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Abstract—High photovoltaic (PV) integration in electrical 

grid is one of the strategic goals for many countries nowadays. 

That’s why many governments introduced incentive policies 

seeking for PV projects funded by private sector. These kinds 

of projects have to be a positive net present value (NPV) in 

order to get sponsorship by non-government sector. This paper 

investigates the PV solar system financial analysis in Malaysia 

and Turkey. In developing counties, the governments are 

looking for more renewable energy (RE) sources installation. 

Thus, they implemented Feed-in Tariff (FiT) mechanism to 

accelerate investment in renewable energy technologies. As the 

efficiency of the PV cell increases and the cost/Wp decreases 

with time, the expected net present value (NPV), return on 

investment (ROI) and payback period for the PV system are 

going to achieve a significant increase. The FiT rate in 

Malaysia is significantly higher than Turkey and the purchase 

agreement is longer. These advantages would make Malaysia a 

better place for PV system investment. Moreover, this paper 

proposed the PV system to be installed at the roof of building, 

merged with another suitable business such as; roller skating 

rink or cafe. This combination makes the PV project making 

income at day time via solar radiation, while generating income 

at evening and night time via the other business. The analysis 

results revealed that, the combination of PV system with roller 

skating rink or cafe can reduce the payback period and make a 

wonderful combination between green energy and people. 
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I.  Introduction 
The increased demand for power that had to be 

transferred over long distances and continual load growth, 
make the integration of distribution energy resources 
(DERs) an effective and fast solution [1-2] .DER features 
include; reducing the electrical and physical distances 
between load and generator, improving reactive power to 
enhance grid voltage profile and power stability, removing 
bottlenecks from distribution and transmission lines, 
reducing transmission and distribution losses, making better 
use of waste heat, postponing the necessity to establish new 
transmission lines and huge power generation plants, and  
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keeping carbon emission levels low [3]. One of the attractive 
DERs is the PV sources as they have advantages include; 
everywhere availability, zero carbon dioxide emission, and 
low running and maintenance cost [4]. 

Moreover renewable energy sources (RESs) give each 
nation energy dependency by reducing the energy and fuel 
required to be imported. These features encourage many 
governments to put an ambitious goal to supply a significate 
portion of their electrical grid from renewable energy 
sources such as PV (80% in Germany by 2050 [5]). Figure 1 
shows that the trend of the advanced countries in energy 
sector is to increase the installation of the PV capacity. 
Therefore they introduced variant rules and regulations to 
supply electrical grid from RESs such as: Feed in tariff, 
subsidies and income tax free [5]. 

Figure 1. The annual and cumulative installed PV capacity 
for the year 2015 of the first nine countries (China, Japan, 
USA, UK, India, Germany, Korea, Australia, and France) 

Malaysia introduced FiT in 2011 [6], the government 
encourage renewable energy (RE) projects in order to 
supplement fossil fuel electricity generation. Although 
Malaysia's RE targets are only 10% of total generation 
capacity by 2020, it is clear that Malaysia has a long way to 
go, given that current RE capacity is around 234 MW (2014) 
vs. the 2,080 MW target by 2020 [6]. This indicates that 
there is significant room for RE expansion. The RESs 
included in Malaysia are Biomass, Biogas, Hydro, 
geothermal and PV.  The FiT duration for PV was supported 
for a period of 21 years  [7]. The FiT scheme is funded by a 
1.6% levy on the electricity bill, which translates into 
approximately RM650m /year, based on our estimates. This 
would support approximately 900-1,000MW of total RE 
capacity for the next 21years [8]. 
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 In Turkey FiT introduced in 2010 [9] with the goal of 
covering 30% of the electrical grid from REs by 2023 [10]. 
The RESs included in FiT in Turkey are: PV, wind and 
hydropower, biomass and geothermal [10]. The FiT 
supported period for PV sources is 10 years. The period of 
time for the support mechanism was extended from 
December 31, 2015 to December 31, 2020 as the Electricity 
Market Regulatory Authority (EPDK) aiming to install more 
RE projects [10]. . 

Many studies investigated financial benefit analysis for 
PV integration under feed-in tariff in Malaysia and Turkey 
[9, 11-15], however no one of them investigated the benefit 
of combination of PV sources with any other suitable 
business. Technical and financial perspectives are 
investigated in this paper, revealing the technical possibility 
and ROI superiority. Below sections are organized as 
follows; Section II presents the Feed- in tariff mechanism, 
basic rate and bonus, which has been followed by the PV 
system cost analysis in section III. In section IV, the other 
proposed businesses of the PV are discussed. Finally, a 
conclusion and future expectations has been drawn by 
focusing the important aspects of this paper. 

II. Feed- in tariff mechanism, 
basic rate and bonus 

Feed-in Tariff (FiT) is one of the most popular mechanisms 

applied to encourage the increase of the growth of 

renewable energy sources. The FiT mechanism allows 

electricity produced from an indigenous renewable energy 

source to be sold to authorized power utility companies at 

fixed premium price for a specific duration [7]. The basic 

rate paid in Malaysia is RM 1.2/kWh (0.32 $) as shown in 

Figure 2, with additional bonus will be given to the system 

use locally manufactured PV and installed in the building, 

which can increase the FiT to 1.71/kWh (0.46 $) [12]. FiT 

mechanism in Turkey pays 0.133$/ kWh produced by PV 

units. A bonus will be given to the system use locally 

produced equipment this can increase the rate up to 0.2$. 

The local equipment bonus in Turkey is available to the 

investor for the first 5 years [10]. 

Figure 2. Basic rate paid for FiT (blue), max bonus and 

electricity tariff in Malaysia and Turkey 

III. PV system cost 

A. Solar radiation and tilt angle: 
Malaysia lies entirely on the equatorial region with an 

average daily sun radiation of 4.5 kWh/m2 (6 hours of 
sunlight per day). The average temperature per day is 33°C 
during the day. A true South direction for PV array with tilt 
angle in between 2° to 7° gives an optimum orientation [16]. 
The annual average solar radiation is 1,643 kWh/m2/year, 
with maximum of 1900 kWh/m2/year in some locations [12] 
[16]. On the other hand, Turkey has total sunshine hours of 
2573 h (the daily average is 7 h). The tilt angle of the PV 
system is 35° from the horizontal, facing due south. the 
average total solar radiation is 1474 kW h/m2/year (daily 4 
kW h/m2) with maximum of 1900 kWh/m2/year in many 
locations [9, 11]. 

B. Net present value, Internal rate of 
return and payback period 

The net present value (NPV) is the sum of the present values 
(PVs) of incoming and outgoing cash flows over a period of 
time as shown in equation (1). 
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Where S is the initial investment in the project, y is the 
period of project in years, r is the discount rate, CFi is the 
cash flow for specific year.  

Internal rate of return (IRR) is the discount rate that makes 

the net present value of all cash flows from a particular 

project equals to zero as shown in (2). This method is often 

used in capital budgeting to rank several projects the one 

with higher IRR is probably be considered the best and 

undertaken first. 
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So if the NPV of the project is positive (greater than zero) 
and IRR is greater than the minimum acceptable rate of 
return (MARR), the investment considers profitable. The 
payback period is the number of years required to gain from 
the project same amount of money that have been initially 
invested. Payback period for PV system can be calculated 
via equation (3) [17]. 
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Where η is the PV panel efficiency. 
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The profitability of the PV system can be affected by 
solar irradiance, discount rate, investment cost and inverter 
failure sensitivity analysis and probabilistic analysis have 
been used in [12] to study uncertainty effect. Sensitivity 
analysis depicts that the profitability of the PV system is 
mainly affected by radiation followed by FiT rate, 
investment cost and discount rate. The probabilistic analysis 
depicts that considering the current FiT and without inverter 
failure, the confidence level of getting the IRR higher than 
MARR of 12% is 75%., while for the inverter failure case, 
the level of confidence drops to 25%. The estimated NPV 
and IRR of the PV system for the base case equal to RM 
24,826 and 13.7% respectively [12]. In [15] a 4 kWp solar 
PV system has been studied the total profit (for 21 years) is 
calculated to be RM 102,646.02, the NPV is RM8,287.30 
and the IRR is 11.97%. The payback period equals 6.96 
years. In [18] a 50 kWp PV system is studied, the NPV for 
electricity supply over 25 years is RM558821. The operating 
cost per year and cost of energy per kWh equals to 
RM22645 and RM0.22 respectively. The payback period for 
this system is 5.5 years. In [13] a 2.5 kWp PV system has 
been studied, the financial analysis shows 10.51% return on 
investment with a payback duration of 6.55 years,  and the 
project can generate a  total  profit  of  more  than RM 
100,000.00  throughout  the contract period (21 years). 

In Turkey many parameters are similar as in Malaysia, 
such as annual solar radiation, PV system cost, panels’ 
efficiency and the discount rate, however NPV has lower 
value as the years of contract is only 10 years compared to 
21 years in Malaysia, in addition the FiT rate with bonus is 
the double in Malaysia with 0.46 $ compare to 0.2$ in 
Turkey, also the bonus valid for all the period in Malaysia 
where it is for only 5 years in Turkey. The only advantage in 
Turkey that the electricity tariff is higher as it is 12.57$/kWh 
compare to 7.9$/kWh in Malaysia, this make the PV 
electrical energy produced in Turkey more worthy [19] [20]. 
In addition the license in Turkey is not required for all the 
systems producing up to 1 MW, [10], while in Malaysia the 
approval from Sustainable Energy Development Authority 
(SEDA) is required for all capacities. 

The aforementioned financial analysis is without 
considering three important factors; price drop from RM 
16.54 (4.4$/ installed W in 2012) to 2.91$/installed W (in 
2015, for residential less than 50 kW), the PV efficiency 
increased to 19.8% (from 15.3% for the same product), the 
radiation can be considered 1800 kWh/m2/year instead of 
1585 (by locating the system in high radiation regions) [21].  

 

 

 

 

 

 

 

 

 

 

After taking all of these factors into account the NPV 
increases by 20% and IRR by 10%, which improving the 
system feasibility. 

IV. Other proposed businesses 
This paper proposes that the PV panel to be installed at 

the top of malls or business centers roof is merged with 
other suitable businesses as shown in Figure 3. The PV 
panels will be laid on the floor of the roof. Then a floor from 
tempered glass will be built above the PV panel, which will 
be strong enough to carry people walking on it. Therefore 
the PV system can generate electricity at the morning, while 
the same space will be used for another business at the 
evening. This is going to increase the business ROI. The two 
proposed businesses are a roller skating rink or cafe. 

A. Roller skating rink 
Now we have glass room (floor and wall from glass) on 

the roof of building, this will be an interested place to be 
visited by people to do interesting activities such as skating.  
Roller skating is proposed as it has low fraction, so this will 
keep the glass transparency high to receive sunlight without 
a lot of scratches. Such kind of game in the roof of building 
will be so attracting and can make a 20% return on 
investment. 

B. Space requirements 
The same glass room can be used as a cafe on the roof of 

building. Such cafe will be so attracting for people to visit 
and see the nice view at the evening, moreover they will be 
glade to support the green energy buy visiting this nice cafe. 

 

V. Conclusions and future 
    expectations 
 

This paper has presented a FiT mechanism, basic rate 
and bonus with improving return on investment for two 
developing countries (Malaysia and Turkey). The 
governments of both countries have incentive scheme to 
encourage more integration for PV projects. Positive NPV is 
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essential factor to encourage companies and individuals 
investing in the solar energy. Integrating PV systems with 
other business will increase the NPV for the projects. In 
addition, such projects will contribute effectively toward 
reducing the global warming and increase the green energy 
production.  

This study has been investigated the PV solar system 
financial analysis in Malaysia and Turkey. The FiT rate in 
Malaysia is significantly higher and the purchase agreement 
is longer than in Turkey. The analysis revealed that 
Malaysia's potential for renewable energy generation is 
substantial. Its equatorial location is superb for solar system. 
Moreover this paper proposes the PV system to be installed 
at the roof of building, merged with another suitable 
business such as; roller skating rink or cafe. This 
combination make the project generating income at day time 
via solar radiation, while generating income at evening and 
night time via the other business. 

The combination of PV system with roller skating rink or 
cafe should be considered for future work. This combination 
can lead to the payback period reduction and make a 
wonderful combination between green energy and people. In 
addition, the type of glass the suits more the proposed 
business should be investigated. 
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