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Abstract	

During the Paris climate conference in December 2015, 195 countries approved a global 
agreement on reducing climate change, indicating that immediate action is needed. Current 
research is focusing on what barriers there are for implementing renewable energy 
technologies, both from the perspective of households and the society, especially stressing the 
importance of the financial barriers cost competitiveness and payback period. 

Sri Lanka, a country situated on an island close to the equator, receives a significant supply of 
solar irradiation all year round, yielding a substantial potential for solar energy. In 2010, an 
initiative taken in Sri Lanka was to allow households to connect residential renewable energy 
systems, such as solar panels, to the grid, thereby giving households the opportunity to 
contribute to the generation of electricity from renewable energy sources. The potential of the 
system is, however, still uncertain.  

The purpose of this study was to increase the understanding of two of the barriers that prevent 
Sri Lankan households from investing in grid-connected solar photovoltaic systems: cost-
competitiveness and payback period. By increasing the understanding of the photovoltaic 
system and its barriers this study contributes to the research on whether grid-connected 
photovoltaic systems provide a renewable energy solution to the energy generation challenges 
of Sri Lanka and facilitates potential investor’s evaluation of the system. In order to fulfill the 
purpose, a case study that evaluated if a system installed in a Sri Lankan household was cost 
competitive and determined the payback period of the system was conducted. In order to 
deepen the analysis, several system capacities and two different levels of consumption were 
analyzed. In addition, an electricity consumption analysis was carried out that determined 
what electricity consumption a Sri Lankan household needed for the grid-connected 
photovoltaic system to be cost competitive and for the household’s requirements on payback 
period to be fulfilled.  

In case of low consumption, only the system with a capacity of 2 kilowatts achieved cost 
competitiveness, while all systems achieved cost competitiveness if the household had a high 
electricity consumption. The payback period was 3.82 to 3.43 years in the case of high 
consumption and 8.23 to 13.72 years with low consumption. The result of the electricity 
consumption analysis was that a consumption of 276 kilowatt-hours was required for the 
system to be cost competitive and meet the requirements on payback period, indicating that 
the system is only viable for a small part of the Sri Lankan households. The sensitivity 
analysis showed that the examined parameters had large impact on the result and that certain 
parameters therefore needed to be carefully determined. To be able to fully answer whether 
grid-connected photovoltaic systems provide a renewable energy solution for the energy 
generation challenges in Sri Lanka and to further increase the understanding of the barriers, 
further research is warranted.  
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Sammanfattning	
Under klimatkonferensen i Paris i december 2015 godkände 195 länder ett avtal för att minska 
klimatförändringar, vilket indikerar att det krävs omedelbara åtgärder. I dagsläget fokuserar 
forskning på vilka hinder som finns för implementering av teknik för förnybar energi, både 
inom den offentliga och privata sektorn, och mycket forskning betonar vikten av de 
ekonomiska barriärerna kostnadsfördel och återbetalningstid. 
 
Sri Lanka har, tack vare sitt läge vid ekvatorn, en påtaglig potential för solenergi. Ett initiativ 
som togs i Sri Lanka under 2010 var att tillåta hushåll att ansluta förnybara energisystem, som 
till exempel solpaneler, till elnätet, vilket gav hushållen möjlighet att bidra till genereringen 
av el från förnybara källor. Potentialen för de nätanslutna system är dock fortfarande osäker. 
 
Syftet med denna studie var att öka förståelsen för de barriärer som hindrar Sri Lankesiska 
hushåll från att investera i nätanslutna solcellssystem. Genom att öka förståelsen för 
barriärerna bidrar studien till forskning om huruvida nätanslutna solcellssystem är en lösning 
på Sri Lankas framtida utmaningar gällande energiproduktion och underlättar framtida 
investerares beslut om att investera i systemet. För att kunna uppfylla syftet gjordes en 
fallstudie där kostnadsfördelen för ett hushåll med ett nätanslutet solcellssystem utvärderades 
och återbetalningstiden bestämdes. För att fördjupa analysen utvärderades flera olika 
systemkapaciteter och två nivåer av elförbrukning. Vidare genomfördes en 
elförbrukningsanalys, där den elförbrukningen som krävs för att systemet skulle ha 
kostnadsfördelar och uppfylla hushållens krav på återbetalningstid bestämdes.  
 
Resultatet av fallstudien var att endast systemet med en effekt på 2 kilowatt uppnådde 
kostnadsfördelar om hushållet hade en låg elförbrukning. Vid hög elförbrukning gav alla 
system kostnadsfördelar. Återbetalningstiden var 8,23 till 13,72 när elförbrukningen var låg 
och 3,82 till 4,34 år när elförbrukningen var hög. Elförbrukningen som krävdes för att 
systemet skulle resultera i kostnadsfördelar och för att hushållens krav på återbetalningstid 
skulle vara uppfyllt var 276 kilowattimmar, vilket innebär att systemet bara är lönsamt för en 
liten del av de Sri Lankesiska hushållen. Känslighetsanalysen visade att de undersökta 
parametrarna hade stor inverkan på resultatet och därför behövde bestämmas noggrant. För att 
till fullo kunna svara på om nätanslutna solcellssystem ger en lösning på utmaningarna 
gällande elproduktion i Sri Lanka och för att ytterligare öka förståelsen för eventuella hinder, 
krävs ytterligare forskning. 
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1.	Introduction	

1.1	Climate	change	and	renewable	energy	

During the Paris climate conference in December 2015, 195 countries approved an agreement 
on avoiding climate change. The agreement stated that all countries are committed to take 
ambitious action to keep global temperature rise to below 2°C by the end of the century. 
(United Nations Framework Convention on Climate Change 2016) The agreement clearly 
indicates that there is a broad understanding that human activities strongly contribute to the 
climate changes and that immediate actions are needed to be taken to prevent it. Tackling 
climate change is also part of the 17 United Nations Sustainable Development Goals which 
were adopted at the United Nations Development Summit on the 25th of September 2015. 
The 13th goal is to “take urgent action to combat climate change and its impacts”, while the 
seventh goal is to “ensure access to affordable, reliable, sustainable and modern energy for 
all” (United Nations Development Programme 2015).  
 
Climate change and carbon dioxide emissions could be prevented through reducing the usage 
of fossil fuels. Currently, fossil fuels are the world’s primary energy source and the last 
century’s global growth has been dependent on the energy source (Environmental and Energy 
study Institute n.d.). To be able to delimitate climate change and to meet the growing energy 
demand, a conversion to low carbon energy sources, nuclear power and renewables is needed 
(International Energy Agency 2014).  
 
Renewable energy is defined as the energy that can be obtained from constantly replenished 
natural resources (Sri Lanka Sustainable Energy Authority 2010b). A recent study states that 
the share of renewables in the global energy mix is less than 20% (Schelly 2014). The major 
renewable energy sources available globally are hydropower (83%), wind energy (7%), bio-
waste and biomass energy (7%), geothermal energy (2%) and solar, tidal and wave energy 
(1%) (Karakaya et al. 2015) . The expansion of the renewable energy sources is bounded by 
the many challenges and difficulties.   
 

1.2	Challenges	with	renewable	energy	

One of the main challenges with converting to renewable energy sources is the cost. The term 
that is commonly used when discussing renewable energy sources is “grid parity”. A 
renewable energy source reaches grid parity when the cost per kWh (kilowatt-hour) of the 
energy generated is less or equal compared to conventional energy sources like fossil fuel. At 
this point, it is said the energy is produced at a “levelized cost of energy”, why this concept is 
of great importance when analyzing the cost competitiveness of different renewable energy 
sources (Baziliana et al, 2013; Falko, Lion, Gunnar, & Ottmar, 2013; K. Brankera, Pathaka, & 
Pearcea, 2011). There is extensive research regarding if, how and when different countries 
and renewable energy sources will reach grid parity. A study made by the investment bank 
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Deutsche Bank predicts that the renewable energy source solar photovoltaic (PV) systems will 
reach grid parity in up to 80% of the global market within two years (Shah & Booream-Phelps 
2015). For the same technology, another report argues that 20 states in the US are already at 
grid parity and that 42 states are expected to reach grid parity by 2020 (Honeyman 
2016).  However, the concept of grid parity is complex and one needs to take into account that 
there is no particular moment that a technology will reach grid parity worldwide. If grid parity 
is reached depends on the context in which the technology is used. Examples of variables that 
the levelized cost of energy depends on are location, solar irradiance, efficiency, electricity 
tariff rates, interest rates and installation costs. Moreover, the concept of grid parity depends 
on if it is calculated from the perspective of a utility or a retail customer (Denholm et al. 
2009). 
 
Another essential challenge of renewable energy sources is intermittency, which means that 
the electricity generated is not continuously available due to some factors beyond direct 
control (Next Generation Hydro n.d.). Different technologies for storage of energy have and 
are being developed, but the technologies still face problems with energy losses and high 
costs (Fridley 2010; Doner 2007).  A consequence of the intermittency is that renewable 
energy sources, when connected to the grid, result in difficulties in keeping the balance 
between demand and supply (Fares 2015).  
 
The factors cost and intermittency are not only of importance for the implementation of 
renewable energy technologies in general, but are also of specific relevance for residential 
customers that consider investing in renewable energy system. How cost, intermittency and 
other barriers might prevent residential customers from investing in renewable energy 
systems is discussed in section 1.6.   
 

1.3	Renewable	energy	in	Sri	Lanka	

Sri Lanka is an island south of India that is surrounded on all sides by the Indian Ocean. Sri 
Lanka’s geo-climatic conditions have given the country many possibilities for renewable 
energy sources. For example, the heavy rainfall that Sri Lanka receives from the southwest 
and northeast monsoons sources the river system and makes hydropower generation viable. 
Together with other bioclimatic conditions, the rain has also resulted in high plant density, 
making biomass available in plenty. Hydropower and biomass are the two most widely used 
renewable energy sources in Sri Lanka. Hydro power has been developed over a long period 
of time and the country’s power sector is heavily dependent upon the energy resource (Sri 
Lanka Sustainable Energy Authority 2010b). The usage of biomass is on the other hand 
concentrated to cooking purposes in the domestic sector. The concept of using biomass to 
generate electricity is, however, currently being exploited and holds much promise (Sri Lanka 
Sustainable Energy Authority 2010a). Moreover, Sri Lanka’s geographic location coupled 
with the high temperature have resulted in strong winds and a possibility of developing wind 
power. Lastly, being situated close to the equator, Sri Lanka receives supply of solar 
irradiation all year round, resulting in a significant potential for solar energy. Solar and wind 
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energy have not yet been implemented widely since the technologies are perceived as 
immature and economically infeasible, but are under development (Sri Lanka Sustainable 
Energy Authority 2010b). 
 
The electricity generation mix for 2015 in Sri Lanka is shown in Figure 1. The share of each 
energy sources is given as a percentage of the total generation on 12.878 GWh. In the Figure, 
the generation from Mini Hydro, Solar and Biomass power plants during November and 
December have not been included (Public Utilities Commission of Sri Lanka 2015a). Ceylon 
Electricity Board, CEB, is one of the two state sector institutions that currently dominate the 
electricity supply industry (Ministry of Power and Energy 2008). 
 

 
Figure 1: Electricity generation mix 2015 (Public Utilities Commission of Sri Lanka 2015a) 

1.4	Economic	and	social	development	in	Sri	Lanka	

During the last decades, Sri Lanka has suffered from both civil war and natural catastrophes. 
Between 1983 and 2009, the Sri Lankan government fought the Liberation Tigers of Tamil 
Eelam and in 2004, the tsunami hit the island. Today, the country is however experiencing 
strong economic growth due to an ambitious governmental program of economic 
development projects and increasing tourism (Central Intelligence Agency 2016). In 2012, Sri 
Lanka also scored 0.7151 on the Human Development Index. The score placed Sri Lanka at 
position 92 out of 187 countries and for the first time, Sri Lanka was placed in the high 
human development category (United Nations Development Programme 2012). The Human 
Development Index, measures, on a scale zero to one, a country's average results on three 
essential areas: life expectancy, education and income (Globalis 2016). Due to the economic 
and social development, Sri Lanka’s total energy demand is expected to increase to 
approximately 174,45 GWh by 2020 and the annual growth rate is estimated to 3% (Ministry 
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of Power and Energy 2008). In Figure 2, the current share of households in each electricity 
consumption category is presented.  

 
 

 
Figure 2: Share of households in each monthly  electricity consumption category (Public 

Utilities Commission of Sri Lanka 2012a) 

1.5	Energy	challenges	in	Sri	Lanka	

When it comes to meeting the increasing energy demand, Sri Lanka faces numerous 
challenges. In the near future, the hydro electricity production and biomass-based energy 
supplies are only expected to grow marginally. The reasons are that further exploitation of the 
remaining hydro sites lacks economic viability and because the use of biomass is limited by 
the increased standard of living (Ministry of Power and Energy 2008). For these reasons, it is 
of great importance for Sri Lanka to develop the so called non-conventional renewable 
energies (NCREs), which are renewable energies that have not yet been used in the 
conventional grid power generation (Sri Lanka Sustainable Energy Authority 2010b). 
According to the Long Term Generation Plan published by CEB, the NCRE energy share is 
estimated to reach 20% in 2020. While the NCRE development was initiated by CEB, the 
private sector is the driving force of the development (Ceylon Electricity Board 2015). One 
initiative, taken by CEB in 2010, is to allow households to connect residential renewable 
energy systems to the grid (Public Utilities Commission of Sri Lanka 2015b), thereby giving 
households the opportunity to contribute to energy production for renewable energy sources. 
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1.6	Barriers	for	investing	in	residential	renewable	energy	systems	
from	a	residential	perspective	

Although renewable energy technologies might exist, studies show that there are several other 
barriers that need to be overcome before a household converts to renewable energy sources. 
One study suggests that the barriers could be divided into four categories: technical, 
economic, social and political barriers (Zhang et al. 2012). In addition, there are studies that 
stress the fact that renewable energy sources are technical innovations and that barriers related 
to the innovation decision process also exist. 

1.6.1	Technical	barriers	

Because renewable energy sources are intermittent, one major technical barrier of renewable 
energy systems is the reliability of the energy source (Kodituwakku & Dayaratna 2015). The 
reliability of renewable energy systems can however be increased through supplementing the 
system with energy storage solutions (The Parliamentary Office of Science and Technology 
2014). Technical barriers with storage systems are energy capacity required, space needed in 
the house for the system and high initial cost (Doner 2007). Furthermore, other examples of 
technical barriers related to renewable energy systems are inadequate installation space, 
structural problems with existing buildings and service infrastructure (Zhang & Wu 2012). 
Lastly, a Chinese study on barriers on renewable energy concluded that more than 50% of the 
respondents thought that the properties of the equipment is not suitable for the customer’s 
need and that other common barriers related to operation of the system are usability and 
maintenance (Hast et al. 2015).  

1.6.2	Political	barriers	

In addition to technological barriers, there are political barriers that can prevent households 
from investing in renewable energy sources. Many studies on political barriers put emphasis 
on the role of policymakers, suggesting that stakeholders and communities need to make 
policies and participate in energy choices  (Zhang et al. 2012; Kodituwakku & Dayaratna 
2015). Other examples of political barriers are lack of governmental financial support, 
governmental disinterest in renewable energy sources and deficient government spending on 
research, development and information about renewable technologies (Doner 2007).  

1.6.3	Social	barriers	

Moreover, numerous social barriers prevent households from adopting renewable energy 
technologies. A principal factor for a customer to switch to green electricity is a positive 
environmental attitude and a belief in the future potential of the renewable energy (Salmela & 
Varho 2006; Nomura & Akai 2004). A customer’s environmental attitude and the beliefs of 
the potential of the product could be related to what knowledge the customer has about the 
product and some studies suggest that a possible barrier is lack of knowledge about the 
principles of the electricity supply and renewable technologies (Salmela & Varho 2006). 
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Customers are in particular lacking information about the durability, lifespan of the system 
and how much renewable technologies could reduce carbon dioxide emissions. A 
consequence of the lack of information is that people think that it requires a lot of work and 
knowledge to change to a renewable energy system (Kodituwakku & Dayaratna 2015). 
Another social barrier is the lack of trust for energy companies’ morals or goals in 
environmental issues. Moreover, humans are affected by the opinions of others and therefore 
it is argued that a social barrier is the popularity of renewable energy and the maturity of the 
solar power market (Kodituwakku & Dayaratna 2015). Finally, a social barrier is resistance to 
change, which could be overcome by incentives by legislation and regulations (Zhang & Wu 
2012). 

1.6.4	Economic	barriers	

Several studies argue that economical barriers play a vital role when it comes to adopting 
renewable energy systems. A study that conducted a survey on the barriers of renewable 
energy, concluded that 62.5% of the respondents believed that cost was the most significant 
barrier of all (Nomura & Akai 2004). Other studies also argue that the probability of adopting 
the technology would be heavily affected if the technology would be cost competitive 
(Kodituwakku & Dayaratna 2015; Islam 2014). In addition to these studies, the importance of 
the concepts grid parity and levelized cost of electricity when analyzing the cost 
competitiveness of renewable technologies is stressed in the section 1.2, why these concepts 
need to be taken into consideration when evaluating possible economical barriers. Additional 
economic barriers that studies suggest are high capital cost due to initial cost and repair costs 
(Rüthera & Zilles 2011; Parker 2008) and long payback period (Zhang et al. 2012).  
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1.6.5	Barriers	related	to	the	innovation	decision	process	

According to the “Diffusion of Innovations theory”, a customer needs to gain knowledge 
about the innovation and form a favorable or unfavorable attitude towards the product before 
the person can decide to adopt or reject the innovation. When forming an attitude towards the 
product, the following five attributes, as perceived by the individual, are argued to be of great 
importance: relative advantage, compatibility, complexity, trialability and observability 
(Rogers 1983). In Table 1, the attributes of innovations are described.  
 
Table 1: Attributes of innovations (Rogers 1983) 

 
Because the attributes impact the household’s attitude towards the product, they together with 
gaining knowledge about the innovation, serve as barriers for adopting the innovation.  

1.7	Purpose	

The purpose of this study is to increase the understanding of two of the barriers that prevent 
Sri Lankan households from investing in grid-connected PV systems: cost competitiveness 
and payback period. These barriers were chosen since several studies stressed their 
importance. By increasing the understanding of the grid-connected PV system and its barriers, 
the study contributes to the research on whether grid-connected PV systems provide a 
renewable energy solution to the energy generation challenges of Sri Lanka. At the same time, 
this study facilitates potential investor’s evaluation of the system. 

Attribute	 Description	

Relative	advantage	 An	innovation	has	relative	advantage	if	it	is	
perceived	to	be	better	than	the	technology	
it	replaces.	Relative	advantage	is	often	
measured	in	economic	terms	but	could	also	
include	factors	as	social-prestige,	
convenience	and	satisfaction.	

Compatibility	 An	innovation	is	compatible	if	it	is	
compatible	with	the	values,	norms,	earlier	
experiences	and	needs	of	the	potential	
adopters.		

Complexity	 The	innovations	complexity	depends	on	if	it	
is	perceived	to	be	understandable	and	
usable	

Trialability	 The	trialability	depends	on	whether	the	
innovation	can	be	tested	during	a	limited	
period	of	time	

Observability	 If	an	innovation	is	observable,	the	results	of	
the	innovation	are	clearly	visible	
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1.8	Research	questions	

In order to fulfill the purpose, the following research questions will be answered:  
 

• Is a grid-connected PV system installed in a Sri Lankan household cost competitive? 
What is the payback period? 

• What electricity consumption does the Sri Lankan household need for the grid-
connected PV system to be cost competitive and for the household’s requirements on 
payback period to be fulfilled?  

 

1.9	Limitations	

As mentioned above, the study will only be focusing on two of the found financial barriers: 
cost competitiveness and payback period. Therefore, barriers related to the following areas, 
will be excluded from the study: 

o Technical 
o Political 
o Social 
o Innovation decision process 

 
The study is also limited to evaluating the grid-connected PV system’s potential from a 
household’s perspective. When evaluating how barriers differ from households to households, 
the study is limited to analyzing how different electricity consumptions affect the barriers cost 
competitiveness and payback period. The study will not investigate other parameters that 
might affect cost competitiveness and payback or the household’s perception of the two 
barriers, but will assume that cost competitiveness and payback period are barriers that all 
households find relevant. This might not be true; some households might invest in the system 
even though the system is not cost competitive or does not meet the requirements on payback 
period. For example, a study on payback period concluded that 30% avoid using the payback 
rule, since they do not find calculating the payback period relevant or since they lack 
knowledge of how to calculate it (Ebers & Wustenhagen 2015; E. Moula et al. 2013). It could 
therefore be argued that the barrier payback period does not exist for these households. 
 
The case study that will be conducted in the study will only consider the solar PV system and 
components for grid-connection and net metering that the company JLanka provides. When 
determining the required electricity, the analysis will be based on the data and assumptions 
made in the case study and not of statistical data.  
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2.	Method	
The research questions were answered through conducting a case study and an electricity 
consumption analysis. In both cases, a sensitivity analysis was performed. Moreover, the 
results of the case study and electricity consumption analysis were compared to the results 
from a literature review.  

2.1	Case	study	

In order to determine the cost competitiveness and payback period of a grid-connected PV 
system installed in a Sri Lankan household, a case study was conducted. The result of the case 
study was compared to what literature suggested about cost competitiveness and payback 
period of a grid-connected PV system. Furthermore, the case study yielded a model for 
determining the cost competitiveness and payback period for a specific household that could 
be used in the electricity consumption analysis.  
 
The system that was evaluated in the case study was installed at a household’s roof in 
Peradeniya, Sri Lanka. Two factors that affected the cost competitiveness and payback period 
of the system were the energy consumption of the household and the capacity of the system 
installed. Since the household’s electricity consumption recently increased heavily due to the 
purchase of an electric vehicle, it was relevant not only to analyze the cost competitiveness 
and the payback period with the new, higher electricity consumption, but also to analyze with 
regards to the prior, the lower, energy consumption. The household was also considering 
increasing the capacity of the system, measured in kW (kilowatts), through adding more 
panels, why it was relevant that the case study included an analysis of how the results varied 
if another capacity, corresponding to a larger number of solar panels, was to be installed. 
Combining the variations in consumption and capacity led to six different scenarios that were 
evaluated. The possible variations in consumption and capacity are presented in Table 2.  
 
Table 2: Scenarios that were evaluated in the case study 

Variable	 Possible	variations	 	
Electricity	
consumption	

Low	energy	
consumption	

Corresponding	to	the	household’s	earlier	electricity	
consumption	
	

High	electricity	
consumption	

Corresponding	to	the	household’s	new	electricity	
consumption	after	having	purchased	the	electric	
vehicle	

Capacity	of	the	
system	

2	kW	 Corresponding	to	8	solar	panels	
	

3	kW	 Corresponding	to	12	solar	panels	
	

4	kW	 Corresponding	to	16	solar	panels	
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The procedure of the case study is described in Table 3. 
 
Table 3: Method of case study 

Method	 Description	
Interviews	 Interviews	with	the	owner	of	the	grid-connected	PV	system	were	conducted	

in	order	to	get	an	understanding	of	the	system.	The	name	of	the	interviewee	
was	Dr.	Pujitha	Dissanayaka,	senior	lecturer	at	the	University	of	Peradeniya,	
Sri	Lanka.		

Data	
collection	

Data	was	collected	from	online	services	that	were	available	to	the	owner.	

Data	
processing	

To	be	able	to	use	the	data	in	the	cost	analysis,	assumptions	and	calculations	
were	made.	The	data	and	calculations	were	processed	in	Microsoft	Excel.		

Cost	
analysis	

A	cost	analysis	was	done	in	order	to	determine	the	cost	competitiveness	and	
the	payback	period.	The	Levelized	cost	of	electricity,	LCOE,	was	calculated	and	
compared	for	different	systems	in	order	to	evaluate	the	cost	competitiveness	
and	the	simple	payback	period	was	used	to	calculate	the	payback	period.	

Sensitivity	
analysis	

A	sensitivity	analysis	was	conducted	where	the	parameters	which	were	most	
likely	to	have	large	impact	on	the	cost	competitiveness	and	payback	period	
were	taken	into	consideration.	The	chosen	parameters	were	electricity	rates	
and	discount	rate.	The	sensitivity	analysis	showed	how	sensitive	the	cost	
competitiveness	and	payback	period	were	to	variations	in	the	chosen	
parameters.	

2.2	Electricity	consumption	analysis	

In order to determine what monthly electricity consumption was needed for the system to be 
cost competitive and for the household’s requirements on payback to be met, an electricity 
consumption analysis based on the model achieved from the case study was conducted.  
 
With the model yielded from the case study, the cost competitiveness and the payback period 
of a household with a certain monthly electricity consumption could be calculated. In order to 
assess whether the household’s requirements on payback period was fulfilled with regards to 
a specific monthly electricity consumption, the payback period needed to be compared to the 
payback period that Sri Lankan households were expected to find acceptable. The acceptable 
payback period was determined by analyzing what payback period the household of the case 
study found acceptable, assuming that all other Sri Lankan households would find the derived 
payback period acceptable too. The acceptable payback period of the household in the case 
study was found by comparing the payback period of the system that the household invested 
in with the payback period of a system that the household was reluctant to investing in.  
 
To be able to find what monthly electricity consumption was needed for the system to be cost 
competitive and for the requirements on payback to be met, an analysis of how the monthly 
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electricity consumption affects cost competitiveness and payback period was needed. 
Thereafter, the monthly electricity consumption could be found through using the add-in 
program Microsoft Excel Solver. With Solver, the optimal value of a formula cell, given 
certain constraints on the values on other cells, could be found (Microsoft 2016).  
 
To evaluate how sensitive the result on the monthly electricity consumption needed was to 
changes in input variables, a sensitivity analysis was conducted. In the sensitivity analysis, the 
parameters which were most likely to have impact on the monthly electricity consumption 
needed were taken into consideration. The chosen parameters were electricity rates, discount 
rate and acceptable payback period. The sensitivity analysis resulted in a span in which it was 
possible for the required monthly electricity consumption to vary. The span was presented in 
absolute values and not in percentage to facilitate the analysis from a household’s perspective. 

2.3	Literature	review		

To be able to validate the results from the case study and the electricity consumption analysis, 
a literature review was conducted. The literature review aimed to determine what payback 
period could be expected in the six different scenarios of the case study and if the scenarios 
would be cost competitive. Further aims were to determine what monthly electricity 
consumption is needed for cost competitiveness, how payback period depends on monthly 
electricity consumption and what payback period Sri Lankan households find acceptable. 
 
A problem that was encountered when searching for literature regarding what payback period 
households find acceptable, was that there were no studies discussing Sri Lankan households. 
There was also a lack of studies discussing what payback Sri Lankan household’s find 
acceptable when investing in related products, why the focus of the literature review changed 
to searching for studies from other countries.  
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3.	Grid-connected	PV	systems	and	net	metering	

3.1	Grid-connected	PV	systems	and	policies	for	implementation	

A grid-connected PV system consists of solar panels, an inverter and electricity meters. The 
photovoltaic cells convert the sunlight to direct current (DC) electricity. Thereafter, the 
inverter converts the current to alternating current (AC) electricity and synchronizes it with 
the grid so it is compatible with the grid’s AC. The produced electricity is used for home 
appliances and excess electricity that is not used by the household is fed back to the grid. If 
the household’s consumption exceeds the production of the system, electricity is taken from 
the grid (Public Utilities Commission of Sri Lanka 2015b). The common policies that 
contribute to making it more favorable for electricity customers to implement the technology 
are “feed-in-tariff” and “net metering” (Energy Informative 2014) and the benefits for the 
electricity customer depend on the existing policy. Under feed-in-tariff policy customers get 
financially compensated for every unit of excess electricity fed back to the grid and under the 
policy of net metering customers receive the excess energy that they feed back to the grid as 
credit. In addition, it is also common that government financially supports investment in PV 
equipment (Focacci 2009). In Figure 3, a grid-connected PV system implemented with feed-
in-tariff is illustrated. The focus of this study was net metering, since that was the policy 
adopted in Sri Lanka. 
 

Figure 3: Illustration of a grid-connected PV system (Auric Solar 2016) 
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Technically, any renewable energy sources can be used together with net metering, but 
because of a smaller space requirement and low requirements on operation and maintenance, 
the most practical solution is to connect a PV system (Sri Lanka Sustainable Energy Authority 
2010c). How the grid-connected PV system operates under the policy of net metering differs 
depending on the amount of electricity that the household consumes and the PV system 
generates. In Table 4, the three different states that have been identified are described.  
 
Table 4: The three states of net metering (Beach & McGuire 2012) 

State	 Description	
The	retail	customer	state	 During	the	hours	when	there	is	no	sunlight,	

there	is	no	electricity	generation	and	the	
customer	imports	all	electricity	that	is	
consumed	from	the	grid.		

The	energy	efficient	state	 As	soon	as	there	is	sunlight,	the	PV	system	
generates	electricity	which	first	and	
foremost	is	used	on-site.	If	the	electricity	
consumption	of	the	household	exceeds	the	
electricity	generated,	the	consumer	imports	
additional	electricity	from	the	grid.	

The	power	export	state	 If	the	electricity	generated	exceeds	the	
consumption	of	the	household,	the	excess	
electricity	is	fed	back	to	the	grid.	A	meter	
measures	the	energy	exported	and	the	
consumer	is	provided	credits	that	later	can	
be	netted	against	imported	electricity.								
 								

  
In Figure 4, an example of an electricity profile together with an illustration of the three states 
is shown. 
 

	

	

	

	

	

Figure 4: The three states of net metering (Beach & McGuire 2012) 
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3.2	Grid-connected	PV	systems	and	resource	efficient	production	

In comparison to off-grid PV systems, grid-connected PV systems together with the policy of 
net metering offer a much more resource efficient energy production. To be able to utilize the 
excess electricity that is generated in an off-grid system, a storage solution, that currently is 
extremely costly, is needed. From this follows that excess electricity from an off-grid system 
is seldom utilized (Doner 2007). In grid-connected PV systems, the excess electricity is 
instead fed back to the grid, giving the customer and other people the opportunity to make use 
of the electricity that otherwise would have been wasted. The act of feeding the electricity 
back to the grid also contributes to a more resource efficient energy production since it 
increases the share of renewables in the energy generation mix. 

3.3	Net	metering	in	Sri	Lanka	

Net metering was approved by the Sri Lankan government in 2008, making it possible for all 
electricity customers in Sri Lanka to contribute to renewable electricity production. At that 
time, Sri Lanka was among the first developing countries to introduce net metering (Public 
Utilities Commission of Sri Lanka 2015b). Ceylon Electricity Board (CEB) and Lanka 
Electricity Company (Pvt.) Ltd. (LECO), the two state sector institutions that dominate the 
electricity supply industry in Sri Lanka (Ministry of Power and Energy 2008) introduced net 
metering in 2010. Since net metering systems were introduced, the numbers of connections 
have grown rapidly. In April 2014, there were 1041 connections with a total capacity of 6.1 
MW (Public Utilities Commission of Sri Lanka 2015b). The number of net metering 
customers is expected to grow tenfold from 2013 to 2030 (Ceylon Electricity Board 2015).   
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4.	Case	study	
The case study was conducted 29th of February to 25th of April 2016 in the household of the 
Dissanayake’s. The family consisted of two adults and three children and the house, situated 
in Peradeniya, Sri Lanka, had two stories. The household mainly used electricity for electric 
equipment like rice cooker, speakers, washing machine, lightning, fridge, freezer, air 
conditioner etc. Electricity was however not used for water heating purposes, since the 
household had a solar hot water system. The capacity of the solar hot water system was 
usually enough for covering the demand of the household and electric water warm up very 
seldom occurred. Before the household invested in the grid-connected PV system, the solution 
the household had for electricity supply was taking electricity from the grid. The electricity 
was supplied by CEB (Dissanayake 2016).  
 
The grid-connected PV system that the case study evaluated was installed in the named 
household on the 28th of December 2015. The household chose to install 8 solar panels at a 
permanent angle of 73 degrees on a roof facing south, see Appendix 1 for a picture of the 
system. The company that provided and installed the system was JLanka. The system 
installed was the smallest grid-connected PV system that JLanka offered to its customers with 
a capacity of 2 kW. The system could be expanded through adding additional 4 or 8 panels, 
resulting in a capacity of 3 kW and 4 kW respectively. 16 solar panels were however the 
maximum number allowed, since 4 kW was the limit of the inverter. The cost for each 
additional panel was 50 000 LKR1, while installation of the additional panels was included in 
the initial cost of 600 000 LKR (Dissanayake 2016).  
 
After installing the 2 kW system, the household started to consider increasing the capacity of 
the system by adding more panels, assuming this would improve cost competitiveness and 
payback period (Dissanayake 2016). During this case study, it was therefore of high relevance 
to evaluate the cost competitiveness and payback period of the higher capacities as well. At 
the same time as investing in the grid-connected PV system, the household also invested in an 
electric vehicle, assuming the investment coupled with the investment in the grid-connected 
PV system would lower the total cost of the household (Dissanayake 2016). The electric car 
increased the electricity consumption heavily, more than doubling the monthly electricity 
consumption of the household. It was therefore relevant not only to evaluate the cost 
competitiveness and payback period with the new, higher monthly electricity consumption, 
but also with the prior, low monthly energy consumption. As explained earlier, the possible 
variations led to six different scenarios that were evaluated.  

 	

                                                
1 On the 8th of May 2016, 1 LKR (Sri Lankan Rupee), equaled 0.0069 USD, and 0.056 SEK.  
(XE 2016) 
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5.	Models	
In this chapter, the models for calculating the levelized cost of energy (LCOE) and the simple 
payback period (SPB) and for conducting a sensitivity analysis are described. Thereafter, a 
description of how the models for calculating the levelized cost of energy and simple payback 
period were implemented will be given. The data assumptions and calculations that were 
relevant for the cost analysis of the case study are also presented. Finally, the assumptions 
needed for conducting sensivitiy analyses on both the results of the case study and the result 
of the monthly electricity consumption analysis are described.  

5.1	Description	of	models	

5.1.1	Levelized	cost	of	energy	

The LCOE is calculated by dividing the total life-cycle cost (TLCC) of the technology by the 
energy output. The analysis of cost competitiveness of different power generating 
technologies is perfomed by comparing the LCOE of the different technologies (K. Brankera 
et al. 2011). If a technology has lower LCOE, it is cost competitive. The LCOE is calculated 
from the following formula:  

 

𝐿𝐶𝑂𝐸 =
𝑇𝐿𝐶𝐶

𝑄(
1 + 𝑑 (

,
-

																																																																																														(1)	 

Where: 

𝑇𝐿𝐶𝐶  = present value of total life-cycle cost 
𝑄( = energy output in year 𝑛 
d = discount rate 
𝑁 = number of years of analysis period 

 
TLCC is calculated through discounting all the costs related to owning an asset to the present 
value (Short et al. 1995). Examples of system costs that need to be accounted for when 
calculating the total life-cycle cost are initial investment cost, eventual maintenance costs and 
backup power costs. Generally, the following formula is used: 
 

𝑇𝐿𝐶𝐶 =
𝐶(

1 + 𝑑 (

,

-

																																																																																															(2) 

 
Where: 

𝐶( = cost in year 𝑛 
d = discount rate 
𝑁 = number of years in analysis period 
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Income taxes are not considered in the formula since residential customers are assumed not to 
make investments to generate taxable profit but to benefit from the service provided by the 
investment (Short et al. 1995). 

5.1.2	Simple	payback		

The simple payback (SPB) calculates the minimum number of years required for the sum of 
non-discounted annual cash flows to equal or exceed the non-discounted investment cost. 
Since the model is easily understood and the calculations are simple, the simple payback is a 
popular tool for economic evaluation (Short et al. 1995). A study from Germany concluded 
that a simple estimation of the payback time is the most popular method to judge an 
investment, used by 42% of the respondents (Ebers & Wustenhagen 2015).  
 
One of the disadvantages of the simple payback method is that it does not take the cash flows 
after payback into account. The method is therefore not recommended to be used when 
ranking different projects. Furthermore, the method doesn’t take the time value of money into 
account, thereby implying that the investor has no opportunity costs (Short et al. 1995). 
 
An alternative method for calculating the payback period is the discounted payback period. In 
contrast to the simple payback period, the discounted payback period takes the times value 
into account (Short et al. 1995). In this study, it was however irrelevant to evaluate the 
discounted payback period. The reason why is because it, due to the popularity of the simple 
payback method, could be assumed that it is the simple payback that customers refer to when 
being asked about acceptable payback period. From this follows, that a comparison between 
discounted payback and the acceptable payback of the household cannot be made, resulting in 
a lack of relevance in evaluating the discounted payback period.  

5.1.3	Sensitivity	analysis	

Uncertainty and variability are two important concepts: a variable or parameter can be 
uncertain if it cannot be decided perfectly, but it can also vary across groups or populations 
(Short et al. 1995). A sensitivity analysis evaluates how the output varies if input variables 
fluctuate, clearly showing how sensitive the model is to variations or uncertainties of input 
variables. Conducting a sensitivity analysis will indicate if the result is robust to the 
assumptions that were made in order to obtain the result and therefore the analysis helps to 
assess risk (Higgins & Green 2011). There are different ways of conducting a sensitivity 
analysis and this study chose the one-at-a-time (OAT) technique. The analysis consists of the 
following steps (Jovanovic 1999): 

• Defining which parameters affects the output. 
• Identifying which parameters are most likely to have large impact of the output. 
• Determining the interval, which the parameter is expected to move within. 
• Analyzing the effect on the output of the model when changing one parameter at a 

time, while keeping the other parameters fixed. 
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5.2	Implementing	the	models	Levelized	cost	of	energy	and	Simple	
payback	method	

5.2.1	Implementing	the	model	Levelized	cost	of	energy 
To be able to assess the cost competitiveness of grid-connected PV systems, it was necessary 
to compare the LCOE of taking electricity from the grid with the LCOE that the different 
grid-connected PV systems would yield. In this section, how the LCOEs of taking electricity 
from the grid and of grid-connected PV systems are determined is described.  
 
As described in section 5.1.1, the LCOE divides the total life-cycle cost with the energy 
output of a certain solution for electricity supply. When calculating the LCOE for a grid-
connected PV system under the net metering policy, it was assumed that the energy output of 
the system included both the energy produced by the PV system and the additional energy 
that still needed to be taken from the grid. The energy produced and the energy taken from the 
grid together made up the total consumption of the household, why this term could be used 
instead of energy output. That the energy output equaled the total consumption also held true 
when evaluating the LCOE for taking electricity from the grid, why the following formula 
always could always be used:   
 

𝐿𝐶𝑂𝐸 =
𝑇𝐿𝐶𝐶

𝑄(
1 + 𝑑 (

,
-

																																																																																														(3) 

Where: 

𝑇𝐿𝐶𝐶  = present value of total life-cycle cost 
𝑄( = energy consumption in month 𝑛 
𝑑 = discount rate 
𝑁 = number of months during analysis period 
 

The costs that made up the TLCC for taking electricity from the grid were the monthly 
electricity costs, which could be determined by multiplying the monthly consumption with the 
price. Thus, the formula for calculating the TLCC for taking electricity from the grid was: 
 

𝑇𝐿𝐶𝐶 =
𝑄( ∗ 𝑝
1 + 𝑑 (

,

-

																																																																																															(4)		 

 
Where: 

𝑄( = energy consumption in month 𝑛 
𝑝 = electricity rate 
𝑑 = discount rate 
𝑁 = number of months during analysis period 
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Since the life-cycle of grid-connected PV systems was assumed to be 25 years, which is 
equivalent to 300 months, the same life-cycle was used when calculating the LCOE for taking 
electricity from the grid. 
 
In this study, it was assumed that the only costs that made up the TLCC for a grid-connected 
PV system were the initial investment and the cost for the electricity taken from the grid. 
Operation and maintenance costs were assumed to be negligible, since JLanka stated that only 
minimal maintenance, like cleaning the solar panels of debris and removing anything that 
could block the sun, was required. Components that need regular inspection by professionals 
were scheduled to be maintained and serviced every four months, free of charge (JLanka 
2016a). Furthermore, it was assumed that the grid-connected PV system had no residual value 
and that there was no cost for removal.  
 
How the monthly cost for the electricity taken from the grid was calculated depended on 
which of the following two scenarios was present:  

1. During all months of a certain year, the monthly consumption exceeded the monthly 
production, which resulted in positive monthly net values that the household was 
charged for. 

2. During all or some months of a certain year, the monthly production exceeded the 
monthly consumption, which resulted in negative monthly net values that the 
household received as credit. 

 
If the consumption exceeded the electricity generated, the first case, the monthly cost for 
electricity was calculated through taking the difference between the household’s consumption 
and the electricity generated and multiplying it by the electricity rates. Thereafter, the 
monthly cost was discounted and the TLCC could be calculated by the following formula: 
 

𝑇𝐿𝐶𝐶 = 									
(𝑄( − 𝑃() ∗ 𝑝

1 + 𝑑 (

,

-

			+ 𝐼																																																																										(5) 

 
Where: 

𝑄( = energy consumption in month 𝑛 
𝑃( = energy production in month 𝑛 
𝑝 = electricity rate 
𝑑 = discount rate 
𝑁 = number of months during analysis period 
𝐼 = initial investment 

 
If the monthly production sometimes exceeded the consumption, it was assumed that the 
credit could only be used within the same year. The monthly electricity cost was then 
calculated through first calculating the average monthly net value of the year and then 
calculating the cost of this average monthly net value. This was implemented through writing 
a macro in Microsoft Excel. For the VBA code see Appendix 2.  
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To determine the LCOE and TLCC from the data collected in the Microsoft Excel sheet, the 
built-in net present value function was used.   

5.2.2	Implementing	the	model	simple	payback		

In this study, the payback period was determined through calculating how many years it takes 
until the monthly savings equal the initial investment. The monthly savings were calculated 
by taking the difference between the household’s monthly cost for electricity before investing 
in the system and after. The monthly cost for electricity before the investment was calculated 
through multiplying the consumption by the electricity rates. After the investment, the 
monthly cost for electricity depended on if the monthly production exceeded the monthly 
consumption or vice versa. If the consumption exceeded the production, the monthly cost for 
electricity after the investment was calculated by taking the difference between the 
consumption and the production and multiplying it by the price, as can be seen in equation 6. 
 
𝑠( = 	𝑄( ∗ 𝑝- − (𝑄( − 𝑃() ∗ 𝑝=																																																																																														(6)  
 
Where: 

𝑠( = savings in month 𝑛 
𝑄( = energy consumption in month 𝑛 
𝑃( = energy production in month 𝑛 
𝑝- = electricity rate if 𝑄( units are taken from the grid 
𝑝= = electricity rate if 𝑄( − 𝑃( units are taken from the grid 

 
However, if the production exceeded the consumption, the calculation of monthly electricity 
cost needed to take the acquired credits into account, as described in section 5.2.1. 
 
To determine the payback period from the data collected in the Excel sheet, a macro was 
written. For the VBA code, see Appendix 3.   

5.3	Data,	assumptions	and	calculations	needed	for	the	Levelized	
cost	of	energy	and	Simple	payback	

In this section the data, assumptions and calculations needed for the cost analysis are 
presented. In addition, it is explained how some of the data is processed in order to be in 
correct units for the equations. The method for how acquired credits are taken into account 
when estimating the monthly electricity cost is also described. The data is presented in the 
following order; electricity rates, monthly production, monthly electricity consumption and 
monthly electricity cost. 

5.3.1	Electricity	rates	

In Sri Lanka, heavy electricity consumers were charged higher prices in order to subsidize 
lower prices for the poor (Public Utilities Commission of Sri Lanka 2015a). If the monthly 
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consumption was above 60 kWh, the following rates applied for consumption for domestic 
purposes: 
 
Table 5: CEB electricity rates for a household with a monthly consumption above 60 kWh 

Monthly	
consumption	
(kWh)	

Unit	charge	
(LKR/kWh)	

Fixed	charge	
(LKR)	

0-60	 7.85	 N/A	
61-90	 10.00	 90.00	
91-120	 27.75	 480.00	
121-180	 32.00	 480.00	
>	180	 45.00	 540.00	
 
As can be seen in Table 5, the rates did not only depend on the number of kWh, but also on 
the rate of consumption. The rates were defined for a 30-day billing period. If the meter 
readings were taken in 28 days instead of 30, the first block changed to 0-56 and other blocks 
changed similarly. Fixed rates did not change. If the monthly consumption was below 60 
kWh, the following rates applied:  
 
Table 6: CEB electricity rates for a household with a monthly consumption below 60 kWh 

Monthly	
consumption	
(kWh)	

Unit	charge	
(LKR/kWh)	

Fixed	charge	
(LKR)	

0-30	 2.50	 30.00	
31-60	 4.85	 60.00	
 
To be able to determine the price with regards to the monthly electricity consumption, a 
macro was written in Excel. For the VBA code, see Appendix 4.  

5.3.2	Estimating	the	monthly	electricity	production	

The monthly electricity production for the 2 kW grid-connected PV system was attained 
through taking the available data and estimating how the data would change within and 
between years. How data was collected and what estimations were made is described in detail 
below. As for the 3 kW and 4 kW systems, the production was calculated by multiplying the 
attained values for the 2 kW-system with a factor 1.5 and 2 respectively.  
 
The electricity production data was collected from the online service that JLanka offers to 
their customers. Through these online services, customers could get all information about 
their electricity production in real time. Since the household installed the system in the end of 
December, the only data available was the data from January, February and March. The 
figures from March were however not used in this study since they were heavily affected by 
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the power outages that re-occurred during the month. During power outages, power is not fed 
to the grid and the meter can therefore not record the production of the PV system. During 
March, the household also decided to increase the capacity of the system by adding more 
panels (Dissanayake 2016). For the production in January and February, see Appendix 5. 
 
When estimating the electricity production for the other months of the year, it was of great 
importance to take into consideration that Sri Lankan weather conditions, and thereby also 
solar irradiance, differed significantly between months. In this case study, the monthly 
changes were taken into account through calculating solar irradiance factors for different 
months. The factors were calculated through looking at solar irradiance tables of Kandy, a 
city located close to Peradeniya, which was assumed to have the same weather as Peradeniya. 
The tables presented the average solar irradiance based on 22 years of data (Solar Electricity 
Handbook 2016). It can be noted that the solar irradiance figures were based upon an angle of 
83 degrees. The angle of the solar panels in the case study was 73 degrees. The solar 
irradiance factors that show the differences in solar irradiance between months are however 
independent of the angle of the solar panel, why the solar irradiance factors can still be used. 
The monthly production was achieved by multiplying the average daily production of each 
month with the calculated solar irradiance factors and number of days of each month. In order 
to attain the most accurate monthly productions for a year, the calculations were done with 
both January and February as base values. Thereafter, the average of the monthly productions 
was determined. 
 
Table 7: Solar irradiance factors and average monthly production 

Month Solar	
irradiance	
(kWh/m2)/day	

Solar	irradiance	factor Monthly	production		
(kWh) 

Average	
monthly	
production	
(kWh) 

  With	Jan	
as	base	
value 

With	Feb	
as	base	
value 

With	Jan	
as	base	
value 

With	Feb	
as	base	
value 

 

Jan 5.12 1 0.88 306 264 285 
Feb 5.88 1.14 1.00 318 274 296 
March 5.95 1.16 1.01 356 307 331 
April 5.28 1.03 0.90 306 263 284 
May 5.03 0.98 0.86 301 259 280 
June 4.70 0.92 0.80 272 234 253 
July	 4.71	 0.92	 0.80	 282	 243	 262	
Aug	 4.77	 0.93	 0.81	 285	 246	 266	
Sep	 4.76	 0.93	 0.81	 276	 237	 256	
Oct	 4.72	 0.92	 0.80	 282	 243	 263	
Nov	 4.61	 0.90	 0.78	 267	 230	 248	
Dec	 4.70	 0.92	 0.80	 281	 242	 262	
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In addition to the changes in solar irradiance, it was also important to take into account that 
the production of the solar panels was likely to decline during the lifetime due to chemical 
reactions and exposure to the sun radiation (Vesterager Madsen n.d.). The metric 
“degradation rate” is a commonly used concept that quantifies the power decline and studies 
showed that the degradation rate was predicted to be 0,5% per year (Jordan & Kurtz 2012). 
Since lower efficiency would lessen the production and consequently the savings from the 
grid-connected PV system, it was important to take degradation rate into consideration to be 
able to evaluate the financial risk and calculate the LCOE and payback period. 
 
The above described assumptions and calculations resulted in the following production: 
 
Table 8: Monthly electricity production of 2 kW system for 25 years 

Month	 Monthly	
production	year	
1	
(kWh)	

Monthly	
production	year	
2	
(kWh)	

…	 Monthly	
production	year	
24	
(kWh)	

Monthly	
production	year	
25	
(kWh)	

January	 264	 263	 …	 235	 234	
February	 274	 272	 …	 244	 243	
March	 307	 305	 …	 273	 272	
April	 263	 262	 …	 235	 233	
May	 259	 258	 …	 231	 230	
June	 234	 233	 …	 209	 208	
July	 243	 242	 …	 216	 215	
August	 246	 244	 …	 219	 218	
September	 237	 236	 …	 212	 210	
October	 243	 242	 …	 217	 216	
November	 230	 229	 …	 205	 204	
December	 242	 241	 …	 216	 215	
 
As for the 3 kW and 4 kW systems, the production was assumed to increase with a factor 1.5 
and 2 respectively.  
 

5.3.3	Estimating	the	monthly	electricity	consumption	

To be able to decide the monthly electricity consumption that the household had before 
investing in the electric car, the bills from the household were collected. Since the billing 
period of the invoices varied, the average daily consumption of a specific bill was assumed to 
be the average daily consumption of the month that the bill, to largest extent, covered. 
Moreover, it was assumed that the average monthly consumption would remain the same in 
the future. The data from the bills that were used in the calculations can be found in Appendix 
6.  
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To decide the monthly electricity consumption when assuming the high energy consumption, 
the estimated monthly consumption of the car was added to each month. The car’s energy 
consumption was calculated through recording the battery percentage before each charging 
cycle during a time period of two months. The total capacity of the battery was 24 kWh. The 
average monthly consumption was calculated to be 270 kWh. However, in average only 260 
kWh of the consumption was charged from the household and the rest from outside charging 
stations. The driving pattern of the family did not vary much over the months, why the 
calculated value could be assumed to be a good average of the monthly consumption 
(Dissanayake 2016). In Table 8, the monthly electricity consumption for both a low and a 
high electricity consumption are presented.  
 
Table 9: Monthly electricity consumption 

Month	 Electricity	
consumed	
(kWh)	

	 Low	electricity	
consumption	

High	electricity	
consumption	

Jan	 232	 492	
February	 182	 442	
March	 217	 477	
April	 291	 551	
May	 194	 454	
June	 306	 566	
July	 229	 449	

August	 262	 522	
September	 169	 429	
October	 230	 490	
November	 185	 445	
December	 200	 460	
 

5.3.4	Determining	the	discount	rate	

Studies on investments in energy-efficient systems show that the discount rate of households 
varies considerably and that it is hard to determine the discount rate for households since 
every residential customer’s situation is unique and their appetite for risk differs. Some 
important factors that influence and determine the discount rate are shown below. 

• Rate of return 
• Risk premium 
• Planning horizon 
• Interest rates 
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• Income and property taxes 
 
Studies also show that the discount rate of the residential sector is relatively high compared to 
other sectors. Possible reasons for this are short residency period, uncertainty, income, 
availability of capital and non-economic factors. In situations when it is difficult to determine 
the discount rate, it is recommended to use a real discount rate of 10% (Short et al. 1995), 
why a discount rate of 10% was used in this study. Since the data in the case study were given 
in constant LKR, the real discount rate was used.  

5.4	Implementing	the	sensitivity	analyses	

When conducting the sensitivity analysis on the result of the case study, the examined 
parameters were electricity rates and discount rate. The baseline values were the current 
electricity rates, see Table 5 and 6, and a discount rate of 10%. The sensitivity analysis on the 
result from the electricity consumption analysis also included an evaluation of the parameter 
acceptable payback period. The baseline value was the acceptable payback period of the 
household from the case study. In Table 10 and 11, the parameters and the corresponding 
deviation spans are presented. In the sections below, the reasons why the deviation spans were 
chosen are presented.   
 
Table 10: Deviation spans for parameters examined in the sensitivity analysis on the result of 
case study 

Parameter	 Deviation	span	
Electricity	rates	 +20%;	-20%	
Discount	rate	 +70%;	-70%	
 
Table 11: Deviation spans for parameters examined in the sensitivity analysis on the result of 
the electricity consumption analysis 

Parameter	 Deviation	span	
Electricity	rates	 +20%;	-20%	
Discount	rate	 +70%;	-70%	
Acceptable	payback	period	 +50%;	-50%	
 

5.4.1	Electricity	rates		

In the case study, it was assumed that the electricity rates would remain constant for the 
coming 25 years, which might not be the case. For example, in 2013, the electricity rates 
increased heavily, since difficulties in meeting the electricity demand resulted in a reliance on 
expensive oil-based thermal systems (Haviland 2013). Since the challenges of meeting the 
demand are likely to continue, it is relevant to explore what affect a price increase would have 
on the result of this study. Furthermore, prices are also likely to increase because of the net 
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metering policy.  When entering a net metering agreement customers heavily reduce their 
electricity bills, which result in a revenue loss for the utility companies. Depending on the 
severity of the loss, the utility companies might have to increase the prices to make up for the 
lost revenue (Public Utilities Commission of Sri Lanka 2015b). To explore the impact of 
increased electricity rates a deviation span of +/- 0 % and +20% was chosen.  

5.4.2	Discount	rate	

As described in section 5.3.4, the discount rate is difficult to determine and is influenced by 
several factors that are likely to differ between households. Studies on how discount rates 
vary among buyers of PV systems conclude that the discount rate varies between 3% and 17% 
(Sigrin 2013). This is equal to a deviation span of +70% and -70%, why this span was chosen 
for the sensitivity analysis.  

5.4.3	Acceptable	payback	period	

A study on acceptable payback period concludes that it is heavily affected by the income of 
the household and that upper-income segments are far more willing to accept longer payback 
periods than the lower income segments (Cunningham & Joseph 1978). Another study 
suggests that the acceptable payback period depends on how focused the investor is on short-
term goals compared to long-term benefits, how willing the household is to taking risks and 
what expectations the household has on the technological progress of equipment (Nagashima 
2011). Since all these factors are likely to vary between households, it was of relevance to 
analyze how sensitive the result of the electricity consumption analysis was to variations in 
the parameter. The deviation span that was chosen in order to evaluate the sensitivity was -
50% and 50%.  
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6.	Results	

6.1	Results	from	literature	review	

In this section, the literature review on cost competitiveness and payback period is presented. 
Thereafter, follows a presentation on literature regarding what payback period Sri Lankan 
households think is acceptable.  

6.1.1	Cost	competitiveness	and	payback	period	

A report from the Public Utilities Commissions of Sri Lanka, a commission regulating certain 
infrastructure industries in the country, claimed that net metering was viable for the heavy 
electricity users that had to pay high rates on the last block of electricity units due to the 
design of the tariff system (Public Utilities Commission of Sri Lanka 2015b). It is assumed 
that heavy electricity users are defined as the households that consume more than 180 kWh 
per month, since these users pay the highest rates.  
 
A newspaper article on grid-connected solar PV systems in Sri Lanka investigated the 
relationship between monthly electricity consumption and payback period for a 2 kW system. 
For example, the article concluded that a consumption of 225 kWh corresponded to a payback 
period of 7 years, while a high consumption of 460 kWh yielded a payback period of 5 years 
(Miththapala, Srilal Karavita 2013). 
 
A Sri Lankan study of a 2.5 kW system calculated the present value of the investment and 
concluded that the present value of the annual savings exceeded the initial investment. In 
addition, the study also examined the payback time for the investment and concluded it to be 
8 years. The study did not draw any conclusions on what monthly electricity consumption 
was required in order to have a positive net present value or how monthly electricity 
consumption affected payback period. The calculations in the study were however based on 
an electricity consumption of 300 kWh per month (Hagmar 2014).  
 
Finally, conclusion on what monthly electricity consumption was needed for the system to be 
cost competitive and for the requirements on payback period to be fulfilled could be drawn 
from information from the companies providing the systems. For example, JLanka only 
targeted customers with an electricity consumption of over 200 kWh per month, which 
indicates that it was not economically viable if households with an monthly electricity 
consumption below 200 kWh invested in the systems (JLanka 2016b).  

6.1.2	Acceptable	payback	period	 	 	

In contrast to the small number of studies from Sri Lanka that could be found, an abundance 
of studies from Europe discussed the acceptable payback period of energy related 
investments. A study performed in Switzerland concluded that 84% of the respondents found 
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10 years or less to be an acceptable payback period for energy-related investments. Of these 
84%, it was 40% that required a payback period of 5 years or less (Ebers & Wustenhagen 
2015). Research from Finland, suggest that the majority think that the investment should pay 
off within 6-9 years (E. Moula et al. 2013). According to a study conducted in Denmark, the 
majority of the respondents stated that 7-8 years was an acceptable payback period (Kjær et 
al. 2014).  

6.2	Results	of	case	study		

6.2.1	Cost	competitiveness	of	the	grid-connected	PV	system	

In Figure 5, the LCOE for different electricity supply solutions and monthly electricity 
consumptions are presented. 
 

 
Figure 5: LCOE for different electricity supply solutions 

As can be seen in Figure 5, investing in a 2 kW system resulted in a lower LCOE compared to 
not having any grid-connected PV system, regardless of the level of electricity consumption 
of the household. Thus, cost competitiveness was achieved for both high and low electricity 
consumption. In the situation where the household had high energy consumption, the LCOE 
could be further reduced if the capacity of the system was increased. In the case with low 
energy consumption, investing in a system with a larger capacity resulted in a LCOE that was 
higher than the LCOE of the electricity supply solution of taking electricity from the grid. 
From this follows that these scenarios were not cost competitive.  

6.2.2	Payback	period	of	the	grid-connected	PV	system	

In Figure 6, the payback period with regards to the different system capacities and levels of 
electricity consumption are presented. 
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Figure 6: Payback period for different electricity supply solutions 

As can be seen in Figure 6, the payback period increased heavily from 8.23 to 13.72 years 
with increasing system capacity, in the case with low electricity consumption. The payback 
period of the system when assuming a higher electricity consumption was significantly 
shorter, ranging between 3.82 to 4.34 years, and did not increase with the capacity of the 
system.  
 

6.3	Results	of	sensitivity	analysis	on	case	study 
The parameters that were examined in the sensitivity analysis were electricity rates and 
discount rate. The baseline values were current electricity rates, see Table 5 and 6, and a 
discount rate of 10%. 

6.3.1	How	electricity	rates	affected	the	result	of	the	case	study	

In Figure 7 and 8, electricity rates’ impact on the result of LCOE are presented, starting with 
the case of low electricity consumption. In Figure 9 and 10, the electricity rates’ impact on 
payback period are presented. 
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Figure 7: How variations in electricity rates affected the LCOE for different electricity supply 

solutions in the case of low consumption 

 
When the electricity consumption was low, the variations of electricity rates only had an 
effect on the LCOE of the solution of taking the electricity from the grid and not on the LCOE 
of the grid-connected PV systems. The reason why was because the produced electricity of 
the systems exceeded the electricity consumption of the household. From this follows that the 
household did not have to buy electricity from CEB, which means that the household was 
unaffected by changes in electricity rates, leaving the LCOE the same as before the increase 
of electricity rates. 
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Figure 8: How variations in electricity rates affected the LCOE of different electricity supply 

solutions in the case of high consumption 

 
In the case with high electricity consumption, an increase in electricity rates increased the 
LCOE, both for the case when electricity was taken from the grid and for all different grid-
connected PV systems. The increase in LCOE was greatest for the situation when there was 
no grid-connected PV system. Regarding the grid-connected PV system, the increase in 
LCOE is greater for systems with smaller capacity.  
 
As can be seen in Figure 7 and 8, the 2 kW system was still a cost competitive alternative to 
not having any system, regardless of level of electricity consumption or electricity rates. 
Furthermore, the increased electricity rates did not have an impact on the earlier finding that 
investing in a larger system than the 2 kW system was only cost competitive for a household 
with high electricity consumption.  
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Figure 9: How variations in electricity rates affected the payback period of different system 

capacities in the case of low consumption 

 
Figure 10: How variations in electricity rates affected the payback period of different system 

capacities in the case of high consumption 

 
The higher electricity rates led to increased monthly savings, thus reducing the payback 
period noticeably. With a 20% increase of electricity rates, the payback period ranged 
between 6.96 and 11.6 years in the case of low consumption and between 3.18 and 3.63 years 
in the case of high consumption. 
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6.3.2	How	discount	rate	affected	the	result	of	the	case	study	

In Figure 11 and 12, it is shown how variations in the parameter discount rate affected the 
result.  
 

 
Figure 11: How variations in discount rate affected the LCOE for different electricity supply 

solutions in the case of low consumption 

 
Figure 12: How variations in discount rate affected the LCOE for different electricity supply 

solutions in the case of high consumption 
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As illustrated in Figures 11 and 12, the discount rate had a significant impact on the LCOE 
and thereby the cost competitiveness of the systems. A lower discount rate yielded that all 
systems, regardless of the electricity consumption level, became cost competitive compared to 
taking electricity from the grid. With a higher discount rate, the systems were only cost 
competitive for households with a high electricity consumption. As has been described earlier, 
the discount rate did not affect the payback period.  

6.4	Results	of	electricity	consumption	analysis	

The monthly electricity consumption needed for the system to be cost competitive and for the 
household’s requirements on payback period to be fulfilled was determined through using the 
Excel tool Solver. To be able to use Solver, an analysis of how LCOE and payback period 
depends on monthly electricity consumption was however needed. In this section, the result of 
the named analysis is presented. Thereafter, the results on what monthly electricity 
consumption is needed will be presented.  

6.4.1	How	cost	competitiveness	and	payback	depended	on	monthly	electricity	
consumption	

In Figure 13 and 14, the results on how cost competitiveness and payback depended on 
monthly electricity consumption are presented. The analysis was only made on the 2 kW 
system, since it was assumed that the relation between monthly electricity consumption and 
cost competitiveness and payback period would largely be the same, regardless of capacity.   
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Figure 13: How LCOE depended on monthly electricity consumption 

 

 
Figure 14: How payback period depended on monthly electricity consumption 

A conclusion that can be drawn from Figure 13 is that after certain consumption is achieved, 
the LCOE of the 2 kW system will always be lower than the LCOE in the case of no system. 
Conclusions that can be drawn from Figure 14 is that the payback period decreases with 
increasing monthly electricity consumption. From this follows, that the monthly electricity 
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consumption needed for the system to be cost competitive and meet the requirement on 
payback period can be determined by finding the minimum monthly electricity consumption 
that meets the requirements on both cost competitiveness and payback period.   
 
6.4.2	Required	monthly	electricity	consumption  
In Figure 15, the monthly electricity consumption needed for the system to be cost 
competitive is presented. In Figure 16, the monthly electricity consumption needed to meet 
the requirement on payback period is presented.  
 
 

 
Figure 15: Minimum monthly electricity consumption needed for the system to be cost 

competitive 
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Figure 16:  Minimum monthly electricity consumption needed for the system to meet the 

requirements on payback period 

 
The result in Figure 16 is based on an acceptable payback period of 6 years. As explained in 
section 2.2, the acceptable payback period was determined through looking at the payback 
period that the case study suggested. Since the household was reluctant to investing in a 2 kW 
system when their electricity consumption was low, the corresponding payback period of 8.23 
years was assumed to be too high for the household. On the other hand, the household chose 
to invest when having increased the electricity consumption from low to high when investing 
in the electric car, an increase that yielded a payback of 4.13 years. The acceptable payback of 
the household could therefore be assumed to approximately lie in between 4-8 years, why a 
payback period of 6 years was used for the payback period that Sri Lankan households find 
acceptable. 
 
Conclusions that can be drawn from studying figure 15 and 16 are that the monthly electricity 
consumption needed for the system to be cost competitive was lower than the monthly 
electricity consumption needed for the requirements on payback period to be fulfilled. Since 
this study was based on the assumption that households consider both requirements, the 
minimum monthly electricity consumption needed for both requirements to be fulfilled is 
defined by the higher monthly electricity consumption. From this follows, that the minimal 
monthly electricity consumption needed in order to be able to invest in any system was 276 
kWh. For it to be profitable to invest in the larger systems of 3 and 4 kW, a higher electricity 
consumption of 337 and 398 kWh respectively was needed.  
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6.5	Sensitivity	analysis	on	required	monthly	electricity	consumption	

The sensitivity analysis was conducted in order to evaluate how certain parameters affected 
the required monthly electricity consumption. The parameters were analyzed in the following 
order: discount rate, electricity rates and acceptable payback period. Even though the result 
for all systems is presented graphically, the result of the 2 kW system is the only result that 
will be explained thoroughly. The first reason for this is because the parameters have a similar 
impact on the different systems. Secondly, the 2 kW system is of greatest relevance since it 
sets the limit for the minimum monthly electricity consumption that the household needs to be 
able to invest in any system.  
 
When evaluating the parameters in the sensitivity analysis it was of great relevance to 
understand that variations in parameters did not necessarily have an effect on both cost 
competitiveness and payback period. Furthermore, a variation in a parameter that had an 
impact on either monthly electricity consumption with regards to cost competitiveness or 
monthly electricity consumption with regards to payback period did not have to have an 
impact on the monthly electricity consumption with regards to both cost competitiveness and 
payback period. The reason behind this is because the highest monthly electricity 
consumption needed to meet one of the two requirements puts the restraint on what minimum 
monthly electricity consumption is needed.  

6.5.1	How	discount	rate	affected	the	result	of	the	electricity	consumption	
analysis	

Variations in discount rate affected the monthly electricity consumption with regards to cost 
competitiveness. The monthly electricity consumption for the requirements on payback to be 
fulfilled was however not affected since the payback period is calculated without taking the 
time value of money into consideration.  
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Figure 17: How variations in discount rate affected the minimum monthly electricity 

consumption needed for the system to be cost competitive 

As shown in Figure 17, a decreased discount rate of 3% yielded a lower monthly electricity 
consumption needed for the requirements on cost competitiveness to be fulfilled. For the 2 
kW system, the monthly electricity consumption needed to fulfill cost competitiveness 
decreased from 210 kWh to 142 kWh. However, since the requirements with regards to 
payback remained unchanged on 276 kWh, the decreased discount rate had no impact on the 
monthly electricity consumption needed for both the requirements on cost competitiveness 
and payback period to be fulfilled.  
 
On the contrary, an increased discount rate on 17% yielded a higher monthly electricity 
consumption needed, increasing from 210 to 283 kWh for the 2 kW system. This requirement 
exceeded the monthly electricity consumption of 276 kWh that was needed for the 
requirements on payback period to be fulfilled. From this follows, that with the case of a 
discount rate of 17%, the energy consumption needed for both the requirements to be fulfilled 
increased from 276 to 283 kWh.  

6.5.2	How	electricity	rates	affected	the	result	of	the	electricity	consumption	
analysis	

Variations in electricity rates affected the requirements on monthly electricity consumption 
with regards to both cost competitiveness and payback period. The figures below show how 
an increase in electricity rates affected the two respectively.  
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Figure 18: How variations in electricity rates affected the monthly electricity consumption 

needed for   

 

 
Figure 19: How variations in the electricity rates affected the monthly electricity consumption 

needed for the requirements on payback period to be fulfilled  

 
As can be seen from the figures above, a 20% increase in electricity rates yielded a decrease 
in the monthly electricity consumption needed with regards to both cost competitiveness and 
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requirements to be fulfilled decreased from 276 to 246 kWh when taking both requirements 
into account. 
 

6.5.3	How	acceptable	payback	affected	the	result	of	the	electricity	
consumption	analysis	

The last parameter in the sensitivity analysis, the acceptable payback period, only affected the 
monthly electricity consumption needed for the requirements on payback to be fulfilled. The 
effects of variations in the parameter are presented in Figure 20.   
 

 
Figure 20: How variations in acceptable payback period affected the minimum monthly 

electricity consumption needed for meeting the requirements on payback period 

If the acceptable payback period decreased to 4 years, the monthly electricity consumption 
required to reach the requirements would be 584 kWh. On the other hand, if the acceptable 
payback period of the households was 8 years, the monthly electricity consumption would 
only need to be 228 kWh. Since these values exceeded the monthly electricity consumption 
needed for the requirements on cost competitiveness to be fulfilled, they determined what 
consumption was needed for both requirements to be fulfilled. 
 
In conclusion, the possible monthly electricity consumption needed for both requirements to 
be met ranged between and 228 and 584 kWh when the parameters were varied. Compared to 
the baseline value of 276 kWh, the deviation of the result was -17% and +112%. Given the 
chosen deviation spans, the variable that has the greatest impact on the required monthly 
electricity consumption was the parameter acceptable payback period. 
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7.	Discussion		
In this chapter the results from the case study and the electricity consumption analysis are 
discussed and analyzed. The validity of the results is evaluated through comparing the results 
of this study to the results found in literature and through discussing possible sources of error. 
Furthermore, it is discussed whether the monthly electricity consumption analysis yielded a 
result that is applicable for all households.  

7.1	The	results	of	the	case	study	

7.1.1	Comparison	to	studies	in	literature	review	

The payback period of the household was found to be 8.23 - 13.72 years for the three different 
systems in the case of low consumption and 3.82 - 4.34 years in the case of high consumption. 
For the 2 kW system, the payback period was found to be 8.23 years when the consumption 
was low and 4.13 years when the consumption was high. These results are similar to the result 
of the newspaper article that concluded that a consumption of 225 kWh corresponded to a 
payback period of 7 years, while a high consumption of 460 kWh yielded a payback period of 
5 years. Further direct comparisons between the result on payback period of this study and 
literature cannot be done since the other study found based its calculation on a capacity of 2.5 
kW and an monthly electricity consumption of 300 kWh. Even though a direct comparison 
cannot be made, that fact the study concluded that the system had a payback period of 8 years, 
however indicates that the result of this study is accurate.   
 
When it comes to cost competitiveness, this study showed that only the 2 kW system was cost 
competitive if the household had a low electricity consumption, while all systems achieved 
cost competitiveness if the household had a high electricity consumption. In this study, cost 
competitiveness was defined to be achieved if the LCOE of the grid-connected PV system 
was lower than the LCOE of taking electricity from the grid. As presented in section 6.1.1, 
two studies that discussed the economic feasibility of systems in Sri Lanka were found. The 
first, from the Public Utilities Commission, implied that economic viability was found for all 
customers with a monthly electricity consumption over 180 kWh, while the second study 
argued that the present value of the investment was positive if the system had a capacity of 
2.5 kW and the monthly electricity consumption was 300 kWh. The results of this study can 
however not be directly compared to any of these studies. The first study does not specify the 
capacity of the system and does not explain how economic viability is determined. In the 
second study, economic viability was defined as when the discounted acquired savings exceed 
the initial investment, but the calculations are based on a different capacity and monthly 
electricity consumption.  

7.1.2	Possible	sources	of	error	

There are several possible sources of error that might have affected the result and some of 
them were further analyzed in a sensitivity analysis. One of the parameter evaluated in the 
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sensitivity analysis was discount rate. It was shown that variations of the parameter from 3% 
and 17% had a significant impact on the result. For example, the 2 kW system, assuming a 
lower electricity consumption, was no longer cost competitive with a discount rate of 17%. 
The fact that the discount rate heavily affected the results implies that the discount rate needs 
to be carefully determined to improve the accuracy of the result. In the case study, the 
discount rate was roughly approximated to be 10%, why further research or a more extensive 
literature review of discount factors of different households in Sri Lanka could help to 
improve the accuracy of the LCOE.  
 
Another parameter that was examined in the sensitivity analysis was electricity rates. 
Although the increase in electricity rates did not change the result on which systems were cost 
competitiveness, increased electricity rates resulted in a significantly shorter payback period. 
Therefore, the current and future trends for electricity rates needs to be carefully considered. 
 
In addition to the parameters examined in the sensitivity analysis, other assumptions may 
have affected the results. One of these assumptions is related to the production of the system. 
In the case study, the yearly production was estimated using data from the months January 
and February. Since the production data of January and February might not be representable 
for the same period in other years in terms of weather conditions, the LCOE and payback 
period might not be accurate. Further data of the production of the system in the case study or 
similar systems would increase the accuracy of the result of LCOE and payback period.  
 
In addition to the parameters examined in the sensitivity analysis, other assumptions related to 
the production of the system may have affected the results. For example, it was assumed that 
the production could be estimated by using production data from January and February, solar 
irradiance factors and a degradation factor. Since the production data of January and February 
might not be representable for the same period in other years in terms of weather conditions, 
the LCOE and payback period might not be accurately determined. More extensive data on 
the production of the system in the case study or of similar systems would increase the 
accuracy of the LCOE and the payback period.  
 
Another assumption that may have affected the results is the life expectancy of 25 years. The 
company providing the system, JLanka, offers a 25-years performance warranty. However, 
customers need to sign an agreement that falls under the purview of the Sustainable Energy 
Authority when applying for a net metering permit. The agreement has a length of 10 years 
and no guarantee is given that the agreement will be renewed after 10 years (Public Utilities 
Commission of Sri Lanka 2015b). If a renewal of the agreement would be disapproved, the 
customer would be left with an off-grid system that could only provide a limited amount of 
electricity during the hours of sunlight.  
 
Lastly, an assumption that might have affected the LCOE and payback period was the 
assumption that the monthly electricity consumption for the coming 25 years would equal the 
electricity consumption of the year before the household made the investment, which might 
not hold true. Firstly, the previous year’s monthly electricity consumption might not be 
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representative for other years. Electricity consumption could vary due to many reasons, one of 
them being the weather, since households use more air conditioning when the temperatures 
are higher. Secondly, it is not plausible that the monthly lectricity consumption is constant 
during the following 25 years. The consumption could follow the trend of increasing 
electricity consumption per capita when the economy grows (Bayar & Alp Özel 2014) and the 
children are likely to consume more energy when they grow up (Deutsch & Timpe 2010). An 
increased monthly electricity consumption would lead to a shorter payback period. How an 
increase in monthly electricity consumption would affect the cost competitiveness depends on 
the electricity consumption level of the household. For example, as can be seen in Figures 5, a 
higher electricity consumption resulted in that systems with capacities of 3 and 4 kW also 
became cost competitive. 

7.2	The	results	of	the	electricity	consumption	analysis	

7.2.1	Comparison	to	studies	in	literature	review	

This study concluded that the monthly electricity consumption required for cost 
competitiveness was 210 kWh. As has been discussed in section 7.1.1, literature suggested 
that a monthly electricity consumption over 180 kWh per month yielded economic viability. 
As discussed in named section, a direct comparison between the two results is however 
questionable.  
 
When it comes to acceptable payback period, literature suggested that the acceptable payback 
period was 6-10 period. In this study’s electricity consumption analysis, the acceptable 
payback period was determined to be 6 years. As discussed in section 5.4.3, the acceptable 
payback period however depends on many factors like income, willingness to take risks and 
expectations on technological progress. Since these factors are likely to vary between 
countries and since the literature review was based on European households, a comparison 
between the two found acceptable payback periods should be done with caution.  
 
The newspaper article that evaluated 2 kW systems argued that the payback period decreased 
with increasing electricity consumption. For example, the study concluded that a monthly 
electricity consumption of 140 kWh resulted in a payback period of 10 years while a monthly 
electricity consumption of 200 kWh resulted in a payback period of 6 years. These findings, 
coupled with the findings regarding acceptable payback period, indicate that the minimum 
monthly electricity consumption needed for the requirements on payback period to be fulfilled 
is between 200 – 140 kWh, depending on acceptable payback period. This study concluded 
that the minimum monthly electricity consumption for the requirements on payback period to 
be fulfilled was 276 kWh. 

7.2.2	Possible	sources	of	error	

Since the electricity consumption analysis utilized the model derived from the case study, the 
result of the electricity consumption analysis was affected by the same sources of error that 
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affected the case study, see section 7.1.2. The impact of two of these sources of error, 
discount rate and electricity rates, was evaluated in the sensitivity analysis. Another source of 
error, that also was expected to have a large impact on the result and therefore was included in 
the sensitivity analysis, was acceptable payback period.  
 
The sensitivity analysis showed that all evaluated parameters had a significant impact on the 
result, and therefore need to be carefully examined in order to improve the accuracy of the 
result. Given the deviation spans of the different parameters, the acceptable payback period 
was the parameter that had the greatest impact of the result. The impact the parameters had on 
the result was however not as predictable as one could expect. The reason why, was because 
some parameters only affected the monthly electricity consumption with regards to one of the 
two requirements, leaving the monthly electricity consumption with regards to both 
requirements unchanged.  

7.2.3	Evaluation	of	method	

The electricity consumption analysis aimed to determine what monthly electricity 
consumption Sri Lankan households need for the grid-connected PV system to be cost 
competitive and for the requirements on payback to be fulfilled. Since the electricity 
consumption analysis was based on a specific household, that other Sri Lankan households 
might differ significantly from, it cannot be guaranteed that cost competitiveness and 
acceptable payback period will be achieved for all households that have the proposed monthly 
electricity consumption. Below, factors that during the electricity consumption analysis were 
assumed to be constant among households but in reality are more likely to differ were 
analyzed in order to create understanding of how differences in the factors could affect the 
achievement of cost competitiveness and an acceptable payback period. 
 
As was shown in the sensitivity analysis, variations in parameters as electricity rates, discount 
rate and acceptable payback period have a large impact on the result. While the electricity 
tariff is the same for all Sri Lankan households, acceptable payback period and discount rate 
can differ significantly among households. One reason for this could be different income 
levels and risk preferences. To help future potential investors to evaluate if their situation is 
similar to the situation of the case study, further research on how discount rate and acceptable 
payback differs between households is needed.  
 
In addition to discount rate and acceptable payback period, another factor in the analysis that 
was assumed to be constant among households was the production of the system. There are 
various reasons for why production might vary from household to household. For example, 
the solar irradiance in Sri Lanka varies between 4.3 to 5.6 kWh/m2/day (Renné, et.al. 2003) 
and local conditions such as trees and other buildings shadowing the panels can also affect the 
solar irradiance. Moreover, the systems could be installed with a different angle than the solar 
panels in the case study, which affects the amount of solar irradiance it receives. Another 
assumption was that the systems have the same efficiency, quality and life expectancy which 
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might not be true since there are several companies in Sri Lanka providing the solution with 
equipment from different manufacturers. 
 
Lastly, an assumption was that all households have the same costs for the installation of the 
system and the same initial price. This might not hold true since the complexity of the 
installation process might differ and because different companies might charge different 
prices.  
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8.	Conclusion	
The purpose of this study was to increase the understanding of two of the barriers that prevent 
Sri Lankan households from investing in grid-connected PV systems. By increasing the 
understand, this study contributes to the research on whether grid-connected PV system 
provides a renewable energy solution that contributes to solving the energy generation 
challenges of Sri Lanka and facilitates potential investor’s evaluation of the system. In order 
to fulfill the purpose, the following research questions were defined: 
 

• Is a grid-connected PV system installed in a Sri Lankan household cost competitive? 
What is the payback period? 

• What monthly electricity consumption does the Sri Lankan household need for the 
grid-connected PV system to be cost competitive and for the household’s requirements 
on payback period to be fulfilled?  

 
The research questions were answered through the conductance of a case study and an 
electricity consumption analysis.  

8.1	Conclusions	of	case	study	

Based upon the assumptions made in the case study, it can be concluded that in the case with 
low consumption, cost competitiveness was achieved for only the 2 kW, while all systems 
achieved cost competitiveness if the household had high electricity consumption. If the 
electricity consumption was high, an increased capacity led to a decreased cost per kWh. In 
the case with high electricity consumption, it can be concluded that the payback period for the 
three systems ranged between 3.82 and 4.34 years. The corresponding span in the case of low 
electricity consumption was 8.23 to 13.72 years. This study’s findings on payback period 
were consistent with the findings from literature. Comparing this study’s result on cost 
competitiveness to what literature suggested was however difficult, since the reviewed 
literature did not use the term cost competitiveness. In addition, the studies were not based at 
the same capacities and electricity consumptions as this study.  
 
However, variations in several factors have been argued to have a significant impact on the 
result why these factors need to be determined carefully to improve the accuracy of the result. 
The parameters discount rate and electricity rates were analyzed in the sensitivity analysis and 
it was shown that, given the chosen deviation spans, discount rate had the highest impact on 
the result.  
 
In addition to the fact that the case study provided conclusions regarding cost competitiveness 
and payback period for a specific household, the case study also serves as an example of how 
cost competitiveness and payback period are evaluated, which can be of great value for 
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potential investors. Thus, the case study could contribute to increased understanding of how 
the cost competitiveness and payback period is determined and what factors affect the results.  
 

8.2	Conclusions	of	electricity	consumption	analysis	

The electricity consumption analysis was based on the model developed in the case study. 
Based on the assumptions made in the model, it could be concluded that the monthly 
electricity consumption needed for the system to be cost competitive and fulfill the 
requirements on payback period was 276 kWh per month. However, the sensitivity analysis 
showed that the possible range for the monthly electricity consumption when evaluating 
fluctuations in certain parameters was 228 - 584 kWh. The parameter that was found to have 
largest impact, given the set deviation spans, was the acceptable payback period. This study’s 
finding on monthly electricity consumption required was similar to what literature suggested, 
even though a direct comparison with literature should be done with caution.  
 
The found monthly electricity consumption was determined through utilizing the model based 
on data and assumptions of the specific household in the case study. In the discussion, factors 
that might differ among households were analyzed in order to enhance understanding of how 
differences in the factors affect the achievement of cost competitiveness and an acceptable 
payback period. Since several factors that might differ between household were identified, 
and since variation in these factors were shown to have a large impact on the result, it was not 
possible to conclude that cost competitiveness and acceptable payback period will be 
achieved for every household with a monthly electricity consumption of 276 kWh.   
 
The required monthly electricity consumption of 276 kWh that this study suggested, indicated 
that the system was only viable for a small part of the Sri Lankan households, see Figure 2. In 
the future, possible increases in electricity rates and monthly electricity consumption are 
however likely to result in a decreased required monthly electricity consumption, making the 
system viable for a larger share of the Sri Lankan population.  
 
By answering the research question on what monthly electricity consumption is needed for 
the grid-connected PV system to be cost competitive and for the household’s requirements on 
payback period to be fulfilled, the electricity consumption analysis contributes to research on 
the potential of grid-connected PV systems in Sri Lanka. In addition, it can also increase the 
understanding of what barriers prevent Sri Lankan households from investing in grid-
connected PV systems and how barriers vary among households. To be able to fully answer 
whether grid-connected PV system provide a renewable energy solution to the energy 
generation challenges in Sri Lanka and to further increase the understanding of possible 
barriers, further research is however needed. 
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9.	Suggestions	for	further	research	
Suggestions for further research will be divided into two parts. The first part will suggest 
research that would improve the accuracy of the result of this study. The second part will 
focus on research that is needed to further evaluate if grid-connected PV systems provide a 
renewable energy solution to the energy generation challenges in Sri Lanka and to further 
increase the understanding of what barriers prevent Sri Lankan households from investing in 
the system.  

9.1	Further	research	to	improve	accuracy	of	result	

The accuracy of the results of both the case study and the electricity consumption analysis 
would improve if more data of the system in the case study or a similar system would be 
available. In particular, it would be of interest to have more data of the production of the 
system. One could repeat the case study with more data, when the system has been installed 
for several months. Another approach would be to redo the calculations but with several 
households that had the same system installed. There are good opportunities to do this since 
all data of the systems are recorded online in real time.  
 
There were few studies on acceptable payback and discount rate in Sri Lanka. As shown in 
the sensitivity analysis, these two parameters affect the required monthly electricity 
consumption heavily. Therefore, it is of relevance to do further studies on what household’s 
acceptable payback and preferred discount rate is in order to obtain a more accurate result on 
required consumption.  
 
The sensitivity analysis was made with the method one-at-a-time, only one parameter was 
varied while the others were kept constant. This enables an analysis of which parameter 
affects the result most but may not yield an interval which is plausible in reality. It is more 
realistic to assume that parameters are co-varying, for example acceptable payback period and 
interest rate seems both to depend on income level. If redoing the sensitivity analysis with this 
method, the resulting deviation span would be more accurate and realistic. 

9.2	Further	research	on	barriers	and	potential	of	the	system		

This study was limited to evaluating the current cost competitiveness and payback period of 
grid-connected PV systems. To further evaluate the potential for grid-connected PV systems, 
it is of relevance to analyze how the barriers cost competitiveness and payback period are 
expected to change in the future. In this study, it was discussed how changes in electricity 
rates and electricity consumption were likely to affect the potential of the system. There are 
however several additional factors that impact cost competitiveness and payback period that 
are likely to change. To start with, there is a broad consensus among analysts that the cost of 
solar panels will drop in the future. An attempt to describe how the price trend will develop is 
Swanson's law, which states that the cost of solar panels will halve about every 10 years 
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(Hunt 2014). Another study concludes that the international market for Solar PV systems is 
continuing to expand at a 35% growth rate per year, leading to economies of scale (Focacci 
2009). These numbers are however global and further studies should evaluate the price trend 
in Sri Lanka and analyze how it would affect cost competitiveness and payback period. 
Moreover, current research is focusing on finding methods for improving the efficiency of the 
panels (Focacci 2009). An example of a technology that would improve the efficiency is to 
optimize the insolation angle of the solar panels in order to increase the production. Further 
research should not only continue to focus on improving the efficiency, but should also 
explore the impact the improved efficiency would have on the potential of the system.   
 
A strong limitation of the study was that only the barriers cost competitiveness and payback 
period were analyzed. As seen in section 1.6, there are several important barriers that need to 
be considered when evaluating what may prevent household to invest in renewable energy 
technologies. Further studies should evaluate what other barriers exist in Sri Lanka and 
analyze what they depend on, thereby complementing this study and facilitating further 
evaluation of the grid-connected PV system and the implementation of renewables in Sri 
Lanka.  
 
In addition to further evaluating the system from a household’s perspective, further research is 
needed in order to be able to answer whether the grid-connected PV system provides a 
renewable energy solution for Sri Lanka’s energy challenges. For example, it needs to be 
further researched what benefits and challenges are related to letting grid-connected PV 
systems cover part of the base load. For example, if grid-connected PV systems were used 
during the day, hydro could be used to a larger extent to manage the peak demand from 17.30 
PM to 21.30 PM (Public Utilities Commission of Sri Lanka 2012b). There also exists 
technical challenges with increasing the share of solar power, due to the intermittency and 
insufficient grid capacity (The Sunday Times 2014). Future research should also focus on 
how these challenges could be overcome.  
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11.	Appendix	

11.1	Appendix	1:	The	grid-connected	PV	system	installed	at	the	
household	of	the	case	study	
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11.2	Appendix	2:	VBA	code	for	implementing	powerbanking	

Function Powerbank(months) 
    Dim avg As Double 
    Dim number As Integer, flag As Integer 
    number = 1 
    flag = 0 
    Do Until number > 12 
            If months.Cells(number) < 0 Then 
                flag = 1 
            End If 
            number = number + 1 
    Loop 
     
    If flag = 1 Then 
        avg = (months.Cells(1) + months.Cells(2) + months.Cells(3) + 
months.Cells(4) + months.Cells(5) + months.Cells(6) + 
months.Cells(7) + months.Cells(8) + months.Cells(9) + 
months.Cells(10) + months.Cells(11) + months.Cells(12)) / 12 
        Powerbank = Application.Transpose(Array(avg, avg, avg, avg, 
avg, avg, avg, avg, avg, avg, avg, avg)) 
    End If 
    If flag = 0 Then 
        Powerbank = Application.Transpose(Array(months.Cells(1), 
months.Cells(2), months.Cells(3), months.Cells(4), months.Cells(5), 
months.Cells(6), months.Cells(7), months.Cells(8), months.Cells(9), 
months.Cells(10), months.Cells(11), months.Cells(12))) 
    End If 
End Function 
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11.3	Appendix	3:	VBA	code	for	calculation	of	payback	period	
(Isaksson	2011)	

Function PAYBACK(Investering, cashflow) 
Dim GINV As Double, INBET As Double 
Dim YEAR As Integer, TID As Integer 
Dim ACKa As Double 
 
Dim BELOPPKVAR As Double, BELOPPSIST As Double 
Dim HELAR As Double, DELAR As Double 
 
        GINV = Abs(Investering) 
        YEAR = 1 
        TID = cashflow.Count 
    Do Until YEAR > TID 
            INBET = cashflow.Cells(YEAR).Value 
        ACKa = ACKa + INBET 
        If ACKa >= GINV Then 
            HELAR = YEAR - 1 
            BELOPPKVAR = GINV - (ACKa - cashflow.Cells(YEAR).Value) 
            BELOPPSIST = cashflow.Cells(YEAR).Value 
            DELAR = BELOPPKVAR / BELOPPSIST 
            PAYBACK = HELAR + DELAR 
            Exit Function 
        End If 
        YEAR = YEAR + 1 
        Loop 
End Function 
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11.4	Appendix	4:	VBA	code	for	calculation	of	monthly	electricity	
cost	

Function Elkostnad(Konsumtion As Double) 
 
 If Konsumtion > 180 Then 
        Elkostnad = (Konsumtion - 180) * 45 + 60 * 32 + 30 * 27.75 + 10 * 
30 + 60 * 7.85 + 540 
 End If 
     
    If Konsumtion > 120 And Konsumtion <= 180 Then 
        Elkostnad = (Konsumtion - 120) * 32 + 30 * 27.75 + 10 * 30 + 60 * 
7.85 + 480 
 End If 
     
    If Konsumtion > 90 And Konsumtion <= 120 Then 
        Elkostnad = (Konsumtion - 90) * 27.75 + 10 * 30 + 60 * 7.85 + 480 
 End If 
     
    If Konsumtion > 60 And Konsumtion <= 90 Then 
        Elkostnad = (Konsumtion - 60) * 10 + 60 * 7.85 + 90 
 End If 
     
    If Konsumtion > 30 And Konsumtion <= 60 Then 
        Elkostnad = (Konsumtion - 30) * 4.85 + 30 * 2.5 + 60 
 End If 
     
    If Konsumtion <= 30 And Konsumtion > 0 Then 
        Elkostnad = Konsumtion * 2.5 + 30 
    End If 
     
     If Konsumtion < 0 Then 
        Elkostnad = 0 
    End If 
     
 
End Function 
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11.5	Appendix	5:	Production	in	January	and	February 

	 January	2016	 February	2016	
Date	
	

Energy	
(Wh)	

Energy		
(Wh)	

1	 6539	 12790	
2	 5295	 8774	
3	 11643	 12318	
4	 11870	 10896	
5	 10680	 7692	
6	 10649	 9664	
7	 4689	 8646	
8	 8907	 9993	
9	 10965	 8863	
10	 8760	 8214	
11	 11200	 10978	
12	 11163	 11745	
13	 9201	 12016	
14	 7801	 11671	
15	 10391	 5763	
16	 10739	 2109	
17	 10707	 6420	
18	 11431	 5018	
19	 11627	 12153	
20	 11470	 12320	
21	 11025	 12328	
22	 10874	 12387	
23	 10198	 12339	
24	 6953	 9523	
25	 8723	 5856	
26	 12078	 7926	
27	 11555	 10412	
28	 11981	 12213	
29	 9781	 12423	
30	 9300	 	
31	 8068	 	
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11.6	Appendix	6:	Data	from	bills	

Billing	period	(2015)	 Electricity		
consumed		
(kWh)	

Number	of		
days	during		
billing	period	

18/12-20/1	 254	 33	
20/1-19/2	 214	 30	
19/2-20/3	 210	 29	
20/3-23/4	 281	 34	
23/4-20/5	 213	 27	
20/5-21/6	 275	 32	
21/6-23/7	 236	 32	
23/7-26/8	 270	 34	
26/8-22/9	 191	 27	
22/9-21/10	 200	 29	
21/10-19/11	 179	 29	
 


