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ABSTRACT 

Access to electricity is a key factor of improving the living standard in a country, as it enhances the quality of 

services such as education, health care and productivity. The rural population of Uganda is however only 

supplied with electricity to a degree less than three percent. There are large financial issues in extending the 

national electricity grid why small stand alone systems are sometimes a more valuable option. Even then, there 

are large investment costs that need to be covered by the sale of electricity. Due to the limited buying power 

of rural consumers, the end-user tariff setting becomes of great significance of the financial outlook. If the 

tariff is set too high, the consumption will most likely be lower than what it could be, resulting in a loss of 

revenue as well as inhibiting the improvement of living standards for the consumers. On the other hand, if the 

tariff is set too low, it could lead to excessive consumption, resulting in power failures.  

In view of the above, the main aim of this study has been to investigate the consequences of different tariffs 

in an isolated rural power system. This was done by studying the electricity consumption in two already 

electrified rural networks in order to find information on demand behavior and load profiles. Interviews with 

electricity consumers were conducted to investigate how their demand would change if tariffs were altered. 

Demand as a function of price was shown by linear curves indicating the price sensitivity and demand factor, 

the latter being the theoretical maximum demand when price is zero. These parameters were modelled in 

Monte Carlo simulations with the aim to predict the demand behavior of a site that is not yet electrified and 

find the tariff that should be applied to this site. The simulations were based on two potential economic 

objectives of how to operate the system; by altruistic or profit maximising means. 

Depending on whether the system is altruistic or profit maximizing, the optimum point of tariff differs. In the 

altruistic case, this tariff should be set where the costs are covered by the revenues. The profit maximising 

system instead requests the tariff where profit is as high as possible. Furthermore, two different structures of 

tariff setting were tested for the system; a structure with time-of-use levels where the tariff should be higher 

during the peak demand hours of the day, and a flat rate structure where the tariff is constant throughout the 

day.  

The field study showed that, on average, the price sensitivity factor of domestic consumers were slightly 

higher than of the commercial consumers. The results also showed that the majority of the commercial 

consumers reside in the same building as their business. Furthermore, rural consumers exhibit low awareness 

of their consumption patterns and the price of electricity. Extensive information from the distribution 

companies to the customers is therefore essential to maintain a sustainable electricity consumption, as it 

enables consumers to make rational decisions about their electricity consumption and opt for more efficient 

alternatives.  

A financial analysis for the specific case study was also conducted from simulations. The analysis found for an 

altruistic system a tariff slighly lower tariff than the tariff applied in the national grid today. However, the 

system will require an additional financing to cover the payments before the year when revenues exceed 

expenses, but can be paid back within eight years. The tariffs found by simulating with a profit maximizing 

system operator are more than twice as high as the current tariff applied in the national grid today. On the 

other hand, the system requires a very small additional loan or subsidy compared to the altruistic simulations 

and has a pay-off time within six years.   
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NOMENCLATURE 
UNITS 

V  volt 
kV  kilovolt 
kVA kilovolt ampere 
kW  kilowatt 
MW  megawatt 
UShs  Uganda Shillings (1,000 UShs = 5.6 SEK or US$0.57 (2002) and 3.9 SEK or US$0.53 (2008)) 

ACRONYMS 
Era  Electricity Regulatory Authority 
Rea  Rural Electrification Agency  
Sida  Swedish International Development and Cooperation Agency 
Norad  Norwegian Agency for Development Cooperation 

ABBREVIATIONS 
CDC  Commonwealth Development Corporation  
MoEMD  Ministry of Energy and Mineral Development 
MoFPED Ministry of Finance, Planning and Economic Development 
O&M Operation and Maintenance 
REB  Rural Electrification Board 
REF  Rural Electrification Fund 
SF service fee [UShs] 
UEGCL  Uganda Electricity Generation Company  
UETCL  Uganda Electricity Transmission Company  
UEDCL  Uganda Electricity Distribution Company 
UEB  Uganda Electricity Board 
VAT value added tax [%] 

MICROECONOMICS 

ε�  Price Elasticity 
q quantity 
p price  

α alpha, price sensitivity factor [kWh/UShs] 

β beta, maximum demand factor [kWh] 

SENSITIVITY ANALYSIS 
S parameter to disturb in Sensitivity Analysis 
z number of disturbed parameters 
µ parameter to disturb  

HYDRO POWER GENERATION 

��   water flow [m�/s] 
ρ  water density [kg/m�] 
  height of waterfall [m] 
g  gravity [m/s�] 
η  turbine efficiency [%] 

MODEL PARAMETERS 
D Actual demand [kWh/h] 
D* Supplied demand [kWh/h] 
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D�,������  Stated average consumption before fictive tariff change [kWh/h] 

D��� Monthly median consumption per consumer group [kWh/h] 
D����  peak demand [kW] 

D���  Relative demand [%] 

D�����  Total Demand [kWh/h] 
EENS Estimated energy not served [kWh/h]  
ENS Energy not served [kWh/h] 
ETC  Expected total cost [UShs] 
ETP Expected Total Profit [UShs] 
ETRC  Expected total revenue collection [UShs] 
f����  Load factor [%]  
FC  Fixed costs [UShs] 
G Thermal power generation [kWh/h] 

��   Installed capacity in thermal power plant [kW] 

H Hydro power generation [kWh/h] 

H!  Installed capacity in hydro power plant [kW] 
N Number of customers in the system 
P Power [kW] 
PM Payment [UShs] 
Pr Profit [UShs] 
R  Revenue [UShs] 
RuC Running Costs [UShs] 
SP Surplus [UShs] 
TRC  Total revenue collection [UShs] 
TC  Total cost [UShs] 
LOLO Loss of load 
LOLP Loss of load probability [%] 
W Wind power generation [kWh/h] 

W!  Installed capacity in wind power plant [kW] 

X   Stochastic variable 

X!  Average value of stochastic variables  
a connection month 
r  inflation rate [%] 
c case number c  
h hour 
i scenario number i  
j power plant number j  
n number of iterations in simulation model 
y year 
λ tariff [UShs] 

λ%��&   weighted average tariff of Time-of-Use Tariff [UShs] 
λ����  peak tariff in the Time-of Use Structure [UShs] 

λ�� off-peak tariff in the Time-of-Use Structure [UShs] 

λ�'�(���� shoulder tariff in the Time-of-Use Structure [UShs] 
 

ESTIMATING PRICE SENSITIVITY 

λ�  Current tariff including SF and VAT [UShs] 

λ&�)  Tariff with increase or decrease incl. SF and VAT [UShs] 

λ���� New tariff without SF and VAT [UShs] 
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C�,�����  Initial monthly total electricity cost [UShs] 

C&�)  Monthly total electricity cost as reaction to tariff fictive change [UShs] 

D�,�����  Initial demand before fictive tariff change [kWh] 

D&�)  New demand after fictive tariff change [kWh] 

D&�),��+�,   Daily new consumption after fictive tariff change [kWh/h] 

D���.����  Prospected peak demand [kW] 

C�,������ Amount to reload payment card [UShs] 

C���+���   Desired amount to reload payment card after altered tariff [UShs] 

T! Average amount of days between the payments 
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1. INTRODUCTION 
This introductory chapter aims to give a background to the thesis and present its objective and outline of the report. 

1.1. Background 

One of the key factors of achieving a sustainable development in a country is based on services that 

help improve the quality of life among its population. Such services include the areas of education, 

health and productivity. The access to electricity plays a significant role in providing a good level of 

standard in these services. Schools are able to utilize modern technology leading to increased levels 

of education. Institutions that require a secure and reliable source of energy benefit greatly, e.g. 

hospitals where the medical apparatus and refrigeration storage of vaccines and other medicines is 

essential for the health of patients. As far as for domestic use, an electricity supply can increase 

productivity and security as the dark hours of the evenings can be lit up. Enterprises are also able to 

put use of evening hours and can be operated easier, thus increasing efficiency and causing an 

economic growth in the country. Electricity can also increase the access to running and safe water. 

These are but a few examples of socio-economic benefits that a well functioning electrical network 

would make possible. 

In the specific case of Uganda, the rural areas are today supplied with electricity to a degree less than 

three percent of the rural population [1]. The main source for cooking is biomass which can cause 

problems of indoor air pollution, leading to serious health effects [2]. Therefore, there is great 

potential and need for expansion of electricity networks. The large financial investment required 

combined with the limited buying power of rural consumers has however stalled the expansion of 

public access of electricity. At this critical point, the determination of end-user tariffs is of great 

importance. If the tariff is set too high, the consumption will most likely be lower than what it could 

be, resulting in a loss of revenue. On the other hand, if the tariff is set too low, it could lead to 

excessive consumption, resulting in power failures in an already strained electrical market. 

1.2. Objective 

The objective of this project is to investigate the consequences of different tariffs in an isolated rural 

power system.  

How can a simulation model for establishing an optimal tariff with time-of-use or flat rate structure 

be designed and how shall the input data for the model be obtained? A comprehensive 

understanding of the behavior of the rural energy market and existing modeling methods must first 

be undertaken. 

The thesis focuses on the domestic and small commercial consumers of a rural network in Uganda. 

The simulation model will be applicable to stand alone electricity systems.  
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1.3. Method 

The study consisted of investigation of electricity consumption in two already electrified rural 

networks in order to find information on price sensitivity and load profiles which could be applied to 

modelling of a third rural site that is yet to be electrified through an isolated hydro power scheme. 

This information found through interviews and purchase records was used as input data to a 

simulation model that was developed with Monte Carlo techniques. The model finds the optimal 

tariff that can balance the production-consumption equation for rural electricity demand and is 

useful for any system of similar conditions. 

1.4. Outline of the Thesis 

Chapter One aims to give a background to the thesis and present its objective and outline of the 

report. 

Chapter Two gives a comprehensive description of Uganda and the current situation of the energy 

sector. It presents the institutional and privatized framework in which the power actors operate. 

Lastly, it explains the current tariff structure provided in Uganda. 

Chapter Three provides a short theoretical background to demand and elasticity of demand. This 

theory is necessary for analyzing the electricity demand curves in the following chapter. 

Chapter Four starts by giving an introduction to the visited sites for the field study and describes the 

methodology behind the research. Furthermore, it presents the findings from the field work, which is 

followed by the model for establishing price sensitivity and demand. As a concluding part of the 

chapter, the consumption patterns determined from the field research are discussed. 

Chapter Five presents the simulation models used to estimate the behavior of a rural stand alone 

electricity system. It specifies the purpose behind the simulations and states the input data that is 

needed in order to make predictions of the behavior of the system and explains the simulation 

procedure. 

Chapter Six applies the theories of price sensitivity and Monte Carlo simulation techniques presented 

in the previous chapters with data found through the field study to the isolated electricity system of 

Kisiizi.   

Chapter Seven concludes the thesis by presenting the main aspects that were discovered through the 

study. It finishes by giving some recommendations and suggestions on future work. 
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2. UGANDA AND THE ENERGY SITUATION 
This chapter gives a comprehensive description of Uganda and the current situation of the energy sector. It presents the 
institutional and privatized framework in which the power actors operate. Lastly, it explains the current tariff structure 
provided in Uganda. 

Uganda is about the size of the United Kingdom with a total surface area of over 240,000 km2, and 

has vast natural resources including fertile soils, regular rainfall, and substantial deposits of minerals 

such as copper, cobalt and gold, rendering the country with prosperous potential [3]. Although 

landlocked, this country consists of 18 percent watered area, providing a great resource for 

hydrological power sources [3]. The most important sector of the economy is agriculture, engaging 

over 80 percent [4] of the labor force, with almost half of the land area being cultivated and coffee, 

tea and cotton as the main cash crops [5]. More than 80 percent of the total population of over 

32 million inhabitants lives in rural areas [5].  

 

  
Figure 1 Map of Uganda with the locations of the visited sites 
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2.1. Energy situation 

2.1.1. Energy Consumption in Uganda  

Much like most developing countries, Uganda mainly relies on biomass as the major energy source. 

As seen in Figure 2, the total energy mix in 2004 consisted of biomass (93.2 percent), oil products (6 

percent) and electricity (0.8 percent) [6]. These figures are based on the Ugandan standard of 

categorizing electricity as a different source, meaning that the supply of oil products and biomass is 

not included as electricity sources, which is mainly reliant on hydrological sources. This ratio between 

the different energy sources has remained rather constant since 1998, although the trend of slightly 

increasing portion of biomass and decreasing percentage of electricity is interesting. Biomass is used 

in the form of firewood, charcoal and crops residue, all of which are predominantly utilized for 

cooking purposes. Firewood is by far the largest energy source, estimated to about 82.4 percent of 

the total energy consumption in the country, causing a massive deforestation crisis with soil erosion 

as one consequence [6]. Charcoal is more commonly used in urban areas, as the possibility of 

fetching firewood to a nearly cost-free extent is not offered. It is also more favorable in the sense of 

a higher energy value and easier storage [6]. 

 

Figure 2 Total energy mix by source 

The total energy consumption in Uganda was estimated to about 100 TWh1 in 2004, where the 

largest section of the national consumption supplies residential purposes (71.2 percent) as observed 

in Figure 3 [6]. Moreover, industrial and commercial purposes represented 24 percent of the total 

                                                   

1 Conversion mtoe -> kWh = 11,630 
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energy consumption, transport 4.4 percent, and agriculture a mere 0.3 percent. Historically, the 

portion of residential consumption has lost ground to industrial and commercial consumption. The 

access to electricity could only meet the energy demand in the residential sector with less than 

5 percent and the industrial and commercial demands by only 2 percent [6]. Considering these 

numbers, the magnitude of the potential expansion of electrification reveals itself.  

 

Figure 3 Energy demand by sector 

In Uganda, the national electricity grid is supplied by large hydro power plants, thermal plants to 

supplement the supply in times of high demand, small hydro plants that sell off their surplus to the 

grid, and co-generation (using sugarcane residues). The main power source lies in hydroelectricity 

with the two major plants Nalubaale2 and Kiira where the installed capacities lie at 180 MW and 

200 MW respectively [7]. However, prolonged droughts have reduced the water levels leading to 

severe shortfalls in power supply. The directorate of water development now only permits an average 

of 138 MW to be generated from these two stations [8]. Yet the electricity demand in Uganda by 

2007 was peaking at 390 MW [7]. In order to meet the increasing demand, procurements of thermal 

power plants are in effect since 2005. There are today thermal plants with a total capacity of nearly 

170 MW to further supplement the electricity supply in Uganda [8]. An additional procurement to 

meet the electricity demand is under construction in the form of the hydropower plant project 

Bujagali with 250 MW capacity [7]. The power deficit is nevertheless further complicated by a rapid 

growth in demand, now over 8 percent annually [7].   

In order to manage the sizable power shortage, the distribution companies instigate a stern load 

shedding scheme. Load shedding is a deliberate interruption of the supply to certain areas with the 

                                                   

2 The name for Lake Victoria in Luganda, the power station is also known by its original name Owen Falls dam 
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purpose to control and share the available power capacity between customers. In most cases the 

customers are informed of interruptions in advance as schedules are set up and publicized.  

Stand-alone systems have been set up in the rural areas to meet the electricity demand where the 

national grid is too far off to make connections financially viable at present time. The stand alone 

systems in Uganda today include the West Nile Rural Electrification Company’s mini grid generating 

3.5 MW hydropower and 1.5 MW thermal power, the Ngoma thermal grid generating 60 kW, 

Kalangala 250 kW thermal grid, and three diesel generators of 750kW each managed by the 

government supplying the districts of Moyo, Adjumani and Nebii. Kisiizi and Bwindi are soon to be 

electrified with mini hydro grids of 300 kW and 50 kW respectively. [9]  

The electricity demand is divided evenly between the residential and industrial sectors, consisting of 

almost 42 percent each of the total electricity consumption in Uganda [6]. As observed in Figure 4, 

the remaining 16 percentage points of the total electricity consumption are represented in the 

commercial sector [6]. The figures of residential and commercial consumers are however not very 

reliable since many commercial consumers apply for connection to the grid as residential customers, 

which was observed in the field research. The categorizations of industrial, commercial and 

residential customers are stated in section 2.5.1.  

 

Figure 4 Electricity demand by sector 

2.1.2. Energy Consumption in Rural Uganda 

Previous research on the energy consumption in rural Uganda shows that the main part of the 

domestic consumption consists of cooking [10]. However, despite electrification, investigations show 

that the cooking with firewood or charcoal is not replaced and electricity is instead mostly used for 

lighting, radio, televisions and ironing [10]. 
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The lighting includes both inside and outdoor lighting. Inside lighting makes activities during dark 

hours possible and outdoor lighting increases the feeling of security. In Uganda the lights inside are 

generally turned on at 19 hours and turned off sometime between 22 and 24 [10]. The lights outside 

are turned on at the same time as the inside lights and turned off at 6 or 7 hours  [10], regardless of 

the season of the year since the country is located by the equator and rising and setting times for the 

sun only differ by half an hour during the entire year [11]. Radios are frequently used, both during 

day and evening hours and normally used with dry cells. The flat iron is often used and more than 

half of the households in Uganda are estimated to have an iron [10]. Cell phones are widely spread in 

East Africa. Year 2002, 31 percent of the households in the survey had a black and white TV set and 

40 percent color-TV [10].  

Electric kettles are not very common. According to the study in Uganda year 2002, they were only 

found in 18 percent of the households and even the existing ones were not always in use [10]. Many 

times the cost for using electricity for cooking was too high [10]. Generally, in East Africa, very few 

rural people aspire to own refrigerators [12]. Refrigerators are mainly used in the small shops or bars 

by the trading centers or in households with a slightly higher income. Some refrigerators could be 

used 24 hours a day, others turned on when needed and then turned off [10]. Fans in Uganda existed 

in 30 percent of the households in year 2002, but were rarely used since the temperature hardly ever 

exceeds bearable limits.  

In Uganda, it is very common to use other energy sources than electricity, even in areas that are 

electrified [10]. It is also shown that people without electricity spend considerable amount of means 

to meet their energy requirements on charcoal, dry cells and lead acid batteries, candles and kerosene, 

and in some locations, on fuel wood [13]. Despite the overwhelming dependence on biomass fuels, 

Uganda has still one of the least developed stove markets in East Africa. Furthermore, the Ugandan 

Ministry of Energy and Mineral Development (MoEMD) estimated biomass to be the primary 

source of household energy for the foreseeable future, due to poverty [14]. 

2.1.3. Rural Consumer Economy  

The average monthly expenditure of charcoal per household was between 8,000 UShs and 

16,000 UShs, year 2002 [10]. Wood cost between 3,000 and 15,000 UShs per month, but were often 

collected on own property and was not represented as an extra cost [10]. Many households used a 

combination between the two fuel types. The average expenditure for the total consumption of 

cooking fuel was 16,500 UShs per month for 80 percent of the households. The average expenditure 

for electricity, 70 percent of the households, was 22 000 UShs.  

When it comes to purchase of new appliances, the most desired appliance was refrigerators, but 

42 percent claimed that they did not plan to do any purchases. Other popular appliances were hot 

plate, TV-set, radio and flat iron. However it is not certain that the wishes could be met because of 

economical limitations.  

The tariffs in Uganda have increased continuously the last years (Appendix 1). A study made in rural 

Uganda shows that more than 82 percent would reduce their consumption and their first measures 
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would be using fewer appliances or reducing time of usage [10]. Another survey shows that 78 

percent already had taken some measures to minimize their consumption [16]. Furthermore the 

survey shows that, in spite of Ugandan households’ reduction of appliances, the consumption as a 

whole is not influenced by tariff increases over time [16]. Despite the complaint of increasing prices 

it was found that people tend to substitute electricity with other energy sources such as charcoal, 

wood fuel or gas instead of reducing their consumption although the substitutes are not necessarily 

cheaper than electricity. An explanatory factor for this can be that the typical electricity payment 

system bills the rural consumer after how much they have consumed the previous month, which 

could come as a shock for consumers that are unaware of how much they consume.  

2.2. Energy Policy 

In the late 1990s, the government of Uganda developed a power sector restructuring and 

privatization strategy. Apart from following worldwide trends in energy sector reforms, the 

introduction of policy reforms was justified by the need for increased investments as the vertically 

integrated monopoly with the Uganda Electricity Board was failing to service its debts and maintain a 

reasonable level of efficiency in the power sector. The promising economic growth of the private 

sector proved attractive and the passing of the Electricity Act of 1999 provided a legal framework for 

enabling the privatization reforms of the electricity sector. Prior to this new Electricity Act, UEB had 

besides its monopoly of the power sector also held a regulatory role. The new energy policy 

established an independent regulator, the Electricity Regulator Authority as it also unbundled the 

UEB into three separate segments for generation, transmission and distribution of electric power. 

The successor companies were registered as Uganda Electricity Generation Company Ltd (UEGCL), 

Uganda Electricity Transmission Company Ltd (UETCL) and Uganda Electricity Distribution 

Company Ltd (UEDCL) [17,18]. These actors will be further presented in section 2.3.4. 

The new Electricity Act also provided for a Rural Electrification Fund to be managed by the 

MoEMD. To facilitate for the purposes of the fund, the Rural Electrification Agency was established 

under the MoEMD.  

2.3. Institutional Framework of the Power Sector 

The structure of the Ugandan Power Sector is represented in Figure 5.  

2.3.1. The Electricity Regulatory Authority 

The autonomous statutory body Era is responsible for regulating the pricing in the electricity 

industry in Uganda. The authority was established in the year 2000 as a result of the new Electricity 

Act and has among others the functions of: 

− Issuing licenses for generation, transmission or distribution of electricity 

− Establishing a tariff structure and investigating tariff charges 
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− Approving rates of charges and terms as well as conditions of electricity services provided by 
transmission and distribution companies 

− Developing and enforcing performance standards for generation, transmission and 
distribution 

− Approving standards for the quality of electricity supply services  

 

Figure 5 Structure of the Ugandan Power Sector 

2.3.2. The Ministry of Energy and Mineral Development 

The MoEMD is a government body principally responsible for Electricity policy formulation, 

planning and development as well as the environmental and social impacts of energy and mineral 

issues. The Ministry also appoints the members of the Rural Electrification Board (REB). 

2.3.3. The Rural Electrification Agency 

The Rural Electrification Agency reports to the Rural Electrification Board that is in turn appointed 

by the MoEMD. The agency has the obligation to implement the policies and programs set by the 

REB and to review and facilitate rural electrification projects. The projects can also apply for 

subsidies for technical aspects, such as equipment, from the Rural Electrification Fund. The REF is 

in turn funded by Parliament, surplus from operations of the Era, a levy of 5 percent on transmission 
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bulk purchases of electricity from generation stations, and donations, grants and loans from e.g. 

World Bank, Sida and Norad. 

2.3.4. Unbundled UEB  

In accordance with the new Electricity Act 1999, UEB was unbundled into the three segments of 

transmission, distribution, and generation. The UETCL is the only transmission company acting as a 

system operator with the objective to transmit available electricity in order to meet the load 

requirements at lowest reasonable cost [19]. The company is also responsible for the import and 

export of electricity to neighboring countries. The UEDCL is at this point leasing their assets to the 

transmission and distribution company Umeme, yet still has its statutory position to control 

Umeme’s handling of the assets. The UEGCL has also remained a statutory body in order to oversee 

the operations of the concessionaire Eskom Uganda Ltd, who are in charge of the two power plants 

Kiira and Nalubaale in Jinja for 20 years effective from 2003.  The stand alone systems are 

themselves in charge of generation, transmission and distribution of electricity, but are still under the 

regulation of Era. 

2.4. The Private Actors 

There are som companies that are concessioned to manage the power distribution since the 

unbundling of the UEB. Among these are the Kenya Power and Lighting Co. Ltd, Tanzania Electric 

Supply Co. and Electrogaz. Ferdsult Engineering Services and Umeme Ltd. are the two private 

actors that are relevant to the field study for this thesis, why a short presentation of the two follows. 

2.4.1. Ferdsult Engineering Services 

Ferdsult is the private-owned distribution company that won the concession to manage the two 

distribution network lines Mubende-Kakumiro-Kibaale-Kagadi and Rukungiri-Kanungu, set up by 

the government through the funding by the Rural Electrification Board. 

2.4.2. Umeme Ltd. 

Umeme is owned by the Commonwealth Development Corporation (CDC) of the United Kingdom. 

CDC is a United Kingdom based, government-owned company with investment assets mainly in the 

emerging markets of Africa, Asia, Latin America, but with main emphasis in sub-Saharan Africa and 

South Asia. Approximately 8 percent of its asset base is currently in the energy sector [20].  

As a result of the unbundling of the UEB, the right to develop, operate, and maintain the 

distribution network, was concessioned to Umeme in a 20 year lease. This was done by the UEDCL 

in exchange for monthly lease rental payments. Other private actors, e.g. Ferdsult, have since been 

licensed within the distribution function.  
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2.5. Tariff Determination 

The levels and structures of the electricity tariffs are prescribed by Era as required by the Electricity 

Act in section 76 [21]. Once licensed to produce power, the companies have to negotiate with Era 

about the price they wish to charge. These structures depend on various factors, but in brief the 

companies come up with feasibility study reports that state their estimated costs of the project, which 

is typically determined by the nature of generation activity [1].  

During the review process, the Era holds public hearings so that the stakeholders can express their 

views on the suggested tariff structure. Era’s determination of price considers two main issues [22]:   

− The revenue requirements as applied by the operators – are they fair and reasonable in light 

of the objective of continuity of supply and affordability?;  and, 

− The proposed price regimes – do they balance the interest of all the stakeholders, which 

include current and potential consumers, government and licensees? 

The feasibility of the costs, where the two major cost drivers are Operations and Maintenance 

(O&M) of the plant and the Cost of Invested Capital, is analyzed with comparable prices in similar 

technologies. In the case of a large hydropower network for example, such as in Bujagali, the risk of 

hydrology is taken by the Government of Uganda. The tariff for a large size plant is thus lower than 

for mini-hydro plants since the capital investment for large plants is less the cost of hydrology risk.  

The electricity prices are set in three points in the industry:  

 

 

 

 

1. The UETCL acts as the single buyer of electricity and negotiates with the generation 

companies about the price in a form of Power Purchase Agreement, which is subject to 

oversight and approval by the Era.  

2. UETCL then sells power to any distribution company that is connected to the transmission 

network at a Bulk Supply price that reflects the cost of power acquisition and transmission 

costs. 

3. The distribution company sells the power to end-users at an Era approved tariff. 

2.5.1. Guidelines for End-user Tariff Setting  

Even though the power distribution companies can negotiate with Era considering the tariff and 

other fees on electricity consumption, there are som guidelines set by Era that are illuminated in the 

1 3 2 
Figure 6 Points of price setting within the electricity system 
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following section. Stand alone systems are less constrained to follow these guidelines. Umeme, which 

owns a great deal of the distribution concession in Uganda, are implementing these guidelines to 

their tariff structure. 

The end-user customers are categorized into the following five [22];  

CODE 10.1: Low voltage supply for small general services (residential) 

These customers are metered at single phase low voltage supply (240 V) and include residential 

houses, small shops and kiosks. 

 

CODE 10.2/10.3: Low voltage supply for small general service (commercial) 

These customers are supplied with three phase low voltage (415 V) with a load not exceeding 

100 Amps and include mainly small industries such as maize mills and water pumps. 

 

CODE 20: Low voltage supply for medium scale industries 

This category of customers takes power at low voltage (415 V) with a maximum demand of up to 

500 kVA. 
 

CODE 30: High voltage supply to large industrial users 

These customers are metered at high voltage supply (11 or 33 kV) with a maximum demand between 

500 kVA and 10 000 kVA. 
 

CODE 50: Street lighting  

This includes the electricity supply for street lighting in cities, municipalities, towns, trading centers 

and community centers. 

The tariffs are further structured under the following categorizations; monthly fixed standing 

charges, maximum demand charges where applicable, and energy charges. Except for the electricity 

charge and standard service fee, an 18 percent tax is added to the cost. The total energy tariff applied 

in Umeme’s network is presented by Table 1 [23]. 

Costs [UShs ] Code 10.1 Code Code 20 Code 30 Code 50 

Average tariff 426.1 398.8 369.7 187.2 403.0 

Peak tariff - 464.9 434.3 238.7 - 

Shoulder tariff - 399.3 370.3 192.7 - 

Off-peak tariff - 306.6 280.7 135.3 - 

Monthly fees 2,000 2,000 20,000 30,000 - 
Table 1 Total end-user tariffs and fees applied by Umeme 

The energy charge found in the table is a function of the customers’ consumption and is a sum of 

power supply charges, distribution charges and generation levy, less any government tariff relief. 

Meters that can apply different charges to consumption in different time periods encourage a more 

balanced consumption throughout the day instead of high peaks risking power shortages. Also, the 
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marginal costs of generation, transmission and high voltage distribution are higher when load growth 

will require extra capacity or when generators must be used to meet the load [22].  

This type of time-of-use metering is currently available for industrial consumers (code 20 and 30) and 

some commercial consumers (10.2) [22]. The differentiation of consumption periods during the day 

is divided into three periods of time; peak, shoulder and off-peak. The hours stating the different 

consumption periods are found in Table 2 [22]. 

Load pattern Time 

Off-peak 24:00 – 06:00 

Shoulder 06:00 – 18:00 

Peak 18:00 – 24:00 
Table 2 Time-of-use periods for tariffs 

The energy tariff also has a so called life line rate for domestic consumers which applies only to the 

first 15 kWh per month. This rate is intended to make electricity affordable to the very poorest in the 

country. The tariff during this rate is currently as low as 62 UShs owing to high subsidizations.  

2.5.2. Tariff Structure of Ferdsult  

The electricity distribution company that won the concession in the districts of Kibaale and Kanungu 

is Ferdsult Engineering Services. Their billing structure differs from conventional ones where the 

customer is billed periodically by their actual consumption for the previous month. In those cases, 

the company sends out an employee that reads the meter and calculates the consumption by 

deducting the previous balance. This is e.g. how Umeme Ltd operates, but Ferdsult has another type 

of method to charge their customers. They use a pre-paid system where each customer is assigned a 

plastic card that they can load with electricity units whenever they choose to. One unit corresponds 

to 1 kWh. In order to load their cards, the customer has to go to the closest town where that has a 

Ferdsult office. Every month is charged with a standard service fee of 2,000 UShs, which 

accumulates those months that the customer does not go to the office to buy electricity units.  

The tariffs applied by Ferdsult vary between the categories of commercial and domestic consumers, 

although these categories seem to be arbitrary decided by the consumers themselves. The tariffs do 

however not have time-of-use differentiations. The current tariff applied by Ferdsult is before taxes 

426.1 UShs for domestic and 388.1 UShs for commercial consumption. The tariff was reduced in 

May 2008 from 500 and 450 UShs. The life line rate is not implemented by Ferdsult since they apply 

a pre-paid system to charge their customers instead of a system where you are billed at the end of the 

consumption period. 

Furthermore, Ferdsult applies a fee of inspection for the house that has submitted an application to 

get connected to the network, and a capital contribution once they have inspected and granted the 

connection. The current amount of these fees is presented in Table 3 and has been obtained through 

the payment records of Ferdsult database.  
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[UShs] Tariff  Monthly Fee Inspection Fee Capital Contribution 

Domestic Consumer 426.1 2,000  20,000  250,000 

Commercial Consumer  388.1 2,000  50,000  370,000 –  790,000 
Table 3 End-user tariffs and fees applied by Ferdsult 

As seen in the table, the connection fee for a commercial consumer is quite high and can vary a lot. 

This variation is due to the amount of work and material required by the Ferdsult engineers to set up 

a wiring to the consumer. 

2.6. Impacts of Time-of-Use Prices  

Economists have for a long time claimed that time-of-use pricing, which is varying prices during the 

day, should replace flat rates [24]. The varying prices would imply a higher tariff during times of the 

day when the consumption is high and lower tariffs when the consumption is lower. This would 

encourage the households and commercials to balance out their electricity consumption during the 

day. The balanced consumption will as a consequence lead to a decrease of the most expensive 

energy resources and if the resources are limited, blackouts can be avoided.   

Surveys in Uganda show that off-peak electricity usage was not a popular energy saving strategy by 

the industial consumers [16]. However, several investigations in the American mass-market show 

that time-of-use pricing has a great impact on the consumption [25]. An  investigation made by the 

American Electricity Power Research Institute shows that people tend to reveal elasticity in their 

consumption and a doubling of the peak to off-peak price ratio would result in a drop of 14 percent 

in the corresponding ratio [25]. The elasticity varies with the holding of appliances, which implies 

that households with no major electricity appliances would result in a drop of 7 percent in 

consumption [25]. 
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3. PRICE SENSITIVITY OF DEMAND 
This chapter provides a short theoretical background to demand and elasticity of demand. This theory is necessary for 
analyzing the electricity demand curves in the following chapter. 

3.1. Microeconomics 

Microeconomics is commonly referred to as the study of efficient allocation of scarce resources at a 

low, or micro, level of individual consumers or groups of consumers. Another name for 

microeconomics is price theory, emphasizing the important part played by price. In microeconomics, 

two terms are central: demand and supply, but the thesis will only focus on demand since it is the 

consumer’s demand behavior in relation to price alterations that is being studied. 

The demand function indicates the amount that the consumers are willing to purchase a commodity 

as its price changes. Observe that the keyword here is ‘willing’, due to the fact that the curve does 

not show how much is actually purchased as much as it shows the consumer’s intentions to buy 

more or less of the commodity if offered a certain price. There are of course other factors that 

influence demand apart from the price of the commodity [26]. Among these are 

− Consumers’ preferences 

− Information about the use of the good 

− Prices of other goods that are either complementary or substitutional 

− Consumers’ income 

− Government rules and regulations. 

To determine how the quantity demanded is influenced only by a change in price, it is necessary that 

these other influencing factors are kept constant, also called ceteris paribus3 [27].  

3.1.1. Demand Curves and Elasticity 

When showing the relationship between demand and price graphically, quantity demanded is usually 

plotted along the abscissa (x-axis) and price along the ordinate (y-axis). This is due to historical 

reasons, however giving a false impression that the price is dependent of the quantity when it is 

usually considered the other way around. For that reason the demand curves in this thesis will have 

the quantity plotted at the ordinate axis and price at the abscissa, as seen in the example in Figure 7. 

                                                   

3 Latin for ”all else the same”  
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ε� = 0 

D 

Figure 8 Perfectly inelastic demand curve 

The consumer’s responsiveness of demand to a change in price in a given point is called the price 

elasticity of demand ε� and is measured by the percentage change in quantity demanded divided by 

the percentage change in price. Since demand as a rule increases as price decreases, ε� is normally 

referred to by its absolute value with the negative sign ignored. The ε� may be calculated by 

Equation 1. 

ε� = ∆3
∆�  �

3 (1) 

For different values of ε� we can draw conclusions on how the demanded quantity changes with a 

certain percentage change in price. When, 

 

ε� = 0  the demand is said to be perfectly inelastic. 
See Figure 8 

0 < ε� < 1  the demand is inelastic 

ε� = 1  the demand is unit elastic 

ε� > 1  the demand is elastic 

 

Since the elasticity of demand varies along most demand curve, looking at the slope of the curve 

instead can give a good comparative view of how price sensitive the consumers are as it shows how 

the quantity demanded changes with any changes in price, as seen in Equation 2. 

slope = ∆3
∆� (2) 

The demand curve tends to have an exponential shape, yet if there are only a few data on the 

consumers’ willingness to pay a certain price for a commodity the curve can be approximated with a 

linear function. The linear function for the quantity demanded as a function of price is written as  

qb 

qa 

price 

quantity 

pa 

D 

pb 

Figure 7 Demand as a function of price 
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q<p= = −α · p + β (3) 

where the intercept β shows the quantity demanded at which price is zero, and the slope α indicates 

the price sensitivity. A steep slope of the demand curve, i.e. when alpha is large, would thus represent 

high price sensitivity whereas a more flat slope would correspondingly indicate low price sensitivity.  

3.1.2. Relevance of Time 

The shape of the demand curve varies with the time that it takes consumers to respond to a price. 

This time is referred to as the short-run or long-run elastic times, with no fixed time that can mark 

the difference between these two [27]. Instead, it is an indicator for the consumer’s flexibility to 

adjust their demand according to the price of the specific good. Short-run demand refers to existing 

demand with an immediate reaction to changes in price, whereas long-run demand considers the 

effect of other variables that can change over time, e.g. weather conditions having an impact on the 

demand of certain clothing (e.g. demand on down jackets being much higher during wintertime). 

Two factors that determine elasticity in short-run and long-run demands are ease of substitution and 

storage opportunities [27]. Generally, demand is usually more elastic in the long-run, whereas the 

short-run demand is rather inelastic. 
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4. FIELD STUDY 
The aim of the field study is to estimate price sensitivity of rural electricity consumers. The chapter starts by giving an 
introduction to the visited sites for the field study and describes the methodology behind the research. Furthermore, it 
presents the findings from the field work, which is followed by the model for establishing price sensitivity and demand 
factor. As a concluding part of the chapter, the consumption patterns determined from the field research are discussed. 

During the fall of 2008, field studies were performed in the rural parts of southwestern Uganda. In 

cooperation with Rea, three rural sites were chosen for the study; Kibaale, Kanungu and Kisiizi. 

Kibaale and Kanungu have been connected to the national grid since April and May 2007 

respectively, with Ferdsult as the electricity distribution company for these networks. The third field 

trip took place in Kisiizi that is about to get electrified through an isolated hydro scheme. These sites 

were chosen as they would make a good representation of a rural site, be safe and not too far from 

Kampala. 

Initial meetings with semi-structured interviews took place with the relevant authorities and 

companies within the Ugandan energy sector; starting with Rea and followed by Ferdsult, Era and 

Umeme. These meetings gave an introductory presentation of the situation in Uganda and the 

information needed to plan and execute the field trips. 

The aim of the field trips to the two electrified sites, Kibaale and Kanungu, was to conduct 

interviews with the electricity customers in order to collect information that could be analyzed to 

establish the price sensitivity of rural consumers. Since the price sensitivity was intented to be applied 

to the un-electrified site Kisiizi, interviews were also carried out with the inhabitants of Kisiizi, in 

order to see if the three sites were comparable. 

When conducting an intercultural research with interviews, certain challenges due to linguistic, 

communication and cultural differences of the researchers, research participants and interviewees are 

bound to take place. Furthermore, it can be difficult for some consumers to provide information 

about their consumption. Interview responses might therefore not be fully reliable. In view of this, 

the field study was complemented with data of purchase records that were obtained from the 

Ferdsult customer database. These records contain historical data on when all the customers in 

Kibaale and Kanungu have reloaded their electricity cards and by how much. This data was used to 

control the reliability of the interview responses as well as it supplied a large statistical base to analyze 

the consumption patterns in the electrified sites. 

4.1. Short Information of the Sites Visited 

The first field trip went to Kibaale, a district which is located in western Uganda and has more than 

400,000 inhabitants [28]. Ferdsult has 292 registered electricity consumers in this network, out of 

which 21 purchase electricity with the commercial tariff [29]. The network consists of a 181 km long 

high voltage and 90 km long low voltage wiring system [30]. 
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The second site studied was Kanungu, a district located in the southwest of Uganda. There are about 

200,000 inhabitants [28] in this district where Ferdsult has 483 registered customers [29]. Out of 

these customers, 20 purchase electricity with the commercial tariff [29]. 

In both sites, the medium and high scale industries, connected at tariff codes 20 and 30 (see Section 

2.5.1) were not considered since the thesis focuses on domestic and small commercial consumers. 

The third field trip took place in Kisiizi which is a community located in the Rukungiri district, in the 

southwest of Uganda. Rukungiri has about 300,000 inhabitants [31]. Kisiizi is in the finishing phases 

of setting up an electricity distribution network extending approximately a seven km distance from 

the trading center in upper Kisiizi to Nyarushanje Sub County Headquarters [32]. 

4.2. Interviews  

Prior to the field trips, structured questionnaires were developed and successfully tested in the 

suburbs of Kampala. Unfortunately, the questions in the first questionnaire were based on the 

assumption that consumers were metered once a month and subsequently billed for the amount of 

electricity units that they had consumed. It was discovered during the first field trip that the billing 

structure for electricity was a different type at this Kampala suburb compared to the pre-paid 

structure applied by Ferdsult (see Section 2.5.2). The questions related to payments and reaction to 

Figure 9 View of Kisiizi Source: Charles Swainson 
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tariff changes were therefore not valid and had to be modified by the time of the next field trip. For 

this reason, the Kibaale interviews could not be used to provide the price sensitivity factors that were 

sought after as input data to the simulation model and these had to be retrieved from the Kanungu 

interviews alone. 

The interviews in both electrified sites were held with customers that were of commercial or 

domestic type or in most cases a combination of the two types. The combined type means that the 

customer resides where he or she also runs a business. The combined type interviewees were chosen 

to be categorized with the commercial ones due to the assumption that their consumption behaviors 

would be more comparable than with those consumers that are in fact only domestic. All 

interviewees were however purchasing electricity with the domestic tariff. In other words, even the 

commercial consumers were in fact connected as domestic customers. The distinction made between 

commercial or domestic in the thesis thus refers to the type of consumption and not connection.  

In all three sites two translators assisted with their knowledge of the areas and by translating the 

questions to the interviewees. The network wiring was followed in order to detect consumers by the 

connections out to the meters. The person in charge of the household or shop was not always 

available, why the interviews were in some cases held with people less aware of the economical 

conditions. The interview objects in Kibaale and Kanungu were chosen randomly along the network, 

primarily along the main road where the wires were placed, or at the trading centers. Since the 

interviews were made during day time, some owners of residences were not home and could 

therefore not be interviewed.  In the case of Kisiizi, interviews were only made along the main road, 

where the poles and wires are currently sited. This is due to the assumption that not many consumers 

aside from the main road will connect to the grid, at least not until the later stages of electrification. 

The reason for this is that consumers aside from the main road, and hence the current network, who 

desire to get connected are in fact charged extra to compensate for the additional poles required. 

Since these costs will be very high [32], it can be assumed that only consumers close to the current 

wiring will be connected.   

The questionnaires used for the interviews (Appendix 6) were developed with the assistance of Mr. 

Al Mas Sendegeya at Makerere University in Uganda, who could provide an important insight of 

what to expect during the field and how to adapt the questions to meet the objective of the research.  

In both Kibaale and Kanungu, the questionnaires were adapted to two types of interviewees; 

business owners and residents. The business owners were asked what kind of commercial business 

they were running while residents were instead asked about the main occupation of the household. 

Both were however asked about their income and expenses. Both categories were also asked of the 

electrical appliances they used and for how many hours per day, as well as the measures they would 

take if the tariff would increase or decrease.  

In Kanungu the consumers were also asked the reason to why they reloaded their electricity card 

when they did, and how frequently, with which amount, and what the amount depended of. The 
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questions about the measures they would take if the tariff changed were also modified to suit the 

pre-payment system.  

Since Kisiizi inhabitants have not yet been connected to the electricity network, the questionnaires 

were modified to find out their intentions of connecting to the grid and their purpose for consuming 

electricity. Furthermore, questions about occupation and daily life were asked to compare the 

standard of living with Kibaale and Kanungu, and to ensure that the results from the two sites could 

be applied to Kisiizi.  

4.2.1. Interview Results 

Whether the interviewees were business owners or residentials, they were all purchasing electricity 

with the domestic tariff. The business owners will however be referred to as commercial consumers, 

even if they are also residing where the business is held, and the residential interviewees will be 

referred to as domestic consumers. 

In total 121 interviews were done at the three sites. In Kibaale, 38 interviews were conducted, out of 

which 15 were commercial consumers and 23 domestic.  In Kanungu a total of 39 interviews were 

made, whereof 28 were commercial and 11 were domestic. In Kisiizi there were a total 44 interviews, 

out of which 33 were potential commercial consumers and 11 were domestic consumers.  

Businesses and Occupations  

The commercial consumers interviewed in Kanungu and Kisiizi consisted mostly of retail shops. In 

Kibaale many of the businesses were also retail shops even though the spread of different businesses 

were wider. The shops in all three sites were similar to eachother in matter of size and number of 

employees. The stocks in the retail shops could be virtually anything from candy and groceries to 

medicine and stationery. Other common businesses were hair salon, bar, restaurant, drugstore and 

tailor. Table 4 shows a compilation of these results. It is quite common for several businesses or 

households to share one meter, why the table sometimes contains more businesses and occupations 

than there were interviews. 

Commercial    

Kind of Business Kibaale  Kanungu Kisiizi 

Retail shop/kiosk 5 17 25 

Hair Salon 4 6 1 

Bar 1 5 3 

Restaurant 1 4 0 

Drugstore 1 4 0 

Tailor 2 1 3 

Other 3 1 5 

Total 17 38 37 

Total Number of Interviews 15 28 33 

Table 4 Variation of different kinds of Businesses 
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The electrical appliances or equipment used depend naturally on the type of business, but having a 

radio set was customary among all of the interviewed and it was usually turned on whenever the 

business was open. Some of the bars, restaurants and retail shops also owned a refrigerator and a 

freezer which were switched on and off to cool beverages for sale. Many had the service of letting 

people charge their cellular phones. The hair dressers’ main appliance was either a hair dryer or a 

hair trimmer.  

The most common occupations of the interviewed domestic consumers in Kanungu and Kibaale 

were; teacher, business person, farmer, and doctor.  

Domestic    

Occupations Kibaale Kanungu Kisiizi 

Business Person 4 9 0 

Teacher 9 5 4 

Doctor 2 2 0 

Nurse 0 1 3 

Farmer 9 1 4 

Other 10 7 4 

Total 43 25 15 

Total Number of Interviews 23 11 11 

Table 5 Variation of Different kind of Occupations 

To determine possible correlation between  monthly incomes of the households and electricity 

consumption, the incomes were asked within three intervals; a.) less than 100,000 UShs, b.) 100,000 

– 500,000 UShs, and c.) 500,000 – 1,000,000 UShs. The responses were widely spread as there were 

as many households within each interval of income. Any correlation could not be seen.  

The most common appliances of the domestic consumers in Kanungu and Kibaale were indoor 

lights, outside security lights, transistor radio, flat iron and cellular phone. Radio sets were generally 

powered by dry cells. The flat iron was used once or twice per week and the lights were turned on at 

dusk, at around 19 hours, the indoor lights turned off at bedtime between 22 and 24 hours, and the 

security lights at bedtime or at sunrise. Stoves were not used as the interviewees rather cooked over 

open fire with either charcoal or firewood, and only one interviewee owned a hot plate. 

In Kisiizi the most common energy source used for cooking was charcoal or firewood, and paraffin 

or candles for lighting. Dry cells were, in similarity to Kanungu and Kibaale, used for radio sets. 

Some of the machines were manual such as sewing machines, others were powered by solar cells. It 

was rather common to use solar cells for lights aswell.  

These results verify previous research of rural areas in Uganda presented in section 2.1.2 and confirm 

that the results give a good representation of the life style. 
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Measures in Kanungu and Kibaale if the Tariff Would Increase  

In general, the commercial and domestic consumers in both sites claimed that they would decrease 

their consumption if the tariff increased, as shown in Figure 10. Regarding the domestic consumers, 

the first reductions in both of the sites would be on the usage of refrigerator, television, hot plate and 

security lights. Other actions were to iron or listen to the radio fewer hours or switch from regular 

light bulbs to energy saving bulbs. The commercial consumers who had their business connected to 

their residence, said that their first reductions would be on appliances used in the home.  

Since the activities of many businesses consist of production or services that require certain 

equipment, it is difficult to reduce electricity consumption without affecting revenue. Consequently, 

in for example Kibaale almost a third of the interviewees with businesses responded that they would 

start to charge customers more if the electricity tariff were to increase instead of reducing the 

electricity consumption. Similar pattern for commercials in Kanungu can be seen in Figure 10.  

The reason why this question could not be answered by so many in Kibaale had to do with the fact 

that it turned out to be a different electricity billing system there than what was initially expected.  

 

Figure 10 Stated Measures if the Tariff Would Increase 
 

Measures in Kanungu and Kibaale if the Tariff Would Decrease 

A tariff reduction by 15 percent had in fact taken place in these sites in May 2008. Many of the 

interviewees were however not aware of this reduction, they were also not aware of the tariff that 

had been and was being applied.  

The majority of the interviewees however stated that they would increase their consumption if the 

tariff was reduced. The first measures taken would be to acquire new appliances such as a 

refrigerator, a TV set, radio or more lights. The businesses interviewed mainly said that they would 
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purchase appliance that make their product or service more attractive to customers or perhaps 

facilitate the production, even if the newly acquired appliance could not raise their sale prices. Other 

desired purchases or increased of usages were hot plate, flat iron, boiler or fan according to the 

domestic interviewees. 

Some interviewees did however report that they would prefer to keep their current consumption at a 

lower cost.  

 

Figure 11 Stated Measures if the Tariff Would Decrease 

4.2.2. Estimating Price Sensitivity 

The Kanungu interview responses on demand reactions to tariff changes were first controlled to 

those interviewees’ electricity purchase records provided by the Ferdsult customer database (see 

Section 4.3). Some interviewees had to be disregarded due to inconsistencies between interview 

responses and their purchase records. Also some consumers could not provide enough information 

that could be converted to demand curves when asked about their reactions to tariff changes. The 

demand reactions to tariff changes from 18 remaining consumers were considered sufficiently 

reliable. 

1. The total tariff λ�,, including service fee and tax, paid by the customer was found by dividing the 

total amount of payments by the total amount of units purchased during the entire period of 

connection. The reason to keep including the service fees and taxes are to be able to evaluate 

consumer reactions by the consumer’s own perceptions of their costs and consumption sincethe 

consumer is more aware of the total sum of their costs compared to the unit tariff. 

A� = BC,DEDFG
HC,DEDFG
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2. The consumer’s average cost, I�,JKLKMN , stated during the interviews, was divided by the total 
tariff, λ�, to give the stated average consumption, O�,JKLKMN , that could have been purchased 
before a change of tariff.  

O�,JKLKMN = BC,PDFDQR
SC  (5) 

3. The interview responses on how the consumer would react to a change in tariff meant the 

following; 

 If the tariff decreased, the consumer stated that they would either: 

a) Keep the same level of consumption as before OTMU = O�,JKLKMN , which would give a lower 
total cost ITMU < I�,JKLKMN   

b) Increase the level of consumption OTMU > O�,JKLKMN , which would keep the total cost at the 
same level as before ITMU = I�,JKLKMN  
 

If the tariff increased, the consumer stated that they would either: 

 

c) Keep the same level of consumption as before OTMU = O�,JKLKMN  , which would give a higher 
total cost ITMU > I�,JKLKMN  

d) Decrease the level of consumption OTMU < O�,JKLKMN , which would keep the total cost at the 
same level as before ITMU = I�,JKLKMN  
 

4. Depending on the interview responses for tariff changes as presented in calculation 3. a-d above, 

either the consumption were kept contant and the cost were changed, or the other way around. 

ITMU = O�,JKLKMN ∙ ATMU  (6) 

or  

OTMU = BC,PDFDQR
SWQX  (7) 

5. For each new tariff, the demand, OTMU  was divided by the customer’s perceived average number 

of days between payments, YZ  to give the daily demand, OTMU,NL[\] ,  corresponding to that 
specific tariff. 

OTMU,NL[\] = HWQX
Ẑ   (8) 

6. The real tariff is now found by deducting service fees and taxes.  

λ_ML\  = < BWQX
`abc^ − de = ∙ `

HWQX,RFfGg      (9) 
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7. The results from λ_ML\  and OTMU,NL[\]  are plotted into Figure 12. As these graphs had been 
plotted, the values for alpha (the gradient of the curve) and beta (the y-intercept of the curve) 

explained in section 3.1.1 were charted and can be found in Table 6.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The results of alpha and beta were then categorized into domestic or commercial use of 

consumption, which can be found in Table 7. One can see that, in average, domestic consumers 

exhibit higher price sensitivity than commercial consumers. At the same time, the demand factor 

beta is higher within the commercial consumption category. This is a theoretical value of maximum 

demand at a zero tariff, stating that even without economical issues related to the unit price of 

electricity, domestic consumers do not have the same ability to consume electricity as the commercial 

consumers.  

 

Consumer α α α α [kWh/UShs ]    β β β β [kWh]    

1 0.000807
 

1.201 

2 0.000407 0.576 

3 0.001078 4.213 

4 0.000385 0.714 

5 0.001451 0.650 

6 0.001089 1.186 

7 0.000583 3.273 

8 0.002154 4.439 

9 0.000918 1.549 

10 0.001685 4.311 

11 0.000362 0.779 

12 0.000179 0.503 

13 0.000236 1.835 

14 0.000499 0.976 

15 0.000498 1.033 

16 0.000997 0.763 

17 0.000487 1.121 

18 0.000798 1.736 

Table 6 Alpha and Beta values 
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Domestic consumers Commercial consumers 

Consumer α α α α [kWh/UShs]    β β β β [kWh]    Consumer α α α α [kWh/UShs]    β β β β [kWh]    

1 0.000807  1.201 3 0.001078  4.213 

2 0.000407  0.576 7 0.000583  3.273 

4 0.000385  0.714 8 0.002154  4.439 

5 0.001451  0.65 9 0.000918  1.549 

6 0.000189  1.186 12 0. 000179  0.503 

10 0.001685  4.311 13 0. 000236  1.835 

11 0. 000362  0.779 14 0. 000499  0.976 

16 0. 000997  0.763 15 0. 000498  1.033 

   17 0. 000487  1.121 

      18 0. 000798  1.736 

      

Average 0. 000898  1.273 Average 0. 000743  2.068 

Table 7 Alpha and beta-values categorized by consumer type 

The consumers within each consumer type were further categorized according to higher and lower 

alpha-values, to indicate the level of price sensitivity. The higher the alpha, the higher is the price 

sensitivity since the alpha-value shows that small tariff changes will have large impacts on 

consumption. The averaged alpha- and beta-values within each category are found in Table 8.  

 Domestic consumers Commercial consumers 

    α α α α [kWh/ UShs]    β β β β [kWh]    α α α α [kWh/ UShs]    β β β β [kWh]    

αααα>0.0005 0.001206 1.622 0.001106 3.042 

αααα<0.0005    0.000385 0.690 0.000380 1.094 

Table 8 Average values of alpha and beta within both consumer types 

As derived from one rural site, in this case Kanungu, these price sensitivity factors can be applied to 

any similar site in order to estimate the Total Demand as a function of tariff by applying Equation 3, 

which only shows one consumer’s demand. This is done by multiplying the estimated total number 

of consumers in the system as seen in Equation 10.   

OKhKL\  = i<−j ∙ A + k=   (10) 

where N equals the number of prospected customers.  

4.2.3. Assessing the Quality of the Research 

Reliability is a criterion used to evaluate research and is concerned with whether or not the results of 

the research are repeatable. When regarding qualitative research such as with interviews, it is difficult 

to achieve high reliability. The impact that interviewers have on interviewees responses can be 

signifant, which was realized during the field studies. Being accompanied by government employees 

for assistance in translation can likely have caused interviewees to believe that the research was 
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biased. The usage of translators brings a risk of subjective answers by the translators’ opinion and a 

loss of important information during the translation.  

4.3. Electricity Purchase Records 

Ferdsult provided a full access to their customer databases of the networks in Kibaale and Kanungu. 

These databases supplied a large amount of raw data on consumer payments; revealing historical 

amount and frequency in charging their electricity cards from April or May 2007 leading to 

November 2008. 

In order to analyze and evaluate the consumers’ historical behavior and estimate the reaction of a 

tariff change, whether or not the consumption will be increasing with a lower tariff as the 

interviewees claim, charts were created and analyzed with data of all Ferdsult customers in Kibaale 

and Kanungu who purchase electricity with the domestic tariff, which is 271 in Kibaale and 463 in 

Kanungu. As stated earlier the customers who purchase electricity with the commercial tariff were 

not included in this analysis. 

To evaluate if the consumers that were connected in the beginning of the period consume more than 

the later grid-connected consumers, the customers were categorized into groups depending on the 

month of connection to the grid. In addition to analyzing the different groups, the consumption of 

every fourth of these groups was graphed in each month from that specific group’ connection month 

until October 2008. Only every fourth group were chosen to avoid confusion and disorder in the 

graphs and yet give a good representation for all consumers. To reduce the impact of single 

consumers’ extremely high or low value, the median value was calculated. A comparison between 

results of median and average value can be seen in Appendix 2. To determine more precisely how 

the consumption has been, a comparison of consumption over time was made where each month 

was compared to the previous one. 

The tariff reduction that had occurred in May 2008 (see Section 2.6) is illustrated in all following 

graphs with a straight vertical line. 

4.3.1. Analysis of Electricity Purchase Records  

In order to analyze the consumption behavior over time and see if the demand has increased, 

decreased or stayed constant, the hourly consumption per consumer was graphed for both Kanungu 

and Kibaale. Figure 13 shows the hourly consumption per meter in the sites, as calculated from the 

monthly total consumption registered in the Ferdsult purchase records for the domestic tariff 

(Appendix 2). The graphs in Figure 13 show quite similar level of value and a somewhat constant 

consumption over time. The straight vertical line along May 2008 shows when a tariff decrease 

occurred, and from this graph a change of behavior cannot be seen as a consequence of the decrease. 
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Figure 13 Hourly Consumption per Consumer with Domestic Tariff.  

In further analysis, the consumers were grouped according to their month of connection to the grid. 

The consumption of each group was then analyzed by looking at their accumulated consumption 

from their connection month until October 2008. The monthly median consumption of each group 

is shown in Figure 14 and is established through Equation 11.  

OcBB.<l= = mnHocp<HF,HFqr ,…,Htur ,Ht=
v   (11) 

where l = wxyyzw{|xy }xy{~ and � = �w{x�z�. 
For example, the August 2007 group in Kibaale had a median consumption of 0.06 kWh per hour, 

from August leading up to October the following year. These graphs show that the later the 

consumer got connected to the grid, the lower is that group’s hourly consumption. This is consistent 

in both Kibaale and Kanungu although Kibaale has a more fluctuating graph. However it should be 

noted that the later groups contain fewer data, why these are more statistically uncertain. No 

consumers were connected in Kibaale in September, why the line has a gap in that month.  
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Figure 14 Accumulated median values of new connections 

Figure 15 and Figure 16 show the five different consumer groups from each site and their hourly 

median consumption for each group. It can be determined that in general, consumption is increasing 

in both Kibaale and Kanungu although some of the groups vary more during some months. The 

graph of Kanungu in Figure 16 verifies the trend seen in Figure 14; that the later the connection 

month, the lower is the consumption of that group. This is however not seen in Kibaale through 

Figure 15. The earlier connected customers in Kanungu do show larger fluctuations of monthly 

consumption, whereas the later connected customers seem more stable. As in Figure 13  a change of 

behavior caused by the tariff reduction cannot be seen in either  Figure 15 or Figure 16. 

 

Figure 15 Median consumption in Kibaale 
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Figure 16 Median consumption in Kanungu 

If some consumer groups have very few consumers the curve can be strongly influenced by a single 

consumer. Most of the groups have around ten consumers, and can therefore easily be influenced if 

one customer has extreme consumption.  
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Kanungu 
 

Month of 

Connection 
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Connections 

Month of 

Connection 

Number of 

Connections 

Apr-07 11 May -07 10 

Aug-07 11 Sep-07 6 

Dec-07 11 Jan-08 13 

Apr-08 9 May -08 23 

Aug-08 8 Sep-08 16 

 
Table 9 Number of Connections in Each Month in Kibaale and Kanungu 

Since it can be hard to read how the consumption in Figure 15 and Figure 16 actually has changed, 

the percental change of the previous month was studied for each group, which showed a slight 

increase in both Kibaale and Kanungu, as shown in Table 10. 

Median Growth Rate of Consumption[%] 
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Nov-07 -2.25 -2.58 

Dec-07 4.76 5.70 

Jan-08 0.00 23.08 

Feb-08 -5.85 5.06 

Mar-08 -3.23 -1.12 

Apr-08 -3.23 0.47 

May-08 -3.23 3.33 

Jun-08 0.05 8.66 

Jul-08 0.00 3.33 

Aug-08 -6.86 8.78 

Median 0.05 3.33 

Table 10 Estimation of consumption growth  

4.4. Estimating Actual Demand at Un-electrified Sites 

Once the daily Total Demand of the un-electrified site is established through Equation 10, the Actual 

Demand during a specific hour in the scenario, O[ , can also be estimated. This estimation is done by 

applying a load profile from another rural site that is electrified. Since Ferdsult is a rather new 

distribution company with not yet standardized records for metering of demand, an hourly load 

profile containing data during a two-month period was instead received from Umeme from their 

metering system in Kakumiro, a network bordering to the Ferdsult network in Kibaale. Impartial 

power due to load shedding or power black outs were not included in the profile that is found in 

Figure 17. The hours are grouped together for the load values starting from the hour between 

midnight to one o’clock. In other words, all values for that hour is in the beginning of the graph, and 

the final values are for the last hour in the day up to midnight. The values are compiled in this 

manner to show a trend of a daily load profile which is also why this load profile from a 60 day 

metering resembles the shape of a relative demand curve (see Figure 18). The hours are also 

highlighted to show the different periods of consumption presented in section 6.2. 

 

Figure 17 Load profile from rural site 
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This load profile can be adopted to the un-electrified site that is being simulated by the use of a Load 

Factor, �\hLN. The Load Factor is a dimensionless value that indicates the ratio of average load to 

Peak Demand, O�ML� , which is the highest measured demand during the time period studied [33]. 

The Peak Demand of Kakumiro was measured at 184.14 kW during these two months [34]. The 

Load Factor can be found through Equation 12.    

�\hLN = `
H�QF�∙� ∑ ��v�` <~= (12) 

Where � equals 1202 hours. 
This ratio shows how large the demand is in relation to what it would be if the demand would be at 

peak level throughout the whole day. The Load Factor was calculated by adding all samples of the 

load profile provided by Umeme mentioned above and dividing this by Kakumiro’s maximum 

demand and total number of samples. The resulting Load Factor is 0.538. 

The Relative Demand, O_M\ , is determined by dividing each load value by the Peak Demand. Thus, 

the Relative Demand during the hour of Peak Demand is equal to one. This relation means that the 

shape of the Relative Demand Curve will always follow the shape of Actual Demand Curve. The 

Peak Demand will be specific for different areas, but since the Relative Demand is a percentage ratio 

it can be assumed that the daily Relative Demand Curve is applicable to any rural sites that have the 

similar conditions. The Relative Demand Curve derived from Kakumiro’s average load profile and 

applied to the un-electrified site is presented in Figure 18. Even though this curve is simplified, it can 

be observed that it’s shape follows the same trend as the load profile in Figure 17. 

 

Figure 18 Typical relative demand curve 
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Having estimated the values for daily Total Demand by Equation 10, Dtotal, as well as the Load 

Factor in the electrified site, these are used to establish the Prospected Peak Demand, D���.���� for 
an un-electrified site. This is done through Equation 13.  

O�_h.�ML� =  HDEDFG
��∙�GEFR

  (13) 

The Prospected Peak Demand of the yet un-electrified site can now be used to find the Actual 

Demand during a specific hour, O|.   

O[ = O_M\<|= ∙ O�_h.�ML�   (14) 

4.5. Discussion on Field Study  

4.5.1. Other Factors Affecting Consumption 

As mentioned in the theoretical chapter on price elasticity in section 3.1, other factors beside price 

can have an effect on consumers’ price sensitivity on demand. 

Consumers’ preferences when regarding the use of electricity in rural areas is an interesting factor. For 

example, even though it facilitates cooking, electricity is not preferred for cooking since people are 

accustomed to cook over open fire and also prefer the taste of food cooked in such manner. 

Information about the use of electricity is another factor that one should consider. In the field study, 

information proved to be insufficient as most interviewees were not aware of a tariff reduction that 

had occurred in May 2008. Also, various consumers were not even aware that a high wattage on the 

appliances used for the consumption of electricity would lead to higher consumption levels. 

Prices of other goods obviously have a significant role in the demand for electricity. In rural areas, such 

as the ones investigated, fire wood is easily acquired at a low or no cost and is consequently the 

largest energy source utilized, substituting the need for electricity at least when it comes to cooking. 

Furthermore, even if there would be a desire to use electricity for cooking, the purchase cost of the 

appliance might be too high, which results in a limited possiblity to consume electricity. 

The effect of these factors is hard to estimate and could not be considered in the calculations of the 

consumers’ price sensitivity. To discount their impact on the demand, these factors are considered to 

be ceteris paribus (see section 3.1) or already integrated in the price sensitivities that were extracted 

from the interview analyses.  

4.5.2. Relevance of time 

Electricity is not a service that can be directly consumed; the demand of electricity is in fact obtained 

from the utilization of electrical appliances. The consumer’s possession of these appliances thus sets 

the conditions for the quantity of electricity demanded. This consequently creates a distinction 

between demand elasticity in the short and long run perspectives. The consumers’ existing appliance 
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stock is regarded as given in the short-run perspective whereas the consumers’ demand behavior in 

the long-run also takes into account that the consumer can make adjustments to the stock of 

appliances. 

4.5.3. Electricity Consumption Patterns 

The correspondence of consumption behaviors in Kibaale and Kanungu that were seen in the results 

from consumer interviews and database records shows that the two sites are comparable. This is due 

to the same total level of electricity consumption, similar business activities, and similar patterns in 

the usage of both electrical and non-electrical activities. 

A general tendency among the rural electricity consumers is that the small commercial businesses 

often take place in the same house as the owner’s residence. The purpose for electricity use is thus 

hard to distinguish. However, whether or not the business is connected to the home, almost all 

business owners are registered as domestic consumers and consequently purchase electricity at the 

generally higher, domestic, tariff rather than the commercial one. The main reason for this might be 

found in the higher connection fees for commercial customers presented in section 2.6 and the 

general tendency in rural consumers to take the immediate low cost even if it might be more 

expensive in the long run.  

In the case of higher price sensitivity of the consumers, i.e. a high alpha-value the pre-paid structure 

is preferable to the conventional structure where customers are billed at the end of the month 

accordingly to how much they have consumed and gives customers greater control in supervision of 

their consumption. Purchasing electricity in advance means that the customer can choose the limit 

for the electricity cost and avoid receiving an upsetting surprise as the bill arrives in the end of the 

month. The pre-payment implies a reduction of unpaid bills, a benefit for both customers and 

distributors.   

When studying the historical pattern of consumption gathered from purchase records for Kibaale 

and Kanungu, it showed that the median  hourly consumption per consumer is  nearly as high in the 

two sites. Furthermore the value per consumer as stated before is likely to increase due to increases 

of number of appliances. However, the total consumption at the both sites has actually been rather 

constant, but the consumption per consumer seems to have a slight increase. This is explained by the 

fact that later connected customers do not consume as much electricity as the earlier connected 

customers, which is reasonable considering that it is probably the wealthier and larger businesses that 

connect early. Thus, the customers’ increase of consumption counterbalance the new connected 

consumers’ lower consumption. Nevertheless, this should lead to an increase of total consumption 

when the number of new consumers connecting to the grid finally stops. Furthermore, it is probable 

that the introduction to electricity will influence the economy of the small commercial customers 

positively, increasing their fiscal ability on the whole to purchase more new appliances. 

As the interviewees were inquired of their responses to alterations in tariff, one tendency was easy to 

detect; many replied that they would increase their consumption at a lower tariff. Many interviewees 
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claimed that they were very thrifty with the usage of electricity to keep the costs down and for some 

periods were without electricity since they could not afford to pay any further bills. This indicates 

that rural consumers are very price sensitive and already struggling to keep electricity as low as 

possible to make ends meet. In spite of this, the analyses of the database records do not show any 

significant change in consumption as a consequence of the tariff reduction in May 2008. This is 

probably accounted by the low level of information that is offered to rural consumers, and the fact 

that the electricity consumers were not aware of a tariff reduction and kept reloading their cards the 

same way they used to, without noticing their remaining balance not yet consumed. It is therefore 

likely that consumption will increase much later than the decrease of tariff. 

The interviewees claimed they would increase their consumption by using their current appliances 

more although in many cases the current consumption behavior was in fact inefficient. For example, 

owners of refrigerators said that they switched the refrigerator on and off when in need of cold 

beverages, not considering the fact that the refrigerator consumes much more electricity to start to 

cool than when it simply is running. 

Furthermore, the interviewees also argued that they would in fact increase their stock of appliances 

to increase consumption at a lower tariff. It is of course very difficult for a researcher to control the 

reliability in such response if this is what the interviewee claims, in other words whether or not the 

interviewee is economically capable of coping with that purchase cost. Many did however show that 

they were not aware of the cost of purchasing certain appliances that they desired to own. 
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5. SIMULATION MODELS 
This chapter presents the simulation models used to estimate the behavior of a rural stand alone electricity system. It 
specifies the purpose behind the simulations and states the input data that is needed in order to make predictions of the 
behavior of the system and explains the simulation procedure.  

A simulation model is a description of an actual system that imitates the behavior and mechanisms of 

that system by the use of mathematical algorithms. The simulation applies certain input data to the 

model in order to provide output data with which predictions can be made. This input data can 

either consist of constant parameters, deterministic or stochastic variables. The constants are 

basically scalar values that remain the same throughout the simulation. The deterministic variables 

are vectors of numbers that vary in a specified or systematic manner. The stochastic variables are 

randomized from a range of values, where the probability of each of these values occuring is 

determined by the variable’s distribution function. 

Real life generally does not consist of constants or deterministic variables why the use of stochastic 

parameters as input data to a simulation model, if the correct distribution function representing the 

variation in the parameters is applied, will give the closest predictions of the model’s behavior. The 

Monte Carlo simulation technique applies a class of algorithms that repeats the simulation through 

sufficient iterations resulting in a good representation of the real outcome. The Law of large numbers is 

a theorem in probability that states that the average value �ZT of a stochastic variable � will tend to 
approach the expected value �[�] as the number of iterations, y becomes large as illustrated by 

Equation 15. 

�ZT = `
T <�` + ⋯ +  �T=                wxy�z��z� {x                  �ZT → �[�ZT]     (15) 

  
When simulating the electricity market, it is essential to obtain a full understanding of not only the 

power system properties but also the behavior of the electricity market actors. Also, it is vital to be 

clear of the purpose of the simulation so that the simulation outputs are in fact what the model 

intended to study. There are various applications for simulation of an electricity market, e.g. deciding 

the profitability in different investment options, or the socio-economic consequences on certain 

electricity price regulations and subsidizations. 

In this thesis, the simulation aims to investigate: 

− what tariff should be set in a rural stand alone electricity system; and  

− what is the financial evaluation of a rural stand alone electricity system? 

For this reason, two different simulations were designed: The Optimal Tariff simulation and the 

Pay-Off simulation. Both simulations consist of two levels, one inner and one outer [35]. The inner 

level represents a Scenario, i, of one hour and uses Monte Carlo techniques to randomize input data. 

The outer level represents a Case, c, which gives the expected value of the outputs calculated during 
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the inner level. The Case is updated by a deterministic variable until the prerequisites of the 

simulation is met. 

5.1. The Optimal Tariff Simulation 

This simulation tests the model to find the optimal tariff by describing the system as either an 

altruistic or a profit maximising one, and also with a Time-of-Use or Flat Rate structure. The four 

different system conditions tested in the Optimal Tariff simulation are shown in Figure 19.   
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Figure 19 Four different simulations to find Optimal Tariff 

The optimum point of tariff searched during the simulations differs between the four different 

set-ups seen in Figure 19. The Optimal Tariff is however referred to as when the tariff is high 

enough for the system operator to either cover his costs (Altruistic) or generate the highest profit 

possible (Profit Maximizing) and at the same time meet consumers requests and ensure that 

electrification can be accessed by as many consumers as possible. 

When energy sources with high investment costs are to be used as a power source in a newly built 

local grid, a problem arises. Most systems are designed for a larger demand than can be expected to 

be connected during the initial phase of the electrification. If these few first customers should pay 

the full cost, i.e. so much that the total investment can be paid off, the electricity price will be very 

high. The simulation to find the optimal tariff is therefore recommended to be made after a certain 

number of years, called the Tariff Determining Year. 

5.1.1. The Time-of-Use vs Flat Rate Structure for Tariffs 

A Time-of-Use scheme for the tariff can balance out the load throughout the day. By studying a 

relative demand curve for a site, as the one in Figure 18, the levels of tariff can be established. The 

periods should be chosen by the hours with similar levels of consumption should be grouped but it 

is nevertheless a good idea to choose as few periods as possible, to avoid confusing customers of 

what tariff is applied at a certain time. Also, the metering devices applied in the electricity network 

should be able to manage different tariff levels. 
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The Flat Rate structure simply states that the tariff is constant regardless of what time of the day 

electricity is consumed.  

5.1.2. Input Data 

The input data for the simulation required find the tariff is  presented in Figure 20. The constants in 

the model will consist of price sensitivity, fixed costs and initial number of consumers. These values 

will be constant regardless of other input data. The customer growth rate, operational costs and tariff 

will depend on other input data such as consumption and are therefore deterministic variables. 

Power generation and relative demand will be randomly chosen and not possible to determine in 

advance, why these are stochastic variables.  

The outputs will be the stored tariff, identified as the optimal tariff. This tariff will be different, 

whether the system is altruistic or profit maximizing, or applies a Time-of-Use or Flat Rate structure.  
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Figure 20 Input data for Optimal Tariff Simulation 
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5.1.3. The Simulation Procedure  

The flow chart in Figure 21 illustrates the simulation procedure for the Optimal Tariff.  

 

 

 

 

  

Figure 21 The Simulation Procedure 
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1. A certain value of tariff is selected within the case. The first value is chosen to zero. Equation 10 

gives the Total Demand as a function of this tariff. 

 

 

 

 

 

 

 

 

 

 

2. The Prospected Peak Demand of the system for the specific case is found through Equation 16 

by applying Load Factor as a constant parameter. 

O�_h.�ML�,� =  HDEDFG,�
��∙�GEFR

 (16) 

This Prospected Peak Demand is then applied to the inner level of the simulation which starts 

to calculate Actual Demand for every hour, i, for the scenario by using the set of stochastic 

values for Relative Demand.  

O�[ = O_M\,�[ ∙ O�_h.�ML�,�   (17) 

3. The Available Generation for all potential power plants are randomized between zero and 

installed capacity, H! � + W! � + G!�. 

��[� + ��[� + ��[�   (18) 

where 

0 ≤ ��[� ≤ �!�  
0 ≤ ��[� ≤ �!� 
0 ≤ ��[� ≤ ��� 

4. The Actual Demand, O�[ i is deducted from the Available Generation resulting in the Supplied 

Demand, O�[ ∗. 

O∗�[ = �O�[ , |� ��[� + ��[� + ��[� ≥ O�[  
 ��[� + ��[� + ��[� , x{~z� |�z ¡  (19) 

where   

0 ≤ O∗�[ ≤ O�[ 

Figure 22 Total Demand as a Function of Tariff 

Total Demand (kWh) 

Tariff (UShs) 

OKhKL\ = i<−j ∙ A + k= (10) 
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5. If the entire Actual Demand is supplied, the Loss of Load Occurence, LOLO will be equal to 

zero and otherwise equal to one. The Energy Not Served, ENS will show much energy per hour 

was not served. From the Supplied Load the Total Costs, TC and the Total Revenue Collection, 

TRC can also be calculated. The revenues are calculated by multiplying the supplied load, i.e. 

sold electricity, by the tariff that is being tested during that case. The total costs are the annual 

fixed costs per hour and running costs per hour.  

¢I�[ = A� ∙ O�[ ∗ (20) 

YI�[ = £Bg
�¤¥∙�� + ¢¦I�[ (21) 

This step in the simulation procedure differs between the Time-of-Use and the Flat Rate 

models. During the Time-of-Use simulation, the time period from which relative demand is 

randomly selected in step 3 is saved in order to calculate revenues by ratio of the time period to 

the tariff tested during the case, accordingly to the concept presented in section 5.1.1. The Flat 

Rate Simulation neglects the time periods and calculates revenues from λc alone. 

 

6. Steps 2 to 5 will be repeated sufficiently by n number of times, to ensure a good representation 

of the variables. During the iterations, the result variables in step 6 will be stored. 

 

7. Once all iterations have been made, the mean values of Lost of Load Occurence, Energy Not 

Serverd, Total Costs, and Total Revenue Collection are calculated and result in Loss of Load 

Probability, LOLP, Expected Energy Not Served, EENS, Expected Total Costs, ETC and 

Expected Total Revenue Collection, ETRC.  

��� = `
T ∑ ���[T[�`   (22) 

��id� = `
T ∑ �id�[T[�`   (23) 

�YI� = `
T ∑ YI�[T[�`  (24) 

�Y¢I� = `
T ∑ Y¢I�[T[�`   (25) 

8. This step of the simulation procedure differs depending on whether the simulation is testing an 

altruistic or profit maximizing operator. For the Altruistic system, Expected Total Costs must 

equal Expected Total Revenue Collection, i.e. the revenues need to cover the costs. For the 

Profit Maximizing system however, the optimal tariff is found where expected profit is as high 

as possible. 
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9. If the conditions are not met in the system, the simulation will start over and choose the next 

tariff value, which is the previous tariff  +∆λ, and repeat process from the start.4 

 

10. When the condition is met the simulation will store and show the optimal tariff.  

5.2. The Pay-Off Simulation  

An investment being profitable from the initital time is not very likely. Most investments start with a 

high fixed cost that can eventually be covered by revenues generated from customers’ payments. The 

moment where a year’s loss turns into profit it is called break-even point. In an Altruistic System the 

break-even point will occur the Tariff Determining Year, but in a Profit Maximizing System the 

break-even point will take place earlier than Tariff Determining Year. 

Furthermore, the time it takes for the revenues to cover the total investment costs is called Pay-Off 

Time. This is when the profit area is as big as the loss area in Figure 23. The graph to the left only 

has fixed costs as total costs but the graph to the right also includes operational costs. Thus, when 

the optimal tariff is found it is highly relevant to determine if the cost of the investment can ever be 

paid off, and if so, at what year will this be. 

To find the possible Pay-Off time, the simulation was designed and run in Matlab, using the model 

in section 5.1.1 but with tariff as a constant parameter and year as a deterministic variable. In order 

to make the calculations and results more distinguishable and view other central outcomes, the Pay-

Off simulation was also done in Excel. 

 

                                                   

4 For other search algorithms see [35] 

Figure 23 The Break-Even year 
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5.2.1. Input Data 

In this simulation the optimal tariff found from the Optimal Tariff Simulation will be constant, as 

well as price sensitivity inflation rate and loan repayment. Operational costs, such as staff, will in this 

simulation be determined by the increase of demand. The power generation and relative demand are 

stochastic variables varying with time and day. The outputs are the number of years the investment 

can be paid off and if any additional financing will be needed.  

 

 

5.2.2. The Simulation Procedure 

The tariff found in the Optimal Simulation model is discounted with the inflation rate back to year 

one (y equals one) with Equation 26. Thereafter the same formula reversed is used to calculate the 

tariff of year y increasing with the inflation. 

Yl�|��]�` = ^L_[��g
<`a_=gur  (26) 

For each year Revenues, R, and Payments, PM, are calculated. The Payments are actual costs such as 

downpayments of loan, interest, taxes, rent and running costs. From the revenue the payments and 

surplus from previous year are deducted and generates a surplus current year.  

d�]  = ¢] − �§] − d�]¨`  (27) 

The year when the collected surplus is finally equal to zero, the simulation in Matlab will stop. The 

total amount of loss from previous years will show the size of additional financing required. In Excel 

revenues, costs and payments and their connections can be seen over several years. 

Figure 24 Inputs and Outputs to the Break-Even Simulation 
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6. CASE STUDY: KISIIZI 
This chapter applies the theories of price sensitivity and Monte Carlo simulation techniques presented in the previous 
chapters with data found through the field study to the isolated electricity system of Kisiizi.   

Kisiizi as a case study represents the rural stand alone electricity network that is being modelled for 

the execution of the simulation models described in the previous chapter. The Optimal Tariff 

simulation investigates which tariff should be applied considering if the system is Altruistic or Profit 

Maximizing, and whether the tariff structure consists of a Time-of-Use or Flat Rate tariff.  

The objective of the case study is to demonstrate different outcomes that the power company in 

Kisiizi, Kisiizi Electricity, can utilize in their decision making. The company’s main intention is to 

manage the electricity network as an altruistic operator and since the network has applied metering 

devices that can have different levels of tariff, the Time-of-Use structure is desired. However, the 

results from a Profit Maximizing simulation and a Flat Rate structure will also be presented as a 

comparison. Furthermore, Kisiizi Electricity wants to apply a Pre-paid structure.  
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Figure 25 The desired system for Kisiizi 

The Pay-Off simulation for Kisiizi will apply the tariff results found from the Optimal Tariff 

simulations to examine the financial outcome of the electricity system.   

6.1. About Kisiizi 

The settlement in the village is divided into upper and lower Kisiizi. Upper Kisiizi mainly consists of 

trading centers and residences while lower Kisiizi includes Kisiizi Hospital, with its primary school 

and staff residences, as well as a small market and some small shops.  

Kisiizi Hospital, which is a missionary hospital founded 1958 by the Ruanda Mission and later 

handed over to the Church of Uganda, has been supplied with electricity through a micro 

hydropower plant owned and run by the hospital. The plant is now in the finishing phases of 

expansion outside of the hospital and provide access to electricity for the surrounding inhabitants 

[32]. The aim of the expansion is, other than contributing to a higher level of standard of the 
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villagers, to get an extra income to the hospital since it cannot break even on income from patients 

only.  

6.2. Input Data for Simulations 

In order to run the simulations described in chapter 5, certain input data specific for Kisiizi needs to 

be applied. Some of this data was gathered and analyzed through the field research, whereas others 

were obtained from Kisiizi Electricity. The data includes inputs both to the Optimal Tariff 

Simulation and the Pay-Off Simulation.  

 

 

The price sensitivity factor, alpha, and maximum demand factor, beta, as determined in section 4.4 

were selected from the category of commercial consumers with high price sensitivity due to the 

assumption that these are the type of customers that will primarily connect to the network in Kisiizi. 

The tariff is assumed to increase with the inflation of 4.4 percent [36].  

 Domestic consumers Commercial consumers 

 α α α α [kWh/ UShs]    β β β β [kWh]    α α α α [kWh/ UShs]    β β β β [kWh]    

HPS 0.001206 1.622 0.001106 3.042 

LPS 0.000385 0.690 0.000380 1.094 

Table 11 The alpha and beta values selected as input data for the simulations 

An important aspect to bear in mind is that the price sensitivity and demand factors that were used 

to simulate the system in the case study were obtained by interviews in a system which is applying 

Flat Rate tariff. However the Relative Demand Curve in the simulations are from a system that 

applies Time-of-Use tariffs for commercial consumers.  

The Total Demand is assumed to have an annual increase of 23 percent due to new customers 

connecting to the network as seen in Equation 28. Once the total customer capacity is assumed to 

have reached its maximum, which is by year 9, the demand will only be increasing by an annual 2 

percent. This increase was assumed through the consumption analysis of electricity purchase records 

from the field study, as explained in section 4.3.1. The demand curve over time until year 14 is 

illustrated in Figure 27 where it is observed that the demand increases exponentially until year nine, 

after which the demand growth has stalled almost completely.  

OKhKL\  = i ∙ 1.23]¨`<−j ∙ A + k= (28) 
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Figure 26 Main inputs for the simulation applied on Kisiizi 
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Figure 27 Total Demand over time 

 

The Load Factor is inserted as a constant parameter with the value of 0.538, as calculated in section 

4.5. Dividing the Total Demand by the Load Factor gives the Prospected Peak Demand according to 

Equation 29. 

O�_h.�ML� =  HDEDFG
��∙�GEFR

 (29) 

The Relative Demand is randomized for every hour by the set of values presented in section 4.5. The 

product of the Relative Demand and the Prospected Peak Demand gives the hourly Actual Demand 

for the scenarios. 

O[ = O_M\ <|= ∙ O�_h.�ML�   (30) 

The power generation � in the micro hydro power plant is established through stochastic variables 

from historical data stretching from June 2005 to August 2007 of the waterflow, Q� , in Kisiizi. A 

duration curve of these values are found in Appendix 4. The formula to compute available 

generation in kW is shown in Equation 31, where the parameters besides waterflow are all constants.  

� = ��ρ �η  (31) 

Density of water is approximated to 1000 kg/m3, the pressure head of water across the turbine, L, is 
at 38.5 m, gravity is considered 9.81 m/s2 and the turbine efficiency, η, is ~78 percent [32]. The 

turbine in Kisiizi controls frequency by flow control, so if demand goes down, so does the water 

flow to match [32].  

The installed capacity of the hydro power plant is 300 kW. Downtime of the power plant is 

estimated to be one week per year, that is 2 percent [32]. The hospital will be prioritized and is 

expected to have a load of 60 kW, why the capacity for the village is assumed to constantly have a 

maximum limit of 240 kW [32]. The load of the hospital can however have a larger or smaller load, 

which implies that the maximum limit for the village can in reality differ. 
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O�[∗ = �D+, |� D+ ≤ H+ H+, x{~z� |�z ¡ (32) 

The values will be calculated per hour in the simulations. Once the mean values of the Total 

Revenue Collection are calculated, they are converted into annual figures. The hospital will be a 

consumer yet not charged for its consumption [32]. 

¢I[ = A� ∙ O�[∗   (33) 

For the Time-of-Use simulations, the Relative Demand Curve presented in 4.4.2 is helpful in 

choosing the periods for the different tariff levels and can be found again in Figure 28 where the 

chosen tariff levels for this simulation are highlighted.  

 

Figure 28 A Relative Demand Curve from Kakumiro divided into time-of-use periods 

The Relative Demand during the three different time periods is also represented by the duration 

curve in Figure 29. The duration curves show what the probability for the relative demand to have a 

certain value or higher. It is observed that there is 50 percent probability for the relative demand 

within each Time-of-Use period to lie nearly at their average values which are presented in Table 12, 

indicating that this Relative Demand Curve has a close to symmetric distribution function.  
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Figure 29 Relative demand duration curves 

The peak hours should contain the highest tariff and the off-peak hours the lowest one in order to 

balance out the consumption during the day. To determine the ratios for each tariff level, the peak 

tariff level is indexed to 1. The average relative demand values of the two remaining periods are then 

divided by the average value for the peak period. This results in that electricity sold during the 

off-peak hours should have a tariff that is 60 percent of the peak tariff, and electricity sold during the 

shoulder hours should have a tariff that is 80 percent of the peak tariff, as provided by Table 12 

where the specific hours for the Time-of-Use levels of tariff are also presented.   

Period Start End Average Drel Tariff [UShs] 

Off-peak 23 p.m. 10 a.m. 0.43 0.6 · λ 

Shoulder 10 a.m. 18 p.m. 0.58 0.8 · λ 

Peak 18 p.m. 23 p.m. 0.72 λ 

   ∑=1.73  
Table 12 The hours and tariff levels for time-of-use 
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The annual total costs and payments can be seen in Table 13. The equity is provided by subsidies.  

Costs of Investment  

Total Investment 1,503 MUShs 

Whereof Loan  74 MUShs 

Whereof Equity 1,429 MUShs 

Depreciation Time  50 years 

Interest Rate of Loan 5 % 

Payback Time of Loan 9 years 

 Operation Costs 44.6 MUShsy=1 per year  

Annual increase 3 % 

Site Rental Payment 6.4 %y=1 of revenue 

Annual Increase 20 % 

Corporate Taxes 30 %  

Bad Debts Provision 1 % of revenue 
Table 13 Costs for Kisiizi Electricity 

In the Optimal Tariff simulation a year’s Profit can be determined from the Estimated Total 

Revenue Collection and the Estimated Total Costs.  

��] = �Y¢I] − �YI]  (34) 

In the Pay-Off simulation a year’s Surplus can be determined from the Estimated Total Revenue 

Collection and the actual Payments; such as operational costs, rent, amortizations, taxes and interest.   

d�] = �Y¢I] − �§] (35) 

6.3. Results 

The results are from simulations with an altruistic system as well as a profit maximizing system. Both 

simulations include Time-of-Use structure and Flat Rate structure. The Excel-sheet presenting the 

financial results from a Time-of-Use structure in the Altruistic system is found in Appendix 7. In the 

sheet the results if subsidies would not have been received can also be studied by comparing cash 

flow with amount of subsidies.  

The years chosen to break-even in the Altruistic simulation and the years chosen to maximize profit 

in the Profit Maximizing simulation, i.e. the Tariff Determining Year, were either chosen to show 

extreme values or years which give a result Kisiizi Electricity could consider. 

To enable a comparison between the tariff results from a Time-of-Use Simulation with the results of 

a Flat Rate Simulation, a weighted average tariff of the three different levels in the Time-of-Use 

Structure is calculated. The weighted number for each tariff is the average load during a time period 

divided by total load during an average day. 

A®MLT = �.��
`.¯� A°± + �.¥²

`.¯� AJvh³\NM_ + �.¯�
`.¯� A�ML�  (36) 
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6.3.1. Altruistic Simulation  

To have a condition with a break-even the first year, results in a very high tariff or not finding a tariff 

at all. If the break-even year is instead set to year nine the tariff would be low but not profitable for 

the investors, due to the high break-even year. If the break-even year was chosen to four or five, the 

tariffs in both Time-of-Use structure and Flat Rate structure would be a bit lower than the national 

tariff today. Furthermore, when a simulation is chosen to go break-even after year one, the company 

has apparently received a loss the previous years, before the break-even year. To cover the first years’ 

deficits before the break-even point additional loans or subsidies will be needed. The additional loan 

can however be repaid within the years of possible pay-off time. Interest rate has not been included 

in the possible additional loans for the simulations.  

Altruistic System 

Scenarios Tariff 

Determining 

Year y=Y 

λy=1
    

[UShs] 

Dy=1 per 

Consumer
 

[kWh] 

Possible  

Pay-Off 

Time[Years] 

Additional 

Financing 

[MUShs] 

SPy=12 

[MUShs] 

Time-of-Use Structure 1 - - - - - 

Time-of-Use Structure 3 503 0.0963 6 32 513 

Time-of-Use Structure 4 388 0.103 7 57 333 

Time-of-Use Structure 5 300 0.107 8 92 166 

Time-of-Use Structure 9 131 0.117 >12 >260 0 

Flat Rate Structure 1 821 0.0978 4 0 1,191 

Flat Rate Structure 3 474 0.101 6 33 501 

Flat Rate Structure 4 371 0.105 7 61 312 

Flat Rate Structure 5 295 0.108 8 94 161 

Flat Rate Structure 9 135 0.116 >12 >260 0 

Table 14 Two Scenarios in the Altruistic Case  
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6.3.2. Profit Maximizing Simulation 

As can be seen in Table 15 the Profit Maximizing Simulation gives a higher tariff than in the 

Altruistic Simulation, but it gives a shorter Pay-Off time and less additional financing is needed. The 

tariffs of the Time-of-Use structure are quite lower than the tariffs in the Flat Rate structure, but the 

Time-of-Use structure does generally claim a larger additional financing and has a longer Pay-Off 

time. 

Profit Maximizing 

Scenarios Tariff 

Determining 

Year 

λy=1 

[UShs] 

Dy=1 per 

Consumer 

[kWh/h] 

Possible 

Pay-Off 

Time [years] 

Additional 

Financing 

[MUShs] 

SPy=12 

[MUShs] 

Time-of-Use Structure 1 1148 0.0628 5 0 1,030 

Time-of-Use Structure 3 1059 0.0630 5 4 901 

Time-of-Use Structure 4 999 0.0640 5 6 840 

Time-of-Use Structure 5 959 0.0641 5 8 748 

Time-of-Use Structure 9 798 0.0657 6 24 598 

Flat Rate Structure 1 1393  0.0605 4 0 1,410 

Flat Rate Structure 3 1250  0.0622 4 0 1,137 

Flat Rate Structure 4 1202 0.0616 4 0 1,058 

Flat Rate Structure 5 1139 0.0623 5 0.5 993 

Flat Rate Structure 9 964 0.0618 6 11 750 

Table 15 Scenarios in the Profit Maximizing Case  

6.4. Sensitivity Analysis 

A sensitivity analysis is used to estimate how sensitive a model is to changes of different parameters. 

The sensitivity analysis is important in valuation of a model and in the case where modifications 

must be done. It shows how precise the different parameters must be, how easy the model can be 

applied on other sites and outcomes if a parameter is changed. 

The sensitivity analysis is done according to Lomas where every parameter,  ´, is disturbed to ´ + ∆´ 
while the rest of the parameters stay undisturbed [37]. The difference between the old result and the 

new result is the sensitivity of the examined parameter.  

∆d = dµ − dµa∆µ (37) 

The total sensitivity depends on the uncertainty of all estimated parameters and is calculated by the 

formula: 

∆dKhKL\ = ¶∑ ∆dµ�·µ�`   (38) 
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6.4.1. Results of Sensitivity Analysis 

Two simulations have been used in the sensitivity analysis, Altruistic Simulation with the Time-of-

Use Structure simulated year four and the corresponding Pay-off Simulation. A Profit Maximizing 

simulation and a simulation with Flat Rate Structure is believed resulting in the same sensitivity. In 

the Altruistic Simulation the sensitivity of the tariff was examined, in other words how it changed 

when an input parameter was disturbed. In the Pay-Off Simulation the sensitivity of the additional 

financing was examined.  

The parameters were disturbed with +/-10 percent, except for the parameter of Rent paid to the 

hospital, which was disturbed to 10 percent of Revenues instead for 6.4 percent. The Available 

Generation is randomly picked from a large number of historical data, one for each scenario, why 

these cells are left empty in the chart.  

Sensitivity analysis of Altruistic Simulation, Time-of-Use Structure, year 4  

 
Initial Value New Value 

Tariff, λ 

[UShs] 

Sensitivity 

[UShs] 

Tariff Change 

[%] 

Initial Value  388  

Fixed Costs +10% 44600 UShs 49060 UShs 392 -4.38 1.1% 

Fixed Costs -10% 44600 UShs 40140 UShs 381 7.33 -1.9% 

Bad Debts +10% 1.0% 1.1% 389 -1.47 0.4% 

Bad Debts -10% 1.0% 0.9% 388 0 0.0% 

Running Costs Increase +10% 3.0% 3.3% 392 -4.38 1.1% 

Running Costs Increase -10% 3.0% 2.7% 384 4.38 -1.1% 

Consumption growth rate +10% 23.0% 25.3% 344 43.92 -11.3% 

Consumption growth rate -10% 23.0% 20.7% 438 -49.78 12.8% 

Initial Value of Customers +10% 87 96 344 43.92 -11.3% 

Initial Value of Customers -10% 87 78 444 -56.14 14.5% 

Load Factor +10% 0.538 0.592 438 -49.78 12.8% 

Load Factor -10% 0.538 0.482 293 95.18 -24.5% 

Alpha, αααα +10 % 0.001106  

kWh/UShs 

0.0012166  

kWh/UShs 

397 -9.02 2.3% 

Beta, ββββ +10 % 3.042 kWh 3.3462 kWh 333 54.71 -14.1% 

Alpha, αααα -10 % 0.001106  

kWh/UShs 

0.0009954  

kWh/UShs 

374 14.41 -3.7% 

Beta, ββββ -10 % 3.042 kWh 2.7378 kWh 465 -77.15 19.9% 

Relative Demand, Off-Peak+10% 0.43 0.473 344 43.92 -11.3% 

Relative Demand, Off-Peak-10% 0.43 0.387 445 -57.11 14.7% 

Relative Demand, Shoulder +10% 0.58 0.638 344 43.92 -11.3% 

Relative Demand, Shoulder -10% 0.58 0.522 445 -57.11 14.7% 

Relative Demand, Peak +10% 0.72 0.792 344 43.92 -11.3% 

Relative Demand, Peak -10% 0.72 0.648 445 -57.11 14.7% 
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Power Plant Generation +10%   388 0 0.0% 

Power Plant Generation -10%   388 0 0.0% 

Power Plant Downtime +10% 2.0% 2.2% 388 0 0.0% 

Power Plant Downtime -10% 2.0% 1.8% 388 0 0.0% 

Taxes +10% 30.0% 33.0% 387 1.47 -0.4% 

Taxes -10% 30.0% 27.0% 388 0 0.0% 

Rent 10% of Revenue 6.4% 10.0% 463 -74.69 19.3% 

Total Sensitivity 227 59% 

Table 16 Sensitivity Analysis of an Altruistic System 

 

Sensitivity analysis of Pay-Off Simulation 

 
Initial Value New Value 

Additional 

Financing 

[MUShs] 

Sensitivity 

[MUShs] 

Change 

[%] 

Initial Value  250  

Running Costs +10% 44.6 49.06 379 129 51.7% 

Running Costs-10% 44.6 40.14 148 -102 -40.9% 

Bad Debts +10% 1.00% 1.10% 251 1.00 0.4% 

Bad Debts -10% 1.00% 0.90% 249 -1.35 -0.5% 

Running Costs Increase +10% 3.00% 3.30% 238 -12.3 -4.9% 

Running Costs Increase -10% 3.00% 2.70% 245 -4.9 -2.0% 

Increase of consumer 10% 23% 25.30% 214 -36.1 -14.4% 

Increase of consumer -10% 23% 20.70% 290 40.3 16.1% 

Taxes +10% 30.00% 33.00% 250 0 0.0% 

Taxes -10% 30.00% 27.00% 250 0 0.0% 

Rent 10% of Revenue 6.60% 10% 324 74 29.5% 

Inflation +10 % 4.40% 4.84% 241 -9.4 -3.76% 

Inflation -10 % 4.40% 3.96% 258 8.4 3.36% 

Total Sensitivity 189 76% 

Table 17 Sensitivity Analysis of the Pay-Off Simulation 

From Table 16 it can be determined that this simulation is sensitive to changes in parameters. Some 

of the parameters had the greatest impact on tariff were Load Factor, number of customers, Relative 

Demand, and beta. 

To make sure the un-electrified site will have Load Factor close to the Load Factor in this model it is 

important to establish that the living conditions are the same in the un-electrified site as in 

Kakumiro.  
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A change of the relative demand also has a large influence on other parameters, such as the tariff. It 

is very likely that the relative demand will change if Time-of-Use structure is applied, something that 

one should be aware of.  

Another parameter that can have a large impact on the simulation is the number of consumers and 

its growth rate. To reduce this risk, it is important to inform potential customers of electricity 

expenses and have an interactive dialogue about possible tariffs. The expected increase of number of 

consumers can be compared with the growth of inhabitants, economical activity and welfare.   

The results from disturbing beta indicates that it is highly significant to determine if the consumers 

will be mostly commercial, domestic or a mix between them both. It is also important to investigate 

the wealth of the potential consumers in order to determine a high or low price sensitivity. It is 

obviously hard to draw a clear line between these categories and it will always be an approximation, 

since this is only a model imitating reality.  

In Table 17 only constants and deterministic variables relating to payments were disturbed. As it can 

be seen, the sensitivity of these are higher than the disturbed parameters in the first sensitivity 

analysis.    

6.5. Discussion - The Optimal Tariff 

The results from the Altruistic simulation of year four and year five as a break-even year give 

reasonable tariffs for the Time-of-Use as well as Flat Rate scenarios. Both tariff structures for these 

years give slightly lower tariffs than the structure applied in the national grid today (see section 2.5.1). 

Neverthless, year five needs an additional financing almost double the amount of year four, why the 

tariff from year four would be more advisable.  

In an Altruistic system though, it should be noted that when the investment is paid back and the 

revenues will increase faster than the expenses, a profit will be gained. If the system still will be 

counted as altruistic, the tariff can be decreased or investments such as expanding the grid can be 

done to reduce profit.  

If the system is run by a Profit Maximizing operator, the tariffs will be considerably higher than 

today’s prices in the national grid, yet generate a profit. With the profit generated, Kisiizi Hospital 

can collect a higher rent and increase the standard at the hospital or decrease the patient fees. The 

Flat Rate structure gives a shorter Pay-Off time and a smaller or non-existing additional financing 

required than the Time-of-Use structure, why the Flat Rate structure would be a better choice to 

maximize profit. This structure can also be favorable if an additional loan or subsidy is difficult to 

obtain.  

To build the power plant in Kisiizi a considerable amount of subsidies have been given, which results 

in a rather short Pay-Off time. However, if no subsidies were given the Pay-Off time would still be 

within a reasonable time. In the case of Profit Maximizing system it is important to point out that it 
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is not certain that the same amount of subsidy would have been given, why a larger loan probably 

would be needed.   

The purpose of applying a Time-of-Use structure would be to encourage consumers to spread out 

their consumption throughout the day and avoid system power failure during the hours when 

demand is generally concentrated, which according to the load profiles studied for the thesis is 

during evenings. However, the main electricity usage for domestic consumers is lighting and 

watching TV. Both of these are difficult to shift to daytime; lighting is necessary during dark hours 

and watching TV is a social activity preferred after work hours. The commercial consumers need to 

offer their services whenever customer demand is large, which is during daytime and evenings. The 

Time-of-Use structure might thus have a discouraging impact for commercial consumers to keep 

their businesses open during the peak demand hours of the evening, when tariffs would be higher. 

Consumers with manufacturing business would not be very affected by a Time-of-Use structure 

since production is most likely already during the lower demand hours in the daytime and not during 

evenings. These consumers could however benefit by shifting production to nighttime when tariffs 

are at lowest. 
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7. CONCLUSIONS   
This chapter concludes the thesis by presenting the main aspects that were discovered through the study. It finishes by 
giving some recommendations and suggestions on future work. 
 

This thesis has analyzed electricity consumer reactions to changes in tariff in rural networks and used 

these together with Monte Carlo techniques to simulate an isolated electricity system to find the 

optimal tariff for that system and investigate the financial outlook of the investment. The simulations 

have achieved reasonable results that can be used as valuable decision basis. The models described in 

the thesis are useful to applications of any un-electrified rural sites that have similar conditions to the 

site in the study. 

The thesis supports the following conclusions: 

� Rural electricity consumers are not aware of their consumption 

Rural consumers exhibit low awareness of their consumption patterns, although dealing with scarce 

resources when it comes to buying power. That is why the pre-paid system, instead of a billing 

system, gives these consumers the ability to control their spending. By loading their pre-paid cards, 

the customers purchase electricity credit depending on their fiscal capacity for the moment, and then 

use up the credit as the need for electricity arises.  

Consumers also showed low awareness in the relationship between wattage of appliances and their 

consumption level, which in many cases led them to inefficient usage. Many consumers could not 

specify how much electricity they were actually consuming, which appliances were more electricity-

consuming, or how much money they spent in average.  

Improved information from the distribution companies to the electricity consumers is thus essential 

in order to maintain a sustainable consumption since consumers can make rational decisions about 

their own electricity usage. This will enable the consumers to opt for moneysaving, electricity 

reducing alternatives and bring consumer satisfaction. 

� People leading a business are more prone to connect to the network  

Whether they are leading a business that is separated from or combined with their homes, these 

consumers are more likely to connect to the electricity network. The main reasons for this include 

the economical benefit that the commercial consumers possibly will acquire by being able to offer 

services with the help of electricity as well as enabling the dark hours of the evening for their 

businesses.  

Another reason is the probable arrangement of the network; as in the case of Kisiizi, poles will 

primarily be sited along the main road where the trading centers are placed. Since the costs to put 

poles away from this road are high, it can be assumed that commercial consumers, primary 

occupants of the trading centers, will be more likely to connect to the network than the residents 

living further away from the current poles. 
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� People leading a business exhibit lower price sensitivity than domestic consumers 

A commercial or combined type consumer exhibits a high price sensitivity of demand that is 

however lower than that of domestic consumers, meaning that they will probably try to keep on 

consuming as much electricity as required by their services in order to not lose customers even when 

tariff is increased.  

These consumers also have nearly twice as high beta-values, i.e. the y-intercept of the demand curves 

at which price is zero, compared to the domestic consumers. In other words, if electricity was free 

commercial consumers would have a higher demand than domestic consumers. This theoretical 

value indicates that the commercial consumers can consume much more electricity even if the 

electricity price is not an issue, suggesting that the commercial consumers have more electricity 

consuming appliances in their stock.  

� Advantages and disadvantages with altruistic and profit maximizing operator:   

The main intention of electrification of the rural areas is to allow the population to benefit from the 

advantages of having access to electricity. Having a profit maximizing objective of the power system 

will instigate very high tariffs, with consumption being decreased as a consequence. In other words, 

the intention of enabling the rural population to benefit from electricity will suffer. However, these 

high tariffs will lead to a generous profit, which could be applied to other socio-economic benefits to 

the society by for example investing the profit into health care, education and so on. Nevertheless, 

the economic objective of generating high profit will have a positive effect by creating incentives to 

invest in expansion of the electricity system. 

An altruistic operator on the other hand leads to tariffs that are affordable for consumers. These 

tariffs are slightly lower than those applied in the national grid, where the field study showed that 

consumers are struggling with the cost of electricity. However, the simulations showed that the 

Altruistic system requires extra funding or loans but an altruistically managed power system will 

probably be easier to gain subsidies for than the profit maximizing system. Since the incentive of 

generating profit is not presented, maintenance of the power plant and technical competence of staff 

can suffer, why project owners must secure that the levels of these will be held at good levels. 

� Setting up a power plant is a rewarding investment 

There are large investment costs in setting up an isolated rural network such as the one in Kisiizi, and 

the system will probably have a net loss during the first years of electrification. Nevertheless, the 

simulations show that such an investment has, with or without subsidies, a Pay-Off time within three 

decades. Considering the improving living conditions provided by access to electricity, this is not a 

long time for investments of such proportion.  

� The simulation of an isolated rural network is sensitive to variations 

When simulating a power system in a network that is not yet electrified, the simulation model 

requires a great deal of variables that are applied from other examples of already electrified networks. 

The sensitivity analysis shows that even small variations in some of these variables give considerable 

impact to the results. Especially dramatic impact is found by disturbing the input variable beta, 
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maximum demand at zero tariffs, which was established through the field study and is used to 

forecast the demand curve in the un-electrified site.   

7.1. Recommendations 

The conclusions from this project lead to certain recommendations for actors in the power sector. 

The recommendations given are based on results from this report, as well as observations made 

during the field trip and literature from previous studies.  

� Pre-paid billing structure 

A pre-paid structure for charging customers is preferable to the conventional billing structure as it 

enables consumers to control their expenses instead of receiving an upsetting surprise in the end of 

the month. This structure is also preferable in the view of the distribution company since it does not 

risk that customers consume more electricity than they are able to pay for. 

� Flat Rate tariff structure 

The Flat Rate structure of tariffs encourages customers to consume electricity when it is needed. The 

main electricity usages of rural consumers are not easy to shift from one time in the day to another, 

for example, lighting is necessary only during the dark hours. Unless the power capacity is highly 

under dimensioned for the network, the Time-of-Use structure should be avoided. 

� Support altruistic operators, allow profit maximizing 

The rural population would benefit from setting up a network in their area which has the main 

objective to provide electricity to the area and thus increase the living standard. As the simulation 

showed, such a system would be self-sufficient within a decade. It is however essential with a 

constitutional framework that enables such operators to come about. The framework must provide 

the information and competence necessary in setting up an isolated power system as well as 

enlightening about the financing options available.  

The profit maximizing operators should not be left out in the power sector, as these can contribute 

significantly to the electrification of rural areas. Generating profit is a great incentive to set up rural 

isolated power systems. Albeit high tariffs with limited consumption levels as a consequence of 

generating the highest possible profit, the establishment of a power system in the area is nevertheless 

preferable to having no access to electricity at all.  

� Extensive information to society 

It is very important to provide information of electricity to the electricity consumers to increase their 

awareness of their consumption. In providing such information, for example of the relation between 

the cost of electricity and the wattage of their appliances, consumers will be able to make rational 

decisions on their consumption, leading to a more efficient usage as well as satisfied customers. 
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7.2. Further Work 

Conducting research that is based on price theory is a difficult task when dealing with qualitative 

data. Further research could benefit by intensified observations of consumers rather than interviews, 

in particular as interviewees exhibit low awareness in the area that is being studied. It is of course not 

always easy for consumers to predict their future consumption, why data should be collected during 

a long period of time in order to increase reliability in forecasted consumption.    

A more comprehensive data collection and analysis of the price sensitivity of demand in consumers, 

if time allows, should be carried out to see the impact of: consumers’ preferences, e.g. if cooking 

over a stove could be preferred to cooking over open fire; information about the use, e.g. if low 

wattage appliances could be introduced; and the price of other goods, e.g. firewood as a substitute 

item and electrical appliances as complimentary items. 

Furthermore, the structure of a more volatile and dynamic tariff setting depending on the water flow 

could be investigated. The tariff could thus be set higher during the dry seasons to discourage 

consumption that strains the capacity in the network.  

The fact that consumers who are located aside from the network wiring, whether in the national grid 

or of isolated power systems, must pay additionally high fees to set up extra poles is an important 

issue for the development of the electricity network. Considering that the consumers in the area 

where the new pole is set do not have to pay extra as the first consumer, implies that the structure 

discourages consumers to be the first one to apply for connection. This area within the Ugandan 

power sector should be further investigated to reach an efficient solution to the issue. 
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APPENDIX 1: HISTORICAL TARIFFS FOR THE NATIONAL GRID  
 

 

Code 

Type of 

Charge 

Unit Of 

Charge 

June 

1992 

July 

1993 

June 

2001 

Sep 

2002 

June 

2003 

Q1 

2004 

Q2 

2005 

Q4 

2005 

June 

2006 

Domestic 1-5 KWh Per KWh 0 0 0 0 50.0 50.0 50.0 50.0 50.0 

(Code 

10.1) >15 Kwh Per KWh 0 0 0 0 170.1 171.4 212.5 216.9 298.2 

  1-30 KWh Per KWh 12.0 50.0 50.0 0 0 0 0 0 0 

  >30 Kwh Per KWh 56.0 0 189.8 168.0 0 0 0 0 0 

  31-200 KWh Per KWh 0 70.0 0 0 0 0 0 0 0 

  >200 KWh Per KWh 0 100.0 0 0 0 0 0 0 0 

Commercial  

Average Unit 

Charge Per KWh 52.0 115.0 189.8 168.0 170.1 164.8 204.4 208.3 286.8 

(Code 

10.2/10.3) Peak Per KWh 0 0 0 0 0 196.8 259.9 265.9 327.6 

  Shoulder Per KWh 0 0 0 0 0 162.8 200.5 204.3 287.0 

  Off-Peak Per KWh 0 0 0 0 0 104.3 100.8 100.6 223.9 

  

Standing 

Service Fee Per Month 880.0 4 1 1 1 1 2 2 2 

Industrial  

Average Unit 

Charge Per KWh 32.0 75.0 171.6 152.4 155.1 150.3 178.9 182.8 261.5 

(Code 20) Peak Per KWh 0 0 0 0 0 75.3 116.3 119.6 148.3 

  Shoulder Per KWh 0 0 0 0 0 59.4 82.5 84.6 123.5 

  Off-Peak Per KWh 0 0 0 0 0 32.9 34.1 34.3 91.2 

  MD Charge Per KWh 4,17 10 5 5 5 5 5 5 5 

  

Standing 

Service Fee Per Month 2,7 10 10 10 10 10 20 20 20 

Large 

Industrial  

Average Unit 

Charge Per KWh 30.0 70.0 104.4 93.5 89.4 60.4 71.9 73.6 120.8 

(Code 30) Peak Per KWh 0 0 0 0 0 180.2 232.1 238.2 300.9 

  Shoulder Per KWh 0 0 0 0 0 148.3 175.0 178.8 261.8 

  Off-Peak Per KWh 0 0 0 0 0 94.5 80.2 80.0 201.9 

  MD Charge Per KVA 4,17 0 0 0 0 0 0 0 0 

  

MD up to 

2000 KVA Per KVA 0 10 3,3 3,3 3,3 3,3 3,3 3,3 3,3 

  

MD above 

2000 KVA Per KVA 0 8 3 3 3 3 3 3 3 

  

Standing 

Service Fee Per Month 4,4 15 15 15 15 15 30 30 30 

Street 

Lighting  

Average Unit 

Charge Per KWh 55.0 125.0 176.4 153.0 155.0 162.5 201.5 205.3 282.8 

(Code 50) Peak Per KWh 0 0 0 0 0 130.1 0 0 0 

  Shoulder Per KWh 0 0 0 0 0 113.1 0 0 0 

  Off-Peak Per KWh 0 0 0 0 0 87.7 0 0 0 

  

Standing 

Service Fee Per Month 880.0 1 4 4 4 0 0 0 0 
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APPENDIX 2: COMPARISON OF AVERAGE AND MEDIAN CONSUMPTION 
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APPENDIX 3: MONTHLY CONSUMPTION, PURCHASE RECORDS 

 

 

NOTE: Number of days in month is adjusted to that specific month 

Consumption per hour and meter is calculated by  

Y�Y¸ §�iY�¹ I�idº§�Y»�i
iº§¼�¢ �e §�Y�¢d ∙  24 ∙ O¸¹d »i §�iY� 

 
  

Total monthly Number of Consumption Total monthly Number of Consumption

consumption meters per hour and consumption meters per hour and

[kWh] meter [kWh/h] [kWh] meter [kWh/h]

-07 Apr 575 14 0,055 -07 May 1274 13 0,132

May 2937 40 0,099 Jun 8113 80 0,141

Jun 4118 56 0,102 Jul 9373 109 0,116

Jul 5526 68 0,109 Aug 11040 126 0,118

Aug 5880 76 0,104 Sep 3878 58 0,093

Sep 7201 79 0,127 Oct 11916 146 0,11

Oct 6636 87 0,103 Nov 15129 173 0,121

Nov 7323 98 0,104 Dec 17091 211 0,109

Dec 10248 103 0,134 -08 Jan 15565 196 0,107

-08 Jan 12221 106 0,155 Feb 15627 207 0,108

Feb 12483 117 0,153 Mar 17255 222 0,104

Mar 8659 116 0,1 Apr 17967 234 0,107

Apr 9075 116 0,109 May 24287 256 0,128

May 10194 125 0,11 Jun 21526 259 0,115

Jun 10161 139 0,102 Jul 21543 250 0,116

Jul 13089 156 0,113 Aug 18869 257 0,099

Aug 12206 157 0,104 Sep 25687 300 0,119

Sep 10506 149 0,098 Oct 21671 277 0,105

Oct 9712 143 0,091

Nov 11636 160 0,101 0,113

0,104

Kibaale

Median value

Kanungu

Median value
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APPENDIX 4: HOURLY WATER FLOW IN KISIIZI 
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APPENDIX 5: INFLATION 
 

Inflation in Uganda 
[38] 

Year  [%] 
1991  27,7 
1992  54,5 
1993  5,1 
1994  10,0 
1995  6,7 
1996  7,1 
1997  8,0 
1998  0,6 
1999  5,8 
2000  3,4 
2001  1,9 
2002  -0,3 
2003  8,7 
2004  3,7 
2005  8,5 
2006  7,3 
2007  6,0 
2008  5,8 
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APPENDIX 6: QUESTIONNAIRES 
 

Questionnaire information  

Village   Division   District Kibaale 

 

No  Date  Time 

Commercial consumers 

1.1. What kind of commercial/institution?   

a. Retail shop/kiosk  �  

b. Restaurant  �  

c. Workshop (specify) � 

d. School   � 

e. Health centre � 

f. Other (specify)  

1.2. Are you the owner/manager?  

 Yes � No �  

1.3. Do you get electricity bills?  

Yes �  

No � (not accepted) 

1.4. Is your home separate from your 

workplace? Yes �    No �  

 

 

 

Domestic consumers 

1.1. Are you the head of the house?  

 Yes � No  � 

1.2. Do you get electricity bills? 

 Yes � No  � 

1.3. How many residents are there in the 

household? Number:   

1.4. How many people stay at home 

during weekdays?                  

during weekends?   

1.5. What is the occupation of the head of 

the house? 

a. Teacher  � 

b. Businessperson � 

c. Doctor medical � 

d. Farmer/peasant � 

e. Civil servant  � 

f. Others (specify)  

  

What is the average monthly income of the household or workplace?  

a. Less than 50 000 UShs � 

b. 50 000 – 100 000 UShs � 

c. 100 000 – 500 000 UShs � 

d. More than 500 000 UShs  � 

e. Seasonal? (Specify period and average amount)  

 

 

2. Energy Usage 

2.1. Non-grid energy usage 

2.1.1. What energy source do you use for following activities if not electricity is used?  

Source Activity Cost/month 

   

   

   

   

Sources: charcoal, biomass, battery, firewood, paraffin, generator, candle, solar 
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2.2. Electric grid energy usage 

2.2.1. When did you connect to the grid?_________________________________ 

2.2.2. What appliances do you use?  Use table below to fill in answers. 

Appliances Wattage Number During which hours kWh/day 

Security lights     

Bedroom lights     

Living room lights     

Kitchen lights     

Lights in store     

Toilet lights     

Other lights     

Computer     

Radio     

TV     

Refrigerator     

Freezer     

Stove     

Fans     

AC     

Water boiler     

Other (specify)     

2.2.3. Do you know how much you pay for electricity per month?                       No   � 

2.2.4. Fill in the values from the three last electricity bills in the tables below. Calculate an 

average for the consumption and for the monthly charge. 

 Low High Peak Shoulder Off-Peak 

Tariff (UShs/kWh)      

 

Monthly fixed fee  (UShs) 

 

Month and year Units (kWh) Monthly charge (UShs) 

   

   

   

2.2.5. What is the maximum you could pay for electricity per month?  

_________________ UShs   Don’t know � 

3. Energy savings   

3.1. What appliances would you first reduce your consumption with if the tariff increased 

with the following levels? Indicate how you would alter your use of the specific appliances by using 

the following alternatives.  

a. Use energy saving appliances 

b. Switch off appliances/use non-electrical alternative (specify by how many)  

c. Use the appliance lesser amount of time (specify by which percentage) 

d. Others (specify)     
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                        Tariff increase (UShs) 

Appliances 
5 10 15 20 25 30 35 40 50 60 70 

Security lights            

Bedroom lights            

Living room lights            

Kitchen lights            

Lights in store            

Toilet lights            

Other lights            

Computer            

Computer appliances            

Radio            

TV            

Fridge            

Stove            

Fans            

AC            

Water boiler            

Other (specify)            

3.2. What appliances would you first increase your consumption with if the tariff 

decreased with following percentage levels? Indicate by using following alternatives how you would 

alter your use of the specific appliances.  

a. Turn on more appliances (specify by how many)  

b. Use the appliance longer amount of time (specify by which percentage) 

c. Others (specify)      

 

                        Tariff decrease (UShs) 

Appliances 
5 10 15 20 25 30 35 40 50 60 70 

Security lights            

Bedroom lights            

Living room lights            

Kitchen lights            

Lights in store            

Toilet lights            

Other lights            

Computer            

Computer appliances            

Radio            

TV            

Fridge            

Stove            

Fans            

AC            

Water boiler            

Other (specify)            
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Questionnaire information  

Village   Division   District Kanungu 

 

No  Date  Time 

 

Commercial consumers 

1.1. What kind of commercial/institution?  

a. Retail shop/kiosk  �  

b. Restaurant   �  

c. Workshop (specify) � 

d. School   � 

e. Health centre � 

f. Mechanical shop  � 

g. Hair salon  � 

h. Other (specify)  

 

1.2 Are you the owner/manager?   

 Yes � No �  

1.3 Is your home separate from your 

workplace?  Yes �   No �  

 

 

Domestic consumers 

1.1. Are you the head of the house?  

 Yes � No  � 

1.2. How many people live in this house?  

1.3. What are their ages and occupations? 

1.4. How many people stay at home during 

weekdays?                           

during weekends?   

1.5. What is the occupation of the head of the 

house? 

a.  Teacher  � 

b. Businessperson � 

c. Doctor medical � 

d. Farmer/peasant � 

e. Civil servant  � 

f. Mechanic  � 

g. Others (specify) 

What is average monthly earning of the household or workplace? (fill in amount, or pick letter 

from alternatives below)     

 

a. Less than 25 000  

b. 26 000 – 50 000 

c. 51 000 – 75 000 

d. 76 000 – 100 000 

e. 101 000 – 125 000 

f. 126 000 – 150 000 

g. 151 000 – 175 000 

h. 176 000 – 200 000 

i. 201 000 – 225 000 

j. 226 000 – 250 000 

k. 251 000 – 275 000 

l. 276 000 – 300 000 

m. 301 000 – 350 000  

n. 351 000 – 375 000 

o. 376 000 – 400 000 

p. 401 000 – 425 000 

q. 426 000 – 450 000 

r. 451 000 – 475 000 

s. 476 000 – 500 000 

t. More than  500 000 

 

 

2. Energy Usage 
 

2.1. Electric grid energy usage 

 

2.1.1. When did you connect to the grid?_________________________________ 

 

2.1.2. What appliances do you use?  Use table below to fill in answers. 

 

Appliances Wattage Number During which hours kWh/day 

Security lights     

Bedroom lights     
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Living room lights     

Kitchen lights     

Lights in store     

Toilet lights     

Other lights     

Computer     

Radio     

TV     

Refrigerator     

Freezer     

Stove     

Fans     

AC     

Water boiler     

Other (specify)     

 

2.1.3.  When do you reload your pre-paid card?  

a. As soon as you’ve received an income 

b. When you run out of meter balance 

c. Other_____________________  

 

2.1.4.  How often do you reload the card? Same period interval, or different? 

a. Every           day 

b. Other, specify_____________ 

 

2.1.5. With how much? Same every time, or different?     UShs. 

 

2.1.6.  What does this amount depend of?      

     

(Salary, previous month, etc) 

 

3. Energy savings 
 

3.1. If the tariff decreased so that you could use the same amount of electricity at a lower monthly 

cost_______, would you increase your consumption to meet the same old cost or would you 

keep the lower cost? 

 

a. Keep the same consumption at the lower cost 

b. Increase consumption, add more appliances 

c. Increase consumption, use more 

 

                        Monthly cost (UShs) 

Appliances 
           

Security lights            

Bedroom lights            

Living room lights            

Kitchen lights            

Lights in store            

Toilet lights            

Other lights            

Computer            

Computer appliances            
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Radio            

TV            

Fridge            

Stove            

Fans            

AC            

Water boiler            

Other (specify)            

 

3.2. If the tariff increased so that you had to pay more _______ to use the same amount of 

electricity, would you decrease your consumption or pay a higher bill? 

 

a. Keep the same consumption at the higher cost 

b. Decrease consumption, stop using 

c. Decrease consumption, use less 

 

                        Monthly cost (UShs) 

Appliances 
           

Security lights            

Bedroom lights            

Living room lights            

Kitchen lights            

Lights in store            

Toilet lights            

Other lights            

Computer            

Computer appliances            

Radio            

TV            

Fridge            

Stove            

Fans            

AC            

Water boiler            

Other (specify)            
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Questionnaire information Kisiizi  

No  Date  Time 

Commercial consumers 

1.1. What kind of commercial/institution?  

a. Retail shop/kiosk  �  

b. Restaurant   �  

c. Workshop (specify) � 

d. School   � 

e. Health centre � 

f. Other (specify)  

1.2 Are you the owner/manager?   

 Yes � No �  

1.3 Is your home separate from your 

workplace?   

Yes �    No �  

 

 

 

Domestic consumers 

1.2. Are you the head of the house?  

 Yes � No  � 

1.3. How many people live in this house?  

1.4. What are their ages and occupations? 

1.5. How many people stay at home during 

weekdays?                           

during weekends?   

1.6. What is the occupation of the head of the 

house? 

a.  Teacher  � 

b. Businessperson � 

c. Doctor medical � 

d. Farmer/peasant � 

e. Civil servant  � 

f. Mechanic  � 

g. Others (specify) 

 

What is the average monthly income of the household or workplace? 

a. Less than 50 000  � 

b. 50 000 – 100 000  � 

c. 100 000 – 500 000  � 

d. More than  500 000  � 

e. Seasonal? (Specify period and average amount)   
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2. Energy Usage 
 

2.1. Non-grid energy usage 

 

2.1.1. What energy source do you use for following activities if not electricity is used?  

Source Activity Cost / month 

   

   

   

   

Sources: charcoal, biomass, battery, firewood, paraffin, generator, candle, solar 

 

2.2. Electric grid energy usage 

2.2.1. When will you connect to the grid?     

2.2.2. What appliances will you use?  Use table below to fill in answers. 

 

Appliances Wattage Number During which hours kWh/day 

Security lights     

Bedroom lights     

Living room lights     

Kitchen lights     

Lights in store     

Toilet lights     

Other lights     

Computer     

Radio     

TV     

Refrigerator     

Freezer     

Stove     

Fans     

AC     

Water boiler     

Other (specify)     

 

2.2.3. What is the maximum cost per month you could pay for electricity?  

  UShs  Don’t know � 

 



APPENDIX 7: COMPLETE FINANCIAL RESULTS FROM PAY-OFF SIMULATION

Indata: Year 

Demand 

[kWh/h]

4 0,388 0,103

kUShs Note Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15 Year 16 Year 17 Year 18 Year 19 Year 20 Year 21 Year 22 Year 23 Year 24 Year 25

PROFIT & LOSS STATEMENT

Revenues 1 30 153 38 720 49 721 63 848 81 988 105 282 135 195 173 607 222 932 237 396 252 798 269 200 286 665 305 264 325 070 346 160 368 619 392 535 418 003 445 123 474 002 504 756 537 504 572 377 609 513

Running cost Increase 3,0% 2 -44 600 -45 938 -47 316 -48 736 -50 198 -51 704 -53 255 -54 852 -56 498 -58 193 -59 939 -61 737 -63 589 -65 497 -67 462 -69 485 -71 570 -73 717 -75 929 -78 206 -80 553 -82 969 -85 458 -88 022 -90 663

Rent to Kisiizi Hospital 3 -1 930 -2 974 -4 582 -7 061 -10 881 -16 766 -25 836 -39 812 -61 348 -78 394 -100 177 -128 011 -136 317 -145 161 -154 579 -164 608 -175 288 -186 660 -198 771 -211 667 -225 400 -240 024 -255 597 -272 180 -289 839

Result before depreciation -16 377 -10 192 -2 178 8 051 20 910 36 812 56 104 78 942 105 086 100 809 92 683 79 452 86 760 94 607 103 029 112 067 121 761 132 158 143 303 155 249 168 050 181 762 196 449 212 175 229 012

Depreciation 4 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060

Operating profit -46 437 -40 252 -32 238 -22 009 -9 150 6 752 26 044 48 882 75 026 70 749 62 623 49 392 56 700 64 547 72 969 82 007 91 701 102 098 113 243 125 189 137 990 151 702 166 389 182 115 198 952

Net interest 5 -3 700 -3 364 -3 012 -2 642 -2 254 -1 846 -1 418 -968 -496 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Result before tax -50 137 -43 616 -35 250 -24 651 -11 404 4 906 24 627 47 914 74 530 70 749 62 623 49 392 56 700 64 547 72 969 82 007 91 701 102 098 113 243 125 189 137 990 151 702 166 389 182 115 198 952

Tax 30,0% 6 15 041 13 085 10 575 7 395 3 421 -1 472 -7 388 -14 374 -22 359 -21 225 -18 787 -14 817 -17 010 -19 364 -21 891 -24 602 -27 510 -30 629 -33 973 -37 557 -41 397 -45 511 -49 917 -54 635 -59 685

Net profit/ loss -35 096 -30 531 -24 675 -17 256 -7 983 3 434 17 239 33 540 52 171 49 524 43 836 34 574 39 690 45 183 51 078 57 405 64 191 71 468 79 270 87 632 96 593 106 192 116 472 127 481 139 266

BALANCE SHEET

ASSETS

Fixed assets

Building, plant and machinery 1 503 000 1 472 940 1 442 880 1 412 820 1 382 760 1 352 700 1 322 640 1 292 580 1 262 520 1 232 460 1 202 400 1 172 340 1 142 280 1 112 220 1 082 160 1 052 100 1 022 040 991 980 961 920 931 860 901 800 871 740 841 680 811 620 781 560

Depreciation 4 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060

Total fixed assets 1 472 940 1 442 880 1 412 820 1 382 760 1 352 700 1 322 640 1 292 580 1 262 520 1 232 460 1 202 400 1 172 340 1 142 280 1 112 220 1 082 160 1 052 100 1 022 040 991 980 961 920 931 860 901 800 871 740 841 680 811 620 781 560 751 500

Current assets

Accounts receivable - trade

Tax receivables 6 15 041 28 126 38 701 46 096 49 518 48 046 40 658 26 283 3 924 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Other receivables

Cash and bank balances 0 0 0 0 0 0 31 519 103 252 202 037 286 750 361 930 427 931 499 136 575 929 658 718 747 940 844 062 947 584 1 059 036 1 178 989 1 308 048 1 446 863 1 596 124 1 756 571 1 928 992

Total current assets 15 041 28 126 38 701 46 096 49 518 48 046 72 177 129 535 205 961 286 750 361 930 427 931 499 136 575 929 658 718 747 940 844 062 947 584 1 059 036 1 178 989 1 308 048 1 446 863 1 596 124 1 756 571 1 928 992

TOTAL ASSETS 1 487 981 1 471 006 1 451 521 1 428 856 1 402 218 1 370 686 1 364 757 1 392 055 1 438 421 1 489 150 1 534 270 1 570 211 1 611 356 1 658 089 1 710 818 1 769 980 1 836 042 1 909 504 1 990 896 2 080 789 2 179 788 2 288 543 2 407 744 2 538 131 2 680 492

EQUITY AND LIABILITIES

Equity 1 429 000 1 393 904 1 363 373 1 338 698 1 321 442 1 313 459 1 316 894 1 334 132 1 367 672 1 419 843 1 469 367 1 513 203 1 547 777 1 587 467 1 632 650 1 683 728 1 741 133 1 805 324 1 876 793 1 956 063 2 043 695 2 140 288 2 246 480 2 362 952 2 490 433

Loss/profit for the year -35 096 -30 531 -24 675 -17 256 -7 983 3 434 17 239 33 540 52 171 49 524 43 836 34 574 39 690 45 183 51 078 57 405 64 191 71 468 79 270 87 632 96 593 106 192 116 472 127 481 139 266

Total equity 1 393 904 1 363 373 1 338 698 1 321 442 1 313 459 1 316 894 1 334 132 1 367 672 1 419 843 1 469 367 1 513 203 1 547 777 1 587 467 1 632 650 1 683 728 1 741 133 1 805 324 1 876 793 1 956 063 2 043 695 2 140 288 2 246 480 2 362 952 2 490 433 2 629 699

Long-term liabilities 74 000 67 289 60 242 52 843 45 074 36 917 28 352 19 358 9 915 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Amortization 7 -6 711 -7 047 -7 399 -7 769 -8 157 -8 565 -8 993 -9 443 -9 915 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total long-time liabilities 67 289 60 242 52 843 45 074 36 917 28 352 19 358 9 915 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Prepayments from customers 8,3% 8 2 513 3 227 4 143 5 321 6 832 8 774 11 266 14 467 18 578 19 783 21 067 22 433 23 889 25 439 27 089 28 847 30 718 32 711 34 834 37 094 39 500 42 063 44 792 47 698 50 793

Current liabilities (Working capital needed) 9 24 275 44 164 55 836 57 019 45 009 16 667 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total liabilities 94 077 107 633 112 823 107 414 88 758 53 792 30 625 24 383 18 578 19 783 21 067 22 433 23 889 25 439 27 089 28 847 30 718 32 711 34 834 37 094 39 500 42 063 44 792 47 698 50 793

TOTAL EQUITY AND LIABILITIES 1 487 981 1 471 006 1 451 521 1 428 856 1 402 218 1 370 686 1 364 757 1 392 055 1 438 421 1 489 150 1 534 270 1 570 211 1 611 356 1 658 089 1 710 818 1 769 980 1 836 042 1 909 504 1 990 896 2 080 789 2 179 788 2 288 543 2 407 744 2 538 131 2 680 492

CASH FLOW Note Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15 Year 16 Year 17 Year 18 Year 19 Year 20 Year 21 Year 22 Year 23 Year 24 Year 25

Operating activities

Profit/loss after financial items -50 137 -43 616 -35 250 -24 651 -11 404 4 906 24 627 47 914 74 530 70 749 62 623 49 392 56 700 64 547 72 969 82 007 91 701 102 098 113 243 125 189 137 990 151 702 166 389 182 115 198 952

Adjustments for non-cash items

   ./. Depreciation 30 060 30 060 30 060 30 060 30 060 30 060 30 060 30 060 30 060 30 060 30 060 30 060 30 060 30 060 30 060 30 060 30 060 30 060 30 060 30 060 30 060 30 060 30 060 30 060 30 060

Income tax paid 15 041 13 085 10 575 7 395 3 421 -1 472 -7 388 -14 374 -22 359 -21 225 -18 787 -14 817 -17 010 -19 364 -21 891 -24 602 -27 510 -30 629 -33 973 -37 557 -41 397 -45 511 -49 917 -54 635 -59 685

-5 036 -471 5 385 12 804 22 077 33 494 47 299 63 600 82 231 79 584 73 896 64 634 69 750 75 243 81 138 87 465 94 251 101 528 109 330 117 692 126 653 136 252 146 532 157 541 169 326

Cash flow from working cap changes

   Change in inventories -/+

   Change in receivables -/+ -15 041 -13 085 -10 575 -7 395 -3 421 1 472 7 388 14 374 22 359 3 924 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

   Change in debts +/ 26 788 20 603 12 589 2 360 -10 499 -26 401 -14 174 3 201 4 110 1 205 1 284 1 367 1 455 1 550 1 650 1 758 1 872 1 993 2 122 2 260 2 407 2 563 2 729 2 906 3 095

Cash flow from operating activities 6 711 7 047 7 399 7 769 8 157 8 565 40 513 81 175 108 700 84 714 75 179 66 001 71 205 76 793 82 789 89 222 96 123 103 521 111 453 119 952 129 059 138 814 149 261 160 447 172 421

Cash flow from operating activities before 

working capital changes

Average 

Tariff 

[kUshs]



Investing activities -1 503 000

Financial activities

Rasing of capital 1 429 000

Working capital needed 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Borrowing/ Repayment (for investment) 67 289 -7 047 -7 399 -7 769 -8 157 -8 565 -8 993 -9 443 -9 915 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Cash flow from financial activities 1 496 289 -7 047 -7 399 -7 769 -8 157 -8 565 -8 993 -9 443 -9 915 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Cash flow for the year 0 0 0 0 0 0 31 519 71 732 98 785 84 714 75 179 66 001 71 205 76 793 82 789 89 222 96 123 103 521 111 453 119 952 129 059 138 814 149 261 160 447 172 421

Cash in beginning of year 0 0 0 0 0 0 0 31 519 103 252 202 037 286 750 361 930 427 931 499 136 575 929 658 718 747 940 844 062 947 584 1 059 036 1 178 989 1 308 048 1 446 863 1 596 124 1 756 571

Cash in end of year 0 0 0 0 0 0 31 519 103 252 202 037 286 750 361 930 427 931 499 136 575 929 658 718 747 940 844 062 947 584 1 059 036 1 178 989 1 308 048 1 446 863 1 596 124 1 756 571 1 928 992

Assumptions

1) Revenues

Installed capacity kWh 1 774 400 1 774 400 1 774 400 1 774 400 1 774 400 1 774 400 1 774 400 1 774 400 1 774 400 1 774 400 1 774 400 1 774 400 1 774 400 1 774 400 1 774 400 1 774 400 1 774 400 1 774 400 1 774 400 1 774 400 1 774 400 1 774 400 1 774 400 1 774 400 1 774 400

Utilization 4,4% 5,4% 6,7% 8,2% 10,1% 12,5% 15,3% 18,8% 23,2% 23,6% 24,1% 24,6% 25,1% 25,6% 26,1% 26,6% 27,2% 27,7% 28,3% 28,8% 29,4% 30,0% 30,6% 31,2% 31,8%

Yearly increase 23,0% 23,0% 23,0% 23,0% 23,0% 23,0% 23,0% 23,0% 2,0% 2,0% 2,0% 2,0% 2,0% 2,0% 2,0% 2,0% 2,0% 2,0% 2,0% 2,0% 2,0% 2,0% 2,0% 2,0%

Used capacity 78 498 96 553 118 760 146 075 179 672 220 997 271 826 334 346 411 246 419 471 427 860 436 417 445 146 454 049 463 130 472 392 481 840 491 477 501 306 511 332 521 559 531 990 542 630 553 483 564 552

Price per kWh, USD 0,3880 0,4051 0,4229 0,4415 0,4609 0,4812 0,5024 0,5245 0,5476 0,5717 0,5968 0,6231 0,6505 0,6791 0,7090 0,7402 0,7728 0,8068 0,8422 0,8793 0,9180 0,9584 1,0006 1,0446 1,0905

Increase% 4,4% 4,4% 4,4% 4,4% 4,4% 4,4% 4,4% 4,4% 4,4% 4,4% 4,4% 4,4% 4,4% 4,4% 4,4% 4,4% 4,4% 4,4% 4,4% 4,4% 4,4% 4,4% 4,4% 4,4% 4,4%

Sales KUSD 30 457 39 111 50 223 64 492 82 816 106 346 136 561 175 360 225 184 239 794 255 352 271 919 289 561 308 348 328 353 349 657 372 342 396 500 422 225 449 619 478 790 509 854 542 933 578 159 615 670

Bad dept provision 1,0% -305 -391 -502 -645 -828 -1 063 -1 366 -1 754 -2 252 -2 398 -2 554 -2 719 -2 896 -3 083 -3 284 -3 497 -3 723 -3 965 -4 222 -4 496 -4 788 -5 099 -5 429 -5 782 -6 157

Net income 30 153 38 720 49 721 63 848 81 988 105 282 135 195 173 607 222 932 237 396 252 798 269 200 286 665 305 264 325 070 346 160 368 619 392 535 418 003 445 123 474 002 504 756 537 504 572 377 609 513

2) Running cost 3% increase assumed

3) Rent to Investor of net sales 6,4% 7,7% 9,2% 11,1% 13,3% 15,9% 19,1% 22,9% 27,5% 33,0% 39,6% 47,6% 47,6% 47,6% 47,6% 47,6% 47,6% 47,6% 47,6% 47,6% 47,6% 47,6% 47,6% 47,6% 47,6%

Yearly increase 20,0% 20,0% 20,0% 20,0% 20,0% 20,0% 20,0% 20,0% 20,0% 20,0% 20,0% 20,0% 0 0 0 0 0 0 0 0 0 0 0 0 0

Rent to Investor of net sales -1 930 -2 974 -4 582 -7 061 -10 881 -16 766 -25 836 -39 812 -61 348 -78 394 -100 177 -128 011 -136 317 -145 161 -154 579 -164 608 -175 288 -186 660 -198 771 -211 667 -225 400 -240 024 -255 597 -272 180 -289 839

4) Investment Lifetime years 50

Amount 1 503 000 1 503 000 1 503 000 1 503 000 1 503 000 1 503 000 1 503 000 1 503 000 1 503 000 1 503 000 1 503 000 1 503 000 1 503 000 1 503 000 1 503 000 1 503 000 1 503 000 1 503 000 1 503 000 1 503 000 1 503 000 1 503 000 1 503 000 1 503 000 1 503 000 1 503 000

Depreciation 2,0% -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060 -30 060

5) Loan Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Amount 74 000 Interest -3 700 -3 364 -3 012 -2 642 -2 254 -1 846 -1 418 -968 -496 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7) Repayment time 9 Amortization -6 711 -7 047 -7 399 -7 769 -8 157 -8 565 -8 993 -9 443 -9 915 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Interest% 5,0% Yearly payment -10 411 -10 411 -10 411 -10 411 -10 411 -10 411 -10 411 -10 411 -10 411 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

6) Tax 30% assumed

8) Prepayments from customers Customers pay in advance, one month pre-payment assumed.


