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Abstract
Renewable energy, particularly solar energy, offers a clean and alternative
energy source to meet the energy demand for sustainable development in the
world. Due to its profitability and viability, PV net-metering scheme has been
adopted in many countries. The feasibility of implementation PV rooftop
system with net metering in residential, commercial, governmental and industrial sectors in Iraq is demonstrated in this study. A financial model has
been developed to investigate the feasibility parameters NPV, IRR and annual
savings of 24 kWp PV system. The results showed that increasing the capacity
of the PV system in residential and commercial buildings will lead to a profitable investment return and the breakeven point that may make the PV
net-metering projects feasible is very close to the tariff applied for the commercial sector (10.29 $c/kWh). In the governmental sector, the tariff needs to
increase by 35.1% to reach breakeven. However, for such net-metering scheme
to be attractive and feasible on a wide scale, it is crucial to back it with financial support through soft loans and grants.
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1. Introduction
The availability of energy services is considered as almost important thing for
sustainable development in the world. More energy demand leads the developing countries to double their energy demand in response their growth and is
highly unlikely that every person in the developing world will achieve the level of
consumption of the average person in the developed world by 2035 [1]. Renewable energy, in particular photovoltaic (PV) technology, offers a clean and alterDOI: 10.4236/jpee.2020.810005
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native energy source that can abate energy-related emissions from conventional
fossil fuel. PV rooftop-mounted system has demonstrated to be an economical
and technically feasible approach to supply sustainable energy for residential,
commercial and governmental buildings [2].
During last year, PV systems with net-metering scheme have been adopted in
many countries around the world [3]. Net-metering concept specifies that electricity delivered to the grid from a net metering customer is compensated on a
one-to-one basis for electricity purchased from the grid [4]. Particularly, net
metering can lead to reduction of maximum demand charges and the overall
electricity bill for commercial buildings [5].
The profitability and economic aspects of PV systems are evaluated by calculating the Net Present Value (NPV), Simple Payback Period (SPP), Internal Rate
of Return (IRR) and the Profitability Index (PI) [2]. Comparing the economic
feasibility of a 3 kWp PV system with different electricity loads that cover main
consumer demands in Jordan showed that the best payback period is obtained in
systems with an energy consumption of more than 1000 kWh [6]. In the same
country, Jordan, the income from installing a residential PV system will be
highly feasible and competitive if incentive tariff is applying [7]. Installment of 1
MW rooftop PV system in India is feasible both technically and economically with
a saving yearly around 17% of the total investment cost of the system; i.e. the
Simple Payback Period is about 7 years [8].
A positive NPV is achievable and payback period was less than PV panels’ lifespan of a PV system used to reduce peak electrical demand of Engineering Faculty building in Indonesia [9]. PV systems would be economically viable in
more than 40% of all Brazilian distribution networks [10] if a 20% reduction of
the specific investment costs and a 5% discount rate were possible. Under
net-metering scheme, [11] showed the LCOE of 25 kW PV rooftop system was
found to be $0.107 per kWh and could be considered as an economically and
technically attractive power generation at UAE.
Solar rooftop sizes of less than 10 kW in Thailand with solar irradiation average 18 - 19 MJ/m2 per day can provide the same DPP, IRR, and PI of 6.1 years,
15%, and 2.57 respectively [12] and as a result, regions with higher solar radiation having the potential to produce electrical power from solar energy will be
suitable for investment in solar systems. The techno-economic feasibility evaluation for a rooftop PV system of a typical residential building in Saudi Arabia
showed that the proposed system of 12.25 kW can generate 87% of the electricity
needs of an apartment and the levelized cost of energy and net present value revealed competitive figures of 0.0382 $/kWh and $4378, respectively which indicate that residential PV installations are an effective option for energy management [13].
In Iraq, the electrical distribution general companies receive the generated
power from generation plants with voltage levels (33 kV and 11 kV) and distributed through overhead and underground distribution grid to the participants.
The residential, governmental and industrial sectors make up 42%, 26% and 23%
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respectively of the electricity energy consumption [14]. This study is an attempt
to understand the feasibility of PV net-metering installations for the above distribution sectors in Iraq. The common parameters, Net Present Value and the
Pay-Back Period, are used to determine the profitability of install PV systems.

2. Methodology
This study consists of two parts, background about the electricity distribution in
Iraq is discussed at first with details concerning with status of the utility grid,
and then case studies of implementation of PV solar net-metering scheme in the
residential, governmental and industrial sectors are conducted to investigate the
feasibility of install PV systems in Iraq.
A Case study of install 5 kWp PV system conducted at first to show the annual
savings in the electricity bill for residential sector with different annual consumption. Then, Net Present Value (NPV) and Internal Rate of Return (IRR)
which are commonly parameters, used to evaluate the economic feasibility of install PV net-metering system for residential, commercial, government and industrial consumers [15]. The decision making on the investment depends on the
value of NPV. If NPV > 0, the investment would add value to the investor and
that the project may be accepted. If NPV < 0, it means that the investment would
subtract value from the investor and then the project should be rejected [16].
Equation (1) used to calculate NPV [17]:
=
NPV

∑0

n

Cn

(1 + i )

n

− C0

(1)

where:

NPV = Net present value (USD);
C0 = Initial capital cost (USD);
Cn = Annual cash flow at time n (USD);
i = Discount rate (%);
n = Period of analysis (25 years).
IRR refers to the discount rate value at which the net present value of the cash
flow of a particular investment is zero and high IRR indicates that the investment opportunity is favorable [13]; IRR is given by [2]:

∑0
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The weighted average cost of capital (WACC) is a common topic in the financial assessment. WACC is calculated as follows [18]:

WACC
=

E
D
× kE +
× kD .
E+D
E+D

(3)

where;

E = Amount of equity;
kE = Equity rate of return;
D = Amount of debt;
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kD = Debt interest rate.
In this study, the size of the PV system is assumed to be 24 kWp and the electricity tariff is established as in next section for each sector with no development
in this tariff along the period of investment. The expected annual energy output
produced from the proposed PV system is 27,000 kWh/year. The interest rate is
assumed to be (8%) with 8 years’ repayment period.

3. Background and Iraqi Context
There are three aspects relevant to PV net metering scheme that have to be addressed in more details:

3.1. Network Losses
The concept of net-metering schemes as shown above is to provide the consumer with a mechanism to produce part of his electricity demand. The energy produced locally from PV systems can reduce the technical losses in the network
since part of the consumption will be generated locally. According to Renewable
Energy Context Report “Iraq is ranked among the Arab states that having the
highest electricity Transmission and Distribution (T&D) losses at around 58.2%”
[19]. Figure 1 indicates the amount of the electricity losses in T&D in the provinces of Iraq.
It can be consider from Figure 1 the huge amount of lost electrical energy in
the Iraqi electrical grid between the transmission network and reaching the users
through the distribution networks. Therefore, installing solar energy systems on
the distribution network is considered one of the effective solutions to avoid
these losses.

3.2. Electricity Tariff
Electricity is highly subsidized in Iraq and considered to be one of the cheapest
in the Arab region. The heavily subsidized tariff in Iraq is considered as a barrier

Figure 1. Transmission and distribution losses in Iraq [14].
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to get tangible results out of PV net-metering scheme since the savings that are
supposed to be obtained by installing such scheme are not attractive compared
to the initial investments that have to be paid on the start of the project. Figure 2
gives an overview on electricity tariff structure in Iraq [14].
A tariff reform program is highly recommended to give the PV net-metering
scheme the self-inertia to promote itself. The figure shows that however the
electricity tariff in Iraq is heavily subsidized for most of consumers’ categories
but still there are some categories that have such a high electricity tariff that
maybe attractive for adopting PV net-metering scheme especially the tariff for
commercial sector.

3.3. Reliability and Availability of the Power System
A crucial prerequisite for net-metering scheme to work properly and to be attractive for local consumer is the existence of reliable and secured power system.
The existence of the utility power supply is a prerequisite for Grid-Tie inverter
to inject the power generated from the PV panels. Considering the very low reliability indicators of the Iraqi power system the standard PV net-metering
scheme is not expected to achieve and sensible records out of it.

4. Case Studies for Net-Metering Implementation in Iraq
4.1. Global Analysis of Net-Metering System
Figure 3 shows the estimated distribution of monthly consumption as a percentage of the annual consumption. By applying the net-metering scheme considering a system of 5 kWp capacity, the current electricity tariff for the residential
sector and considering business as usual such that future updates on the tariff
are not considered.
Table 1 shows the annual savings results in USD as well as savings as a percentage of the electricity bill if the solar system was not installed.
Considering the payments for the loan installments after switching to net-

Figure 2. Electricity tariff structure in Iraq [14].
DOI: 10.4236/jpee.2020.810005

59

Journal of Power and Energy Engineering

Q. K. Hunehen et al.

Figure 3. Monthly consumption as a percentage of the annual consumption.
Table 1. Annual savings due to the application of net-metering for different annual consumptions considering the residential sector and utilizing a system of 5 kWp capacity.
Annual Consumption (kWh)
Annual money savings due to net-metering (US$)
Percentage savings to the annual bill if solar system is not
installed (%)
Loan installment coverage ratio

30,000

35,000

40,000

45,000

300.65

365.6

450

580

52%

62.7%

68.1%

70%

38.4%

46.7%

57.5%

74.1%

metering, the savings will have relatively low covering ratio. Yet, if the tariff increased by 25% before this switching takes place, the customers consuming 45,000
kWh per year will achieve a breakeven. However, it is expected the system cost
will go down because of economy of scale and the government can offer a restructure if the loan such that break even can be achieved. It is important that
these plans are made clear at the start of the governmental program of renewable
energy.

4.2. Sector Analysis of Net-Metering System
In this section, the net-metering financial model that has been developed under
this study will be used to test the feasibility of PV net-metering projects for four
categories of consumers; Residential (>4000 kWh/month), Commercial, Governmental and Industrial. The inputs parameters in Table 2 for all projects are considered fixed for all four categories except the applied electricity tariff.

5. Results
Net-metering applies for both governmental and commercial sectors, where the
tariff is flat rate with a value of 8.58 and 10.29 US$c/kWh, the following saving
achieves for a system of 5 kWp capacity.
As shown in Table 3, if the tariff increases by 11.2% for the commercial sector
before switching to net metering, the system will payback for itself, without a
need to pay additional money. The remaining period after the payment of the
loan will enjoy free energy generated from the system. In case of the governmental sector, the tariff needs to increase by 35.1% to reach breakeven. By applying
DOI: 10.4236/jpee.2020.810005
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Table 2. Case study inputs parameters.
Parameter

Value

Equivalent Full Operating Hours (hours/year)

1500

Installed Capacity (kWp)

24

Specific Investment Cost ($/kWp)

1000

Total Investment Cost ($)

24,000

Equity Ratio (%)

30%

Debt Ratio (%)

70%

Loan’s Interest Rate (%)

8%

Repayment Period (years)

8

Table 3. Annual saving due to the implementation of net-metering to both the commercial and residential sectors considering a system of 5 kWp.
Item

Commercial Sector

Governmental Sector

Annual Savings (US$)

694.5

579.15

Loan Installment Coverage Ratio

89.2%

74%

the equations that mentioned in section 2 in the developed financial model, the
results of feasibility study of implementation of PV net-metering scheme with 24
kWp in residential, commercial, governmental and industrial sectors are summarized in Tables 4-7 respectively, as well as, the annual savings in bills are shown
in Figures 4-7.
Net-metering scheme would yield IRRs of 24% and 13% for residential and
commercial sectors respectively. These are higher than WACC of 10.10%. It is
clear the effect of the fixed electricity tariff value in the governmental and industrial sectors, compared with the residential and commercial sectors. This requires two things, the first is that increasing the capacity of the solar system in
houses and commercial buildings will lead to a profitable investment return for
these sectors, and the second is the need to increase the electrical tariff for the
governmental and industrial sectors in order to encourage adopting such projects.

6. Conclusion
A financial model has been developed in this study to investigate the feasibility
of implementation PV solar net-metering system in different sectors in Iraq.
Based on the above-mentioned analysis, it can be concluded that the breakeven
point that may make the PV net-metering projects feasible is very close to the tariff applied for the commercial sector (10.29 $c/kWh) since the achieved return on
equity is 16% which is very close the target 15%. The results also showed that increasing the capacity of the solar system in houses and commercial buildings has a
profitable effect and that it is necessary to increase the electricity tariff for the government and industrial sectors by a percentage. In Iraq, PV could be the optimal
alternative to overcome existing power sector challenges and it is recommended
DOI: 10.4236/jpee.2020.810005
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Table 4. Results for residential sector (>4000 kWh/month).
Parameter

Value

Electricity Tariff ($c/kWh)

17.15

Weighted Average Cost of Capital (WACC) (%)

10.10%

Net Present Value (NPV) ($)

$27,290

Internal Rate of Return (IRR) (%)

24%

Achieved Return on Equity (%)

41%

Table 5. Results for commercial sector.
Parameter

Value

Electricity Tariff ($c/kWh)

10.29

Weighted Average Cost of Capital (WACC) (%)

10.10%

Net Present Value (NPV) ($)

$5044

Internal Rate of Return (IRR) (%)

13%

Achieved Return on Equity (%)

16%

Table 6. Results for government buildings.
Parameter

Value

Electricity Tariff ($c/kWh)

8.58

Weighted Average Cost of Capital (WACC) (%)

10.10%

Net Present Value (NPV) ($)

($500)

Internal Rate of Return (IRR) (%)

10%

Achieved Return on Equity (%)

11%

Table 7. Results for industrial buildings
Parameter

Value

Electricity Tariff ($c/kWh)

6

Weighted Average Cost of Capital (WACC) (%)

10.10%

Net Present Value (NPV) ($)

($8867)

Internal Rate of Return (IRR) (%)

5%

Achieved Return on Equity (%)

4%
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Figure 4. Annual saving and cumulated annual savings (Residential sector).
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Figure 5. Annual saving and cumulated annual savings (Commercial sector).
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Figure 6. Annual saving and cumulated annual savings (Government sector).
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Figure 7. Annual saving and cumulated annual savings (Industrial sector)

to resort to a net-metering mechanism that would rely mainly on electricity balance settlements rather than financial transactions.
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