below illustrates the trend of revenue, cost of sales and gross profit during the projection
period.
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Figure 22: Revenue, Cost of Sales and Gross profit (Ushs Mn)

The Revenue trend is based on the projected domestic loads plus Northern Tanzania, the Industrial
loads (Inclusive data centres) and the additional exports through the grid Interconnectors. Based
on the demand forecast the loads are projected to grow from 1,385.51 MW In 2025/26 to 4,099.82MW
In 2039/40 representing period growth of 195%.

The Cost of sales are seen to increase in the later years of 2035/36 — 2039/40 and this is attributed to
majorly the commissioning of Buyende Nuclear Plant, which is projected to have Installed capacity
of 1400MW coming into the generation mix. This Is associated with the nature of nuclear plants
which are expensive to build with low variable operational costs and have a very high-capacity
factor.

4.4.1.10. FIXED ASSET BASE

UETCL Fixed Assets are mainly comprised of Property, Plant and Equipment (PPE), way leaves and
easements, prepaid lease rentals and intangible assets. The fixed assets are mainly financed by
Government of Uganda through debt (concessional loans). The way leaves are mainly financed by
Government contributions. Debt contributes mainly 85% while Government of Uganda contributions
contribute 15% on UETCL balance sheet. The fixed assets are therefore relatively proportion to the
long-term debt.

Fixed Assets are expected to grow from an asset base of Ugx 8,652740.86 Mn in 2025/26 to Ugx
37,848,866.99 Mn leading to period growth of 337.42%. Fixed assets growth is expected to be driven
by the new projects being implemented (work in progress) and the capitalized assets after their
respective defects’ liability period.
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The Current Assets are majorly comprised of Accounts receivables, Inventory and Spares, Cash and
bank balances among others and these are expected to grow from Ugx 2,604,287Mn in 2025/26
to Ugx 18,129,156 Mn leading to period growth of 596.13%. Current assets growth is expected to be
driven by majorly the increase in trade receivables arising from Increased sales that will speak to
increased bank and cash balances.

Table 58 below presents the projected asset base growth from 2025/26 to 2039/40.

Table 58: Asset base growth from 2025/26 to 2039/40

Amount (Ushs Mn)

Fixed Assets (Net)  Current Assets (Net) Total Assets (Net)
2025/26 8,652,740.86 2,604,287 11,257,028.32
2026/27 10,862,586.56 2999140 13,861,726.42
2027/28 14,306,914.36 3,583,736 17,890,650.43
2028/29 20,056,527.35 4321843 24378,370.78
2029/30 22,276,856.90 5174251 27,451107.93
2030/31 23,588,560.64 5993118 29,581,678.60
2031/32 26,637,080.66 6,814,095 3345117546
2032/33 27963,874.34 7,705,705 35,669,579.56
2033/34 28,081,874.17 8,673,620 36,755,493.92
2034/35 30,111,.801.04 9,770,953 39,882,753.68
2035/36 30,268,705.26 11,143,556 41412,26147
2036/37 31,668,323.82 12,657,576 44,325,899.96
2037/38 32,648490.38 14,262,413 46,910,903.78
2038/39 33,962,845.95 16,112,385 50,075,231.20
2039/40 37,848,866.99 18,129,156 55,978,023.00
Total 394,015,84317 129,945,835.21 508,881,884.49
Growth 337.42% 596.13% 397.27%
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Figure 23 illustrates the trend of asset base growth from 2025/26 to 2039/40.
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Figure 23: Asset trend growth (in Ushs Mn)

A good Asset base offers several strategic and operational advantages for UETCL for Instance
financial stability and creditworthiness, Income generation from assets, business expansion,
Investment and risk management due to diversified asset base which increases operational
efficiency in addition to sustainability and self-sufficiency.

4.4.1.11. BULK SUPPLY TARIFF (BST)

Bulk Supply Tariff (BST) is the resultant cost reflective tariff computed from the projected Net
revenue requirements as allocated to the projected domestic energy sales (units) to be sold by
UETCL. The BST trend is mainly steered by the periodic commissioning of the several generations
mix as projected to meet the growing demand/loads.

The commissioning of large hydro plants (energy deals) during the periodis projected to reduce the
weighted average generation tariff because of their low purchase prices However, there are also
several new mini-Hydros, solar, co-generation, geo-thermal power plants that will be dispatched
as must runs based on the grid code for whose tariffs are relatively high and tend to increase the
overall weighted average generation tariff in the short run as they have priority in dispatch over the
large hydro’s which are majorly dispatched for demand supply balance.

The projected commissioning of nuclear energy power plant in Buyende in 2035/36 (Buyende

Nuclear plant - 1400 MW) is likely to lead to increase in Energy purchase cost because nuclear
plants have high upfront costs and are capital intensive in nature.
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Itis important to note that the energy projections for purpose of determination of the resultant Bulk
supply Tariff as adjusted by the projected transmission Losses trend is the Generation requirement
of the sales to the National Distributors, exports to Northern Tanzania Exports, and industrial additions
which include Data centres. This follows an organic sustainable growth trend.

The Revenue requirement is based on the projected single buyer business and the transmission
costs for the period 2025/26 to 2039/40.

Table 59 below show the resultant bulk supply Tariff computed from the annualised total revenue
requirement and the projected Net sales (Units) to the national distributors.
Table 59: Computed Bulk Supply Tariff

Net Units to Distributors Resultant BST

Total Revenue Requirement

(ewh)

2025/26 1678319 7,61 22052
2026/27 1756,365 884 214.60
2027/28 2249877 9,856 22828
2028/29 2,844,021 10,225 27814
2029/30 3302338 1,358 290.75
2030/31 3355102 12,022 279.08
2031/32 3,810,640 12,709 20983
2032/33 3.886,639 13260 20311
2033/34 4)32,620 14,374 28751
2034/35 3,898,601 15,343 25410
2035/36 5141286 17,089 300.85
2036/37 5793773 18,587 3172
2037/38 601732 19,528 31246
2038/39 8423419 21247 396.46
2039/40 9,072,036 21615 41971
Total 65,446,769.17 213,007.43

Average BST 292.47
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Figure 24 below illustrates the trend of the total revenue requirement and resultant bulk supply for
the planning horizon.

Revenue Requirement Vs BST Tariff
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Figure 24: Computed Bulk Supply Tariff in the planning horizon

The average energy pricing is projected to follow a controlled upward trend to accommodate the
rise in energy purchase costs due to increased volumes to meet the growing demand and the
relatively increasing but controlled transmission operational costs from time to time. With a period,
average BST of Ugx 292.47, this bulk supply Tariff trend reflects a stable tariff regime with minimal
annual increments supporting affordability and financial predictability.

4.4.112. AVAILABLE ENERGY (GWH) BASED ON INSTALLED CAPACITY VS THE REQUIRED ENERGY
(GWH) BASED ON PROJECTED GENERATION REQ (BAU)+NORTH TZ+IND+DATA CENTRES.

During the period, the installed capacity is projected to grow by 230% from 2,087.92MW in 2025/2026
to 6,498.23MW in 2039/2040. This Installed capacity Is premised to provide the required energy
(GWh) to meet the growing demand for both organic, industrial and through export potential.
Based on the projected energy requirement (GWh), there will be on average a 81.82% optimisation
or utilisation of the available energy as lined up or made available for dispatch by the generation
plants during the period 2025/26 - 2039/40 and therefore this means that there will be enough
reserve margin to meet any out of range spike in demand other than that as projected under the
base case.

Table 60 below shows the percentage utilisation of projected available energy (GWh) based

on installed capacities against the required energy (GWh) generation requirement to meet the
projected loads.
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Table 60: Utilization of available projected energy (GWh) based on installed capacity against
required energy (GWh) generation based on projected demand.

Generation requirement (BAU)

e oy *NorthomTz+ naustial  (eatr
additions inclusive data centers
2025/26 10,475.91 9,146.81 87.31%
2026/27 12,781.05 9,746.46 76.26%
2027/28 14,001.74 1,494.84 82.10%
2028/29 15,003.14 12,234.07 8154%
2029/30 16,075.47 12,971.89 80.69%
2030/31 16,075.47 13,865.43 86.25%
2031/32 16,717.12 14,793.83 88.50%
2032/33 18,425.06 15,800.21 85.75%
2033/34 20,132.99 16,890.02 83.89%
2034/35 21,226.07 18,846.09 88.79%
2035/36 26,428.06 21,027.04 79.56%
2036/37 27566.69 22.371.63 8115%
2037/38 28,136.00 23,898.89 84.94%
2038/39 37,032.57 25,475.24 68.79%
2039/40 38,398.92 27560.56 NT7%
Average 81.82%
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Figure 25 below illustrates the projected available energy (GWh) based on installed capacities
against the required energy (GWh) generation requirement to meet the projected loads.

Avadilable Energy Vs Required Energy based on projected demand
(6Wh) 2025/26 - 2039/40
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Figure 25: Utilization of projected Energy Requirement against available energy

From the above table and illustration, the projected installed Capacity (MW) throughout the period
from 2025/2026 to 2039/2040, will be enough to avail the required Energy (GWh) to meet the UETCL’s
projected electricity demand accordingly.

The extra Capacity acts as a spinning or non-spinning reserve during emergencies caused by for
instance grid failure, natural disasters to mention but a few.

The above position also supports voltage and frequency regulation for an effective and efficient
power system.

Having more generation capacity than demand is strategically beneficial for a power system
because of the following reasons.

) Enhanced reliability and security of supply - This ensures that power supply even during
unexpected demand spikes and supports the grid in case of plant outages. Maintenance or
even break downs. It also reduces the likelihood of black outs and load shedding.

o Flexibility In dispatch and Maintenance - This will allow UETCL to take some generators offline
for scheduled maintenance without compromising supply. It also Ensures economic dispatch

by choosing the most cost-effective generators accordingly.

. Integration of Intermittent renewables - This helps buffer the variability of renewable sources
like wind and solar and provides backup when renewable output drops suddenly.
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. Capacity to support economic growth — This accommodates future increases in demand
from industrialisation, urbanisation and population growth, and attracts investors who value
reliable infrastructure.

. Improved bargaining Power - With the growth in generation capacity UETCL will be able to
negotiate better commercial and Tariffs from developers because the utility (UETCL) will not
be desperate for capacity.

However, there is heed to efficiently and strategically invest into the electricity transmission grid
to ensure there is enough reserve margin for additional loads and further due care and concern
to avoid poor return on investment arising from idle capacity because of too much unutilised
capacity (wasteful investment).

4.4.1.13. LONG TERM DEBT TO FIXED ASSETS RATIO.

The relationship between fixed assets and long-term debt is an Important one for financial
management especially for capital Intensive sectors like energy, manufacturing and Infrastructure.
This is because energy Infrastructure projects are long term Investments that provide for value
over many years and therefore because of their large costs and long useful life, they are typically
financed using long term debt e.g. Loans, bonds.

Based on the debt financing assumptions used i.e. an average of 5% Interest rate, 5-year grace
period and 20-year repayment period.

Table 61 below shows the ratio of the long-term debt to Net Fixed Assets throughout the period
2025/26 - 2039/40.

Table 61: Long term debt to Net Fixed Assets in the planning horizon

UGX -Mns

Fixed Assets (NET)  Long Term Debt Long Term to Fixed Assets Ratio
2025/26 8,652,740.86 6,564,834.22 76%
2026/27 10,862,586.56 8,470,915.99 78%
2027/28 14,306,914.36 11,219,683.98 78%
2028/29 20,056,527.35 16,728,503.15 83%
2029/30 22,276,856.90 18,852113.94 85%
2030/31 23,588,560.64 20,321,360.95 86%
2031/32 26,637,080.66 234781314 88%
2032/33 27,963,874.34 24,964,086.58 89%
2033/34 28,081,874.17 25,272,825.23 90%
2034/35 30,11,.801.04 27,531,649.62 Q1%
2035/36 30,268,705.26 27,963,006.49 92%
2036/37 31,668,323.82 29,500,910.27 93%
2037/38 32,648,490.38 30,751,332.84 94%
2038/39 33,962,845.95 32]191,143.87 95%
2039/40 37,848,866.99 36,494,394.91 96%
Average Long Term to Fixed Assets ratio 88% (0.88)
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The table above shows a debt to Fixed assets ratio of 0.88 which is potentially over leveraged, higher
financial risk but may be managed because the financed fixed assets are transmission lines and
substations that are backed by strong cash flows and regulatory and statutory guarantees. The
strong cashflows are due to sale of electricity through the said infrastructure because of reliable
available infrastructure and high anticipated energy access rates.

Long Term Debt to Fixed Assets Trend
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Figure 26: The trend of Long-Term Debt to Fixed Assets

The graphical representation of Long-Term Debt to Fixed Assets trend is presented below.in Figure
26.

The graph above shows the relationship between Net Fixed assets and long-term Debt which
relationship is explained by a matching principal where long term assets are funded by the
long-term debt. Long Term Debt Is useful because it aligns the asset lifespan with the repayment
period (Motching principal), Eases pressure on short term liquidity, Enables timely Investment in
Infrastructure expansion.

It Is therefore paramount that fixed assets and long-term debt be balanced by having an effective
andinclusive planning that ensures grid expansion, financial stability and sustainability accordingly.
For UETCL, the phased implementation of grid evacuation ,grid expansion and re-investment and
regional power trade projects that form the fixed asset base after capitalisation are backed by
the revenues from the projected additional loads as a result of several government initiatives to
increase investor confidence in the energy sector boost electricity consumption by Increasing the
energy access rates and availing favourable tariffs among others in addition all loans towards
UETCL grid extension and expansion are on lent loans and thus the obligation for repayment lies with
the Government of Uganda through the ministry of Finance, Planning and economic development.
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4.5. RESULTS MONITORING AND EVALUATION

4.5.1. INTRODUCTION

A Monitoring and Evaluation (M&E) framework has been developed to track the progress and
performance of the Grid Development Plan (GDP) to support organizational learning and improved
decision-making.

The framework outlines the Key Performance Indicators (KPIs) that will be used to measure progress
towards achievement of the GDP objectives and provides a strategy for assessing the performance
of initiatives under the 2025-2040 Grid Investment Plan (GIP) Implementation Schedule.

The GDPis a strategic documentin UETCL's overall planning and is in line with the Corporate Strategic
Plan (CSP) 2024-2029, energy sector objectives, National Development Plan 2025/26-2029/30 (NDP
IV) and Vision 2040.

Consequently, the M&E results framework has been designed to consider the strategic direction
of the NDP |V sustainable energy development goal of increasing access to and consumption
of reliable, affordable, clean, and modern energy services, as well as UETCL's Corporate Strategic
Plan (CSP) goals of strengthening the transmission grid and improving operational efficiency, ds
illustrated in Figure 27 here under.
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Uganda Electricity Transmission Company Limited

4.5.2. INDICATORS AND TARGETS FOR GDP 2025-2040

The key performance indicators (KPIs), along with their baseline values and corresponding targets
for the GDP 2025 — 2040 outputs and outcomes are presented in tables Table 62 and Table 63
respectively as shown below.

Table 62: Indicators and Targets for GDP 2025-2040 outputs

Output Indicators

1 2 3 4
Total Circuit Length Increased No. of Installed electricity
of Transmission Transformation = Substations generation
Lines Constructed capacity constructed capacity
km MVA No. MW

Egiz{iﬁi 484796 6,685.5 39 2,029.2
2024/25 5,417.668 71455 43 2,078.0
2025/26 5,627.968 8,905.5 50 2,087.9
2026/27 5,759.168 8,995.5 5] 2,407.0
2027/28 6,265.568 11,904.5 57 2,705.7
2028/29 8,011.368 14,3245 64 29718
2029/30 9,801.368 17]04.5 74 3,264.6
2030/31 9,861.368 17,664.5 77 3,264.6
2031/32 10,207.37 18,824.5 80 3,346.2
2032/33 10,402.37 19,804.5 85 3,646.2
2033/34 10,422.37 19,804.5 85 3,946.2
2034/35 11,192.37 20,684.5 90 4]138.2
2038/39 12,232.37 20,764.5 91 6,258.2
2039/40 13,659.37 21,014.5 91 6,498.2
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Uganda Electricity Transmission Company Limited

Assumptions

The successful achievement of the desired results outlined above is dependent on the following
assumptions:

) Generation capacity is expanded as planned.

. Funding for both compensation/resettlement activities and project implementation is
obtained in a timely manner.

) Compensation and resettlement activities are implemented in a timely manner.

) Deliberate steps are taken to increase electricity utilization and to grow the load

Key stakeholders

. Uganda Electricity Generation Co. Ltd (UEGCL)

. Uganda Electricity Distribution Co. Ltd (UEDCL)

e Electricity Regulatory Authority (ERA)

. Ministry of Energy and Mineral Development

. Ministry of Finance Planning and Economic Development

4.5.3. MONITORING OF THE GIP PERFORMANCE

The performance of the GIP will be monitored annually, using data from the Annual Power System
Operation Reports prepared by the Network Operations and Maintenance (NO&M) Department,
quarterly progress reports from the Grid Development and Planning Department, as well as reports
from Projects Implementation Departments.

Progress will be assessed against planned targets, and necessary recommendations will be made
to align implementation with the GIP’s goals and objectives
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Uganda Electricity Transmission Company Limited

5. THENDPIV(2025/26-2029/30) SCENARIO

5.1. LOAD AND GENERATION PROGNOSIS FOR NDPIV 2030 SCENARIO

This National Development Plan (2025/26—2029/30) is the fourth in a series of six National
Development Plans (NDPs) aimed at accelerating the socio-economic transformation of Uganda.
It is the first of three 5-year NDPs that will deliver the 10-fold economic growth, which is expected to
be achieved by doubling the size of the economy every five years.

The goal of the Plan is to "Achieve higher household incomes, full monetization of the economy, and
employment for sustainable socio-economic transformation’. This goal will be achieved under the
theme “Sustainable Industrialization for Inclusive Growth, Employment, and Wealth Creation”.

5.1.1. ASSUMPTIONS FOR DEMAND SUPPLY PROGNOSIS OF NDPIV 2030 SCENARIO

The assumptions24 guiding the demand supply prognosis for the NDP IV 2030 scenario are
highlighted below.

J Electricity per Capita Consumption raised from 218 kWh (2023/2024) to 1090 kWh by 2029/2030
. Access of population to electricity services raised from the 58% (2023/24) to 70% by 2029/30
o Generation capacity shall be increased from the current 2,047 MW to 15,420 MW by 2029/30.
. Gross Domestic Product growth rate to increase from 6.1% (2023/24) to0 10.6% by 2029/30.

J Population growth rate should decrease from 3% (2023/24) to 2.9% by 2029/30.

It Is key to note that Exports to Northern Tanzania (40MW) were considered and assumed as the
only export potential for this scenario.

Source of NDP IV assumptions: NPA NDP IV document.
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Uganda Electricity Transmission Company Limited

5.1.3. EXISTING AND PROPOSED GENERATION RESOURCES FOR THE NDP IV 2030 SCENARIO

The NDP IV identified key projects with high multiplier effects that were critical in realizing the plan’s
desired results. Among these projects, there were major energy infrastructure projects aimed at
expanding generation capagcity to reach the target of 15,420MW by 2030.

This goal would be realized through the commissioning of several generation plants including.

. Kiba Hydro power plant
o Oriang Hydro power plant
o Ayago Hydro power plant

o Buyende Nuclear power plant
. Wind power plants in Karamoja
o Solar power plants

With the above considerations, the generation mix for the NDP IV scenario was projected from the
baseline installed capacity as shown in Table 66

Table 66: Projected Installed capacity for NDP IV 2030 Scenario

Technology Baseline 2023/24 2025/26 2029/30
Hydro 1,705.6 17283 3,6313
Thermal 100.0 100.0 3391
Geothermal 0.0 0.0 870.0
Solar/wind 84.0 2551 1247.3
Cogeneration, Bagasse, Biomass 139.6 155.6 9323
Nuclear 0.0 0.0 8400.0
Total 2,029.2 2,239.0 15,420.0
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Grid Development Plan 2025 - 2040

FY2025/26 FY2029/30
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= Geothermal m Geothermal
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® Nuclear = Nuclear

Figure 28: Forecast Installed Capacity of Generation Mix for NDP IV 2030 Scenario

The forecast installed capacity of the generation mix for the NDP IV 2030 scenario is illustrated in
Figure 28 below

The forecast generated power realized from the generation mix in the planning horizon of the is
shown in Figure 29 below

Forecasted Generated Power from the Generation Mix
NDP IV 2030 Scenario

14,000

12,000

10,000
~~
S 8000
=
N
& 6000
3
a 4,000

N L] ]
2025/26 2026/27 2027/28 2028/29 2029/30
FINANCIAL YEARS
EHydro ® Thermal W Geothermal Solar/wind m Cogeneration, Bagasse,Biomass B Nuclear

Figure 29: Forecasted Dispatched Power of the Generation mix for the NDP IV 2030 scenario
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Uganda Electricity Transmission Company Limited

5.1.4. DEMAND SUPPLY BALANCE FINDINGS OF THE NDP IV 2030 SCENARIO

A Demand-Supply balance was conducted to ascertain whether the generation capacity meets
the projected demand ads including the Northern Tanzania exports requirements and required
spinning reserve.

The Demand-Supply Power balance detailed results for the NDP IV 2030 scenario are presented in
Appendix Al.2,and summarized as shown below in Table 67 and illustrated in Figure 30 respectively.

Table 67: Demand-Supply of the NDPIV 2030 scenario for the planning horizon

Description 2025/26 2026/27 2027/28 2028/29 2029/30
National Peak Demand (MW) 1,280 1778 2470 3,429 4761
Northern Tanzania Exports (MW) 40 40 40 40 40
Installed Generation Capagcity (MW) 2239 2753 3192 4428 15,420
Total Available Generation 1266 1529 1652 2469 12.272
(minus spinning reserve) (MW)
Excess/Deficit (MW) -545 -289.0 -857.0 -999.9 74705
Demand - Supply Power Balance for the NDP IV 2030 Scenario
14,000
12,272

12,000 o

10,000
§ 8,000
&
= 6,000
<)
o

4,000

2,469
2,000 1.266 29 3 229 e
o) ;
ome 1,778 2,470
0
2025/26 2026/27 2027/28 2028/29 2029/30
FINANCIAL YEARS
mm Power Exports - Tz (MW) Peak National Demand (MW)
o= Total Available Generation (Minus spinning) (MW)

Figure 30: Demand - Supply Power Balance of the NDP IV 2030 scenario
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Grid Development Plan 2025 - 2040

5.1.4.1. OBSERVATIONS FROM DEMAND SUPPLY BALANCE

Observations
For the Demand-Supply Power Balance:

. The available surplus generation capacity to meet additional demand and exports is
projected at 7,470.5MW by 2029/30.
This significantincrease is attributed to the planned commissioning of new generation plants,
including Ayago (840 MW), Oriang (392 MW), additional solar installations (such as East PV and
Jinja Floating Solar), and the 8400 MW Buyende Nuclear Power Plant. These developments
are expected to raise the total installed capacity to 15420 MW by FY2029/30.

. Deficits in the generation capacity ranging from 545MW in FY2025/25 to 999.9 MW by
FY2028/29 are observed in the planning horizon, indicating that the generated power would
be insufficient to meet national demand and subsequently exports to Northern Tanzania
This shortfall is likely to be due to delays in the construction and/or commissioning of
upcoming power plants.

5.1.4.2. RECOMMENDATIONS

To mitigate risks of power generation deficits relative to projected demand, it is essential to
align project implementation timelines with demand forecasts and ensure timely execution of
generation projects.

5.2. GRID INVESTMENT PLAN FOR NDP 1V 2030 SCENARIO

The Grid Investment Plan of the NDP IV 2030 scenario indicates objectives, estimated costs and
implementation schedules for identified projects. Similar to the BAU scenario, the projects in the
NDP IV 2030 scenario have been categorised as follows:

) Power evacuation projects
) Crid re-investment projects
) System Expansion projects
) Regional projects.

The summarized Grid Investment Plan of the NDP IV 2030 scenario is presented in the Table 68 here
under.
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Grid Development Plan 2025 - 2040

5.2.1. SUMMARY OF FINANCIAL REQUIREMENTS BY THE YEAR 2040

The cost implication to implement all the projects of grid investment plan (as shown in Table
68 above) under this scenario in the planning horizon is 1177,656.712 USD. The summarized cost
breakdown is shown in Table 69 below

Table 69: Summary of financial requirements for NDP IV 2030 scenario

Project Category Estimated Cost (Billion UGX) Estimated Cost (USD)
Power Evacuation Projects 927 238,598,772
Re-Investment Projects 518 133,408,200
System Expansion Projects 1237 318,545,252
Regional Interconnection Projects 1892 487,104,488
Total Grid Investment Requirement 4,574 1,177,656,712
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Grid Development Plan 2025 - 2040

6. TENFOLD 2040 SCENARIO

6.1. LOAD AND GENERATION PROGNOSIS FOR TENFOLD 2040 SCENARIO

The Tenfold growth strategy is anchored by the country’s desire and ambition for socio-economic
transformation, aligned with emerging trends in agriculture, transport, manufacturing, science,
technology & innovation, and globalization.

Under this strategy (referred to as the Tenfold Strategy ATMs), the model focuses on targeted
investments in the following high-growth demand clusters:

e Agriculture- Through mechanization and development of agro-processing clusters

e Transport — Through deployment of e-mobility solutions (e.g. electric vehicles, e-boda charging
infrastructure) and implementation of the Standard Gauge Railway (SGR)

e Manufacturing — Through the establishment of industrial parks and expansion of steel and
cement production facilities

These sectors are recognized as priority growth areas under national policy due to their substantial
potential to drive electricity demand.

The strategy assumes a tenfold increase in the generation installed capacity, from 2,050 MW to
22 GW by 2040. It provides a scenario that maps the electricity supply industry’s development
trajectory in line with the government’s vision to achieve a tenfold economic growth over the next
15 years, with a strong start during the NDP IV implementation period, which targets double-digit
growth.

6.1.1. DEMAND FORECAST FOR THE TENFOLD 2040 SCENARIO

The demand was projected to grow from the existing National peak demand of 891.84MW (as of
2023/24) to 18405.42 MW by 2039/40, at an average annual growth rate of 20.05%.

LR LR LD KR 0800 & riwcon| 155



Uganda Electricity Transmission Company Limited

The existing peak demand was projected to meet baseline demand targets presented in Table 70

as extracted from the region-based demand breakdown indicated in Table 71 below.

Table 70: Forecast Demand targets for Tenfold 2040 scenario

Financial Year

National Peak Demand (MW)

2029/30 491751
2034/35 12,517.44
2039/40 18,405.42
Table 71: Tenfold Region-based Demand Breakdown for the respective financial years
Zone 2029/2030 2034/2035 2039/2040
CENTRAL 21.94 510.05 944.20
EAST 426.84 895.99 1,597.59
GKM 3,084.26 8,397.64 10,675.14
JINJA_METRO 506.50 1,063.21 1,895.76
NORTH 14753 412.90 90187
WEST 423.89 889.79 1,586.55
WEST_NILE 116.54 347.87 804.32
TOTALS 4,917.51 12,517.44 18,405.42

The export potential for this scenario was assumed as highlighted in Table 72 below.

Table 72: Projected Exports for Tenfold Scenario

Country/Financial Year 2024/2025 2025/26 - 2039/40
Kenya 100 4-100
Tanzania 40 40-180
Rwanda 60 60
DRC 20-100
South Sudan 45- 260

@ www.uetcl.go.ug
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Grid Development Plan 2025 - 2040

6.1.2. GENERATION FORECAST FOR THE TENFOLD 2040 SCENARIO

The Tenfold 2040 scenario assumes a tenfold growth of the existing installed generation capacity
from 2,050MW (as of February 2025) to 22GW by 2040.

The breakdown of the installed capacity for the generation mix is represented in Table 73 below
and illustrated in Figure 31 here under.

Table 73: Estimated installed generation mix for the Tenfold scenario by 2040

Technology Estimated Capacity (MW)
Hydro 5143
Thermal 2,023
Geo-thermal 870
Solar/wind 4478
Cogeneration, Bagasse, Biomass 1313
Nuclear 8,400
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Figure 31: Forecast Generation Mix for Tenfold 2040 scenario
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Grid Development Plan 2025 - 2040

6.1.3. DEMAND SUPPLY BALANCE OF TENFOLD 2040 SCENARIO

A demand - supply power balance was conducted to determine whether the generation capacity
would meet the projected National demand and export requirements. It was carried out following
two approaches briefly discussed below.

6.1.3.1. UNBALANCED DEMAND-SUPPLY OF TENFOLD 2040 SCENARIO

The unbalanced demand-supply approach considered power generation from each plant based
on the plant’s firm capacity, which was determined by the plant factor and installed capacity of the
generation plant. The resulting total generation output was then compared against the projected
demand to identify potential surpluses or deficits.

Figure 32 below provides a graphical representation of the generated power based on plant firm
capacity in the generation mix.

Forecasted Generated Power based on respective plant Firm Capacity
Tenfold 2040 scenario
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Figure 32: Forecast generated power based on firm capacity
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Grid Development Plan 2025 - 2040

Demand - Supply Power Balance with Firm Capacity Generation
(Unbalanced Demand supply for Tenfold Scenario)
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Figure 33: Unbalanced Demand-Supply for Tenfold 2040 scenario
Observations
) Surplus generation capacity to meet any additional demand and exports range from

450.90MW in 2028/29 to 9,232.35MW in 2030/31, indicating the need to explore demand growth
opportunities to match generation capacity

o However, deficits ranging from 4.39MW in 2025/26 to 2.854]10MW in 2039/40 are observed,
indicating that in some years, the available generation would be insufficient to meet the
forecast demand.
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Uganda Electricity Transmission Company Limited

6.1.3.2. BALANCED DEMAND-SUPPLY OF TENFOLD 2040 SCENARIO

The balanced demand-supply approach involved adjusting the power output from generation
plants proportionally to match the forecast demand. This ensured that for each yearin the planning
horizon, the total supply matched the projected demand, thereby eliminating potential surpluses

or deficits.

Figure 34 below provides a graphical representation of the generated power based on the plant

adjusted dispatched power in the generation mix.

Forecasted Generated Power based on plant adjusted dispatch power
Tenfold 2040 Scenario
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Figure 34: Forecast generated power based on adjusted dispatched power
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Uganda Electricity Transmission Company Limited

Demand - Supply Power Balance with Adjusted Dispatched Generation
(Balanced Demand supply for Tenfold Scenario )
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Figure 35: Balanced Demand-Supply for Tenfold 2040 scenario
Observations
. No deficits or surpluses are observed in the balanced demand-supply, since the generation

plants are dispatched in proportion to the demand.

However, beyond FY2029/30, all the large hydro power plants and geo-thermal power plants
emand.

would be required to operate at their full installed capacity, to meet the forecast d

Additionally, the nuclear power plant and some thermal power plants would be required to

run at full installed capacity beyond 2036/37 to sustain the projected demand.
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Grid Development Plan 2025 - 2040

6.2. GRID INVESTMENT PLAN FOR TENFOLD 2040 SCENARIO

The Grid Investment Plan under the Tenfold 2040 scenario outlines the objectives, estimated costs
and implementation timelines for the identified projects. It incorporates all projects included in the
Business-As-Usual (BAU) scenario, along with additional projects necessary to achieve the targets
set under the Tenfold 2040 scenario. The projects are categorized into the following as follows:

. Power evacuation projects
. Grid re-investment projects
. System Expansion projects
. Regional projects.

6.2.1. SUMMARY OF FINANCIAL REQUIREMENTS BY THE YEAR 2040

The total cost of implementing all the projects outlined in the Grid Investment Plan under the Tenfold
2040 scenario over the planning horizon is estimated at 16,003,667,269 USD. This amount includes
4,359,005,010 USD for projects carried over from the Business-As-Usual (BAU) scenario.

The summarized cost breakdown for Tenfold 2040 scenario is shown in Table 76 below.

Table 76: Summary of financial requirements for Tenfold 2040 scenario

Project Category Estimated Cost (USD)

BAU Investment Requirements 4,359,005,010
CENTRAL REGION 824,223,230
EASTERN REGION 171,106,667
GKM AREA 5,293,318,010
JINJA METRO AREA 524,275,215
NORTHERN REGION 1418,092,745
WESTERN REGION 948,205,974
WEST NILE REGION 925,350,419
Total Grid Investment Requirement 16,003,667,269
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7. ENERGY POLICY 2023 - VISION 2040 SCENARIO

7.1. LOAD AND GENERATION PROGNOSIS FOR THE ENERGY POLICY 2023 - VISION
2040 SCENARIO

Uganda Vision 2040 provides development paths and strategies to operationalize Uganda’s Vision
statement which is “A Transformed Ugandan Society from a Peasant to a Modern and Prosperous
Country within 30 years” as approved by Cabinet in 2007.

It aims at transforming Uganda from a predominantly peasant and low-income country to a
competitive upper middle-income country.

7.1.1. ASSUMPTIONS FOR DEMAND SUPPLY PROGNOSIS OF ENERGY POLICY 2023 - VISION 2040
SCENARIO

In line with Vision 2040 and having benchmarked it with selected Upper Middle Income (UMI)
countries that have achieved similar level of development status, several socio-economic
indicators and targets were developed for Uganda as reference points to indicate the desired level
of development and social-economic transformation.

Some of these targets25 include.

. Electricity per capita consumption raised to 3,668 kWh by 2040
o Electricity Access of the population raised to 80% by 2040
. An installed Generation Capacity shall be raised to 41,738 MW by 2040

. Uganda’s population is expected to increase to 60.4 million by 2040

The Energy Policy for Uganda (2002) was recently reviewed, culminating in the development of
the Energy Policy for Uganda (2023). One of the key objectives of the updated policy is to enhance
electricity generation by diversifying the energy mix and increasing the installed generation
capagcity to 52,451 MW by 2040.

As aresult of this policy revision, the Vision 2040 target for installed generation capacity was revised
from 41,738 MW to 52,451 MW to align with the new strategic ambitions.

The Electricity System Planning and Coordination Committee (ESPCC) and a Least Cost Generation
& Transmission Plan (LCGTP) were thereafter drafted with an objective to develop a more granular
view of the transmission infrastructure in line with the Revised Electricity Policy 2023, capable of
sustaining the target of a Generation Installed Capacity of 52GW by 2040.

An average load factor of 0.746 was assumed by the LCGTP Sector working team led by MEMD,
presenting approximately 38GW of the National peak Demand in 2040 with 100% electrification

25 Source of Vision 2040 Targets: NPA — Vision 2040
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Uganda Electricity Transmission Company Limited

7.1.2. GENERATION FORECAST FOR THE ENERGY POLICY 2023 — VISION 2040

Following the updated of the generation installed capacity target from 41IGW to 52GW, the estimated
breakdown for the generation resources is shown below in Table 77, and illustrated in Figure 36 here
under of the forecasted generation mix.

Table 77: Estimations on available energy resources for the Energy Policy 2023 - Vision 2040

scenario
Hydro 5143
Thermal 9,919
Geo-thermal 1,650
Solar/wind 10,328
Cogeneration, Bagasse, Biomass 1313
Nuclear 24,200
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2029/30 2034/35

8%

23% il

28%
——_ 4%
= Hydro 5% ® Hydro
= Thermal = Thermal
m Geothermal m Geothermal
» Solar/wind » Solar/wind
= Cogeneration, Bogaosse, Biomoss = Cogeneration, Bogosse,Biomass
u Nuclear = Nuclear
2039/40

m Hydro

= Thermal

m Geothermal

= solar/wind

= Cogeneration, Bagasse Biomass
= Nuclkear

Figure 36: Forecasted Generation mix for the Energy Policy 2023 - Vision 2040

The generation mix by 2040 was further disaggregated by region to provide a detailed outlook of
the installed generation capacity across the different geographical areas as shown in Figure 37
here under.
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Grid Development Plan 2025 - 2040

7.1.3. DEMAND FORECAST OF THE ENERGY POLICY 2023 -VISION 2040

The LCGTP Sector working group led by MEMD assumed an average load factor of 0.746, presenting
approximately 38GW of the National peak Demand in 2040 with 100% electrification for this scenario.

Furthermore, Data centers have been assumed to contribute a load of 1400MW and which are
located the Northern and West-Nile Regions.

The demand was projected to grow from the existing National peak demand of 891.84MW (as of
2023/24) to meet the baseline demand targets presented in Table 78 below and extracted from
the region-based demand breakdown indicated in Table 79 below.

Table 78: Demand Forecast for the Energy Policy 2023 - Vision 2040

Financial Year National Peak Demand (MW)
2029/30 773492
2034/35 19,842.98
2039/40 38189.39

Table 79: Region based demand breakdown for the Energy Policy 2023 - Vision 2040

Zone 2029/2030 2034/2035 2039/2040
CENTRAL 53119 1427.95 321546
EAST 1015.56 2,616.83 584374
GKM 350227 8,790.49 1343226
JINJA_METRO 72123 1675.50 350191
NORTH 509.65 145214 336547
WEST 110056 286776 643852
WEST_NILE 354.46 1012.30 239204
TOTALS 7,734.92 19,842.98 38,189.39
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Uganda Electricity Transmission Company Limited

Figure 38 below provides a pictorial representation of the region-based demand across the

different geographical areas.

Forecasted DEMAND per Region
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Figure 38: Forecasted Demand per Region by 2039/40
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A comparison between the forecasted installed generation capacity and demand per region
was conducted as illustrated in Figure 39 below. The analysis revealed deficits in the installed
generation capacity relative to demand in the GKM and Jinja Metro regions, highlighting the need
for additional evacuation infrastructure to supply power to these areas.

Resultant Surplus/Deficit Per Region
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Figure 39: Surplus/Deficit of Installed generation Capacity relative to Demand
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Uganda Electricity Transmission Company Limited

The export potential for this scenario was assumed as indicated in Table 80 below.

Table 80: Projected exports for Energy Policy 2023 - Vision 2040 scenario

Year 2024/2025 2025/26 - 2039/40
Kenya 100 4-100
Tanzania 40 40-180
Rwanda 60 60
DRC 20-100
South Sudan 45- 260

7.1.4. DEMAND SUPPLY BALANCE OF ENERGY POLICY 2023- VISION 2040 SCENARIO

A demand-supply power balance was conducted to determine whether the generation capacity
would meet the projected National peak demand and export requirements. It was carried out
following two approaches briefly discussed below.

7.1.4.1. UNBALANCED DEMAND-SUPPLY OF ENERGY POLICY 2023 - VISION 2040 SCENARIO

The unbalanced demand-supply approach considered power generation from each plant based
on the plant’s firm capacity, which was determined by the plant factor and installed capacity of the
generation plant. The resulting total generation output was then compared against the projected
demand to identify potential surpluses or deficits.

Figure 40 here under provides a graphical representation of the generated power based on plant
firm capacity in the generation mix.
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Forecasted Generated Power based on respective plant Firm Capacity
Energy Policy 2023 - Vision 2040 scenario
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Figure 40: Forecast generated power based on firm capacity
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Demand-Supply Power Balance with Firm Capacity Generation

25 000 (UnBalanced Demand Supply for Energy Policy 2023 - Vision 2040 )

40,000
35,000
30,000

25,000
20,000
15,000
10,000
5,000 I

POWER (MW)

o m N
G0 & > O O W@ W) WD SRR SN -SR-S
q/b\q, q(/o\f» qg)\‘l/ q,/\\‘)/ q‘,b\% rl9\"3 %0\ rb\\‘b ‘b& ,b‘b\(b q,b\rb (g)\"b {b@\‘b (g\\‘b qu’\{b fbg\b‘
DR S S M S S~ S, S S S, S S S U
FINANCIAL YEARS
W Power Exports (MW)

mmm National Peak Demand (Energy Policy 2023 - Vision 2040 scenario) (MW)
Total Available Generation (Minus spinning) (MwW)

Figure 41: Unbalanced Demand-Supply for Energy Policy 2023 - Vision 2040 scenario

Observations

) Surplus generation capacity to meet any additional demand and exports range from
180.44MW in FY2024/25 to 15,266.85MW in FY2030/31. This indicates that on average a 1000MW
load would be required to be added to the power grid each year to match the generation
capacity.

To redlise this, a clear development road map needs to be developed to explore demand
growth opportunities.
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7.1.4.2. BALANCED DEMAND-SUPPLY OF ENERGY POLICY 2023 -VISION 2040 SCENARIO

The balanced demand-supply approach involved adjusting the power output from generation
plants proportionally to match the forecast demand. This ensured that for each year in the planning
horizon, the total supply matched the projected demand, thereby eliminating potential surpluses

or deficits.
Forecasted Generated Power based on plant adjusted dispatch power
Energy Policy 2023 -Vision 2040 Scenario
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Figure 42: Forecast generated power based on adjusted dispatched power for Energy Policy
2023 - Vision 2040 Scenario
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Uganda Electricity Transmission Company Limited

Observations

. No deficits or surpluses are observed in the balanced demand-supply, since the generation
plants are dispatched in proportion to the demand.

The generation plants were dispatched following the merit order principle to minimize the
overall cost of electricity supply. Consequently, the large hydro power plants, geothermal
and nuclear power plants were prioritized in dispatch over thermal plants.

Demand - Supply Power Balance with Adjusted Dispatched Generation
(Balanced Demand supply for Energy Policy 2023 - Vision 2040 Scenario )
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Figure 43: Balanced Demand-Supply for Energy Policy 2023 - Vision 2040 scenario
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Grid Development Plan 2025 - 2040

7.2. GRID INVESTMENT PLAN FOR ENERGY POLICY 2023 - VISON 2040 SCENARIO

The Grid Investment Plan under the Energy Policy 2023 — Vision 2040 scenario outlines the objectives,
estimated costs and implementation timelines for the identified projects. It incorporates all projects
included in the Business-As-Usual (BAU) scenario, along with additional projects necessary to
achieve the targets set under the scenario. The projects are categorized into the following as

follows:

e Power evacuation projects
e Grid re-investment projects
e System Expansion projects
e Regional projects.

7.2.1. SUMMARY OF FINANCIAL REQUIREMENTS BY THE YEAR 2040

The total cost of implementing all the projects outlined in the Grid Investment Plan under the Energy
Policy 2023 — Vision 2040 scenario over the planning horizon is estimated at 22,073,432,570 USD.
This amount includes 4,359,005,010 USD for projects carried over from the Business-As-Usual (BAU)
scenario.

The summarized cost breakdown for Energy Policy 2023 — Vision 2040 scenario is shown in Table 83
below.

Table 83: Summary of financial requirements for Energy Policy 2023 - Vision 2040 scenario

Project Category Estimated Cost (USD)

BAU Investment Requirements 4,359,005,010
CENTRAL REGION 2,492,230,679
EASTERN REGION 2,364,016,224
GKM AREA 5,570,326,366
JINJA METRO AREA 1131,438,255
NORTHERN REGION 1,709,423,436
WESTERN REGION 2520,600,798
WEST NILE REGION 1,926,391,801
Total Grid Investment Requirement 22,073,432,570

L LR R LR LR R KRR 0800 & o



Uganda Electricity Transmission Company Limited

7.3 RECOMMENDATIONS

From the above studies and analysis, the following recommendations are made for consideration.

. There is need for support and development of industrial parks which are expected to act as
demand drivers.

. Industrial Parks to be distributed, in the sparsely populated areas and spread in the various
regions of the country.

. Data Centres to ideally be located closer to the generation facilities

. To target addition of 1000MW load addition each year throughout the planning period.

. For purposes of Grid Stability, the envisaged VRE penetration should encompass Battery
Energy Storage Systems (BESS).

o Need to implement projects for new infrastructure around the GKM to construct 220kV and
400kV rings.

. Existing 132kV grid around GKM to be maintained and reinforced

. Need to expedite completion of the Electricity Generation Masterplan, and Electrification
(Distribution) Masterplan to inform placement of the required Transmission Substations.

. Corridor sharing with utilities should be undertaken by other government agencies e.g. MOWT
for Road reserves.
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Grid Development Plan 2025 - 2040

7.4. COMPARISON OF ALL SCENARIOS

The demand supply balance prognosis was compared as follows,

. The Demand-supply Power balance of the BAU scenario was compared against that of the
NDP IV scenario.

) The unbalanced Demand-supply Power balance of the Tenfold scenario was compared
against that of the Energy Policy 2023 - Vision 2040 scenario.

Figure 44 below provides the graphical comparison between BAU 2040 and NDP IV 2030 scenarios.

Demand - Supply Power Balance Comparison
BAU 2040 Scenario VS. NDP IV 2030 Scenario
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Figure 44: Demand-Supply Power Balance Comparison of BAU and NDP IV scenarios
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Uganda Electricity Transmission Company Limited

Figure 45 below provides the graphical comparison of the Ten-fold 2040 and Energy Policy

2023-Vision 2040 scenarios.

Un-Balanced Demand-Supply Power Balance Comparison
Tenfold 2040 VS. Energy Policy 2023 - Vision 2040
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Figure 45: Unbalanced Demand-Supply Power Comparison of Tenfold 2040 and Energy Policy

2023 - Vision 2040 scenario
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Uganda Electricity Transmission Company Limited

8. RISKAND OPPORTUNITIES ANALYSIS

The general risks and opportunities identified across the various GDP scenarios—Business as
Usual, NDP IV, Tenfold, and Energy Policy 2023 — Vision 2040 (52 GW)—are outlined below, along with
corresponding mitigation measures related to GDP implementation in this section.

8.1. RISK ANALYSIS

These risks will be monitored and reported on all through the implementation period of the Grid
Development plan.

The risk analysis was conducted for all the scenarios in the Grid Development plan using a 5x5 risk
matrix as shown in Figure 46 below. The detailed analysis is presented in Table 84 here under.

Likelihood

Impact Rare (1) Unlikely (2)  [Possible(3)  [Likely (4) ‘E\;;“"St Certain

Substantial Risk [Substantial Risk
Catastrophi
atastrophic (5) ) (10)
Maor (4) Substantial Risk

(8)
Significant (3) Substantial Risk |Substantial Risk
5 (6) 9)
Minor (2) Substantial Risk |Substantial ~ [Substatial Risk
(6) Risk (8) (10)

o Substantial
Insignificant (1) Risk(s)

Figure 46: 5x5 Risk Matrix
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Uganda Electricity Transmission Company Limited

8.2. OPPORTUNITIES ANALYSIS

UETCL hasidentified some opportunities to facilitate the delivery of its mandate. These are presented
in the table below.

Table 85: Opportunities Analysis

Opportunities Benefits

In the short term, the generation capacity attributed
to the un dispatched thermal power plants presents
an opportunity for enhanced security of supply

and energy trade. In the medium term as more
generation comes online, this opportunity will be
further exploited.

e Generation Surplus

The availability of funding from GoU and various
agencies on concessional terms opens a window for
UETCL to execute its planned investments.

e Securing funding for new
investments:

The ongoing implementation of the regionall
e Regional power trade interconnection projects presents a greater
opportunity for regional energy exchange and trade.

The growing portfolio of power projects under
implementation will deliver a robust grid
infrastructure for a more reliable, stable and flexible
power system

e Alarge project Portfolio (More
power generation, transmission,
distribution):

¢ Available and cheaper Hydro-Electric
potential.

e Expanding Optic Fibre network

e Expansion and capacity

development.
. - These will Widen the revenue base
% Increasing Rural Electrification

and industrialization

% Potential for domestic and
regional demand for electricity.

e Good Economic growth

1% (0000 & s PP RO LDLO LR
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Uganda Electricity Transmission Company Limited

9. STAKEHOLDERS

Due to the nature of the projects and the environment in which UETCL operates, identification of
key stakeholders is a prerequisite for the successful implementation of this Grid Development Plan.
Table 86 presents some of the stakeholders and their roles.

Table 86:Stakeholders
Stakeholder Role
) Sector policy and strategies
. Provide counterpart funding for activities like RAP

Government of Uganda (Gou), implementation

Ministries (MEMD, MoFPED, OPM, . Power sector contribution to GoU wider objectives
among others)

. Source for funding from development partners
. Provide data on future rural electrification projects
to facilitate their implementation.
. Power sales Agreements (PSA’s)
Distributors (UEDCL & others) . Wheeling Agreements (WA'’s)
. Provide data regarding consumers
. Issue licenses

Electricity Regulatory Authority (ERA) | Approve budgets
. Approve bulk supply tariff

Civil Aviation Authority (CAA) . Approval of tower heights close to airports & airstrips
Regional utilities . Power Exchange Agreements
Generation Companies (UEGCL, o Generate and sell power under Power Purchase
Independent Power Producers (IPP) Agreements

. Project identification

) Project appraisal
Funding agencies

. Approval of financing

. Project supervision
Government Valuer . Approval of RAP costs and budget

o Provision of properties compensation amounts.
Public . Way leaves acquisition

. Land acquisition
Local Leaders o Wayleaves acquisition

) Approval of ESIA report
National Environment and

Management Authority (NEMA) . Ensuring . compliqnce with environmental
conservation guidelines

. Approval of ESIA report
National Forestry Authority (NFA)

. Wayleaves acquisition

2000000 & s PO




Grid Development Plan 2025 - 2040

Approval of ESIA report

Uganda Wildlife Authority (UWA)

. Wayleaves acquisition
Uganda Investment Authority (UIA) | e Information on upcoming demand
National Planning Authority (NPA) o Harmonize national planning

e UNRA (Uganda National Road Authority).
. NWSC (National Water Sewage Corporation)
. PAU (Petroleum Authority of Uganda)

Infrastructure Utilities
e UNOC (Uganda National Oil Company)

o These provide data on their respective infrastructure
plan.
Security Organs . Provide security in the fight against vandalism
o Build, operate and/or maintain the high voltage

Independent Power Transmitters

(IPTS) transmission infrastructure under transmission

service agreement.

L LR R LR LR R KRR 0800 & o
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d Development

A.3.2. UGANDA POWER SYSTEM PRESENT AND FUTURE NETWORKWORK
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Uganda Electricity Transmission Company Limited

A.3.3. NATIONAL DEVELOPMENT PLAN SCENARIO (NDP)
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d Development Plan 2025 - 2040

A.3.4. TENFOLD 2040 SCENARIO
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