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1 Introduction

The Electricity & Renewable Energy Portfolio Committee (EREPC) is one of the working groups of the Energy
Regulators Association of East Africa (EREA). It supports EREA’s Secretariat by considering and deliberating on
Electricity and Renewable Energy regulatory matters within the EREA member states.

The main objective of the EREPC is to deliberate and deal with issues relating to, inter alia, generation,
transmission, distribution, and supply of energy in terms of quality, safety, standards, energy systems integration,
security and reliability of supply and promotion of energy efficiency and renewable energy. The specific
objectives of EREPC include:

(i) To develop regulatory benchmarks for electricity and renewable energy in East Africa;

(i) To develop and recommend for implementation best practices for monitoring and enforcing
technical compliance by EREA member institutions;
To optimize capacity building in EREA member institutions to enhance monitoring of regional

electricity and renewable energy projects; and,




(iv) To harmonize standards and recommend best regulatory practices to enhance quality, safety,
security, reliability of energy supply, energy efficiency, and promote the development of sustainable
renewable energy sources within the East African Region.

The 6h EREPC meeting was held from 20th to 21st June 2024 at the Sultani Hotel in Kinshasa, Democratic Republic
of Congo.

2 Constitution of Bureau
Participants present:
() Energy and Water Utilities Regulatory Authority (EWURA);
(i) Electricity Regulatory Authority (ERA);
(i)  Authority for Regulation of Water and Energy Sectors (AREEN);
(iv) Energy and Petroleum Regulatory Authority (EPRA); and,
(v) Autorite de Regulation du Secteur de I'Electricite (ARE)
It was confirmed that members present form quorum and hence the bureau was fully constituted. The meeting

was chaired by EWURA and ERA provided secretarial services. The list of participants is provided in Annex 1.

3 Adoption of the Agenda
The Agenda was as follows:

1. Introduction and Welcome
2. Constitution of Bureau

3. Adoption of the Agenda




. Matters arising:
(a)  Progress Implementation of matters arising from the 15t Annual General Assembly (AGA) held at
Mount Meru Hotel in Arusha, Tanzania;
(b)  Progress implementation of matters arising from the 26™ Executive Council (EXCO), held at Protea
Hotel in Entebbe, Uganda;

. Review the Action Plan for FY2023/24, focusing on Quarter 1 to Quarter 4 planned activities

. Status of ongoing projects

5
6. Status report on Electricity sector
7
8

. Action plan for 2024/2025
The agenda was proposed by AREEN and seconded by ARE.

4 Matters arising

4.1 Matters arising from the 15t AGA

The EREPC considered the matters arising from the 15th AGA and noted that no specific resolution required
EREPC action.

4.2 Matters arising from the 26t EXCO Meeting

The EREPC considered the matters arising from the 26th EXCO and noted that the EREPC was to:

Include data from the Democratic Republic of Congo in the subsequent reports. Data from DRC has been
included under the various attachments in this report and has been analyzed under the respective

sections.
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Provide specific recommendations arising from their technical analyses. Specific recommendations have

been provided under technical parameter analysis for actions.

5 Review Action Plan for FY2023/24
EREPC reviewed its Work Plan for FY2023/24. The summary of the progress which is at 90% implementation of the

activities for Q1 to Q4 is provided as Annex 2. The details for each activity are provided in the subsequent

sections.

5.1 Data collection on technical auditing methodologies and tools within NRIs

The EREPC reviewed NRIs methodologies for data collection on technical auditing and tools within NRIs. The
assessment covered data collection from licensees, verification, and data processing methods, as well as tools

used by NRIS for audit purposes.

The report was presented and adopted by EXCO during the meeting held in Entebbe in December 2023.

5.2 Update Utility performance indicators for the region

The EREPC compiled the sector performance data from NRIs and using this data performed a trending for the
following sector performance indicators for the period 2018 to June 2024. These indicators include installed

capacity, maximum demand, connectivity, and losses.

The report on the utility performance is provided in Annex 3. Based on the frend, the following observations and

conclusions are made:




Observations

1. The installed capacity (MW) in the region for the Partner States between 2018 and June 2024 is growing.

The overall growth in the EAC within the period was 53% with Uganda having the highest growth of 147%,
followed by Rwanda 83%, Burundi with 75%, Tanzania 59%, Kenya 36%, and DRC 26%.

. The maximum demand (MW) in the region for the Partner States is growing. The overall growth in the EAC
region between 2018 and June 2024 is 25%. Rwanda has the highest growth of 69% followed by Uganda
60%, Tanzania at 57%, Zanzibar 47%, Kenya 21%, and Burundi 7%.

3. The average system losses (Transmission and distribution) in the region have reduced from 20.81% in 2018 to
18.6% in June 2024.

4. Noted that some NRIs (ARE and ZURA) did not update some of their data.

Conclusion

Respective NRIs to develop regulatory strategies for reducing losses and increasing overall utilization of the
installed capacity.

Recommendation: EXCO is requested to take note of the report and urge the NRIs to provide more accurate data
for better evaluation of the power situation within the region.




5.3 Review of energy efficiency regulations with a view to harmonizing implementation in NRIs

EREPC members reviewed the existing regulations and standards with a view to harmonizing implementation in
NRIs. The activity was completed and a report is attached in Annex 4.
From the report, it is observed that Kenya is ahead of the other NRIs in the formulation and implementation of
energy efficiency regulations while others are in the process of formulation of policy and regulations. To speed up
implementation and have harmonized energy efficiency regulations within the region, EREPC recommends as
following:
d) NRIs to promote the development and adoption of national energy policies, strategies, and action
plans on energy efficiency and designation of lead institutions on energy efficiency;
b) NRIs to actively participate in the development of the EAC Energy Efficiency Policy currently speared
by EACREEEE;
c) NRIs to promote the uptake of regional Minimum Energy Efficiency Standards and Labelling programs;
and,
d) The Secretariat to coordinate exchanges among NRIs on aspects to do with energy efficiency and
conservation.

Recommendation: EXCO is requested to urge NRIs and the Secretariat to implement the recommendations.

5.4 Research Paper on Power quality and reliability

ERPC members reviewed the research undertaken by ERA Uganda on the several different instruments that can

be used to incentivize utilities to improve the Quality of Service and Reliability of Supply (QoSS), provided in
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Annex 5. ERA, through the support of a consultant, has explored the main instruments and the additional design
considerations that could be used in conjunction with these, while exploring actual applications by studying the
instruments used in Great Britain, Northern Ireland, South Africa, and Sweden, benchmarked against current

practices in Uganda.

Observations

It can be deduced from the study that big utilities such as Umeme could benefit from an enhanced ex-ante
absolute target methodology to incentivize improvements in outages, particularly SAIDI and SAIFI. Additionally,
the use of reputational incentives for big utilities can be explored. For smaller utilities, implementation of a
reputational incentive instrument both for grid-connected and off-grid utilities, can be used to drive

improvements in QoSS.

Conclusion

In order for the instruments to work properly, it is very important for the Regulator to conduct frequent reviews of
the instruments and their designs to ensure that all values and the methodology are appropriate. The Regulator
can analyze the QoSS data, the ability of the different utilities o meet targets, and can review the fines and
rewards to ensure that they are appropriate and do not create too much risk but create a strong enough
incentive. The Regulator can also review dead bands to make sure they provide enough flexibility but are not

too wide, and all other design considerations such as deadlines for reports and business action plans.

Transparency and understanding are very important to ensure effectiveness of the different instruments.

Therefore, it is important to provide a detailed explanation of the methodologies and instruments to the ufilities so




that utilities know what is expected of them. Failure to do so could result in uftilities not meeting targets or
expectations due to confusion, limiting the effectiveness of such incentives. It is also important for the

instruments to be flexible for future clearly adjustments and updates

Recommendation
a) Exco is requested to approve the research paper on methodologies for improving Quality of Service
and supply reliability.

b) Approve NRI's to benchmark and adopt the recommendations in the paper.

5.5 Research Paper on Viability of SWH Systems in the Region

The EREPC reviewed a paper on the viability of solar water heating (SWH) systems in Kenya, provided in Annex 6.

The paper investigates the potential of Domestic Solar Water Heating systems as an alternative to electricity,

biomass and LPG in Kenya. The analysis is based on the Levelized Cost of Energy (LCOE) methodology. The data

in the model is based on field data collected in Kenya.

The study demonstrated SWH systems have a payback of 4 years in Kenya. The LCOE for 15 years and 20 years at
a discount rate of 15% is $0.09/kWh and $0.10/kWh respectively. This is lower compared to the current costs of
electricity and LPG at $0.1864/kWh and $0.1360/kWh respectively.

It is recommended that NRIs encourage the adoption of the technology to the domestic hot water needs by
enacting enabling regulatory frameworks and policies to accelerate the uptake as an alternative to electricity
and LPG.




Recommendation: EXCO is requested to encourage the NRIs to adoption of the SWH technology.

6 Status Report on Electricity sector

EREPC collated electricity sector status and reliability indicators for the various NRIs as provided in Annex 7.

The status and indicators are used to compare the power supply situation among the NRIs to harmonize them
and propose indicators for EAC as well as to learn the best practices that can be used by NRIs to improve their

respective network reliability. The data presented is as of June 2024.

Recommendation: EXCO to take note of the shared information

7 Status of electricity generation, tfransmission, and distribution projects in the pipeline

The member states are implementing various generation, transmission interconnection and distribution projects.
The EREPC reviewed the status as well as the progress of ongoing projects, with a special focus on regional

intferconnection projects. The detailed report is attached as Annex 8.

Recommendation: EXCO to take note of the shared information

8 Action plan for FY 2024/2025

EREPC prepared its Work Plan for FY2024/25 as provided in Annex 9
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Recommendation: EXCO is requested to approve the work plan and Urge the NRIs to include it in their respective

institutional work plans for easy of implementation and monitoring.

9 Other Business (AOB)
There being no other business, the meeting was adjourned on 21st June 2024 at 1900 hours.

Chairperson Secretary




Annex 1: ATTENDANCE LIST FOR THE ENERGY AND RENEWABLE ENERGY PORTFOLIO COMMITTEE
MEETING (20™ to 215T™H JUNE 2024)

Name Telephone Contact e-mail contact

Eng. Nemes Victor Massawe +255684885274 nemes.massawe@ewura.go.tz

Caroline Kimathi +254720594810 caroline.kimathi@epra.go.ke

Goreth Nduwumukama +25771317167 gorethnduwu@gmail.com

.nayiga@era.go.ug

Eng. Judith Nayiga +256776360203

Daddy MBOMBO +243815206488 d.mbombo@are.gouv.cd
Therese MPINGIYABU +243814694178 f.mpingivabu@are.gouv.cd
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Annex 2: REVIEW OF EREPC ACTION PLAN 2023/24

SNo.

Strategic
Objective

Focus Area

Strategies

Outputs

Performanc
e Indicators

Activity

2023/2
4

Responsib

ility

Progress Q1
TO Q4

SO 2

To spearhead the
harmonization of
energy
frameworks and
tools

Regulatory
practices and
procedures,

Carry out
benchmarkin
g on best
practices
and
standardize

Report on
reliability and
quality of
supply

Benchmarki
ng Report

Data collection on
technical auditing
methodologies and
tools within NRlIs.

Q1/2

ERA

Completed.
The detailed
report was
submitted to
EXCOin
December
2023

Energy
frameworks
and tools

Publish the
ufility
performance
indicators

Annudl
Reports

Reporting

Update utility
performance
indicators for the
Region

Q1/2/3
/4

Updated up
to June 2024.
The report is
provided in
Annex 3

Harmonizing
technical
standards
across the
NRIs member
states.

Review report

Progress of
implement
ation
energy
efficiency
programs

Review of energy
efficiency
regulations

Completed.
Areport is
provided in
Annex 4

To enhance
sustainable
Capacity Building

Research

Institute
Annual EREA
Research
Conferences

EREA
Research
Conference

Two
Research
Papers as
specified
by the
activities

Power quality
and reliability

This has been
completed
and provided
in Annex 5

Viability of SWH
systems in the
region

This has been
completed
and provided
in Annex 6

EREA to
facilitate
data sharing

Data
available on
the portal

Percentage
completion

To coordinate each
NRIs for sharing
data via the portal.

Dropped. The
secretary is
working on
the Data
sharing portal




Strategic
Objective

Focus Area

Strategies

Outputs

Performanc
e Indicators

Activity

2023/2
4

Responsib

ility

Progress Q1
TO Q4

and EREPC
provides the
required
technical
data.

Facilitate
EREA
members
Meetings
(online and
physical)

Meetings held

No. of
meetings

To organize online
and physical EREPC
meetings.

Completed.
Meeting held
in Entebbe
7th to 10th
December
2023

Environmental
and social
sustainability

Promote
development
and research
on climate
resilient
energy
technologies

Advisory
papers on
emergent
technologies

One report
on
emerging
issues

Prepare a status
report for electric
mobility in the NRlIs

To be
undertaken
in 2024/25




Annex 3: Trending for the Utilities Performance Indicators

The EREPC complied the sector performance data from NRIs and using this data performed a trending for the
sector performance indicators for the period 2018 to June 2024. The performance indicators reviewed include

installed capacity; maximum demand; and losses. The trends are presented in Figures 1, 2 and 3 below:

EAC Growth in Electricity Installed Capacity
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2018 2019 2020 2021 2022 Jun-23 Jun-24
Burundi 91.36 91.36 98.86 113.86 112 377 112.377 159.82
DR Congo 2569.8 2569.8 2608.8 2625.8 2980.7 3238.9 3238.9
Kenya 2351 2712 2840 2984 3121 3084.65 3199.9
Rwanda 221.95 225.5 238.352 263.052 263.052 263.052 406.4
Tanzania 1518.2 1602.71 1601.8 1609.25 1824.2 1862.85 2410.27
Uganda 984 1252.6 1269.1 1365.2 1401.96 1609.85 2430.27
Zanzibar 25 25 25 25 25 25 25
Total 7761.31 8478.97 8681.91 8986.16 9728.29 10196.68 11870.6

O

Year

Figure 1: EAC Electricity Installed Capacity (MW) 2018 - June 2024




EAC Maximum Demand Growth
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Kenya 1,802 1,882 1,926 1,994 2,149 2,149 2,177
Rwanda 138.71 146.91 154.79 170.66 170.66 170.66 234
Tanzania 1,045.70 1,116.58 1151.66 1201.02 1354.61 1482.8 1645.23
Uganda 645.4 723.8 736.7 794 843 863 1033.38
Zanzibar 76.5 85.35 80.67 88.44 90 112.13 112.13
Total 5,047.68 6,194.01 6,289.19 6,487.49 6,846.64 7,016.96 7,446.04

Year

Figure 2: EAC Maximum Demand (MW) 2018- June 2024




EAC Electricity Losses
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Figure 3: Trend of EAC Electricity Losses




Annex 4: Review of Energy Efficiency Regulations and Standards in the NRI

EREPC members reviewed the existing regulations and standards on energy efficiency for each NRI and
provided recommendations. The review showed all the NRIs have an established institutional set up for the
electricity sector. The set up consists of the policy maker, the regulator, utilities, private sector, development
partners and promoters with the same envisioned for the energy efficiency sector. However, it is only Kenya's NRI
with clear provisions in the energy law to regulate energy efficiency.

Kenya's energy law provides for mandatory energy audits for commercial, industrial and institutional facilities
consuming more than 180,000 kWh; licensing of energy auditors, energy audit firms, energy manager and energy
service companies (ESCOs); setting of energy consumption benchmarks for different category of consumers and
setting Minimum Energy Performance Standards (MEPS) for electric appliances and equipment. Two (2)
regulations are under implementation for operationalizing the energy law. The Energy (Energy Management)
Regulations, 2012 targeting medium and large energy consumers, and Energy (Appliances Energy Performance
and Labelling) Regulations, 2016 enforcing MEPS and energy labelling for requirements electric motors,
household refrigerators, non-ducted air conditioners and lighting appliances. Other instruments in energy
efficiency established in Kenya include: - Energy Efficiency and Conservation Strategy of 2021, Energy Efficiency
and Conservation Action Plan, Minimum Energy Performance Standards and Energy Management Standards
based on ISO 50001 series.

Uganda has MEPS for air conditioners, lighting appliances, electrical motors and freezers and refrigerators.

However, the MEPS remain voluntary hence low uptake. Tanzania is currently undertaking a project supported by




UNIDO to develop initial MEPS. Rwanda has developed the MEPS for refrigerators, air conditioners, and lighting;
as well as a ministerial guideline on energy audit.

In all the NRIS, utility energy efficiency is a key metric monitored on a monthly basis. While the NRIs have set
targets for utility efficiency, only Uganda, Rwanda, and Kenya have a scheme for rewards and penalties based

on the allowable electric power system efficiency.

In the region, the East African Centre of Excellence for Renewable Energy and Efficiency (EACREEEE) a body

under the EAC, is spearheading the development of an EAC Energy Efficiency Policy. The general lighting

standard for EAC has been developed and adopted and it is for the specific NRIs to enforce.

Following the review, the following recommendations are made:

a) NRIs to promote the development and adoption of national energy policies, strategies and action plans on
energy efficiency and designation of lead institutions on energy efficiency;
NRIs to actively participate in the development of the EAC Energy Efficiency Policy currently speared by
EACREEEE;
NRIs to promote the uptake of regional Minimum Energy Efficiency Standards and Labelling programs; and,
The Secretariat to co-ordinate exchanges among NRIs on aspects to do with energy efficiency and

conservation.

The specific status of energy efficiency implementation for each NRI based on International Energy Agency

recommendations is summarized in Table 1




EREPC invites EXCO to note the report on energy efficiency regulation and standards in NRIs.

Table 1:STATUS OF ENERGY EFFICIENCY IN NRIs

SNO

METRIC

Burundi

DR CONGO

Kenya

Rwanda

Tanzania

Uganda

Zanzibar

1.

Established
Energy
Efficiency
Institutional

Up

Set

None

Autorité  de
régulation du
secteur de
I'électricité
(ARE) has the
role of
regulating
the electricity
sector

Comité
national de
Normalisation
responsible
for
developing
the

standards

Yes

Rwanda
Inspectorate
Competition
and Consumer
Protection
Authority (RICA)
enforces
energy
Efficiency
standards on
the market

Rwanda
Standards
Board
develops
standards,
including EE
related
standards

(RSB)

In progress
under the
Ministry of
Energy (MOE).

In progress
under the
Ministry of
Energy and
Mineral
Development

None




RURA has
mandate
regulate

the
fo
the

whole  Energy

sector

Energy
empowers

Law
NRIs

fo regulate

Energy
Efficiency

No

In progress. The
energy

efficiency  Bill
was approved.

Specific
Regulations,
strategies
plans
developed
Energy
Efficiency

and

on

Will commence
once the
Energy
efficiency law
has been
enacted.

Developed

Minimum Energy
Performance

Standards

Non-ducted
air conditions,
household
refrigerating
appliances,
motors, and
lighting
appliances

For Lighting
appliances,
Refrigeration
and
conditioning

air

Under
development
by  TBS for
Lighting
appliances, Air
condifioners,
Refrigeration,
and electrical
motors.

Ongoing. Non-
ducted air
conditions,
household
refrigerating
appliances,
motors, and
lighting
appliances

Adopted
Mandatory
Standards

and

Yes

In progress

Will commence
once the
Energy




Labelling
Requirements

efficiency law
has been
enacted.

Set Targets for
Utility Efficiency

Yes

Utilities

penalized for
not meeting
energy
efficiency
targets

Development of
public and non-
moftorized

fransport in
major fowns and
cities

Development
and adoption of
voluntary  MEPS
for liguefied
petroleum gas
(LPG)  cookers
and improved
household
biomass
cookstoves




Annex 5: Assessment of the He Quality of Supply Regulatory Frameworks in Uganda’s Utilities.

1 INTRODUCTION

This paper presents the proposed regulatory instruments that the Authority (ERA) could use to further incentivize Quality of
Service Standards (QOS, supply reliability, and power quality) improvements and recommends specific instruments and
tools for different distribution utilities in Uganda

2 EXISTING REGULATORY INSTRUMENTS TO PROMOTE IMPROVED QOSS
2.1Ex-ante absolute targets embedded into the revenue allowance calculation

This methodology sets targets for utilities ahead of time (ex-ante). After the period of performance (ex-post), the actual
performance is compared to the set targets. Depending on the difference, and whether the utility under-performs or over-
performs, the future year’s revenue allowance for the utility would decrease or increase. The adjustment to the revenue
allowance can be calculated using a Q-factor, which can be a set percent or value, or an indexation methodology that
relates the metric and performance to a value or cost. This instrument is the one that is currently used to incentivize
Umeme to improve reliability of supply metrics in Uganda.

2.2 Reporting and reputational incentive

Uganda currently has the Electricity (Code of Quality Service) Regulations, 2020 and the Electricity (Reporting and Record
Keeping) Regulations, 2019, which provides reporting requirements to different licensees including all distribution licensees.
The Authority has published the standards and performance values on the ERA’s website, which forms part of a reputational
incentive.




3 BENCHMARKING AGAINST INTERNATIONAL EXPERIENCE

To further assess the common and best practice to incentivize QoSS improvements, methodologies used in four different
jurisdictions were studied: Great Britain, Northern Ireland, South Africa, and Sweden. The following observation were made
during this benchmarking;

a) Countries tend to favor a combination of instruments to incentivize QoSS, which lie inside and outside of the retail
tariff/revenue allowance methodology.

The instrument that is embedded in the retail tariff methodology tends to be the ex-ante absolute targets approach.

South Africa, similar to Uganda, uses the ex-ante absolute target approach only to incentivize its biggest utility
(Eskom), whilst using a reputational incentive for the smaller utilities.

Great Britain, Northern Ireland and Sweden also introduced targets with associated penalties, excluding rewards,
making it an asymmetrical incentive. The penalties tend to be paid specifically to customers when they breach
standards or do not meet the targets. Also, reputational incentives are used to drive improvements.

PROPOSED REGULATORY INSTRUMENTS TO FURTHER INCENTIVIZE QUALITY OF SERVICE STANDARDS (QOSS)
IMPROVEMENT

4.1Big Utility

For a big utility such as Umeme, it is recommended to include an enhanced version of the current ex-ante absolute target

approach in the retail tariff methodology. The recommendations are summarized in Table 1 below, which also compares the

recommendations to the current framework. To implement the following changes, various licence amendments must be
discussed with Umeme and processed.




Table 1: Summary of the recommended enhanced ex-ante absolute target methodology for Umeme

Current approach

Enhanced/recommended

KPIs and scores

SAIFI, SAIDI, CAIDI — all KPIs have
equal level of quality points

Specifying

if targets and performance

is

measured for

unplanned and planned SAIDI and SAIFI, reconsidering inclusion

of CAIDI — all KPIs have equal level of quality points for now.

Target range/dead

band

Yes - +/-7.5%

Yes — wider band, for example, +/-20%

Relationship
between
points
factor

and

quality|

S-

Yes- but not a linear relationship S-
factor goes from 0.25% to 0.4% to
0.5% with increasing value of quality
points.

Yes — linear relationship

S-factor value

Max S-factor of 0.5% (0.25% and 0.4%
are the other options)

Higher S-factor: range between 1.5-

5%

Cap and Collar

+/-0.5% of licensee’s annual

distribution and retail costs

Higher cap and collar (1.5-5%) of the
licensee’s annual distribution and retail

costs.




Sharing mechanism

No — utility bears all risk

No — utility bears all risk

Allowance for

exceptional events

No specific mention in the licence

Yes — Force Majeure/exceptional events which would be defined
in the licence

Setting of dead
bands and S-factors

Fixed in Umeme’s licence

Can be reviewed and updated by the ERA on an annual basis

Target setting

Targets are set for each year

Targets could be set a couple of years in advance— x-year
window with annual reviews (similar to the way

targets are set for losses) (x, or the period, can be decided by
the ERA)

4.2 Other Distributio

n Utilities

The instrument that scores the highest for the rest of the utilities is the enhanced reputational incentive. This incentive
could operate by having utilities provide data on outages to the ERA on a quarterly basis, ERA verifies the data, and then
publish reports on its website on an annual basis. (The specific frequency and deadline for reporting and the frequency of

publishing public reports could be determined by the ERA). The reports would summarize the utilities’ performance and

progress to meet targets which the ERA could set on an annual basis. The utilities could face potential penalties if they fail

to report to the ERA and could be asked to provide actions plans to the ERA if they fail to meet targets. A summary of this

recommended version is highlighted in Table 2 below, which also compares the incentive instrument to the current

regulations in place.




Table 2: Summary of the recommended enhanced reputational incentive for the rest of the utilities

Current approach

Enhanced/recommended

Reporting

Yes - quarterly for standards, monthly
for outages.

Yes — keep current reporting and then ask utilities to
provide data that can help calculate SAIDI, SAIFI and CAIDI
quarterly (for the previous quarter) with a deadline (within
one-month after the end of the quarter) — similar to that
under The Electricity (Reporting and Record Keeping)
Regulations, 2019.

Data verification/audit

Not necessarily stated — but has been
done in the past.

Yes — using audit manual created in Task 2 of this project.

Targets

Allows ERA to set annual reliability of|
supply targets but not clear if there
have been or what those metrics could
be.

Yes - set annual targets for SAIDI, CAIDI, SAIFI

Penalties

Regulation says “person who

contravenes a provision of these
Regulation commits an offence and is

liable, on

conviction” makes it difficult to

penalize.

Utilities would only be penalized if they fail to report
quarterly on the data for calculating SAIDI, SAIFI, CAIDI




) . The fine could be a set value or a function of a metric (for
. 200 currency points (1 currency point =
Value of fine example, percentage of sales revenue). It must not breach

20,000 Shillings
&s) fine caps defined in the Act (e.g., section 83B and 119)

Follow-up actions by Utilities could submit a business action plan that details the

Not necessarily stated steps they will take to improve performance, if they fail to

licensees meet targets.

_ ) ~|Annual public reports showing
Not necessarily on a routine basis —

Public Reports there have been in the past but lastperformance of utilities and

one was in 2019. _
performance against targets

The reputational incentive could also be used to further incentivize big utilities such as Umeme on the outage KPlIs.
Including Umeme in the reports and incentive would also strengthen the drive for the rest of the utilities, since they would
be publicly compared against Umeme.

5 CONCLUSION

In particular, it is important that the Authority (ERA) reviews the instruments annually in the early years of implementation.
The Authority can analyze the QoSS data, the ability of the different utilities to meet targets, and can review the fines and
rewards to ensure that, they are appropriate and do not create too much risk but create a strong enough incentive. The
Authority should also, review dead bands to make sure they provide enough flexibility but are not too wide, and all other
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design considerations such as deadlines for reports and business action plans. Transparency and understanding are very
important to ensure effectiveness of the different instruments.

Therefore, it is recommended that the Authority (ERA) provides a detailed explanation of the methodologies and
instruments to the utilities so that, utilities clearly know what is expected of them. Failure to do so could result in utilities
not meeting targets or expectations due to confusion, limiting the effectiveness of such incentives.

Annex é
Feasibility of Household Solar Water Heating Systems in Kenya

1. Infroduction

Heating accounts for more than half of the global final energy consumption. Building space and water heating
contributes to more than 40% of this global heating demand, translating to 2,450 Mt of direct CO2 emissions (IEA,
2022). Scientists are working on solutions that can contribute towards reduction of global anthropogenic
greenhouse gas emissions to “net zero”by 2050 including in the heating sector (Masson-Delmotte et al., 2018).
This is in addition to addressing other challenges such as energy security and electricity supply system reliability.

Solar thermal energy is a renewable energy technology with potential to contribute towards decarbonization of
domestic, commercial and institutional heating (Ogueke et al., 2009). The technology uses concentrating and
non-concentrating collectors to harvest heat energy from sun’s direct and diffuse radiation. In domestic solar
water heating applications, the heat is transferred from a non-concentrating collector to the point of use
through a heat transfer fluid. The fluid is circulated in the system either through natural convection (passive
system) or pumping (active system). Where water is heated directly in the system, such system is called an open
loop. Closed loop systems are those where a different fluid is heated to transfer heat to water stored separately.
Depending on the design of the collector, domestic solar water collectors are categorized into flat plate (FPC)
and evacuated tube collectors (ETC) (Ahmed et al., 2021).




Currently, more than 746 million m2 of solar thermal collectors are installed globally. Italy, Brazil and USA have
seen the most significant growth in thermal collector area in recent years (Weiss & Spork-Dur, 2022). With an
average insolation of 4-6 kW/m2, Kenya is a promising candidate for solar water heating system:s.

Despite there being a good resource, the uptake of solar water heating systems in Kenya has been checked
with inadequate awareness on the technical and economic performance of the SWHs. Kenya enacted solar
water heating regulations in 2012. The regulations required facilities of any nature with a daily hot water demand
of more than 100 liters a day to install solar water heaters at a minimum solar fraction of 60%. Existing buildings
affected by the law were required to retrofit solar water heating systems within a period of five (5) years from the
date of enactment of the regulations. However, at the lapse of the transition period, debate arose on the
financial feasibility of the solar water heating systems relative to alternatives such as use of electricity and
liquefied petroleum gas (LPG). Further, it was thought that the double plumping required for solar water heating
systems will make houses unaffordable to most of the population. The regulations were therefore set aside in
2018. In 2021, the process of re-enactment of the solar water heating regulations was initiated.

Previous scientific works exist that evaluate the feasibility of solar water heating systems. A study on the status and
future of domestic solar water heating is reported in Oman (Al-Badi & Albadi, 2012). It evaluated the energy
savings and greenhouse gas emission abated when electric water heaters are retrofit by solar water heaters in
the residential sector. It was assumed a residential unit uses three (3) instant heaters of rating 1.5 kW for an
average of 5 hours a day, 150 days in a year. The electricity cost was 0.062US$/kWh mainly supplied by natural
gas. The study estimated potential savings of 1859 GWh and 1.227 million tons CO2 abatement annually in the
residential sector through adoption of SWH. The discounted payback period was determined as é years. The
study however, does not provide the impact of double plumping on the cost of the solar water heating systems.
Similarly, there have been technological developments that necessitate a re-evaluation of the feasibility.

In another study conducted in Nigeria, a comparative analysis of active and passive SWHs for industrial and
domestic applications was undertaken (Ogueke et al., 2009). The researchers conclude passive system have
relatively low efficiencies (30% - 50%) compared to active systems (35% -80%) hence more suitable for domestic
applications. Active systems were recommended for industrial applications. Further, the study concluded despite
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the high potential for SWHs in meeting hot water demand, the uptake is hampered by lack of awareness,
inadequate supportive policies and unaffordability of the systems. However, the study does not distinguish
between centralized and single household application of solar water heating systems, and does not unpack the
cost components of the SWHs.

Hazami et al. (2013) undertook a thermal and economic potential evaluation of SWHs in Tunisia. The study
investigated the thermal energy output, fown gas and electricity savings, and payback period of FPC and ETC
based on a typical domestic household in Tunisia. The results show a thermal energy output of 8118 and 12,032
kWh/year for FPC and ETC respectively. The electricity savings and town gas savings per household are 306 — 410
m3 and 1,316 and 1459 kWh/year respectively. The payback period ranged between 6 to 7.5 years. The
research however does not provide a lifetime economic analysis of the technologies understudy. A similar study
in Algeria established a potential energy saving of 99861 kWh in 37 household apartments for water heating and
150160 kWh for space heating. (Pahlavan, et al., 2018). The analysis did not delve into financial viability of the
SWHs.

The studies reported here have been conducted in different contexts. They provide a good reference on the
potential savings of retrofitting of instant heaters with SWHs and efficiencies of active and passive systems.
However, the Kenyan context has not been studied. Such a study for Kenya is necessary considering the cost of
electricity and the systems vary and the country’s electricity generation mix is more than 85% renewable energy.
In addition, the studies do not delineate the plumping costs from the cost of the system itself. Further, a
comparison between domestic solar water heating with alternatives such as biomass and LPG are not provided.
Where a financial analysis has been undertaken, the life cycle costs have not been considered.

This paper investigates the potential of DSWHs as an alternative to electricity, biomass and LPG in Kenya. The
analysis is based on the Levelized Cost of Energy methodology. The data in the model is based on field data
collected in Kenya.




The present paper is organized as follows: Section 1 which presents the intfroduction and Section 2 provides the
current status of SWH industry in Kenya. In Section 3 the methodology and assumptions in the study, Section 4 the
results and analysis and lastly Section 5 the conclusion.

2. Status of Solar Water Heating Industry in Kenya
Kenya

3. Technoeconomic Evaluation

3.1. Annual Hot Water Demand in kWh

The common sizes of SWHs in Kenya were first established from the market: 150 litres, 200 litres and 300 litres. The
cost of the systems was obtained from dealers. Due to the good solar insolation, the single units in the market are
mainly passive. For households that use multiple units of 400 litres and 500 litres, a circulation pump is normally
required.

The amount of energy, Q required to heat water from the ambient temperature to the reference temperature
was determined using equation (1) as:

Q = mc(Or — Ogmp)

(1)
Where m is the mass of water in kgs and c is the specific heat capacity of water in J/kg°C.

The determined quantity of energy in MJ in equation (1) was converted to equivalent kWh per annum using
equation (2).

Energy in kWh,E = %x 365

(2)




Using the market prices for the 150 litres, 200 litres and 300 litres; the simple payback period is determined using
equation (2) provided.

The annual cost of heating water using a SWH system was compared with use of electricity and LPG.

The calorific value for LPG, cost of LPG and the electricity cost per unit are as provided in Table 1. It was assumed
the SWH system design was optimal and hence all the hot water heated in a day utilized fully. Similarly, the list of
materials required for single and double pipe plumping were determined and costed.

Table 1: The SWH cost and model input assumptions

Parameter Value Source

Average 150 litres $1,157 Field data
cost of
SWH

200 litres $1,536

300 litres $1,857

400 litres $4,029

Electricity $c18.64 EPRA, April 2023
cost per
kWh

Annual KNBS, 2022)
average
cost of 13
kg LPG

LPG 47.3 MJ/kg MoE, 2019)




calorific
value

LPG (IEA 4E, 2017)
conversion
efficiency

(1)  Specific  heat 4.2 kJ/kg°C
capacity of water

(2) Units of energy 1 kWh = 3.6 MJ

(3) The temperature of the water at the system inlet was assumed to be 180C
which was heated to 60 oC

(4) Circulating pump for the active system was rated 0.37 kW and operated
for an equivalent of 4 hours per day

(5) Annual operation and maintenance cost of the SWH systems was 1% of the
cost of materials and equipment

(6) Annual escalated operation and maintenance cost was 5%
(7) Discount rate considered

3.2. Annual Cost of Water Heating using LPG and Electricity

The annual cost of heating water using LPG and electricity is determined using
equation (3) and equation (4) respectively.



Qx cost of 13 kgs LPG
47.3x 13

Annual cost of LPG Heating =

Annual cost of Electricity Heating = Ex $/kWh
(4)

3.3. Simple Payback Period

The payback period of a project is the time required to recover the project’s
initial investment. Projects with a shorter payback period are more attractive
for investment. The simple payback period is based on the ratio of the capital
costs and expected returns without considering the time value of money
(Oman (Al-Badi & Albadi, 2012).

3.4. Levelized Cost of Energy (LCOE) for SWH

The LCOE is a metric used to represent the break-even rate at which energy
from a given source should be sold. It is the ratio of the amortized capital and
maintenance costs of a generation plant relative to the plant’s lifecycle
output (Johnston et al., 2020). The LCOE for the SWH systems was determined
using equation (5).
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3.5. Net Present Value (NPV)

NPV is a meftric for assessing the profitability of a project considering the time
value of money. It presents the difference between the future cash flows
generated by a project and the initial investment. The analysis is based on a
standard discount (Xie et. al.,, 2022). Equation (6) shows the formula for
determining NPV.

4. Results and Analysis

Considering equation (1) and equation (2), and assumptions in Table 1, the annual energy in kWh harvested by
150 litres, 200 litres, 300 litres and 400 litres SWH system and associated cost for heating using LPG and electricity is
summarized in Table 2.

Table 2: Annual Energy harvested by SWH and equivalent electricity and LPG costs in Kenya




SWH System Size in Litres

150 200

Annual SWH output kWh 2682.8 3577.0

Equivalent Heating Cost
using Electricity ($) 500.1 666.8

Equivalent Heating Cost
using LPG ($) 365.5 487.3

Based on the capital costs for the 200 litres SWH system and quantity of energy harvested annually, the simple
payback period for the system is determined to be 2.3 years. This is lower relative to the payback period in studies
conducted in other jurisdictions. The low payback period is associated to the cost of electricity and LPG in
Kenya.

The LCOE for a 200 litres SWH system compared to use of electricity and LPG is provided in Figure 1. This is for a
discount rate of 0% to 20%.




10 15

Discount Rate %o

—®— 5 Years —®— 10 Years 15 Years
—@— 20 Years —@— 25 Years Electricity Cost
—8—LPG Cost

Figure 1: SWH LCOE Compared to LPG and Electricity

From Figure 1, the SWH system is competitive compared to electricity for the listed discount rate considering
equipment lifecycle of up to 20 years. Similarly, the SWH system is competitive to LPG for equipment life of 10 to
25 years, except for a lifecycle period of 5 years where the parity point is $0.14/kWh at a discount rate of 15%.
Assuming equipment life of 15 years and 20 years at a discount rate of 15%, the LCOE for the 200 litres SWH
system is $0.09/kWh and $0.10/kWh respectively. This is lower compared to the current costs of electricity and LPG
at $0.1864/kWh and $0.1360/kWh respectively.

The NPV for the 200 litres SWH is determined at a discount of 15%. The cash flow of the project is provided in
Figure 2.
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Figure 2: Cashflow analysis of 200 litres SWH system
Using the discounted cashflows, the break-even of the SWH system is the fourth year.
5. Conclusion

The study sought determine the feasibility of use of domestic SWH systems in Kenya. This paper study has
demonstrated SWH systems have a payback of 4 years in Kenya. The LCOE for 15 years and 20 years aft a
discount rate of 15% is $0.09/kWh and $0.10/kWh respectively. This is lower compared to the current costs of
electricity and LPG at $0.1864/kWh and $0.1360/kWh respectively.

It is recommended that stakeholders adopt the technology to the domestic hot water needs. Enabling
incentives and policies should be enacted to accelerate the uptake as an alternative to electricity and LPG.

Annex 7: Status Report on Electricity sector at June 2024
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Zanzibar
Congo H

Performance Indicator Burundi Kenya Tanzania | Uganda

Installed capacity MW)

159.82

3269.27

3,200

2,430.27

2,048.75

25

Generatio
n mix (%)

Hydros

60.6
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26.23

44.00

Geothermal

0

29.38

0.00

Thermal

21.9

17.9

54.27

Methane Gas

0

0

0.00

Wind

0

13.61

0.10

Biomass

2.5

0.06
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Peat

0

0
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Solar
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Imports (%)

9.7
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Effective capacity (MW)

217417

1860

1296.7

Maximum demand (MW)

NA

1645.23

1033.38

Electricity access rate (%)

78.4

57

Grid connectivity (%)

37.74

20

Number of connected
customers in Millions

System load factor (%)

NA

System losses (%) (annually)
Transmission and distribution

NA

SAIDI (monthly)

N/A

SAIFI (monthly)

N/A

Population (Million)

100.8

Consumption per capita
(kWh/year)

156.75525
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Annex 8: Electricity generation and transmission projects within NRIs

Burundi

DR Congo

Kenya

Rwanda

Tanzania

Uganda

Major
ongoing
Generation
projects

Mpanda Hydro
(10.2MW),
Kabu 16 Hydro
(20MW]), Jiji-
Mulembwe
(49.5MW),
Kirasa Hydro
(T6MW]),
Mule037
(PMW),
Power
(6MW),
Rusumo Falls
hydro  80MW
(27MW  Burundi
share), Rusizi I
206MW  (68MW
Burundi share),
Importation
from Ethiopia
200MW

Peat
Plant

Rwanguba
Hydro phase 1:
13 MW

Talihya 1 Hydro
12 MW
Completed
Ruzizi Il Hydro
206 MW
Tshipuka Solar 10
MWc
Kakobola
Hydro10,5
completed.
Grand Katende
Hydro 64 MW

MW

Second Phase
of Ethiopia
Imports
(200MW)
expected by
2026.

Chania Green
Wind Power
Plant ( 50MW)
expected in
2026

10MW
Cogeneration
project
expected
2027

12.80MW  Small
Hydro Power
Plants (<TOMW)
developed by
several
Independent
Power
Producers
expected
2024.

Methane
Gas Power
Plant:

S6MW
(commissio
ning
expected in
December
2023)

80MW
Rusumo
hydro
Power Plant
(26.6 MW
Rwanda
share) (
Completed
in 2023)

206 MW
Rusizi 1l
hydro
power plant
in 2029
43.5MW
Nyabarong
o lIhydro

e  Mwalimu
Julius
Nyerere
Hydro
Power
Project
2115
(98%
completed
Two uni
(470MW)
are
operation.

Rusumo
Hydro
Power
Project
26.7MW
completed

MW,

),
1s

in

Small power

projects
(bellow
10MW)
developed

by Private

Entities
44 .37MW
(Several),

Karuma 600MW-
Completed;
Kinyara Bagasse
40MW- COD Oct
2024,

Mayuge
Bagasse 23 MW
- Completed,
Rupa Wind
20MW- COD
Dec 2024
Nyagak 3 HPP
6.6MW- COD
December 2024,




Burundi

Kenya

Rwanda

Tanzania

Olkaria 1
rehabilitation to
60MW.
Kopere 40MW
solar plant
expected by
2026
3SMW Globeleq
geothermal
generation project
in Menengai
expected 2025

power plant
(Commissio
ning in
2029)

expected
COD is 2025.

Transmission
(Network
length,
Voltage
levels,
major
ongoing
projects

110kV: 229.9
km and
112Km of 70kV
KAMANYOLA-
RUBIRIZI  77km
(220kV AC)
2022,
MUYINGA-
RUSUMO 102
km (220kV AC)
2022, Kigoma -
Gitega 143km
(OHTL, 220kV)
Associated
substation
works 2026,
Expansion  of
110kV by
129km

Zongo-Kinshasa
220 kV 70 km

o 400kV ( 192km
circuit  length)
Kenya-Tanzania
interconnector
(95% complete)
project behind
schedule

400kV (264km

circuit  length)
Lessos-Tororo
fransmission line
(55% -stalled)

220kV  (300km
circuit  length)
Kamburu-
Embu-Thika line
expected
completion is
2024.

Network
Length:
1,158km
(both 110kV
and 220kV).
220kV
Single
circuit TL:
Rusumo -
Bugesera-
Shango
and related
substations
(completed

)

completion
)

220kV TL:
Rwanda -
Burundi TL-
To connect
Rwanda

Transmission

¢ Singida
Arusha
Namanga
414Km of
400kV line;
Completed
Morogoro
(Msamvu) -
Dodoma
(Ihumwa)
SGR 234Km
of 220kV
line,
completed.
Dodoma
(lhumwa) -
Morogoro
(Makutopor
a) SGR
176Km of
220kV line,

Network length
increased from
3,100.5Kms to
4,516.7kms in 2023
for 66 — 400kV

Major ongoing
projects

e Masaka-
Mbararaq,
fransmission
project -
Oct 2026,
Mirama-Kabale
132kV
Transmission
Project at 66.9%-
COD Oct 2024;
Bujagali — Tororo
220kV  at 78%
progress — COD
Dec 2024;

COD




Burundi

Kenya

Rwanda

Tanzania

Uganda

220kV  (135km
circuit
length)Turkwel
— Ortum - Kitale
line ( 70.50%
complete)

Sultan Hamud -
Oloitotktok
(circuit  length
120km)  132kV
fransmission line
expected in
2025 -

Thurdibuoro-
Ndhiwa 132kV
(66km  circuit
length)
fransmission
project
expected 60%
complete

Isinya-Konza
400kV (38km
circuit  length)
fransmission
project.
Expected late
2025 - 95%

with
Burundi, for
future
regional
power
frade
(completed
)

220kV
Rwanda-
DRC power
interconnec
tion
Substations
-Rubavu,
Bwishyura
and Kibuye

(completed

)

completed.
Tabora -
Kigoma
381Km of
132kV  line;
expected
COD, 2024.
Tabora -
Katavi
395Km of
132kV  line,
expected
COD in
2024.

Julius
Nyerere
Hydro
Power
Project
(JNHPP) -
Chalinze160
Km of 400kV
line,
Completed.
400kV,
Nyakanazi -
Kigoma,
280km,
expected
COD is 2024.

1) 294 km of
132kV double
circuit

fransmission line
from Kole,
through Gulu
and Nebbi, fo
Arua - COD Oct
2024.

Projects in
Pipeline

132kV, 76km
Mbale -
Bulambuli COD -
2028

400kV, 85km
Uganda -
Tanzania — COD
2028

400kV, 72.5km
Uganda - DRC
line COD -2028.
400kV, 132km
Uganda -
Southern Sudan
- COD 2028
400kV, Karuma -
Tororo COD
2028.




Burundi

Kenya

Tanzania

complete
Mariakani
400/220kV
substation
Garissa-Garsen
220kV
fransmission
project stalled
(247km  circuit
length)
Rabai-Kilifi
132kV
fransmission
project (circuit
length  67km)
expected 2026
Awendo -
Isebania 132kV
fransmission
project  (50km
circuit  length)
expected 2025
Nanyuki-Isiolo
132kV
fransmission
project (97km
circuit length)
Nanyuki -
Rumuruti 132kV
fransmission line
(66km  circuit
length)
expected late
2024

Distribution

Distribution

Kinshasa/Kinsuka

Distribution network

The distribution

Distribution

Distribution network
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Burundi

DR Congo

Kenya

Rwanda

Tanzania

Uganda

(network
length,
major
ongoing
projects

30kV

Network (MV):
15km of 35kV
and 548.3km of

Distribution
NetWork: 115,1
km of 20 kV
343,2 km 0,4 KV.
Goma 380 km 30 kV,

measured by
circuit length is
approximately
282,261km.
Expansion of the

MV network
(30kV & 15kV)
wdas 10,759.5
km (as of June
2023)

81,4km 11 kV network is ongoing

and is done by
KPLC and REREC
(Rural and
Renewable Energy
Corporation).

1. Total
existing
distribution
network length
i5160,869.98 km.

2. TANESCO
owns 160,366.86
km.

3. Mwenga
Power Services
Limited owns
444km.

length — 61,067Kms

Annex 9: Green Hydrogen status

Country

Status of Policy development

South Africa

feasibility study carried out in 2021
but Policy framework is in draft
form

Hydrogen Society Roadmap




developed

Draft Policy developed and a
dedicated department on
hydrogen created within the
ministry of Energy

Has several renewable energy
policies but no clear act or policy
framework on hydrogen energy
strateqgy.

Tanzania

no clear act or policy framework
on hydrogen energy strategy.

Zimbabwe

no clear act or policy framework
on hydrogen energy strategy.

Rwanda

Draft Policy developed and a
dedicated department on
hydrogen

Burundi

no clear act or policy framework
on hydrogen energy strategy.

Sudan

no clear act or policy framework
on hydrogen energy strategy.




South Sudan no clear act or policy framework
on hydrogen energy strategy.

DRC Draft Policy under preparation and
a dedicated department on
hydrogen

Annex 10: Action plan for 2024/2025

SNo. | Strategic Focus Area Strategies Outputs Performance Activity 2024/25 | Responsibility
Objective Indicators

SO 2 | To spearhead the Regulatory Carry out Report on the | TOR Develop TOR for | Q1-Q4 ARE/
harmonization of practices and | benchmarkin impact of a consultant to Secretariat
energy procedures, g on best infegrating model the
frameworks and practices and | variable RE in impact of
tools standardize the variable
interconnect renewable

ed grid energy on the
interconnected
electricity system

Energy Publish the Annual Reporting Update utility
frameworks utility Reports performance
and tools performance indicators for the
indicators Region Semi-
annually




Strategic
Objective

Focus Area

Strategies

Outputs

Performance
Indicators

Activity

2024/25

Responsibility

Harmonizing
technical
standards
across the
NRIs member
states.

Review
reports

comparative
analysis report

Review the
technical
aspects of
Interconnection
Agreements to
harmonize them

Q3-Q4

EPRA

To enhance
sustainable
Capacity Building

Research

Institute
Annual EREA
Research
Conferences

EREA
Research
Conference

Two Research
Papers as
specified by the
activities

The viability of
deploying
nuclear energy
for power
generation

The impact of
the use of
intelligent
fechnologies in
Utilities

EREA to
facilitate data
sharing

Data
available on
the portal

Percentage
completion

Prepare/improve
Data templates
and provide the
required data
semi-annually

Facilitate
EREA
members'
Meetings
(online and
physical)

Meetings
held

No. of meetings

To organize
online and
physical EREPC
meetings.

RURA/
Secretariat

Environmental
and social
sustainability

Promote
development
and research
on climate
resilient
energy
tfechnologies

Advisory
papers on
emergent
technologies

One report on
emerging issues

Prepare a status
report for electric
mobility in the
NRIs
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