Analysis of Battery Energy Storage System for Power System Load Factor

Improvement — A Case of Kenya’s Power System

Moses Oriare Owino

168220

A Dissertation Submitted in Partial Fulfilment of the Requirements for the
Award of the Degree of Master of Science in Sustainable Energy

Transitions at Strathmore University

School of Computing and Engineering Sciences
Strathmore University

Nairobi, Kenya

June 2025

This dissertation is available for Library use on the understanding that it is copyright material
and that no quotation from the dissertation may be published without proper
acknowledgement



Declaration and Approval

Declaration
| declare that this work has not been previously submitted and approved for the award of a

degree by this or any other University. To the best of my knowledge and belief, the dissertation
contains no material previously published or written by another person except where due

reference is made in the dissertation itself.

© No part of this dissertation may be reproduced without the permission of the author and
Strathmore University

Student’s Name: Moses Oriare Owino

Sign: W Date; 22/05/2025

Approval
The dissertation of Moses Oriare Owino was reviewed and approved by the following:

Dr. Vitalis Gavole Ozianyi
Lecturer, School of Computing and Engineering Sciences

Strathmore University

Dr. Eng. Julius Butime
Dean, School of Computing & Engineering Sciences,

Strathmore University

Prof. Bernard Shibwabo
Director of Graduate Studies,

Strathmore University



Abstract

The Load Factor is a key measure of an electrical power system’s efficiency. Load Factor is
the ratio of average electrical demand over a period to the peak demand in that period. Kenya’s
current load factor stands at approximately 73% as of March 2025, but there is room for
improvement, mainly by adjusting electricity consumption patterns among domestic electricity
consumers. Kenya’s power usage peaks between 6—7 AM and 6-10 PM, with off-peak periods,
particularly between 11PM — 4AM, experiencing demand drops of up to 50%. To meet peak
demand, significant investments in grid infrastructure are required, yet these assets remain
underutilized during off-peak hours, creating economic inefficiencies and increased technical
losses. This research explores using Battery Energy Storage Systems (BESS) to bridge the gap
between peak and off-peak demand. By charging BESS units during low-demand periods and
discharging them during peak hours, the study aimed to homogenise energy usage and create a
more balanced consumption pattern. An action research design was employed to simulate the
technical and economic viability of BESS. Results showed that through peak shaving, a
properly sized BESS unit could reduce peak demand on a pilot distribution feeder from
approximately 6000kW to 4000kW, aligning it with its normal average loading. This improved
the feeder load factor from 51% to 77%. Although the BESS deployment involved a high initial
cost, the return on investment achieved through improved efficiency justified its adoption. The
study presents a viable and scalable model to enhance Kenya’s grid load factor, optimize
infrastructure use, and reduce reliance on costly thermal power sources, which are mainly

dispatched during peak demand periods.

Keywords: Load Factor, Electrical Power System Efficiency, Demand, Battery Energy

Storage Systems (BESS), Peak Shaving, Distribution Feeder, Load Balancing



Table of Contents

Declaration and APPrOVAL ...........cceiiiiieiiie e re e ii
AADSTIACT ...t i
TabIE OF CONENES ...t \Y%
S o) T [0TSR vii
LESE OF TADIES ...ttt IX
List of Abbreviations and ACIONYIMS .........c.ciiieiiiieiieie e ene X
ACKNOWIBAGEMENT ...ttt bbb Xi
DT [ or: {010 H T TSRS PO PP TPV PRPROPPPOPIN Xii
O 111 70T [FTox (o] o I TSRS P TSP PP PRPROPRPR 1
1.1.  Background Of the STUAY.........ccciiiiiiiiiiie e 1
1.1.1.  An Overview of Kenya’s POWEr SECtOr........cccviirriiiiiiiniiiiciiceseee e 9
1.1.2.  Electrical Energy Dispatch Profile in Kenya...........cccooooviiiiniiiiiiccee, 12

1.2, Problem SEAEMENT .....c.oiiiiieii e 3
1.3, RESEArCH ODJECHIVE. .....eiitieiicie ittt ettt re e raeaae e 3
1.4, ReSEArCh QUESTIONS ....civieiiieitie et ciee et ettt ettt e st et e e b e e sr e e saeeebeesteeereesaeesnbeesrneas 4
1.5, JUSHITICALION ...tttk ekttt 4
O T Tolo] oL PRSPPI 4
1.7, LIMITALION L.ttt bbb 4
1.8, Report OrganiSation ..........ccccceieeiiiiieieeie ettt ste et re et e esre e e reenre e 5
2. LITErature REVIBW ......c.eiiiiiciiiieieee ettt bbbt 6
2.1 INTFOTUCTION ..ottt bbbt 6
2.2, ENErgy EFfICIENCY .....coiiiiiiiiiee b 6
2.3. Load Factor Significance and Improvement on the Grid...........cccocoeciveiininininienn. 7
2.4. Load Factor Management in KENYa .........ccoviiiiieiiiinieeeeeee e 13
2.5. Battery Energy Storage Systems (BESS) Technology........ccccoverviiniivenveriesiennnn, 14



2.5.1.  Lithium 10N Batteries .. ..ot 14

2.5.2.  Lead ACIH BAEIIES. .......ccoeieieiiiieieisieseeee e 14

2.5.3.  SOlid State BAErieS.......ccceiveieiirieieiiesi e 15
2.6. Use of BESS to Improve on Power System Load factor............ccccceevevveivciiesiennnn, 15
2.7, COSEOF BESS.... .ot 17
2.8.  Summary 0f RESEAICN GapS ........coeiiiiriiiieieiesese e 19
2.9.  Conceptual FrameWOIK ..........cooiiiiiiiiiiieee e 20

IMETNOTOIOGY ... ettt 22
3L INEFOTUCTION ..ottt 22
3.2, RESEAICN DBSIGN ....iiiiiiiiiriieiieiieie ettt bbbttt bbbt 22
T T [ o1 a0 AN 4 1Y [ OSSPSR 22
3.4, Data ColleCtion MEthOd .........ccciueiiiiiiiiciiiieie e 23
3.5, RESEAIrCh MOGEL ...t 23
3.6.  Data ANalysisS TECANIQUE ......c.viiiieirieie ettt re e ae e 25
3.7.  Ethical COoNSIAEIALION .......eviiieiieiieiisie et 26

RESUILS AN DISCUSSION ......iiuititeieiiste ettt ettt 27
AL INEFOTUCTION ...ttt bbbttt b e 27
4.2. Data Collected and SOUICES.......ciiiiirtiierie itttk st 27
4.3. Data Preparation TEChNIQUES .......cccieiiiiiiiiieieie ettt 27
4.4. Results and Data ANAIYSIS........c.cceiiiiiiiiiiiiece e 28
4.5, SUMMArY OF FINAINGS ...ooueiiiiiiieieie e 35
4.6. Utility Scale Load Factor Correction using BESS............cccccooiiiiiniiininiceeeen, 35

4.6.1.  Sizing of Utility Scale BESS ..o 38

4.7. Summary of BESS Charge and Discharge Impact on Kibra Feeder Load Profile

R 1 1] (] TR T TR 41
4.8. Cost Benefit Analysis of Utility Scale BESS.............ccooeiiiiiiie e 42
4.8.1. CostOf Sized BESS SOIULION .....coeieiiiiieeeeeeeeee et eeeeeeeeeeeees 42



4.8.2.  Economic Gains from Feeder Load Factor Improvement .............cccccvevvereenene, 44

4.9. Research Validation Using Similar Projects and Research............cccccooevviieieenenn, 50
5. Conclusion, Recommendation and Further Work .............ccccoeeeiiinineincieseneeee, 52
5.1, INEFOTUCTION ..ot 52
5.2, CONCIUSTON. ...ttt b bbbt 52
5.3, RECOMMENTALION. ......uiiiiiiiiiiiieie bbbt 53
5.4, FUINEI WOTK ....c.eiiiiiiieeee bbbt 54
RETEIENCES ...t bbbttt bbbttt 55
AAPPENAICES. ..tttk bbb bbbt b b bR bRttt bbb bttt 61
Appendix A: SIMIHAITEY REPOIT ...c..oviiiiiiiiisiiieeie st 61
Appendix B: Ethical Clearance Confirmation ............cccoceiieiiiiiiecic e 63
Appendix C: NACOSTI ReSEArch LICENCE.........cccveiiieieiieiieiie e st estesee s sre e sneas 64
Appendix D: Feeder Demand RAW Data..........cccccoveiiveiiiiieiieie e 65
Appendix E: Load Flow Simulation for Charge and Discharge Cycle on Kibra Feeder .....66
Appendix F: DIgSILENT Licence AgQre€mMeNt...........cccooveiierieiieieerieceesie e sre e sree e, 74

Vi



List of Figures

Figure 1.1: Daily demand load profile for Kenya...........ccccoiiiiiiiiiiiiieccseseeeee 9
Figure 1.2: Weekly demand profile for residential, commercial and industrial type loads.....10
Figure 1.3: Electricity consumption in Kenya from 1990 to 2020, by sector............cccccocuve.... 11
Figure 1.4: Electricity Consumption by Sector (EPRA Statistics Committee, 2025) ............. 11
Figure 1.5: Typical Daily Dispatch profile in Kenya ..........ccccooviiiiiiiiieincesceeeeee 12
Figure 2.1: Load curve indicating peak shaving and load transfer..........cccccoovovevieiviiciienenn, 7
Figure 2.2: Load curve indicating peak shaving and load shifting..........c.ccccoecevviiiiiinenene, 16
Figure 2.3: BESS Base-case Scenario Global Cost EStIMALeS...........cccceveriniienenisiceiee 18
Figure 2.4 LCOS Comparison for various use cases (J/MWHh) ..o, 19
Figure 2.5: BESS Study conceptual framework ............ccoviieiieieiie e 20
Figure 3.1: Flow chart of research model ...........ccooueiieiieiiiieiee s 24
Figure 4.1: Trapezoidal Rule CalCulation ..o 29
Figure 4.2: Hurlingham feeder demand CUIVE .........cccoiiiiiiiiiieninieieeee e 30
Figure 4.3: Elgeyo-Marakwet feeder demand CUIVE........cccccoveieeviiiieieece e 30
Figure 4.4: Nairobi Hospital feeder demand CUIVE..........cccccoveiieiiiic i 31
Figure 4.5: Buruburu feeder demand CUIVE ..........ccoooiiieiiniiiinisce e 31
Figure 4.6: Harambee feeder demand CUIVE ............ooueiiiiiiiiiisieeeee e 32
Figure 4.7: 5-Star feeder demand CUINVE.........couiiiiiiie it 32
Figure 4.8: Kamunde feeder demand CUNVE ..........cooiveiioiiiieie et 33
Figure 4.9: K-South feeder demand CUNVE.........ccoiiiieiicie e 33
Figure 4.10: Infill feeder demMand CUNVE ..ottt 34
Figure 4.11: Kibra feeder demand CUIVE ...........oouiiiiiiiieieiesee e 34
Figure 4.12: Distribution Feeder Configuration ............c.cccccoeiieiiiic i 37
Figure 4.13: SLD for BESS - Feeder CONNECLION..........cccoviiieiiieieiie e 38
Figure 4.14: Sizing Of BESS UNIt.......ccoiiiiiiiiiiieee s 39
Figure 4.15: Original vs BESS-enhanced Demand CUIVE...........ccoueviieiiiene s 42
Figure 4.16: Original vs Scaled Demand CUIVE .........ccocvveiiiiiie i 46
Figure 4.17: NPV Of BESS DeplOYMENL .........ccviiiiiiiiicie et 49
Figure 0.1: Load Flow at 1800hrs without BESS enhancement...........cccccoveiiiiiiniicicien, 66
Figure 0.2: Load Flow at 1800hrs with BESS enhancement...........ccccocvvveineneneincneees 66
Figure 0.3: Load Flow at 1900hrs without BESS enhancement............ccccoovvviiiieiiieciiecinenn, 67
Figure 0.4: Load Flow at 1900hrs with BESS enhancement.............cccocoeviv i, 67

vii



Figure 0.5: Load Flow at 2000hrs without BESS enhancement............ccccoccevvveiveieiiensnenene 68

Figure 0.6: Load Flow at 2000hrs with BESS enhancement...........c.ccccovoveveiieieecescie e 68
Figure 0.7: Load Flow at 2100hrs without BESS enhancement...........c..cccccoviviniiiiicinnnns 69
Figure 0.8: Load Flow at 2100hrs with BESS enhancement ............cccooevvienininininicieiee, 69
Figure 0.9: Load Flow at 0000hrs without BESS enhancement............cccccccevvveviiieiieeseesnene 70
Figure 0.10: Load Flow at 0000hrs with BESS enhancement.............cccccveveiieeieciesieeseesene 70
Figure 0.11: Load Flow at 0100hrs without BESS enhancement..............ccccooevvnininneienienne. 71
Figure 0.12: Load Flow at 0100hrs with BESS enhancement.............cccceveniiiineninicieienn. 71
Figure 0.13: Load Flow at 0200hrs without BESS enhancement............ccccccvvevveveieeveesnene 72
Figure 0.14: Load Flow at 0200hrs with BESS enhancement .............cccccoeveiieieecesiee e 72
Figure 0.15: Load Flow at 0300hrs without BESS enhancement.............ccccoocevirenvniniienennn. 73
Figure 0.16: Load Flow at 0300hrs with BESS enhancement............cccccooeveiiiinennnineicienn. 73

viii



List of Tables

Table 4-1: 11kV Feeders supplying High, Middle and Low Income areas in Nairobi............ 28
Table 4-2: Hurlingham feeder demand CharaCteristiCS ...........ccveveieeiieresieesr e 30
Table 4-3: Elgeyo-Marakwet feeder demand charaCteristiCs..........cccvvevvviiervevieiiieseeresieenn, 30
Table 4-4: Nairobi Hospital feeder demand charaCteristiCs............ocovvvvveiieiinienenienesie s 31
Table 4-5: Buruburu feeder demand CharaCteristiCs ............cevveirrieeiinrieiie e 31
Table 4-6: Harambee feeder demand CharacteristiCS..........ooovvvririniinieiene e 32
Table 4-7: 5-Star feeder demand CharaCteriStiCS........coovviririiiriiirieee e, 32
Table 4-8: Kamunde feeder demand CharaCteristiCS...........oocovvriiirieieieie e, 33
Table 4-9: K-South feeder demand CharacCteristiCs............coviririiiniicieiesc e, 33
Table 4-10: Infill feeder demand CharaCteristiCs .........ccccovvviiiriniiniieere e, 34
Table 4-11: Kibra feeder demand CharaCteristiCs .........cccoveieririiireiieierene s, 34
Table 4-12 Feeder Load FACtOr SUMMAIY ........cccoiiiiiiieiieieiee st 35
Table 4-14: Sizing 0f BESS UNIE......coiiiiiiiiiiiiiieie e 39
Table 4-15: ASSUMEd BESS ParamMeters.........ccuiueieieiieniereiiesiesteseseeeesiesie e siesseseesee e 40
Table 4-16: Summary of Charge and Discharge Parameters Impact on Kibra Feeder Profile 41
Table 4-17: Feeder Demand Characteristics COMPAriSON ..........ccocueieierieriereneneseseeeeeeeen, 42
Table 4-18: LCOS Computation for 5.5MWh BESS UNit.......cccoooiiiiiiiieeeee, 44
Table 4-19: Scaled demand 108dING..........coiiiiiiiiiieee e 46
Table 4-20: Scaled REVENUE SUMMANY ........coiieiiiieeieeieeiesieesteeieseeste e sreesesseesreesresaesneas 47
Table 4-21: Projected Revenue from Increased Electricity Sales.........cccccocovvveviiiciieiiciennn, 49



BESS

CAPEX

EPRA

GWH

KVA

LCOS

O&M

SCADA

SLD

SWOT

List of Abbreviations and Acronyms
Battery Energy Storage System

Capital Expenditure

Energy and Petroleum Regulatory Authority
Gigawatt Hour

Kilovolt Ampere

Levelised Cost of Storage

Operations and Maintenance

Supervisory Control and Data Acquisition
Single Line Diagram

Strengths Weaknesses Opportunities and Threats



Acknowledgement
I would like to express my sincere gratitude to all those who have contributed to the writing of
this dissertation. This journey would not have been possible without the support and

encouragement of many individuals.

My heartfelt thanks go to Strathmore University, School of Computing and Engineering for

providing the necessary resources and facilities that facilitated the research work.

Special acknowledgement goes to my supervisor, Dr. Vitalis Ozianyi, and my dissertation-
coordinating lecturer, Dr. Kennedy Ronoh, for the guidance and support they have accorded

me during the writing of this dissertation.

I would like to acknowledge the assistance of my classmates at the MSSET programme, class

of 2025 for their collaboration and shared efforts in collecting and analysing data.

Special thanks are due to my family and friends for their unwavering support, understanding,
and encouragement during this challenging journey. Your belief in my abilities fuelled my

determination to persevere.

Lastly, | want to express my appreciation to all those who, in one way or another, contributed
to the successful completion of this dissertation. Your support has been invaluable, and I am

truly grateful for the collaborative spirit that enriched this academic endeavour.

Thank you all for being a crucial part of this significant milestone in my academic journey.

Xi



Dedication
This dissertation is dedicated to the unwavering support and love of my family, whose
sacrifices and encouragement has been the driving force behind my academic journey. Their
belief in my abilities and relentless support has been my pillars of strength. This

accomplishment is as much theirs as it is mine.

To my friends and mentors who have offered guidance, shared insights, and stood by me
throughout this endeavour, | extend my heartfelt appreciation. Your contributions have been

instrumental in shaping the outcome of this dissertation.

This work is dedicated to all those who have been a source of inspiration and motivation,

reminding me that every challenge is an opportunity to learn and grow.

xii



1. Introduction

1.1. Background of the Study
Efficiency in the electrical energy value chain is a pivotal concept in the energy sustainability

discussion. As a result, researchers, engineers and sector player are continually in a quest to
discover new means of improving efficiency in energy generation, transmission and
distribution process. Energy losses however, are a common occurrence not only in power
utilization or distribution, but also mainly in the generation and transmission process. To date,
the average net efficiency of power generation worldwide is around 34% with almost two thirds
of calorific content of primary fuel input into electricity generators lost as waste heat (Khatib,
2012, p. 334).

Efficiency in power generation is mainly dependent on the technology used in the generation
process. Hydroelectric power generation is mainly the most efficient power generation method,
enjoying a generation efficiency of up to 90%. Given this efficiency, coupled with the mode
and consistency of supply of the input energy, i.e. water, it is mainly suitable for base load
power supply (Killingtveit, 2020). Other suitable base load power supplies may include coal,

combined cycle gas plants, nuclear and geothermal.

Gas, solar and wind power plants enjoy relatively lower power generation efficiency of less
than 40%. They are however, ideal for supply of peak load given the ease and simplicity
involved in the generation process. They have a short and simple start up process and can be
on boarded with ease and speed onto the grid to cater for spikes in power demand (Ding et al.,
2019). Solar and wind however pose a major drawback due to their intermittency and at time
may not be reliably available when required for peak load supply.

The above factors reliably indicates that the usage pattern by consumers has a bearing on the
efficiency of the power generation process. Electricity grid utilities generally have strict power
supply obligations to its users, requiring them to supply quality and reasonable priced
electricity under all circumstances and demand patterns. Generally, in terms of generating
capacity, it means that supply should always follow demand. Unfortunately, the timing of peak
demand rarely coincides with the availability of the most convenient peak supply. The power
generator therefore must anticipate the demand pattern and cater for peak demands with the
unavoidable consequence of power under-utilisation during the daily and seasonal periods of
low power demand. This inefficient use of capital and infrastructure has a major bearing in the

cost of energy. Power generation firms therefore, have to employ different mitigation strategies



to minimise the effect of power underutilisation during low demand periods (Electricity
Demand, 2016).

Some of the means employed by utilities in enhancing grid efficiencies due to different usage

patterns with differing peak demand periods include:

Grid interconnection - A local or regional interconnected grid enables cross-border or regional
power exchange, allowing areas with surplus capacity to export excess power to regions facing
deficits. This flexibility helps balance supply and demand, smoothing the power demand curve
for more efficient, continuous energy utilization and optimal use of power infrastructure.
Additionally, variations in peak and off-peak load periods—due to time zone differences and
usage patterns—further enhance the utilization factor of power generation plants (Rafique et
al., 2018).

Spinning reserves - These are power plants that provide generating capacity that can be brought
on stream at a very short notice. They can be viewed as the extra power generating capacity of
the generator that is already synchronised onto the power grid. These reserves are needed to
satisfy power peak demands, which cannot be met by the base load power generators
(Khoshjahan et al., 2019).

Peak shaving - This is a strategy for avoiding peak demand on the electrical grid, at the user
end by reducing power consumption at intervals of high demand. This can be achieved by
switching off equipment with high-energy draw during peak periods, or incorporating of onsite
power storage options, such as battery packs that can be used to power equipment during peak

durations, and the batteries charged during off peak periods (Smith, 2023).

Load levelling - Closely related to peak shaving, involves scheduled loading by consumers, by
moving their demand or maximum consumption away from peak periods to off peak periods,

thus flattening the demand curve (Telaretti & Dusonchet, 2016a).

Load shedding - As a last resort, it may be necessary to disconnect some loads periodically
when the demand exceeds the supply. Oftentimes, heavy industries with a high degree of power
consumption provide shed-able loads that can be automatically shed off the grid to ensure grid
stability during excess demand (Smith, 2023).

A key tool used in measuring and determining the efficiency of power generation station is the
Load factor. The load factor can be defined as the ratio of the actual amount of electrical energy
delivered to the power system in a designated period of time to the total possible electrical

2



energy that could be delivered to the system in a designated period of time (Part 2 Introduction
to Power Systems.Pdf, Orenge S. 2023). The load factor is represented by the below equations
1and2;

_ Average Load
Load Factor = /Maximum Load in a given time period @

Energy consumed or

generated in time T hr

_ s
Load Factor = / Max.demand x T hrs 2)

This research therefore aims to find ways of improving load factor especially at the power
generation and distribution level, and consequently improve on Kenya’s grid power efficiency.
It may be noted that a number of the above mentioned mitigation strategies employed for
efficiency improvement have a relation to energy storage. Through technologies such as BESS,
peak shaving, load levelling and even load shedding can be made possible through transitioning
to off grid power utilization during peak durations while scheduling for charging of the BESS
units during off peak durations.

1.2. Problem Statement
The efficiency of Kenya’s power generation and distribution system is significantly impacted
by fluctuations in electricity demand, particularly the pronounced evening peak between 1800
hrs and 2200 hrs, followed by a sharp decline in demand from 2300 hrs to 0400 hrs. This
variability results in a reduced electrical load factor at the generation, transmission and
distribution levels, leading to inefficiencies in power system utilization. The steep variation
between peak and off-peak demand poses operational and economic challenges, including
increased generation costs and underutilization of infrastructure during off-peak hours. To
address this issue, this study explores the integration of Battery Energy Storage Systems
(BESS) at the distribution level as a strategy for energy storage. By implementing peak shaving
and load shifting techniques, BESS can help optimize load distribution, enhance grid stability,
and improve the overall load factor of Kenya’s power generation, transmission and distribution

network.

1.3. Research Objective
The research is aimed at determining the requirements and approach for efficient adoption of
BESS to improve Kenya’s power system load factor. This is to be established by focusing on

the below specific objectives:

1)  Assess the currently used methods for load factor stabilization in Kenya.

3



i) Analyse the electricity supply and demand curve in Kenya.

iii)  Simulate the technical viability for BESS adoption at the electricity distribution level.

iv)  Develop and validate a model for integration of BESS to stabilise electricity load factor
in Kenya.

1.4. Research Questions
The research questions to be answered by this study are:

i) What are the current methods used in Kenya for load factor improvement and
stabilisation?

i) What are the current electricity supply and demand patterns across domestic electricity
users in Kenya?

iii) How can BESS technology be best tailored for domestic electricity usage?

iv) How can BESS be modelled to simulate its load factor improvement capability on the
grid?

1.5. Justification
As previously highlighted, Kenya experiences a significant surge in electricity usage during
the evening peak hours, typically from 1800 hrs to 2200 hrs, followed by a decrease in demand
as the night progresses into early morning, around 2300 hrs to 0400 hrs the next day. This
fluctuation is also noted to be largely driven by domestic consumers who currently account for
about 30% of the nation's total demand. This study aims to illustrate that by integrating BESS
for domestic/residential users, Kenya can achieve a more balanced distribution of electricity

demand, leading to an enhancement in the country's power system load factor.

1.6. Scope
This study aims to enhance Kenya's power system efficiency and grid load factor, currently at
73%, by mitigating inefficiencies arising from significant fluctuations between peak and off-
peak energy demand. The research focuses on developing a practical model for utilizing BESS
to optimize electricity consumption patterns, specifically targeting domestic electricity users.
The study adopts an action research design to ensure practical applicability and relevance,

targeting improvements in both technical and economic aspects of Kenya’s power system.

1.7. Limitation
The duration and resources allocated for the research is limited. Never the less, it is my belief
that the limited scope establishes a trend that will resemble the findings as would have been for

an extended research project.



The high initial costs associated with BESS makes this research model capital intensive and

financial viability is only realised in the long term.

1.8. Report Organisation
This dissertation is organized into five main chapters, each contributing to a comprehensive

understanding of the research problem and its context.

Chapter one introduces the study by presenting the background, including an overview of
Kenya’s power sector and its electrical energy dispatch profile. It outlines the research problem,
objectives, and key questions that guide the study. Additionally, the chapter provides the
justification for the research, defines its scope, and discusses any limitations encountered.

Chapter two presents a review of relevant literature, exploring key concepts such as energy
efficiency, the significance of load factor improvement, and the management of load factor in
Kenya. It examines various battery energy storage system (BESS) technologies, including
lithium-ion, lead-acid, and solid-state batteries, with a focus on their application in enhancing
power system performance. The chapter concludes with the identification of research gaps and

the development of a conceptual framework.

Chapter three outlines the research methodology. It describes the research design, unit of
analysis, and data collection methods employed in the study. The chapter also details the
research model, data analysis techniques, and ethical considerations taken into account
throughout the research process.

Chapter four presents the results and discussion. It begins with a description of the data sources
and preparation techniques, followed by a detailed analysis of the findings. The chapter
includes the modeling and sizing of a utility-scale BESS solution for load factor correction on
the Kibra feeder, a summary of the charge and discharge impact on load profile parameters,
and a cost-benefit analysis. It also compares the study’s findings with similar projects and

research for validation purposes.

Chapter five concludes the dissertation by summarizing the key findings and offering
recommendations based on the research outcomes. It also outlines potential areas for further

research to build upon the work presented in this study.

Additional sections such as the list of figures, tables, abbreviations, and comprehensive

appendices are included to support the main text and enhance the reader’s understanding.



2. Literature Review

2.1. Introduction
This chapter delves into the importance of enhancing the load factor and its influence on the

overall efficiency of power systems. In line with research question one in section 1.4, it
examines different methods utilized to improve the load factor in power systems in general, as
well as those specific to the Kenyan power system. The research aims to construct a conceptual
framework integrating BESS into a case study of Kenya's utility provider, with the objective
of achieving efficient and effective load factor enhancement in Kenya. This endeavour seeks

to address existing research gaps identified in other relevant studies.

2.2. Energy Efficiency
Energy Transition is a rapidly emerging concept in the energy space and it mainly entails

migration from current energy sources and trends which carry with them a set of undesired
consequences, to a more desired and sustainable model of power generation, distribution and
consumption. With this campaign, has emerged key points of concern for all players towards a

smooth energy transition. These mainly entail sustainability and energy efficiency.

Sustainability in the energy space is the state that ensures the production, distribution and
consumption of electrical energy in a way that ensures availability over a long period of time
without affecting the social, environmental and economic variables that support energy

production value chain (Musonye, 2023).

Energy efficiency is adoption of various measures aimed at reducing and/or optimizing power
and energy demands from the electrical power system without affecting the normal activities
entailed in electrical energy consumption. This may be achieved through supporting the
sustainability of the power system and the environment by (1) minimising greenhouse gas
emissions by reducing or optimizing the energy demand, (2) enhancing the technical
management of the grid installation by avoiding downtimes and unplanned outages and (3)
reduction in running and operating cost of the installation (“Electrical Energy Efficiency,”
2022).

Energy efficiency is vital in a power system as it ensures that avoidable energy losses during
generation, transmission and distribution of electricity are kept at a minimal. Through this, one
is able to realise, reliable, sustainable and affordable power. One of the measures of ensuring

energy efficiency in a power system is efficient Load Factor management.



2.3. Load Factor Significance and Improvement on the Grid
Noting that the load factor is an indicator of power generation, distribution and consumption

efficiency, the higher the load factor, the higher the efficiency. It is therefore desirable for a
power plant and/or power generation station to experience a load factor as close as possible to
unity. Improving the load factor of an electrical grid is primarily about controlling the peak

demand. Lowering the peak demand will automatically enhance the load factor percentage.

Lowering the peak demand can be achieved by bulk shifting of loads away from peak demand
periods to off peak durations as shown in figure 2.1 below. This can be achieved by efficient
scheduling of appliances usage to off peak periods. This conscious load scheduling
homogenously distributes electricity consumption in the energy demand profile across the day.
This process is known as load balancing or peak shaving and it has the below impact on a

typical load curve (Load Factor, 2020);

Potential for Transferred

Shaving Maximum

Demand
g =
© s ]
£ 5
5 o
2 =

4 8 12 16 20 24 4 ] 12 16 20 24
Hours Hours

Load Curve

Figure 2.1: Load curve indicating peak shaving and load transfer

A low load factor, on the other hand means a high maximum demand and a low utilization rate
of electrical energy. This essentially means that the capacity of electrical energy remains
inactive for an extended period of time reducing on the efficiency of the electrical grid,

increasing the per-unit cost of electrical energy to the consumer.

In general, a high load factor positively contributes to the efficiency of a power system through
(1) Generation efficiency, given that the average load is closer to the maximum load, power
generators operate more consistently. They also operate near their rated capacities enhancing
efficiency as generators are designed to operate at maximum efficiency at or near their rated

capacity. (2) Transmission and Distribution efficiency, as it allows for optimal utilization of



grid infrastructure and minimises losses associated with energy transmission over long
distances. (3) Economic Efficiency, which is achieved by maximizing the return on investment
on power generation and distribution infrastructure. Power plants are capital-intensive
investments and their economic viability is closely tied to how much they are utilised (Hao,
2023).

Various strategies for enhancing the load factor are employed in power systems. They include:

Demand Side Management (DSM) - DSM involves efforts to alter consumer behaviour
regarding electricity consumption patterns. This entails utilizing various incentives like time-
of-use pricing and behavioural change campaigns, which aim to educate consumers about their
electricity usage habits and foster adjustments to curtail overall consumption and peak demand.
In critical situations, DSM may involve load shedding measures to prevent infrastructure
overload (Strbac, 2020).

Load Factor Tariffs - Implementing tariffs that incentivize customers to maintain a consistent
level of demand over time encourages more stable usage patterns and increases the load factor
(Soliman et al., 2019).

Energy Storage Systems - Deploying grid scale energy storage systems, such as batteries,
pumped hydro, or compressed air energy storage, enables storing excess energy during periods
of low demand and releasing it during peak demand, thereby improving the load factor (Cerna
et al., 2023). This is currently in its conceptualisation and feasibility stage in Kenya.

Smart Grid Technologies - Advanced grid technologies, including real-time monitoring,
control systems, and predictive analytics, enable better management of electricity distribution,
leading to improved load factor by optimizing resource allocation and reducing downtime
(Cerna et al., 2023).

Load Forecasting - Accurate forecasting of electricity demand helps utilities plan and optimize
their resources effectively, avoiding underutilization or overloading of infrastructure, thus

improving the load factor (Cerna et al., 2023).

Combining these techniques in an integrated approach tailored to the specific characteristics of
the power system can significantly enhance the load factor and overall efficiency of the

electricity grid.



2.4. An Overview of Kenya’s Power Sector
Kenya is a rapidly growing economy not only in East Africa but also across the continent of

Africa recording an average annual growth of 5.9% in the last 10 years. With the steady growth
in the economy, so has there been a steady growth in its electrical energy demand. Electricity
demand in Kenya amounted to 10 gigawatt hours in 2022, increasing steadily from 8.4 gigawatt
demand in 2017. (Kenya, 2023b). As of 2022, Kenya recorded an installed generation capacity
of 3.3 gigawatts of electricity with geothermal being the highest contributor of the installed

capacity, followed by hydro and thermal power sources. (Kenya, 2023a).

A typical daily demand profile for Kenya, for a week duration, is shown in the below load
curve in figure 2.2. The load profile shows a fairly consistent demand profile throughout the
week with a morning peak between 09h00 to 10h00 and a more significant evening peak
typically occurring at 20h00. The load curve also shows a reduced demand from 02h00 to
04h00. Kenya has a recorded load factor of approximately 73% as of March, 2025 (NCC,
2025).
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Figure 2.2: Daily demand load profile for Kenya
Source: (Hart & Jarrad Wright, 2016a)



Figure 2.3 below shows a further look at the demand profile within the different sectors,
residential, commercial and Industrial. From the representation, it is evident that commercial
and industrial customers have a relatively similar demand profile of increased energy demand
from 06h00 to 21h00 with a peak demand at approximately 12h00.
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Figure 2.3: Weekly demand profile for residential, commercial and industrial type loads

Source: (Hart & Jarrad Wright, 2016b)

The residential demand profile on the other hand is lower throughout the day but experiences
a significant spike in the energy demand from approximately 18h00 to 23h00. It may therefore
be deduced that the significant evening peak demand experienced at the national grid level at

20h00 may mainly be attributed mainly to domestic/residential loads.

Due to the increased efforts towards attaining the Universal Electricity Access by 2030,
through enhanced projects such as the Last Mile Connectivity, Kenya has experienced a steady
growth in energy demand across all its consumer categories. In the financial year 2024/2025,
Kenya has experienced an increased energy demand of up to 7,222.37 GWh marking a 6.13%
increase (417.09 GWh) from the 6,805.28 GWh recorded in the previous financial year (EPRA
Statistics Committee, 2025).

Analysing this energy growth per consumer category, figure 2.4 below shows an accelerated
growth in industrial and residential energy demand from the year 2010. Electricity consumption
by the industrial sector in Kenya reached approximately 12000 terajoules (3,333 GWh) in 2010.
On the other hand, residential consumers demanded nearly 6000 terajoules (1,666 GWh) in the

same year. Fast forward a decade later, it is noted that the industrial sector demanded 16000
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terajoules (4,444 GWh) in 2020, while the residential consumers nearly doubled their demand
within that decade, reaching a consumption marker of almost 12000 terajoules (3,333 GWh) in

the same year.

Ekectricity consumption i terajoules
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Figure 2.4: Electricity consumption in Kenya from 1990 to 2020, by sector

Source: (Cowling, 2023)
This, as mentioned above may be attributed to efforts by the government and other key players
in achieving the universal electricity access, a campaign mainly targeting the

residential/domestic electricity users.

A summary of electricity sales among various consumer categories is a shown in figure 2.5

below:

Energy Consumption by Energy Sector
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Figure 2.5: Electricity Consumption by Sector (EPRA Statistics Committee, 2025)
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With the government actively promoting enhanced connectivity across the nation, particularly
focusing on domestic and small commercial consumers who currently represent approximately
48% of the energy demand, Kenya's existing load factor of 73% is likely to decrease. The is
mainly because the prevalent electricity usage pattern in this demography, as evidenced in
figure 2.3, further catalyses the heightened peak energy demand currently experienced at
around 20h00 and further increases the disparity between peak and off peak demand. It is
therefore imperative for government and stakeholders to employ such strategies as will be
discussed in this study towards adoption of a fairly constant and distributed electrical energy

usage pattern, which in turn results in a more homogenous electrical energy demand profile.

2.5. Electrical Energy Dispatch Profile in Kenya
The energy dispatch process in Kenya primarily relies on merit order, a prioritization document

for power generation created by the country's energy regulator, EPRA, in coordination with
relevant stakeholders. The merit order mainly refers to the order in which dispatch-able power
generation plants are utilised to meet the energy demand in Kenya. It is mainly informed by
the energy production cost, availability of renewable energy sources as well as the various
negotiated power purchase agreements (PPASs). Figure 2.6 below indicates a typical energy
dispatch profile in Kenya (SatMgtBrief 2024-04-13.XIlsx, 2024).
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Figure 2.6: Typical Daily Dispatch profile in Kenya
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As can be noted from figure 2.6, geothermal and hydro generators are mainly deployed to
supply the base load due to their cheaper cost, availability and eco-friendly nature and as such
are constantly dispatched throughout a 24 hour day cycle. Imports in Kenya are mainly from
Ethiopia (Ethiopian Electric Power, EEP) and Uganda (Uganda Electricity Transmission
Company Limited, UETCL) and are mainly renewable based and as such, are used to supply
daytime loads as per their respective PPAs. Renewables i.e. wind and solar, are self-dispatched
resources, based on their availability while thermal sources act as a peak supply resource only
due to their high cost and increased carbon footprint.

2.6. Load Factor Management in Kenya
Kenya currently employs some of the strategies highlighted in section 2.3 for its load factor

improvement. These include:

(1) Load factor tariff. This is a pricing system where electricity costs are adjusted based on
a customer's load factor, computed as the ratio of their average power usage to their
peak power usage over a specific period, essentially rewarding customers who have a
more consistent electricity draw throughout the billing cycle (KPLC, 2024a).

(2) Demand Side Management. Through incentives like time-of-use (TOU) pricing and
behavioural change campaigns, Kenya Power has embarked on shifting electricity
demand away from conventional peak demand periods. Introduced in 2018 by the
Kenyan government to encourage productive electricity use, Kenya Power
implemented the TOU electricity pricing system. Under this system, large commercial
and industrial consumers benefit from significantly reduced rates for electricity
consumed during off-peak hours, typically between 10:00 PM and 6:00 AM on
weekdays. These off-peak rates offer discounts of up to 50% compared to peak-hour
rates, aiming to increase power utilization during periods of low demand while
stimulating manufacturing and industrial activity (KPLC, 2024b).

(3) Load forecasting and power planning. Through programmes such as the Least Cost
Power Development Plan (LCPDP), the government of Kenya has developed power
plans and projections from 2022 to 2041. The plan contains four main outputs from the
studies carried out, i.e. the electricity demand forecast, the recommended generation
expansion plan, a tariff evolution trend for the medium term period of the plan and the
recommended transmission expansion plan. All of which is geared towards developing
a capacity expansion plan to meet the projected demand at minimal cost and highest
efficiency (MOE&P, 2022).
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It is important to note that most load factor improvement strategies, such as load factor-based
incentives and TOU tariffs, are primarily targeted at commercial and industrial electricity
consumers in Kenya. This focus on commercial and industrial electricity consumers and
excluding domestic users has created a gap, highlighting the need for strategies as the one
proposed in this study, which aims to address load factor improvement among domestic

electricity users, a significant contributor to power system inefficiencies.

This research focuses on energy storage systems, in particular BESS, and its application

towards load factor improvement.

2.7. Battery Energy Storage Systems (BESS) Technology
Battery energy storage system is a rapidly emerging technology, which mainly consists of

rechargeable batteries, which are used to store electrical energy from different sources, and
discharge it when needed. This simple yet transformative technology is gaining significance

with the increased drive for sustainable energy transitions.
There are several battery technologies utilised in BESS, the most popular as shown below:

2.7.1. Lithium lon Batteries
This is a type of rechargeable battery, which uses the reversible intercalations on Li + ions into

electronically conducting solids to store energy (“Lithium-Ion Battery,” 2023). Lithium ion are
the most popular and commercially utilised type of battery for energy storage systems. This is
because of their favourable characteristics such as a high energy density, ability to charge and
discharge more efficiently, low self-discharge rate and a longer lifespan with little maintenance
requirements. Lithium ion technology is mature and well understood, making it a less risky

choice that newer, less proven technologies (Smith, 2023).

However, Lithium ion batteries do have some drawbacks, such as requirement of a
sophisticated battery management system to prevent overheating and maintain optimal battery
health.

2.7.2. Lead Acid Batteries
This rechargeable battery type utilises lead and sulphuric acid to function. This is a more mature

technology that has been around since 1859 and are often applicable where the battery isn’t
cycled frequently and periodic high surge currents are required such as in starting motor
vehicles or emergency back-up power (“Lead—Acid Battery,” 2023). They are reliable,

inexpensive and readily available making them widely used as well.
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They however suffer drawbacks such as lower energy density compared to Lithium ion
batteries, and a shorter lifespan particularly under deep cycle use. They require significance
maintenance for optimal uphold its performance and life cycle and have a potential for
environmental harm if not properly recycled or disposed (Smith, 2023).

2.7.3. Solid State Batteries
Solid state is an emerging battery technology that utilises solid electrodes and electrolytes

instead of the liquid based electrolyte found in other batteries. This technology has a potential
for higher energy density, enhance safety due to its incorporation of a non-flammable solid

electrolyte, and a longer lifespan with minimal maintenance.

However, the technology is still at an early stage of development and yet to be commercially

available in large scale. The manufacturing process is also costly and complex (Smith, 2023).

2.8. Use of BESS to Improve on Power System Load factor
Lithium-ion batteries are preferred in BESS application due to their high energy density, long

lifespan, efficiency, and fast charging/discharging capabilities. These advantages make them
well-suited for grid balancing, renewable energy integration, and backup power applications
(Del Valle et al., 2018). Studies around load factor improvements by use of BESS technology,
are mainly centred on three key concepts, i.e. Peak Shaving, Load shifting and Energy
Arbitrage.

Peak shaving — This is essentially storing electrical energy during low demand periods and
releasing it during high-energy demand periods. This in turn reduces energy demand from the
grid during peak periods (Smith, 2023).

Load shifting — which entails scheduling of charging of BESS away from peak periods to more
favourable durations i.e. during off peak timings and when the energy tariff may be lowered.
This shifts the demand on the grid away from peak to off peak periods, levelling out the demand

curve on the utility distributor.

The above two concepts as shown in figure 2.7 below, may be summarised as peak shaving
and valley filling. Several studies have emerged on these concepts most of which are geared

towards enhancement of the power system efficiency.
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Figure 2.7: Load curve indicating peak shaving and load shifting

Energy Arbitrage — This is a technique employed to improve energy economics by purchasing
power during off peak periods, when the unit cost is cheapest, and storing for usage during
peak periods, when the unit cost of electricity is most expensive. This concept is made possible
by use of the BESS.

The research paper by Telaretti & Dusonchet, (2016a) presents a study concerning the
implementation of a peak load reduction approach by altering the power diagram. The research
focuses on analysing a case study conducted in an office environment, where notable peak
loads were observed on weekdays. To mitigate these peaks, BESS was utilized, storing surplus
energy during off-peak periods and supplying it during peak periods. The simulated results
display a modified power diagram reflecting this strategy. However, the study's scope is
restricted, as it does not determine the optimal operation and size of the BESS.

Earlier studies also conducted a parametric examination to explore how various factors
influence the economic viability of BESS for peak load reduction. This assessment, conducted
by Telaretti & Dusonchet, (2016b) scrutinized three specific parameters: the variance between
high and low electricity prices, peak demand charges, and the initial investment cost for BESS.
The findings regarding economic feasibility indicate that, given the existing BESS prices,

large-scale battery energy storage technologies are not economically viable without incentives.

In their paper, Chen & Sen, (2016) address an isolated optimization challenge aimed at
maximizing revenue through energy arbitrage. A company investor installs a BESS with

defined specifications, including capacity (measured in MW) and maximum operating hours,
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followed by an economic assessment involving investment leverage analysis and net present
value computation. Ultimately, the conclusion drawn is that BESS presents a notably costly
remedy for contemporary grid challenges. Despite the strategy of charging during periods of
low energy prices and discharging during peak prices, the generated revenue remains
considerably modest when contrasted with the prevailing capital expenses associated with

lithium-ion batteries.
2.9. Cost of BESS

Battery costs are expected to keep decreasing over the medium to long term, although the pace
of this decline will differ significantly depending on the type of battery technology. Similarly,
the various components of BESS are likely to experience different rates of cost reduction,
influenced by factors such as standardization levels, economies of scale, and industry learning
(Frankel et al., 2018).

The costs of BESS are generally expressed in one of two ways: (1) cost per KW (or MW),
which is the total installed cost of the system divided by its instantaneous power output
(typically listed as $/kW), or (2) cost per kWh (or MWh), which is the total system cost divided
by its expected energy output (typically listed as $/kWh). Additionally, for any specific BESS,
this cost metric can be presented in the following ways:

Installed cost: This represents the total cost of a battery energy storage system, encompassing
all essential components and associated services. It includes the battery equipment itself, such
as the battery management system, cells, and modules, as well as the balance of system (BOS)
components. Typical BOS elements include containers, climate control systems, power
management systems, fire suppression systems, and other supporting infrastructure.
Additionally, the installed cost accounts for engineering, procurement, and construction (EPC)
services. It may also incorporate soft costs such as customer acquisition and project
development, grid interconnection, overhead, taxes, and applicable duties (Frankel et al.,

2018). These itemised costs are broken down as shown in figure 2.8 below;

17



Base-case scenario

EPC’

Soft
costs

Balance-
of-system

hardware CAGR?

.l"I 0-"{'.!
— 1]
Battery 11%

2
RREs ~10%

Year 2017 2020 2025

Figure 2.8: BESS Base-case Scenario Global Cost Estimates

Source: McKinsey & Company, GTM Research

Levelized Cost of Storage (LCOS): This represents the comprehensive cost of designing,
building, and operating the BESS over its entire useful lifespan. This includes maintenance
costs and the impact of battery degradation (Ahlen et al., 2020). The LCOS for battery
technologies varies significantly depending on the specific application, commonly referred to
as the “use case.” Lithium-ion BESS can be deployed in both Front-of-the-Meter (FTM) and
Behind-the-Meter (BTM) configurations. BTM applications are typically associated with
commercial and industrial (C&I) facilities or residential settings, with or without integrated
solar photovoltaic (PV) systems. In contrast, FTM applications generally involve large-scale
deployments such as peaking capacity participation in wholesale electricity markets,
transmission and distribution (T&D) support, and utility-scale solar PV combined with BESS.

As illustrated in the global cost estimates in Figure 2.9, lithium-ion batteries used in FTM
applications had a projected 2021 LCOS ranging from $108/MWh to $471/MWh, depending
on the specific use case. When integrated with solar photovoltaic (PV) power generation,
lithium-ion BESS achieve the lowest LCOS, estimated between $108/MWh and $140/MWh.
However, the LCOS increases for other FTM applications, with the highest range from
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$263/MWh to $471/MWh observed in T&D use cases. In contrast, BTM applications exhibit
significantly higher LCOS values, ranging from $829/MWh to $1,152/MWh. This is largely
due to smaller system capacities and the associated loss of economies of scale (Jilch, 2022).
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2.10. Summary of Research Gaps

Generally, large-scale BESS grid installations, in addition to peak shaving services, can offer
various ancillary services vital for maintaining grid stability and reliability. These services
include voltage regulation and support, reactive power support, frequency control, spinning

reserve, and emergency power provision during outages.

However, several challenges accompany such installations. These challenges encompass
scheduling BESS for optimal operation, determining the appropriate size of BESS as installing
them at an unsuitable or non-optimal size can lead to increased costs, system losses, and
unnecessary BESS capacity. The high capital costs associated with BESS also presents a
practical obstacle to implementing peak shaving methods. While using BESS for grid peak
load shaving is more effective, it poses challenges due to the complexities of large-scale
installations. As such, the operation and maintenance of large-scale BESS are notably more

challenging, requiring highly skilled manpower (Uddin et al., 2018).

Hence, this study aims to tackle these hurdles, and bridge the research gap by relocating BESS

installations from large-scale grid setups to smaller distribution level installations for domestic
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electricity users. This approach presents a simpler and more cost-effective solution. The study
will aim to illustrate that, through a strategic and focused implementation of this solution, the
cumulative impact of numerous small-scale BESS installations can yield comparable benefits
for the grid without the earlier mentioned challenged associated with large-scale BESS

deployment.

2.11. Conceptual Framework
The fundamental idea underpinning this study is illustrated in Figure 2.10.
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Figure 2.10: BESS Study conceptual framework

It is anticipate that by integrating BESS technology into residential electricity usage, the
efficiency of the electrical grid may be enhanced. As discussed previously in this document,
the morning and evening peaks in electricity demand experienced on the power grid is largely
attributable to residential/domestic users. Therefore, strategic deployment of BESS technology
at the domestic distribution level has the potential to achieve peak shaving, valley filling, and
load shifting, as elaborated earlier in this chapter. This can be effectively accomplished by
scheduling the BESS unit's charging cycle between 0000hrs and 0300hrs and its discharge
cycle (transitioning loads off the grid) between 1800hrs and 2200hrs.

In the long term, this practice is expected to enhance power system efficiency by reducing peak
demands. It also facilitates the achievement of a more uniform feeder load curve, which allows
for efficient and optimal feeder loading. Overall, this practice leads to improvements in grid
load factor and utilization factor. Additionally, it enables the utilization of cheaper energy

20



sources typically available during off-peak periods, such as wind power, thus minimizing
reliance on traditional fossil fuel sources like thermal power, which are usually dispatched to

meet peak demands in Kenya.
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3. Methodology

3.1. Introduction
This section outlines the systemic approach used in this research study to meet its objectives.

The section includes components such as the type of research design employed, units of
analysis, data collection method, model development indicating justification on the choice of
simulation software used, and data analysis technique and ethical considerations.

3.2. Research Design
This study adopts an action research design. According to Research Design, (2023) this types

of research design involves initial exploratory analysis and the development of an action
strategy. It is focused on finding a solution to the modern day problem of cost of power, and
mitigation of energy losses and inefficiencies. The study design follows the four key stages of
action research design, i.e. (1) Planning - identification of different electricity usage patterns
and identifying where deployment of BESS will elicit the best results towards achieving the
research objectives. (2) Action — This is carried out through simulation of proposed strategies
towards achievement of research objectives. (3) Observing and (4) Reflecting — Through
analysis of the simulated results the research conducts analysis and derive appropriate

conclusions on the impact of BESS on power system efficiency.

This makes the study practical in addressing the challenge of power system efficiency, while

at the same time is relevant for many other related research topics.

3.3. Unit of Analysis
The unit of analysis as defined by Trochim, (2020) represents the major entity that will be of

analysis in the study. The first component the study looks at is the BESS technology and
solution currently available in the market. The study does not seek to re-invent the wheel, but
rather explore how existing solutions in the BESS industry can be explored as a tool in load
factor improvement of the grid level.

The next unit analysed is the most suitable and practical loading model for integration with the
BESS solution. The study examines customer load profiles across different socio-economic
groups, i.e. low-income, middle-income, and high-income households. Its goal is to determine
which group contributes most significantly to the currently observed low load factor. This
information will help identify where the BESS enhancement strategy would be most effective
in improving the country’s general load factor. The analysis focuses on data from domestic
electricity users within Nairobi city since Nairobi, as a metropolitan area, according to (EPRA

Statistics Committee, 2024) constitutes 43.7% of Kenya’s electricity demand and represents a
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broad spectrum of socio-economic classes. The resulting model is considered reliable for

nationwide application.

The final key area of analysis involved developing a representative model of the solution to
evaluate its technical, social, and economic feasibility. This included estimating the costs of
the proposed model, performing a cost-benefit analysis, calculating the return on investment,
and assessing the expected benefits for key stakeholders, such as the distribution licensee

(Kenya Power) and electricity consumers.

3.4. Data Collection Method
The study employed secondary data from the Kenya National Bureau of Statistics (KNBS) on

classification on low income, middle income and high income household areas. KNBS, (2023)
in their 2022 economic survey classified Nairobi low income households as those spending sh.
46,355 or less in a month, Nairobi middle income households as those spending between sh.
46,356 - 184,394 per month and high income Nairobi households as spending above sh.
184,394 per month.

The KNBS data was further coupled with secondary data from KPLC on electricity distribution
feeder data, serving the established household areas of low middle and high income. This was
aimed at establishing pilot feeders for the study, which aided in establishing the electricity

demand pattern for the three income category residential areas in Nairobi.

3.5. Research Model
The research model is demonstrated in the flow chart in figure 3.1 below. Secondary data from

KNBS was obtained to establish low, middle and high income areas in the Nairobi Metropolitan
area. Corresponding secondary data was obtained from KPLC on the respective distribution
feeder demand data serving these designated low, middle and high income areas. The load
factor to the various feeder demand profile was obtained, analysed and compared to one another
in order to determine, in which of the three socio-economic electricity user profiles, poor load

factor was prevalent.

An appropriately sized and designed BESS solution was deployed and simulated to enhance
the feeder with the poorest load factor. The enhancement with respect to load shifting from
peak demand durations to off peak durations was effected in order to lower the peak demand

and raise the off-peak demand.

The enhanced feeder load factor was obtained and analysed to establish whether there was any

significant improvement post BESS enhancement.
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Figure 3.1: Flow chart of research model

The above model may be simulated by use of relevant simulation software. Available
simulation software include R, PSCAD, PSS®E, MATLAB and DIgSILENT PowerFactory.
DIgSILENT PowerFactory was the more preferred simulation software for the above model as
it offers the following advantages over its counterparts in this research application:

Compared to alternatives like ETAP, PSCAD, PSS®E, or MATLAB/Simulink, DIgSILENT
PowerFactory stands out for its combination of versatility, precision, and industry-focused
features, particularly in transmission and distribution network studies. It integrates power
system analysis, simulation, and optimization into a single platform, eliminating the need for

multiple software solutions.
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The software supports a wide range of analyses, including load flow, fault analysis, transient
stability, electromagnetic transients (EMT), and harmonic analysis. Its robust numerical
algorithms deliver highly accurate simulations, making it a trusted tool among industry
professionals, utilities, and researchers globally.

PowerFactory is designed to handle projects ranging from small-scale systems to large,
complex networks without requiring additional modules. It adheres to international standards
(e.g., IEC, IEEE), enabling its application across diverse regions and projects. The software
features detailed models for generators, transformers, renewable energy sources, and advanced
protection devices. Additionally, it provides specialized tools for renewable energy integration,
microgrids, and hybrid systems.

In Kenya, DIgSILENT PowerFactory is widely utilized by key utility companies, including
Kenya Power and KETRACO, demonstrating its reliability and acceptance as an industry-
standard tool for power system modelling in the local market.

3.6. Data Analysis Technique
Secondary data was collected on electricity demand from distribution feeders over a six-month

period. The data was consolidated into a typical day profile by averaging the hourly demand
for each day across the three-month period. This approach aimed to enhance accuracy and

provide a true representation of the typical daily demand profile for the respective feeders.

Each feeder's profile was analysed individually to determine key parameters, such as peak
demand, daily distributed energy, and load factors. Additionally, these parameters were
examined and compared across different socio-economic classes of electricity end users,

allowing for appropriate conclusions to be drawn.

BESS enhancement was applied to the feeder with the lowest load factor, based on the
assumption that achieving success on this feeder would ensure success on other feeders with
relatively better load factors. Following the implementation of BESS enhancements on the
distribution feeder with the lowest load factor, the enhanced grid simulation output was
compared against the original demand curve data obtained from KPLC. Load factor before and
after the BESS enhancement was calculated and analysed. The primary success indicator was
where the feeder load factor showed significant improvement, achieving or exceeding 0.75
(75%).

This threshold aligns with the Kenya Grid Code, 2024 (EPRA, 2024), which specifies a

minimum load factor of 75% as essential for efficient operation and optimal utilization of
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power system infrastructure. Meeting this benchmark ensures effective use of generation,
transmission, and distribution systems while minimizing inefficiencies like underutilized

capacity.

The study's final results were presented in a clear, simple and precise manner, addressing all

research objectives comprehensively.

3.7. Ethical Consideration
This research study adheres to the highest ethical standards and principles in accordance with

The Strathmore University Institutional Scientific Ethics Review Committee (SU-ISERC), an
independent recognized entity accredited by NACOST]I. The following ethical considerations
will be carefully addressed and implemented throughout the research process:

Informed Consent: All participants and facilitator involved in this study were fully informed
about the purpose, procedures, risks, and benefits of their participation. They were provided
voluntary and informed consent before participating in any research activities.

Confidentiality and Anonymity: Confidentiality of participants' personal information and
data was strictly maintained throughout the study. All collected data was anonymized and
stored securely to prevent unauthorized access. Only authorized members of the research team
were allowed access to identifiable information, and data was reported in aggregate form to

preserve anonymity.

Respect for Autonomy and Dignity: Participants' autonomy, dignity, and rights were
respected at all times. They were accorded the freedom to withdraw from the study at any point

without consequences, and their decisions will be honoured without question.

Beneficence and Justice: The research aims to generate knowledge that benefits society and
contributes to the advancement of science, while also ensuring that the distribution of benefits
and burdens is fair and just. Efforts were made to ensure that the research process was inclusive,
respectful, and equitable for all involved parties.

By upholding these ethical considerations, the study affirmed its commitment to conducting
responsible and ethical research that upholds the rights, dignity, and welfare of all participants
and stakeholders involved.

26



4. Results and Discussion

4.1. Introduction
This chapter addresses the second research question outlined in Section 1.4. It examines the

current electricity supply and demand patterns among domestic electricity users in Nairobi,
Kenya, categorized by their socio-economic groups. Additionally, it analyses the load factors
across these consumer categories, highlighting how they compare to one another.

The chapter further discusses on the findings on the socio-economic group of domestic
electricity users identified as the primary contributors to poor load factors on the grid
infrastructure. The discussion forms the basis for developing a BESS model designed to
address this issue, thereby answering research questions 3 and 4 outlined in Section 1.4. To
this end, this chapter contains a proposed design model tailored to domestic electricity usage
and simulates how the model can be implemented with the aim of load factor improvement on
the feeder demand profile. The model is further validated using similar projects and research

that have been implemented across different electricity distribution grids worldwide.

4.2. Data Collected and Sources
The data used in this study was sourced from the KNBS Consumer Price Index Rebasing

Report of March 2020. This report categorizes areas in Nairobi, Kenya, by socio-economic
status into low, middle, and high-income household areas. These categorizations helped
identify the specific areas for which secondary data on domestic electricity demand trends was

obtained.

Additional secondary data was sourced from SCADA reports and logs within Kenya Power's
Facilities Database (FDB), providing real-time electricity demand information for the relevant
distribution infrastructure corresponding to the household areas identified in the KNBS data.
Data collection covered a six-month period to account for variations in demand patterns

influenced by factors such as seasonal weather changes and school calendars.

Further data from reports and publications was used to summarize the methods currently

employed in Kenya for load factor stabilization.

4.3. Data Preparation Techniques
The SCADA reports and logs collected over the six-month period were substantial and required

thorough cleaning to ensure accuracy. Manual analysis was conducted to identify and address

instances where SCADA monitoring was offline, resulting in non-real-time data transmission.

27



For offline periods lasting less than two hours, demand was extrapolated based on the last
recorded real-time data and manually inputted. However, for offline periods exceeding two
hours, the affected data was discarded. In such cases, readings were sourced from an additional
day when the logging was fully online and real-time.

The cleaned data was then condensed into a typical day profile by averaging the hourly logged
data for each day over the six-month period. The resulting data was well labelled and organized
into an hourly log for a typical day. This profile was visualized as a line graph, plotting

electricity demand against the time of day, to clearly illustrate daily demand patterns.

4.4. Results and Data Analysis
KNBS in their report, (KNBS, 2020), reported that Nairobi’s low expenditure group constituted

70.89 per cent of all households in Nairobi and was represented by the areas of Githurali,
Kawangware, Eastleigh, Kangemi, Dandora, Kariobangi, Kibera and Kayole in Nairobi
Metropolis. Nairobi’s middle expenditure group constituted 25.58 per cent of all of Nairobi’s
households and was represented by the areas of South C, Nairobi CBD and Buruburu. Finally,
Nairobi’s upper expenditure group constituting 3.53 per cent of Nairobi’s households was

represented by the areas of Westlands, Kilimani, Hurlingham, Langata and Karen.

Based on the above representation, the corresponding KPLC distribution feeder lines supplying
power to these areas were analysed to showcase the energy demand pattern of the different
household categories in Nairobi. The feeder names for the respective residential areas in

Nairobi are as tabulated in table 4.1 below:

Table 4-1: 11kV Feeders supplying High, Middle and Low Income areas in Nairobi

# | 11kV Feeder Name | Originating Primary | Area
Substation serving
1 | Hurlingham Kileleshwa 66/11kV s/s Hurlingham | High Income
2 | Elgeyo Marakwet Rd | Kileleshwa 66/11kV s/s Kilimani
3 | Nairobi Hospital Ngong rd 66/11KkV s/s Kilimani
4 | Buruburu Kimathi 66/11kV s/s Buruburu Middle
5 | Harambee Kimathi 66/11kV s/s Buruburu Income
6 |5 Star Nairobi West 66/11kV s/s | South C
7 Kamunde Huruma 66/11kV s/s Kariobangi | Low Income
8 K.South Huruma 66/11kV s/s Kariobangi
9 Infill Komarock 66/11kV s/s Kayole
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10 | Kibra Ngong rd 66/11KkV s/s Kibera

The energy demand from these feeder distribution lines for a 6 month period were analysed
and average daily demand curves for the respective feeders were plotted for a typical 24 hour
day cycle as shown below in figures 4.2 — 4.11 . The load factors for the respective feeders
were also obtained using the below equations 3 and 4;

Daily average demand in T hrs /

Load factor = Peak demand X 24hr day cycle )

Load factor = Area under the load curve /Peak demand X 24hr day cycle ()]

Where: the area under the load curve was obtained using Trapezoidal rule demonstrated in
figure 4.1 below. The rule states that the area under the curve may be calculated by dividing
the curve into small trapezoids and the summation of the areas of the small trapezoids will give
the area under the curve (Cuemath, 2023), i.e.;

y y:ﬂy

i-‘-““‘-j

The last y-
—~¥ yo ¥ y2 ys Yn value is y»
The first y- ;’f
. -
value is yo
h h h h
& [E - de N PR o | X
a b
Figure 4.1: Trapezoidal Rule Calculation
h
Area = Yo+ 2(y1 + Y2 +Y3+...+Yn1) + ¥n) %)

where h (trapezium width) = Che a)/n

The respective feeder demand characteristics were summarised in tables 4.2 - 4.11 below:
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Figure 4.2: Hurlingham feeder demand curve
Table 4-2: Hurlingham feeder demand characteristics
Name Hurlingham (high income)
Primary substation Kileleshwa 66/11kV s/s
Daily average demand 111,986.76 kWh
Peak demand 6202.85 kW at 1900hrs
Load Factor 0.75
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Figure 4.3: Elgeyo-Marakwet feeder demand curve

Table 4-3: Elgeyo-Marakwet feeder demand characteristics

Name

Elgeyo Marakwet rd (high income)

Primary substation

Kileleshwa 66/11kV s/s

Daily average demand

63,805.5 kWh

Peak demand

3486.

16 kKW at 1900hrs

Load Factor

0.76
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Figure 4.4: Nairobi Hospital feeder demand curve
Table 4-4: Nairobi Hospital feeder demand characteristics
Name Nairobi Hospital (high income)
Primary substation Ngong rd 66/11kV s/s
Daily average demand 74,277.51 kwWh
Peak demand 3937.6 kW at 1300hrs
Load Factor 0.79
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Figure 4.5: Buruburu feeder demand curve

Table 4-5: Buruburu feeder demand characteristics

Name Buruburu (middle income)
Primary substation Kimathi 66/11KkV s/s

Daily average demand 68,129.05 kWh

Peak demand 4,401.17 KW at 1900hrs
Load Factor 0.64
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Figure 4.6: Harambee feeder demand curve
Table 4-6: Harambee feeder demand characteristics
Name Harambee (middle income)
Primary substation Kimathi 66/11kV s/s
Daily average demand 33,937.96 kWh
Peak demand 2,223.14 kW at 1900hrs
Load Factor 0.64
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Figure 4.7: 5-Star feeder demand curve

Table 4-7: 5-Star feeder demand characteristics

Name

5 star (middle income)

Primary substation

N/west 66/11KkV s/s

Daily average demand

85,444.65 kWh

Peak demand

4,879.13 KW at 1900hrs

Load Factor

0.73
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Figure 4.8: Kamunde feeder demand curve
Table 4-8: Kamunde feeder demand characteristics
Name Kamunde (low income)
Primary substation Huruma 66/11kV s/s
Daily average demand 43,368.03 kWh
Peak demand 2,611.17 KW at 1900hrs
Load Factor 0.69
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Figure 4.9: K-South feeder demand curve

Table 4-9: K-South feeder demand characteristics

Name

KSouth (low income)

Primary substation

Huruma 66/11kV s/s

Daily average demand

30,283.22 kWh

Peak demand

1,969.66 kW at 1900hrs

Load Factor

0.64
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Figure 4.10: Infill feeder demand curve
Table 4-10: Infill feeder demand characteristics
Name Infill (low income)
Primary substation Komarock 66/11kV s/s
Daily average demand 81,457.51 kWh
Peak demand 5286.8 kW at 2000hrs
Load Factor 0.64
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Figure 4.11: Kibra feeder demand curve

Table 4-11: Kibra feeder demand characteristics

Name

Kibra (low income)

Primary substation

Ngong rd 66/11kV s/s

Daily average demand

74,811.29 kWh

Peak demand

6065.77 KW at 2000hrs

Load Factor

0.51
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4.5. Summary of Findings
Table 4-12 Feeder Load Factor Summary

Originating Primary Area Load
11kV Feeder Name | Substation serving Factor (LF)
Hurlingham Kileleshwa 66/11kV s/s Hurlingham 0.75
Elgeyo Marakwet High Income
2 | Rd Kileleshwa 66/11kV s/s Kilimani 0.76 | (Ave LF=0.77)
3 | Nairobi Hospital Ngong rd 66/11kV s/s Kilimani 0.79
4 | Buruburu Kimathi 66/11kV s/s Buruburu 0.64 Middle
5 | Harambee Kimathi 66/11kV s/s Buruburu 0.64 | Income (Ave
6 | 5 Star Nairobi West 66/11kV s/s South C 0.73 LF=0.67)
7 | Kamunde Huruma 66/11kV s/s Kariobangi 0.69
8 | K.South Huruma 66/11kV s/s Kariobangi 0.64 | Low Income
9 | Infill Komarock 66/11kV s/s Kayole 0.64 | (Ave LF=0.62)
10 | Kibra Ngong rd 66/11kV s/s Kibera 0.51

As summarised in table 4-12, the average load factor for feeders in low-income areas was 0.62,
compared to 0.67 for middle-income areas and 0.77 for high-income areas. It is therefore
apparent from the sampled feeders, that domestic customers of low income status are the bigger
contributors of the low load factor recorded for domestic supply in Nairobi and subsequently
in Kenya. This discrepancy may likely be attributed to the significantly lower electricity
demand observed in and around low-income households during the day, in contrast to middle-
and high-income households. Several factors may contribute to this, including: (1) middle- and
high-income households typically having a greater number of domestic appliances, which
increases electricity consumption during the day, and (2) a higher concentration of electricity-
dependent businesses, such as restaurants, spas, gyms, and auto repair shops, tending to be
located near middle- and high-income residential areas.

The validity of the above assumptions could be ascertained through a comprehensive survey
on the acquisition of household appliances across high, middle, and low-income households,
along with an assessment of businesses established in these areas. However, conducting such

a validation is beyond the scope of this study.

It is therefore apparent that electrical load factor correction is essential, especially among low-

income households.

4.6. Utility Scale Load Factor Correction using BESS
This research aimed at exploring the strategy of using BESS for peak shaving and valley filling

at the utility level. Specifically, it proposed implementing this solution at the 11kV feeder level
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by installing a BESS unit at the load centre, which would discharge during peak demand hours
and charge during off-peak periods. Installation at the 11kV distribution network was

considered due to the following reasons:

(1) The 11kV distribution feeders provided a decentralized and targeted approach,
effectively isolating and focusing the solution on the intended low-income households.

(2) At the same time, the feeder distribution network, unlike service lines to individual
homes, offered a centralized location for BESS installation, enhancing equipment
safety while simplifying maintenance, monitoring and control.

(3) Implementing the solution at the utility level shielded low-income households from the
high initial costs of BESS acquisition, making the solution accessible to this socio-

economic group of electricity users.

The design configuration for the various 11kV feeders originating from 66/11kV substations
may be represented as shown in the single line diagram (SLD) in figure 4.12 below. The
substations surveyed are all supplied from 66kV supply lines. This incomer is stepped down to
11kV supplies, which are distributed to the load centres via 11kV overhead feeder lines.
Various general loads are distributed along the feeder length to depict the supply network to

various customers.

The proposed BESS deployment, as illustrated in the SLD in Figure 4.13, is strategically
positioned downstream, away from the feeder source and closer to the load centre. This
placement ensures that, once dispatched, the BESS unit effectively offsets power drawn from

the feeder supply, thus optimizing on power flow.
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Figure 4.13: SLD for BESS - Feeder Connection

4.6.1. Sizing of Utility Scale BESS
Kibra feeder from Ngong road 66/11kV substation had the lowest load factor of 0.51 and

therefore was used as a case study, based on the assumption that achieving success on this
feeder would ensure success on other feeders with relatively better load factors. Using the
demand profile of Kibra feeder, the goal is to reduce the peak demand exceeding the normal
average, i.e. above 4000kW that occurs between 1800hrs and 2200hrs by drawing power from
a BESS. To achieve this, the battery unit must be capable of supplying the energy required to
meet the demand represented by the shaded area in figure 4.14 below.

38



kbra_ex_ngrd kW

|Arca = 4487.37kWh

7000
6000
_ 5000
—_—
— 4000
=
=
£ 3000
o
2000
1000
0
o o o o o o o o 9 o 9 99 9 Q0 Q00 Q000000 Q0 oQg
= R R R S = = = = = = L e T = = = = == R ==
D = o M = W W M~ o o O < &~ Moo= ! WM~ 00 h O S /™~omMm
o o o o o o o oo 9o 9o ™A ™= ™= = o A ~A A A A © 4 &8 ©°9
Time of day

Figure 4.14: Sizing of BESS unit

By obtaining the area under the curve that is shaded between 1800hrs and 2200 hrs using
trapezoidal rule, we realise an energy demand of 4487.37 kWh as shown in table 4.14 below.

Table 4-13: Sizing of BESS Unit

A B A-B

time original peak BESS Area of BESS
_of_day demand | shaved | compensated | compensated
(hr) (kw) demand | demand demand

(kw) (kw) (Trapezoidal

rule) (kWh)
1800 4746.40 | 4000 746.40 1113.92
1900 5481.45 | 4000 1481.45 1773.61
2000 6065.77 | 4000 2065.77 1599.84
2100 5133.91 | 4000 113391
Sum 4487.37

39



The assuming battery parameters are as shown in table 4.15 below:

Table 4-14: Assumed BESS Parameters

Parameter Description Specs.

Depth of Discharge

(DoD) 80%

Required energy To supply the peak shaved

demand (kWh) energy 4487.37

Total battery energy (Required demand X Approx. Size =
size (kWh) 100%)/DoD (80%) 5500kWh

Battery power

To enable supply up to the
highest BESS compensated
demand of 2065.77kW at

Size = (2065KW
x 100%)/80% =

requirement (kW) 2000hrs @ 80% loading 2500kW
Charge current @
11kV 80A 80A

Charge power
requirement @ 11kV

P=sqrt 3 X 11kV x charge
current (80A)

approx. 1500kW

Charge time (T)

T = battery size
(5500kWh)/ charge power
(1500kW)

T=3.6hrs

Service Life

10 years
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4.7. Summary of BESS Charge and Discharge Impact on Kibra Feeder Load Profile Parameters
The BESS charge and discharge cycles therefore impact Kibra feeder demand profile as simulated in appendix E, figures 0.1 — 0.16 and are

summarised in table 4-16 below, assuming a BESS charging time of between 0000hrs to 0300hrs and discharge time of 1800hrs to 2100hrs.

Table 4-15: Summary of BESS Charge and Discharge Impact on Kibra Feeder Profile Parameters

A B A-B C A+C
time original demand on | peak shaved BESS compensated | BESS charge Valley filled demand Resulting
_of _day | Load BB (Busbar) demand on Load | demand on BESS demand on BESS on Load BB (Busbar) feeder
(hr) (kw) BB (Busbar) (kW) | BB (Busbar) (kW) BB (Busbar) (kW) (kw) ?If\;’“)a"d
18:00:00 | Fig0.1 4746.4 Fig 0.2 4000 Fig 5.5 746.4 4000
Discharge | 19:00:00 | Fig0.3 | 5481.45 | Fig0.4 | 4000 | Fig5.7 | 1481.45 4000
cycle 20:00:00 | Fig0.5 6065.77 Fig 0.6 4000 Fig 5.9 | 2065.77 4000
21:00:00 | Fig0.7 5133.91 Fig 0.8 4000 | Fig5.11 | 1133.91 4000
00:00:00 | Fig0.9 1498.3 Fig 0.10 1500 Fig 0.10 2998.3 2998.3
Charge 01:00:00 | Fig0.11 1242.82 Fig 0.12 1500 Fig 0.12 2742.82 2742.82
cycle 02:00:00 | Fig0.13 1146.44 Fig 0.14 1500 Fig 0.14 2646.44 2646.44
03:00:00 | Fig0.15 1141.11 Fig 0.16 1000 Fig 0.16 2141.12 2141.12
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The resulting demand curve in comparison with the original demand curve is as shown in figure
4.15 below.
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Figure 4.15: Original vs BESS-enhanced Demand Curve

A comparison of the demand curve before and after BESS enhancement on Kibra feeder shows
a significant improvement in the load factor from 0.51 to 0.77. This is as shown in table 4-17

below:

Table 4-16: Feeder Demand Characteristics Comparison

Original ‘ BESS enhanced

Name Kibra

Primary substation Ngong rd 66/11kV s/s

Daily average

demand 74,811.29 kWh 74133.76 kWh

Peak demand 6065.77 kW at 2000hrs 4000kW at 1800-2100hrs
_ 74,811.29kWh _ 74,133.76kWh

6065.77kW x 24hrs 4000kW x 24hrs
Load Factor =0.51 =0.77

4.8. Cost Benefit Analysis of Utility Scale BESS

4.8.1. Cost of Sized BESS Solution
As highlighted in section 2.7, the cost of BESS continues to decline thanks to continued

advances in manufacturing scale and technology as well as improvements in storage-system
engineering and design. Mckinsey and Company in their research article (Frankel et al., 2018)
for global estimates of BESS technology, estimates BESS costs in a base case scenario at
$270/kWh in the year 2025 as shown in figure 2.3.
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In addition to the above costs, the cost of power transformation (step-up and step down)
requires consideration. This is necessitated by the proposed design concept of integrating BESS
at the 11kV feeder voltage level. The peak charge and discharge cycles operate at a power
requirement of between 1900kV — 2065kV. The optimal transformer size for this power
transformation would be a 2500kVA auto-transformer allowing for up to a maximum of 80%
loading during either charging of discharging cycle. The current cost for such power
transformation as per KPLC infrastructure design and costing database (DCS) may be
approximated at KES, 10,000,000 ($ 77,000 at 1USD = KES 130).

The total cost of storage plus power transformation therefore may be estimated as below:
Cost of 5.5MWh (5500KWh) storage = Cost per KWh x Battery size (KWh) (6)
=$270 x 5500 = $ 1,485,000
Cost of storage and power transformation = $ 1,485,000 + $ 77,000
=$ 1,562,000

For better analysis of the cost effectiveness and viability of BESS deployment, the Levelised
Cost of Storage (LCOS) is sought since it gives an all in approach as it includes all of the
aforementioned installed costs and incorporates the projected operational expenditures, such

as maintenance costs and battery degradation over time. LCOS is given by equation 7 as below:

Capital+ Zn= (O&M+Fuel)
LCOS = ) ©)

t=0( D)

Where: Capital = total capital cost

O&M = typically, operation and maintenance cost over time t is allocated at $10/kW — yr for
Li-lon batteries (Rowland & Vazquez, 2020), therefore, for the above 2500kW, O&M =
$10/kW x 2500kW = 25,000 annually

Fuel = charging cost in time t (which we may consider net zero since the cost incurred at charge

cycle is recovered at discharge cycle)

MWh = The amount of electricity delivered by the BESS over time (t), i.e. (80% DoD x
5500kWh x 365 days)/1000 = 1606 MWh annually

r = discount rate (%) assumed at 12% due to Kenyan-specific factors such as inflation rate, cost

of capital, and country risk premium
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n = battery useful life considered at 10 years

Table 4-17: LCOS Computation for 5.5MWh BESS unit

CAPEX 1562000
Discount rate, r (%) 12%
Year | O&M Fuel Total Discounted Annual MWh Discounted
(t) (0) (F) (O+F) (O+F)/(1+r)"t | delivered (MWh)/(1+r)Mt
(DoD@80%) x
5500 KWh x
365
days)/1000
1 25000 0 25000 | 22321.42857 1606 1433.928571
2 25000 0 25000 | 19929.84694 1606 1280.293367
3 25000 0 25000 | 17794.5062 1606 1143.119078
4 25000 0 25000 | 15887.95196 1606 1020.642034
5 25000 0 25000 | 14185.67139 1606 | 911.2875303
6 25000 0 25000 | 12665.77803 1606 | 813.6495806
7 25000 0 25000 | 11308.73038 1606 | 726.4728398
8 25000 0 25000 | 10097.0807 1606 | 648.6364641
9 25000 0 25000 | 9015.250625 1606 | 579.1397001
10 25000 0 25000 | 8049.330915 1606 517.089018
Sum 1 141255.5757 | Sum 2 9074.258184

LCOS S/MWh  (Capex + Sum 1)/Sum 2
LCOS $/MWh 187.7019081

The LCQOS for lithium-ion technology in this specific Front-of-the-Meter (FTM), Transmission
and Distribution (T&D) application is estimated at $187/MWh. This value is comparable,
though lower than the global LCOS estimates, which range from $263/MWh to $471/MWh, as
shown in figure 2.4. The reduced cost in this case study is primarily attributed to the absence
of fuel costs, the cost of electricity used to charge the BESS unit. Since the model is
implemented at the electricity utility level, the cost of charging is effectively offset by revenues

generated during discharge, rendering the net charging cost close to zero.

4.8.2. Economic Gains from Feeder Load Factor Improvement
Using the Kibra Feeder as a case study and maintaining the same user trend, the feeder's loading
can be scaled up to utilize up to 80% of its equipment rating while adhering to the set
overcurrent protection limit, which is designed at 400A according to KPLC standards. This

corresponds to a power rating calculated as follows:

P=Sgrt 3 X Voltage X Current X 0.8 (80% feeder loading) (8)
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P =Sqrt 3 X 11kV x 400A x 0.8 = 6096.8 kW

In the original feeder demand curve, Kibra feeder had a peak demand of 6065kW at 2000hrs
against an equipment and overcurrent rating of 6096.8kW. If consideration is made to scale up

loading on Kibra feeder, the scaling factor would be 1, given by the equation 9 below:
Scaling factor = Equipment rating ! Peak demand 9)

Scaling factor = 6096'8kW/6065kW =1

This indicates that the feeder is currently loaded to the maximum allowable capacity and has
no room for scaling up demand. Any additional load growth within the same vicinity would

necessitate load transfer to a new feeder infrastructure.

The BESS enhanced feeder on the other hand allows for scalability of the feeder loading given
that the peak demand will be lowered by the BESS assembly. Given that the designed BESS
can supply a peak power demand of 2000kW (2500kW BESS power rating at 80% loading),
the current peak demand on Kibra feeder of 6065.77kW achieved at 2000hrs can be scaled to
6065.77kW + 2000kW (BESS supplied) = 8085.77kW. This translated to a new scaling factor
achieved by the equation 10 below:

BESS scaled peak demand

Scaling factor = (10)

/Original Peak demand
Scaling factor = 8085'77kW/6065.77kW =133

Increased loading on the BESS enhanced feeder by a factor of 1.33 throughout a typical day,
assuming similar electricity usage trends and comparing it to the original demand curve is as

indicated in figure 4.16 below;
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Original loading vs scaled loading vs scaled BESS

00:00
01:00
02:00
03:00

04:00

— kbra_ex_ngrd_kW

05:00
06:00

07:00

enhanced

10:00
11:00

S
o~
=

09:00

08:00

Time

[1¥]

Kibra_scaled (x 1.33)

|Area = 3928k

W h

13:00
14:00
15:00
17:00
18:00
19:00
20:00
21:00
22:00
23:00

16:00

of day

kibra_scaled_BESS enhanced_|

Figure 4.16: Original vs Scaled Demand Curve
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In-order to observe the feeder capacity rating of approx. 6000kW, the deployed 5,500kWh

BESS assembly would supply energy output of 3,928kWh represented by the shaded area

between the scaled demand curve and BESS enhanced scaled demand curve. This is as
tabulated in table 4.19 below:

Table 4-18: Scaled demand loading

A Ax133 | B (Ax1.33) -B
time original | Scaled peak BESS Area of BESS compensated
_of day | demand | demand | shaved compensated | demand (Trapezoidal rule)
(hr) (kW) (kW) demand | demand (kwh)
(kW) (kW)

18:00 4746.4 6312.712 | 6000 312.712 801.5203
19:00 5481.45 | 7290.329 | 6000 1290.3285 1678.901
20:00 6065.77 | 8067.474 | 6000 2067.4741 1447.787
21:00 513391 | 6828.1 6000 828.1003

Sum 3928.209

Obtaining the energy supplied by the above scenarios, the original loading of Kibra feeder

supplied an energy of approximately 74,811.29 kWh on a typical day whereas the scaled up

feeder after BESS enhancement and load factor improvement would supply 104,249 kWh of

energy.

Therefore, additional electrical energy distributable while utilising the same infrastructure due

to load factor improvement is:
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104,249 kWh - 74,811.29 kWh = 29437.73 kWh daily

Translating the additional energy distributable to revenue at a electricity sales tariff of KSh
28.64/kWh according to (Shah, 2024), gives a daily additional revenue of;

KSh 28.64/kWh X 29437.73 kWh = KES 843,096.46 or USD 6,485.36 (1 USD = KSh 130)

In the audited financial results for the year ending 30th June, 2024, Kenya power realised an
annual profit before tax of KES 43.67 billion against an electricity sales of KES 231.12 billion
(KPLC, 2024c). From these financial results, the ratio of profit to electricity sales as realised
by the utility can therefore be deduced as:

Annual Profit _ KES 43.67 billion
Annual Sales KES 231.12 billion

Profit; Sales ratio = =19%

The scaled revenue can therefore be summarised in the table 4-20 below:

Table 4-19: Scaled Revenue Summary

(1) Daily scalable distributed energy, kWh 29437.73

(i) Daily scalable revenue (KSh) KES 843,096.46
(iii) Daily scalable revenue (USD) USD 6,485.36

(iv) Annual scalable revenue, USD (365 days) USD 2,367,155.45
(v) Annual Profit from scaled revenue @ 19% USD 449,759.54
(vi) “Corrected Profit, Py by a factor of 0.8 USD 359,807.63

*1tem (vi) applies a correction factor of 0.8 to the annual profit derived from scaled revenue,
accounting for a 20% reduction in realized profit. This adjustment aligns the ideal simulated
values with real-world deviations caused by occurrences such as inefficiencies, equipment de-
rating of the BESS unit, variability in electricity usage patterns from scaled-up demand, and
the limitations of BESS in compensating for excessively heightened peaks that exceed the
design parameters.

To evaluate the profitability of BESS investment against the realized scalable revenue due to
BESS enhancement of the feeder, Net Present Value (NPV) financial metric was used. This
metric evaluated the present value of all future cash flows generated by the investment and
evaluate the same against the initial investment cost. A positive NPV will indicate that the
projected earnings exceed the anticipated costs, suggesting that the investment is likely to be
profitable. Conversely, a negative NPV will imply that the investment's costs outweigh the

benefits, making it potentially unwise to pursue.
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NPV was obtained as below:
NPV =37  R/(1+ i) Mt (11)
Where R = net annual cash inflow — net annual cash outflow (O&M cost)

I = discount rate (assumed at 12% due to Kenyan specific factors such as inflation rate, cost of

capital and country risk premium)
t = Number of time periods (10 years to correspond with the BESS anticipated lifespan)

Cumulative Revenue, representing the net cumulative income generated from the BESS

infrastructure investment will be obtained as below:

Cumulative revenue = (Initial investment) + ', NPV income (12)
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The above calculations are as tabulated in table 4-21 and figure 4.17 below:

Table 4-20: Projected Revenue from Increased Electricity Sales

Year | Annual Sales Annual profit @ Corrected Profit Annual O&M Net Profit NPV @ 12% Cumulative

19% of sales made | (at 0.8 cr. factor) Cost discounting rate Revenue

P P(cr) O P(cr)-O -USD 1,562,000.00
1 uUsD 2,367,155.45 USD 449,759.54 USD 359,807.63 USD 25,000.00 USD 334,807.63 USD 298,935.38 -USD 1,263,064.62
2 USD 2,367,155.45 USD 449,759.54 USD 359,807.63 USD 25,000.00 USD 334,807.63 USD 266,906.59 -USD 996,158.03
3 USsD 2,367,155.45 USD 449,759.54 USD 359,807.63 USD 25,000.00 USD 334,807.63 USD 238,309.46 -USD 757,848.57
4 USD 2,367,155.45 USD 449,759.54 USD 359,807.63 USD 25,000.00 USD 334,807.63 USD 212,776.30 -USD 545,072.27
5 USD 2,367,155.45 USD 449,759.54 USD 359,807.63 USD 25,000.00 USD 334,807.63 USD 189,978.84 -USD 355,093.43
6 USsD 2,367,155.45 USD 449,759.54 USD 359,807.63 USD 25,000.00 USD 334,807.63 USD 169,623.96 -USD 185,469.46
7 USD 2,367,155.45 USD 449,759.54 USD 359,807.63 USD 25,000.00 USD 334,807.63 USD 151,449.97 -USD 34,019.50
8 USsD 2,367,155.45 USD 449,759.54 USD 359,807.63 USD 25,000.00 USD 334,807.63 USD 135,223.19 USD 101,203.69
9 uUsD 2,367,155.45 USD 449,759.54 USD 359,807.63 USD 25,000.00 USD 334,807.63 USD 120,734.99 USD 221,938.68
10 USD 2,367,155.45 USD 449,759.54 USD 359,807.63 USD 25,000.00 USD 334,807.63 USD 107,799.10 USD 329,737.77

USD 500,000.00

usD 0.00

NPV of BESS Deployment

- —
6 7

-USD 500,000.00

-USsD 1,000,000.00

Figure 4.17: NPV of BESS Deployment

-UsD 1,500,000.00

Cumulative Revenue

-USD 2,000,000.00
Year
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As shown in figure 4.17, the projected revenue from increased sales, achieved by utilizing the
existing feeder infrastructure with BESS enhancements, is sufficient to recover the initial BESS
investment by the end of year 7. From year 8 onward to the projected 10-year lifespan of the
BESS unit, additional profit attributed to the BESS investment and improved load factor is
realized, amounting to over $329,000 by year 10. This demonstrates that investing in BESS at
the feeder level for load factor optimization, particularly in areas with potential for load scaling,
is financially viable. This approach, confirming the limitation declared in section 1.7, where
financial viability is realised much later into the project lifespan (from year 8 to year 10), it
allows for other economic gains to the electricity distributor. This is because it significantly
reduces the need for utilities like Kenya Power to invest in expensive primary substations in
regions experiencing residential population growth and increasing electricity demand. The
strategy maximizes the efficiency of existing infrastructure.

4.9. Research Validation Using Similar Projects and Research
The use of BESS for peak shaving, particularly in distribution networks, as demonstrated in

this study, is rapidly gaining traction in power systems worldwide. BESS-driven peak shaving
and load shifting have been adopted to address various challenges in distribution networks,
including inefficiencies, capacity constraints, and the optimization of energy economics.

Below are examples of such projects and research:
(1) BESS Solution for Distribution Network Operators — KD Energo, Czech Republic

KD Energo, a distribution network company in the Czech Republic, specializes in energy
production, distribution, and sales in Kralové Dvor and its surroundings. Wattstor, the BESS
design and installation contractor integrated an Energy Management System (EMS) with a
528kW/648kWh battery storage system to optimize electricity demand. The system provides
peak shaving by injecting power when needed, enhancing grid efficiency (Wattstor, 2025).

(2) American Electric Power BESS — Charleston, WV, USA

Since June 2006, AEP has operated a 1.2 MW, 7.2 MWh sodium-sulfur (Na—S) battery energy
storage system for peak shaving. The system discharges once daily during summer peaks and
twice daily in winter. After a year of operation and testing, AEP concluded that, despite its high
initial costs, the system's benefits—including distributed energy storage with intelligent
monitoring and grid planning capabilities—justify its implementation (C.D Parker, 2019).

(3) Energy Storage for Peak Shaving — Bjornarbo, Sweden
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Sala-Heby Energi Elnat supplies electricity to Sala, Heby, Morgongava, and Bjornarbo in
Sweden. The region's grid faces bottlenecks and power shortages, prompting a study by
Jonsson & Peterson, (2022) on the feasibility of a 500kwWh BESS for peak shaving. The
findings indicate that BESS can effectively reduce power peaks, alleviating capacity
constraints. However, financial viability for Sala-Heby Energi Elnét is expected only in the

long term.
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5. Conclusion, Recommendation and Further Work
5.1. Introduction

This chapter provides a broad summary of the key research findings and aligns them with the
main research objective outlined in Section 1.3. By doing so, it presents a holistic view of the
research’s benefits to Kenya’s power system, particularly in improving the load factor.
Additionally, the chapter offers recommendations and suggests areas for future research to

further build upon and enhance the work conducted in this study.

5.2. Conclusion

The study aimed to determine the requirements and approach for the efficient adoption of BESS
to enhance Kenya’s power system load factor. The findings revealed that low load factors were
more prevalent in low-income areas within Nairobi’s metropolitan area. Using Kibra
distribution feeder as a case study, which was identified as having the lowest load factor among
the sampled distribution feeders. The study demonstrated that the strategic deployment and
dispatch of BESS improved the load factor from 0.51 (51%) to 0.77 (77%), surpassing the
success threshold of 0.75 (75%) recommended in the Kenyan Grid Code.

The study also demonstrated that, despite the high initial cost of BESS deployment, its ability
to facilitate peak shaving and load shifting on Kibra feeder enabled a 33% increase in feeder
loading capacity. This, in turn, expanded electricity distribution and sales by the same factor
(0.33) while utilizing existing infrastructure. Further financial analysis using NPV metric,
based on the improved sales per infrastructure, indicated a project repayment period of seven
years, well within the project’s lifetime. Additionally, profitability was projected to improve
further by the end of the 10-year BESS lifespan.

In summary, this project illustrates that BESS can be strategically integrated into existing
electricity distribution infrastructure to enhance efficiency through peak shaving, valley filling
and load shifting, leading to improved load factors. Higher load factors create opportunities to
scale up distribution loads, optimizing the utilization of existing infrastructure, particularly in
urban areas experiencing population growth and increased clustered domestic electricity

demand.

Although profitability is realised later in the project lifetime, BESS installation on electricity

distribution infrastructure minimizes the need for frequent and costly investments in primary
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substations and new feeder lines to accommodate growing demand, offering economic reprieve
to utilities. It also addresses the challenges of large-scale BESS deployment, as discussed in
Section 2.7, while delivering comparable benefits by consolidating the advantages of smaller,
distributed installations.

Moreover, efficiently loaded electrical infrastructure can generate returns proportional to the
cost of the investment. On a national scale, this approach could cumulatively lower Kenya's
current peak demand, which is predominantly met by thermal sources, thereby eliminating
thermal sources from Kenya's energy mix. This strategy would also enable the country’s
demand curve to grow more gradually and uniformly over time, fostering a more sustainable

energy landscape.

5.3. Recommendation

This research presents significant opportunities for energy arbitrage through the integration of
BESS into utility distribution networks. BESS can enhance energy economics by allowing the
utility off-taker purchase electricity during off-peak periods, when unit costs are lowest, and
storing it for use during peak periods, when electricity prices are highest. The energy demand
from BESS charging during off-peak hours could be leveraged to justify reduced power
purchase tariffs for the off-taker, which may be transferable to the end user, resulting in reduced

cost of electricity to end users.

This approach also optimizes on excess energy available during off peak periods that would
otherwise go unused or curtailed. In the financial year 2023-2024, EPRA reported that 812.8
GWh of energy, equivalent to 5.9% of total energy generated, was curtailed (EPRA Statistics
Committee, 2024). Geothermal power plants, which primarily function as baseload plants, were
particularly affected. This is because geothermal curtailment has notable drawbacks, such as
geothermal venting, where geothermal steam is wastefully released into the atmosphere to
reduce generator rotor speeds. Additional challenges include thermal cycling and the potential

collapse of geothermal wells (Dobson et al., 2020).

By increasing electricity demand during off-peak periods, this approach not only enhances
energy utilization but also alleviates curtailment pressures on geothermal power plants,
mitigating both environmental and operational risks associated with geothermal energy

curtailment.
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5.4. Further work

This study was limited to a simulated research approach due to budgetary and time constraints.
With adequate funding and time allocation, future research could advance the study into a pilot
project, implementing BESS on an actual feeder to further validate its practicality in real-world

scenarios.

Further exploration may also be pursued on how the distributed BESS infrastructure can be
consolidated to provide further ancillary services such as voltage regulation and support,
reactive power support, frequency control, spinning reserve, and emergency power provision

during outages.
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Appendix D: Feeder Demand Raw Data

high_income middle_income low_income
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_day |kwW _kile_kW rd_kwW a_kw ma_kw t_kwW u_kw _kw _kw d_kw
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04:00| 2852.872048 1664.02217| 2378.536528| 1846.406403| 933.7754255|  2208.46985| 1119.429651| 716.490203| 2265.927601| 1430.791452
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07:00] 4410.04917 2680.258672| 3363.727903| 3040.770727| 1441.7056| 3669.981644| 1804.846867| 1223.079719| 3086.027494| 3513.868623
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09:00] 5461.711417 3379.932928| 3714.321302| 3031.644868| 1410.554966| 4080.187473| 2069.942658| 1363.778849| 3404.350659| 3746.861836
10:00{ 5853.641844| 3479.446238| 3655.981304| 2992.243097| 1401.544675 4223.197724| 2065.481804| 1388.352822| 3361.106022| 3403.163818
11:00[ 6005.894181| 3486.162956| 3876.753724| 2968.45714| 1399.784725 4313.376471| 2073.191756| 1352.481986| 3258.966187| 3090.398517
12:00[ 5890.755899| 3431.221667| 3888.467682| 2970.93503| 1445.740121( 4437.759711| 2117.233529| 1359.67083| 3376.411746| 3054.319293
13:00[ 5956.792223 3355.92058| 3937.634864| 2986.468941| 1504.340185| 4396.964253| 2060.191658| 1345.035929| 3561.185363| 3377.709752
14:00[ 5854.460671| 3279.474556| 3848.394824| 2980.164833| 1519.127403 4136.550722| 2049.035854| 1371.944412| 3768.016392| 3097.942368
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18:00[ 6136.262041 3241.51536( 3424.626201| 3815.271792| 1875.802991| 4589.859221| 2329.983186| 1732.657556| 4572.048135| 4746.402924
19:00[ 6202.854704| 3384.067812 3334.51413| 4401.169581| 2223.134821( 4879.12871| 2611.16535| 1969.663792| 5261.905019| 5481.446805
20:00| 5677.636201| 3144.286243| 3188.353498( 4221.774942( 2133.132097| 4693.355141 2595.11935 1954.412002 5286.799231| 6065.766255
21:00| 5158.078572| 2871.994434| 3002.388354( 3861.026758| 1927.583443| 4308.725746| 2388.123467| 1817.322257| 5017.585176| 5133.909737
22:00| 4524.830853| 2537.456862| 2844.706522( 3205.816798( 1608.038174| 3590.408404| 1932.294704| 1522.085217| 4286.702634| 3561.135879
23:00| 3933.263083| 2174.347454| 2679.765599| 2531.45406| 1315.001805| 2931.188767| 1508.765474| 1155.25903| 3404.433488| 2138.628085
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Appendix E: Load Flow Simulation for Charge and Discharge Cycle on Kibra Feeder

a. Discharge Cycle

mmm -

=,

2z

ZE

B

o

e

=

=
o o
=) [s4]
AE 5
I _.:_._m
do QTW il PE——
- [= P
T 9 | 2228y, oy bupeg
8 592" "oll] $539

ﬂ.ll.

BESS/BB

i3
me

_..|_.n. W
=g — =G peoT |eausg
_U_Un.
WABS00
MY 50
MO m
=5 —>p peo eieuag)
n:m:u
9 §'G Buipeo|
WA 5900 P eun
1B 5 O
MNZ L m
w —{> peo |elauag
_Un.n.
% @G Buipeo
e 22Ul
MY LD
M L2

wmm —{=> 7 pro |pisuan
dat=]
ﬂ.ﬂo

vizaio % 6'G Bupeo)
By g g aun
N LE

g ,

Figure 0.2: Load Flow at 1800hrs with BESS enhancement
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b. Charge Cycle
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Figure 0.12: Load Flow at 0100hrs with BESS enhancement
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Figure 0.14: Load Flow at 0200hrs with BESS enhancement
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Figure 0.13: Load Flow at 0200hrs without BESS enhancement
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Figure 0.16: Load Flow at 0300hrs with BESS enhancement
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Appendix F: DigSILENT Licence Agreement

DIgSILENT PowerFactory
Licence Contract

LC2024-04333

between

Moses Oriare Owino
No. 4 Mubea Apt.
Thindigua Highway St.
Kiambu
Kenya

hereinafter the Licensee

and

MDIgSILENT GmbH
Heinrich-Hertz-Str. 9
72810 Gomaringen
Germany
Tel: +49 (0) 7072 - 9168-0
Fax: +49 (0) 7072 - 9168-88
E-mail: mail@digsilent.de

hereinafter the Licensor
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DIgSILENT PowerFactory Licence Contract

Licensee:
Product:
Version:

Product Description:

Licence Agreement:

License IDs:

Contract Start Date:

Maintenance:

Company Credentials:

Support Centre:

Hotline:

Gomaringen, 15.10.2024
DIgSILENT GmbH

Moses Oriare Owino, Kiambu, Kenya
DIgSILENT PowerFactory
PowerFactory 2024

The software with the below listed functions is delivered according to
the “PowerFactory Product Specification” of the corresponding
Version, which is available at https://www.digsilent.de/product-
specification (herein after referred to as “Product Specification”).
The Product Specification is an essential part of this license contract.

The usage of the software must be in accordance with the
"DIGSILENT Licence Agreement” valid by the date of this
contract, which is available at
https://www.digsilent.de/licence-agreement (herein after referred to
as “Licence Agreement”). The Licence Agreement is an essential
part of this license contract.

The licenses under this contract are listed in the appendix of this
document

15.10.2024

(15.10.2024 - 15.10.2025)

The scope of the maintenance and support services is defined in the
document “Maintenance & Support Services” available at
https://www.digsilent.de/maintenance-support

Company ID: THX
Company Password:  H8B5J316961
(for user registration)

https://www.digsilent.de/de/support.html

tel. +49 (0)7072 / 9168-50 — German
tel. +49 (0)7072 / 9168-51 — English

This document was issued electronically and is therefore valid without signature.

Applicable appendix: List of licences

Licence Contract: LC2024-04333
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