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Techno-Economic aspects of small PV plants up to 2MWp in Albania.
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Abstract: The economic benefits have been also addressed, evaluating the energy production and distribution throughout the year and cost
of electricity generation for small PV plants up to 2MW. Renewable energy sources, including solar, wind, hydropower, biofuels and other
renewable sources that may be developed in the future are the main focus of the energy transition ensuring a safe step on the path to an
intensity system. low energy, with minimal impact of greenhouse gases (GHG) and with a minimal cost for end users. Over the last two years
PV systems have attracted a large amount of monetary and investment globally, especially in EU countries. The responsible ministry (MEI)
and its subordinate institutions have drafted and approved the "National Strategy of Energy 2018-2030 ", consisting of 6 possible scenarios
of energy transition towards a sustainable, reliable and diversified energy system. The national strategy seeks to meet its objectives based on
Renewable Energy Sources (RES) and Energy Efficiency (EE). Hence, the economic aspects and identification of the most influenced

parameters is identified and highlighted.
Keywords: PVWP, PVsyst, RES, Irrigation

1. Introduction

PV power generation is very essential in today’s society
development. As the cost of wind power technologies are falling
lots of wind power systems have been developed and installed
around the globe. Electricity costs from renewables have fallen
sharply over the past decade, driven by improving technologies,
economies of scale, increasingly competitive supply chains and
growing developer experience [1]. Effects of environmental,
economic, social, political and technical factors have led to the
rapid deployment of various sources of renewable energy-based
power generation.

Increased demand for energy, indiscriminate use of fossil fuels/
energy reserves coupled with environmental pollution problems
around the globe, have increased the demand for large-scale
commissioning of energy production capacities based on solar
energy. On the other hand, the installation of photovoltaic systems
is associated with high demand for land area. Consequently, in
order to conserve valuable terrestrial resources, it may be very
promising to install photovoltaic systems on the salty soil found in
the region of Divjaka. This study presents the overall economic-
financial analysis, profitability and limitations of the photovoltaic
plant with a capacity of 2MW built in the village of Térbuf, part of
Divjaka Municipality. The development of renewable energy
sources as a means of meeting the global energy demand and
simultaneously replacing fossil fuels as one of the key drivers of
climate change has become one of the major societal challenges of
our time.

2. Energy planning and the role of RES to the road map of
diversification of energy system.

First of all, a comprehensive long term energy system analysis is
aimed at ensuring a good energy-related policy and to enable the
right investment decision. Planning increases the nation’s capacity
to anticipate and respond to changes and opportunities arising in
the sector. Like other instances of public energy policy, it has been
informed mainly by recourse to analytical models. Energy
modelling is key in the energy sector, it happens to be data
intensive which is a challenge for several countries. Hence in this
work RETScreen Expert tool for precise economic simulation for
the case of Terbuf PV plant is chosen.

3. Materials and Methods

Actually, there are several models available for conducting a set of
analysis including environmental impact and benefits. RETScreen
Expert is a clean-energy awareness, decision-support and capacity-
building tool [2].
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Figure 1: RETScreen Expert tool overview and conceptualization

[2].

This model helps us as energy planers in national level to
determine the annual reduction in the emission of greenhouse
gases stemming from using the proposed technology in place of the
base case technology. The model uses a computerized system with
integrated mathematical algorithms and top to bottom approach
which has been developed to overcome the barriers to clean energy
technology implementation at the preliminary feasibility stage. It
provides a cost analysis, GHG emission reduction analysis,
financial summary, sensitivity analysis, provides a low-cost
preliminary assessment of RES projects with a small set of a
detailed information. Methodology 2 as the more suitable to
perform the techno-economic analysis is chosen [2-3].

One of the primary benefits of using the RETScreen software is
that it facilitates the project evaluation process for decision-
makers.The Financial Analysis worksheet, with its financial
parameters input items (e.g. discount rate, debt ratio, etc.), and its
calculated financial viability output items (e.g. IRR, simple
payback, NPV, etc.), allows the project decision-maker to consider
various financial parameters with relative ease.

4. Economic Analysis Methods

Economic analysis can be conducting using neither "Absolute
analysis" by checking if the costs are higher or lower than the
benefits? or "Relative analysis™ especially for RES projects such
defining the rank of the proposed wind farm in terms of costs and
benefits.
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= Cost-benefit analysis: A time period is chosen and the sum of
all costs and benefits in that period is determined. The net
benefit is determined by subtracting total benefits and total
cost in that time period.

Total Benefit=> " (benefits) - > (costs) 1

e Benefit to cost ratio (BCR): A time period is chosen then the
sum of all costs and benefits in that period is determined. The
ratio of benefit to cost gives the benefit to cost ratio.

BCR= > (benefits)
> (costs) 2

e Simple payback period (SPB): This is one of the most
common ways of finding the economic value of a wind energy
project. Payback considers the initial investment costs and the
resulting annual cash flow. The payback time (period) is the
length of time needed before an investment makes enough to
recoup the initial investment.

_ D (investment costs)
(yearly benefits—yearly cost)

However, the payback does not account for savings after the initial
investment is paid back from the profits (cash flow) generated by
the investment (project). This method is a “first cut” analysis to
evaluate the viability of investment. It does not include anything
about the longevity of the system.

e Initial rate of return: This is the opposite of simple payback
period. The value makes the investment look too good.

Initial rate of return= (yearly k?eneflts—yearly cost) *100%
> (investment cost)
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This initial rate of return acts as a minimum threshold indicator for
the investment. If the internal rate of return is below this minimum
threshold there is no need to proceed with the investment.

o Levelized cost of energy (LCOE): All the costs are added
during a selected time period which is divided by units of
energy. A net present value (NPV) calculation is performed
and solved in such a way that for the value of the LCOE
chosen, the project’s NPV becomes zero. This means that the
LCOE is the minimum price at which energy must be sold for
an energy project to break even.

_ D costs/no.years
annual yield (kwh)

LCOE

e  Cash flow analysis: One of the most flexible and powerful
way to analyze an energy investment is the cash-flow analysis.
This technique easily accounts for complicating factors such as
fuel escalation, tax-deductible interest, depreciation, periodic
maintenance costs, and disposal or salvage value of the
equipment at the end of its lifetime. In a cash flow analysis,
rather than wusing increasingly complex formulas to
characterize these factors, the results are computed
numerically using a spreadsheet. Each row of the resulting
table corresponds to one year of operation, and each column
accounts for a contributing factor. Simple formulas in each cell
of the table enable detailed information to be computed for
each year along with very useful summations. Cash flow is
always positive.

> cashflow, = benefits, — > costs, 6
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where n is the number of years of operation from the start system
operation.

e Discounted cash flow (DCF): DCF analysis uses future free
cash flow projec- tions and discounts them to arrive at a
present value, which is used to evaluatethe potential for
investment. If the value arrived through DCF analysis ishigher
than the current cost of the investment, the opportunity may be
a goodone. The purpose of DCF analysis is to estimate the
money one would receive from an investment and to adjust for
the time value of money.

benefits, — ) costs
Discount cash flow,= 2 =2 s 7
@+r)"

r=the discount rate represents the interest rate used in calculating
the present value of future cash flows and n = the years from the
system starts operation. The present worth factor in the above
equation is given 1/(1+r)". The value that is chosen for r shows
that “weigh” the decision towards one option or another, so the
basis for choosing the discount rate value must clearly be carefully
evaluated. The discount rate depends on the cost of capital,
including the balance between debt-financing and equity-financing,
and an assessment of the financial risk must be applied.

e Net present value (NPV): NPV compares the value of a
dollar today to the value of that same dollar in the future,
taking inflation and returns into account. If the NPV of a
prospective project is positive, it should be accepted.
However, if NPV is negative, the project should probably be
rejected because cash flows will also be negative. To calculate
NPV; choose the time period for the project and sum all the
discounted cash flows in that time period.

benefits, — » costs
Discount cash flow, = 2 a0 . _)nz =~ =NPV 8
+i

e Internal rate of return (IRR): This is perhaps the most
persuasive measure of the value of a wind energy project. The
IRR allows the energy investment to be directly compared
with the return that might be obtained for any other competing
investment. IRR is the discount rate that makes the NPV of
the energy investment equal to zero. When the IRR is less
than discount rate, it is a good indicator for the project.

fits — t
IRR — NPV=0 i.eZ:bene il - ZCOS > =0 9
@+i"

5. Data inputs and assumption

Tabele 1: Distribution of costs of PV plant in (€/kW) according to
components of PV plant with capacity 2MW, Terbuf village,
Divjaka municipality.

% €/kW €
PV Panels 47 349 698462
Inverter 11 82 163470
Rack installation 13 97 193192
Electrical parts 12 89 178331
Civil & Installation 12 89 178331
Development 5 37 74304
TOTAL 100% 743 1486 089

From table 2 the main techno-economic parameters and
assumptions used as primary indicators in the study are given.
Power capacity range, electricity export rate, and other financial
parameters in the country context are accepted. The grid extension
cost (25-55000 €/km) per 35 km is taken in the sensitivity analyses
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and O&M cost are identified and taken into consideration in this
study. Based on these recommendations we have calculated the
monetary values that are expected to be spent during the operation
phase (O&M) of the 2MW project, at €50 000 per year.

Table 2: Financial parameters and assumptions.

Components Value Unit
Installed Capacity 2 MW
Electricity export rate 65 €/MWh
Investment Cost 743 €/kw
Discount Rate 5-7-11 %/ year
Debt rate 70 %
Debt interest rate 55 %
Inflation Rate 3.0 %
Debt term 15 year
Reinvestment rate 0 %
GHG reduction credit rate 25 €
Module Lifespan 25 year
(O&M) Cost 15 €/MWh
Not
Land lease applicable Not applicable

The technical aspects of PV type selection directly affect the
annual revenue generated by each module. The total investment
cost assumed in this study is considered 1 626 089€ and the results
below is fully based on this investment.

6. Results and analysis

From the simulation of the proposed PV system the final results for
the efficiency of the system and other techno economic features.

Table 3: The equity payback of the proposed PV plant for the
chosen financial parameters given in table 2.

3 9 g
Electricity export ™ S o 9
rate 3 § S ~
(€/MWh) S - =S
Ll w Ve e
N~ en = M~ < [Tol =]
—a X — ln‘ ™ (\1‘
v [e=) \O| (gl
42.5 (€/MWh) 164 25.0
53.63(€/MWh) 4.0 6.8 134 191 24.3
65 (E/MWh) 2.9 4.4 6.7 111 16.8
76.38(€/MWh) 2.2 32 46 6.6 10.0
87.75(€/MWh) 1.8 2.6 35 48 6.6

The model calculates the equity payback, which represents the
length of time that it takes for the owner of a facility to recoup its
own initial investment (equity) out of the project cash flows
generated. The equity payback considers project cash flows from
its inception as well as the leverage (level of debt) of the project,
which makes it a better time indicator of the project merits than the
simple payback. In our case study for a given electricity export rate
of 65 (€/MWh) and total installation cost of 1 626 089€ the
payback results 6.7 year (see table 3 number highlighted in red).
For the supposed investment and suggesting a rise to 17.5% and
35% of the electricity export rate the payback time is reduced to
4.6 and 3.5 respectively.

The model calculates the energy (electricity) production cost per
kWh (or MWh), this value (also called the Levelized Cost of
Electricity or LCOE) represents the electricity export rate required
in order to have a Net Present Value (NPV) equal to 0. The GHG
reduction revenue, the “Other” revenue (cost) and the Clean
Energy (CE) production revenue are not included in this
calculation. From the graph in figure 3 it is clearly shown that
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LCOE is affected by the interest rate applied on the investment in
the period of 15 years considered in our study.
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Figure 3: LCOE (€/MWh) as a function of the total investment cost
(€) and the interest rate in the range £35% and constant discount
rate 8%.

The reference interest rate is taken 5.5% and the sensitivity
analyses is extended on +35% of the total investment cost and
interest rate.
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Figure 4: NPV variation at a range of sensitivity analysis £35%.

The model calculates the Net Present Value (NPV) of the project,
which is the value of all future cash flows, discounted at the
discount rate of 8%, in today's currency. NPV is related to the
internal rate of return (IRR). NPV is thus calculated at a time O
corresponding to the junction of the end of year 0 and the
beginning of year 1. Under the NPV method, the present value of
all cash inflows is compared against the present value of all cash
outflows associated with an investment project. The difference
between the present value of these cash flows, called the NPV,
determines whether or not the project is generally a financially
acceptable investment. Positive NPV values are an indicator of a
potentially feasible project. The model calculates the NPV using
the cumulative after-tax cash flows. In cases where the user has
selected not to conduct a tax analysis, the NPV calculated will be
that of the pre-tax cash flows. For electricity export rate
€42 5MWh NPV results negative and payback period is more than
25 years reaching the maximum time period of the PV.
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For the chosen total investment cost of 1 626 089€ and electricity
prices equal or more than €65/MWh the project is profitable and

NPV results positive.
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Figure 5: Pre-Tax-IRR-Equity (%) distribution at a range of
sensitivity analysis +35%.

In figure 5 Pre-Tax-IRR-Equity (%) distribution is given. The
model calculates the pre-tax internal rate of return (IRR) on equity
(%), which represents the true interest yield provided by the
project equity over its life before income tax. It is calculated using
the pre-tax yearly cash flows and the project life. It is also referred
to as the return on equity (ROE) or return on investment (ROI) or
the time-adjusted rate of return. It is calculated by finding the
discount rate that causes the net present value of the equity to be
equal to zero. The most obvious advantage of using the internal
rate of return indicator to evaluate a project is that the outcome
does not depend on a discount rate that is specific to a given
investment. In our case study IRR at reference condition results
20%.

7. Conclusion

The economic analysis of the PV project of 2MWop is focused on
estimating the total investment cost, the price of electricity
generation (LCOE), factors influencing investment as well as a
detailed sensitivity analysis and financial risk. In the sensitivity
analysis, the effects of changes in financial parameters in the range
of +35% on the values of self-repayment period (VAT), NPV,
IRR, LCOE, O&M were checked.
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In order to perform economic aspects at a high accuracy level
Methodology 2 in RETScreen Expert is chosen. Sensitivity and
Risk Analysis (Monte Carlo simulation) is performed on sensitivity
of important financial indicators in relation to key technical and
financial parameters.

From the simulation the annual electricity generated, and export
rate and total cost are the main parameters influencing the potential
of small PV plants.

The PV plant of 2MW of installed capacity, at the proposed
location can generate an annual electricity of 3319MWh,
NPV=1015988 € and payback time 6.7 years.

The cost of manufacturing solar panels has plummeted
dramatically in the last decade, making them not only affordable
but often the cheapest form to replace the existing power systems.
Solar panels have a lifespan of roughly 30 years and come in
variety of shades depending on the type of material used in
manufacturing.

As a conclusion by installing 10 times more capacities it can not
only reduce the electricity import by 11% but in other hands helps
in the diversification of the Albanian Energy sector requested on

[6].
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