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ABSTRACT

The promotion of large photovoltaics projects is a trendy reality in South America, but the potential to be
a solution for distributed generation through small-medium systems connected to the grid is an under-
exploited reality. In this paper, a techno-economic analysis of three small PV systems located in different
cities of Peru is undertaken. Based on real measured energy data, two different scenarios are going to be
economically evaluated: one that resembles a lease contract and another in which a residential owner
promotes its installation. Levelised Cost of Electricity results vary from 0.10 USD/kWh to 0.20 USD/kWHh,
showing that only in the city of Arequipa a cost-competitive result is achieved, whereas in Tacna and
Lima it depends on the financing mechanism chosen. Underline that in the city of Lima grid-parity may
not be achieved until 2027. In addition, companies selling PV energy within the homeowner facilities,
despite resulting in LCOE values lower than the electricity tariffs, they may face non-profitable situations.
Therefore, only if banks incorporate the financing of small-scale grid-connected photovoltaic projects
into their product portfolio and there is a government policy to promote this technology, small PV
projects may be a feasible solution for all residential users in Peru.

Self-consumption

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

Nowadays, photovoltaic (PV) has become a mature technology.
The latest installation figures confirm its consolidation not only in
the renewable energy sector, but also in the field of electricity
generation. Moreover, the projected outlook not only ensures this
trend, but also improves the current tendency for installed power
ratios and penetration levels. Within this pattern, South American
countries are playing a major role in the adoption of this technology
within their energy generation mix [1-3].

Among the Latin American countries, the Peruvian economic
growth rates stand out, which implicitly implies an increase in
energy demand [4—6] and the need to undertake important
changes in the electricity distribution system and the origin of their
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sources [7,8]. The total consumption of grid electricity in Peru
reached a new record in 2017 (48,993.25 GWh) where approxi-
mately 73% of the energy sources in Peru came from fossil fuels
such as oil and natural gas [9].

In this scenario, photovoltaic technology could be positioned as
a promising alternative for the country’s energy supply that may
help the sustainable energy transition of the country [10]. Recent
publications expose the advantages of implementing policies that
encourage the use of photovoltaic technology in Peruvian cities. For
example, in Ref. [11] there is a study carried out in different loca-
tions in the country which states that the promotion of roof-
integrated photovoltaic systems would significantly reduce con-
ventional energy consumption and greenhouse gas emissions by
10—24% over a period of 10 years.

However, based on the state of the art concerning the feasibility
of PV projects and also the contextualization of the Peruvian PV
market, it is necessary to assess about the feasibility evaluation of
residential photovoltaic self-consumption projects, as it is a market
yet to be exploited in the country.
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1.1. State of the art: economic feasibility of PV projects

In the literature there is an enormous availability of different
studies concerning the economic feasibility of on-ground grid-
connected large PV projects [12—16] or medium sized ones [17—19].

In addition, there is also abundant literature in relation to the
economic analysis of photovoltaic systems integrated in buildings
or small commercial businesses [20—23], and recently, a multitude
of publications have emerged analyzing the economic viability of
small residential photovoltaic systems connected to the grid, where
the self-consumption paradigm is considered [24—30].

There are also manuscripts where different remuneration
mechanisms are analysed depending on the management of the
photovoltaic energy generated and the applicable retribution
scheme [20,25,31,32].

Moreover, a proper economic analysis may also influence on
improvements in the design strategies of either residential PV
systems or large PV installations in order to have a balance between
the maximization of the energy generated, the cost-
competitiveness of the electricity generated and the profitability
of the investment [33—36].

Also worthy of attention are those articles that deal with the
influence of policies and legislation on the profitability of photo-
voltaic plants [37—40]. Of note are the studies published for Spain,
where the retroactive application of certain laws affecting the
remuneration of the energy generated by photovoltaic installations
has had a major impact on the sector [41—44]. Moreover, some of
these measures influenced not only on the profitability, but also on
the energy performance, where in some cases, the owner of the
plant might find it more profitable to leave the preventive main-
tenance of its PV plant that to maximize its production [18,45].

The previous studies are scattered throughout the world, and
one can deduce how photovoltaic technology has matured to such
an extent that over the years it has become an economically viable
energy alternative, both for large photovoltaic plants and for resi-
dential use. However, it is noteworthy that only few economic
residential PV studies are published referred to South America
[46,47] and there is no document, to the best of the authors’
knowledge, analysing in-depth the economic viability of photo-
voltaic systems in Peru.

1.2. Peruvian PV market

The renewable energies in Peru have not had a complete
acceptance and development in the country. The main reason
comes from several barriers in the regulatory framework and the
public auctions that may have a negative impact in the electricity
bills paid by the standard users [48].

In the case of the photovoltaic market, it has always been linked
to the development of small home systems for areas isolated from
the grid. The first PV rural electrification project in Peru was a
German technical cooperation project which took place in the
period ranging from 1986 to 1996 in the Department of Puno,
where circa of 500 solar home systems where installed in a “pre-
commercial” framework, i.e. subsidized [49].

This rural electrification is usually based on small stand-alone
PV systems or micro-grids [50—52]. In any case, the promotion of
these installations are either subsidized [53] or included in the
electricity bill [54].

Among these actions, the implementation of the National Rural
Electrification Plan [55] stands out in Peru. This program, which
aims to achieve 100% electrification in the country, is focused
especially at the populations that are in the most remote places,
which have high poverty rates, and where it is known that the
conventional electricity grid will not arrive in the next ten years

[56]. It is estimated that approximately 500,000 homes can be
electrified using PV technology in the following years [57].

In addition to the rural electrification reality, the promotion of
large grid-connected PV systems in the south of the country is
happening at the same.

Within the total consumption of electricity from the grid in Peru
previously identified, only 0.51% had a photovoltaic origin [58],
which mostly comes from this mentioned large systems recently
installed in the South.

The most common remuneration mechanism for these large PV
plants is that of long-term power purchase agreements (PPA) as a
result of public auctions promoted by national Governments, which
have been very frequent in Central and South America recently
[6,59,60]. The latest auctions promoted by the Peruvian Govern-
ment have been assigned to an average PPA of 49 USD/MWh for the
installations of two systems with a total power of 185 of MW [3,61].
After the fourth renewable energy auction resolved in February
2016, with which the contribution to the national energy mix of
non-traditional renewable energies is expected to be close to 5%
during 2018, approximately 300 MW of photovoltaic energy are
plugged to the National Interconnected Electric System (SEIN), as
large production plants. These systems, seven in total, operate in
the southern part of the country (regions of Arequipa [62,63], Tacna
[64] and mainly Moquegua [65—68]). Unfortunately, there is no
known article describing the operation and performance of these
systems, although some of these plants have been integrated into
the SEIN for more than 5 years.

Therefore, it can be said that in the Peruvian market coexists
two different realities in terms of photovoltaic technology, where a
total of 797 million dollars has been invested in solar projects until
2017, of which 75% comes from large-scale projects and the
remaining 25% belongs to rural electrification [69]. It is estimated
that by 2020 there will be an accumulated PV power of 540 MW
installed in the country, where the investment potential could
amount to 1350—1610 million USD [70]. On the other hand, other
reports estimate that by 2020, the investment amount will be
around 524 million USD, whereas this quantity will increase in 241
million USD and 96 million USD for the periods 2021—2030 and
2031—-2040 respectively [71].

However, besides these two existing realities in the Peruvian PV
market and their potential, the implementation of small-medium
sized PV systems connected to the grid is a missing gap within
the country, as there is still no specific legal framework and no
financing solutions are available [72]. Nonetheless, a notable in-
crease in the number of photovoltaic systems integrated into the
small- to medium-sized grid is expected following the approval by
the Peruvian government of the Supreme Decree on the Regulation
of Distributed Generation (Ministerial Resolution No. 292-2018-
MEM/DM). The deadline for the submission of comments was
October 30th, 2018.

Although the high potential for the installation of such systems
has been extensively documented [73] and the performance of PV
systems and even an economic evaluation has been studied else-
where in the Latin American context [74,75], there is a general
shortage of scientific documents analyzing the energy and eco-
nomic viability of this type of systems for the case of Peru. Only in
Ref. [76] there is an assessment for residential PV in Peru but whose
economic analysis is incomplete in the number of economic criteria
used and in the selected locations.

Despite the promotion of large photovoltaics engineering pro-
jects is a trendy reality in South American countries, the potential
to be a solution for distributed electricity generation through small
(1-10 kW) and medium (10—100 kW) sized systems connected to
the grid is an under-exploited reality in Peru from the market point
of view. This manuscript attempts to fill the gap in the economic



416 R. Espinoza et al. / Renewable Energy 136 (2019) 414—427

assessment in Peru between large and stand-alone PV systems.
1.3. Layout of the manuscript

According to the scenario glimpsed previously, an economic
analysis will be carried out of a small PV system, typically dimen-
sioned for its residential integration. To this end, different financing
scenarios will be proposed for three locations, with the objective of
evaluating the economic feasibility of integrating these systems
into the residential segment, as it is currently happening in many
parts of the world, where the self-consumption is a tendency.

Firstly, the performance of the three PV systems proposed will
be described in chapter 2, with the added value that the data shown
are based on real measurements and can therefore provide valuable
insights to prospective owners or small energy companies. Chapter
3 explains the methodology for estimating the unitary generation
price of these systems and their economic assessment, assuming
different financing scenarios, depending on whether the systems
are promoted by a private residential owner or a small-medium
company (SME) whose objective may be the leasing of the sys-
tem. In chapter 4, the Levelised Electricity Cost (LCOE) results will
be compared with the electricity tariff applicable to a standard
domestic user to assess the cost-competitiveness of the technology,
uncovering some uncertain profitable scenarios, but also showing
that the trend of previous years has been reversed in some cases
[77]. In addition, the results of conventional methods for the eco-
nomic analysis will be shown, i.e. Net Present Value (NPV) and
Internal Rate of Return (IRR), where the allocation of the sales price
of the generated PV electricity will be crucial. Finally, a sensitivity
analysis is proposed to assess the extent to which the loan interest
rate or the cost of capital should be reduced in order to revert the
non-grid-parity scenarios detected.

2. Description and performance of the PV systems

Under the framework of the international cooperation project
“Emerging with the Sun”, led by the University of Jaen (Spain),
three different PV test facilities have been installed and monitored.
In April 2015, two monocrystalline silicon PV systems were
commissioned in Tacna and Arequipa, located in southern Peru,
whereas the third PV installation, located in the city of Lima, has
been in operation since May 2016 and is made of Sharp thin-film
modules (see Fig. 1).

Fig. 1. PV testing facilities (from left to right: Arequipa, Tacna, Lima).

Table 1
Characteristics of the locations.

The location of these PV plants is not arbitrary. The criteria were
established based on the availability of solar resource and the
population distribution, so the concept of self-consumption could
mean a real alternative to electricity generation from other energy
sources. The main characteristics of the sites are summarized in the
Table 1, where radiation data from the National Renewable Energy
Laboratory (NREL) and the European Photovoltaic Geographical
Information System (PVGIS) has been used as reference [78—80]
and compared to the real measured values during the experimental
campaign.

The PV systems of Arequipa and Tacna match a criterion of solar
resource availability, since the levels of radiation are high. In
addition, these installations are located on the roof of a building
and a research centre, respectively, in order to reliably resemble the
type of installations commonly used in the self-consumption
configuration.

In the case of Lima, where insolation levels are significantly
lower due to a high component of diffuse radiation, the selection
criterion has been due to the fact that almost one third of Peruvians
live there, therefore a small distributed PV system could relieve the
grid by testing self-consumption solutions, although its integration
into the city’s urban distribution may be a challenge.

Table 2 describes the characteristics of the PV modules and in-
verters of the operating installations in the selected locations. In
addition, the system configuration is summarized which will be
used as input for the economic methodology. It can be observed
that the power size of such PV installation is small, therefore, is an
appropriate design for a residential use that includes the option of
self-consumption.

2.1. Performance indicators of the testing facilities

The test facilities have been monitored since their start-up using
commercial measuring hardware, although the data analysed in
this paper are collected since their official commission, which took
place months after the installation. The monitoring system for the
PV plants located in Arequipa and Tacna (silicon-based) consists of
Carlo Gavazzi® hardware. EOS-Array® devices are used for the
measurement of string variables and the energy monitoring is
measured with the EM24® energy meter and analyser.

In both locations, two thermocouples have been used for the PV
module and ambient temperature measurements. The insolation
data of the locations were obtained by means of a small module of
the same technology, attached to the structure with the same
inclination angle. This module was calibrated to obtain, by means of
a shunt resistance, a voltage proportional to the incident irradiance.
A diagram of the monitoring configuration is shown in Fig. 2.

In the case of the PV Thin Film facility, the SMA’s own moni-
toring system was used, where a sensor of similar technology has
been considered for irradiance measurement.

With the inclusion of irradiance sensors of the same technology

Characteristics

Arequipa

Tacna

Lima

Coordinates

Altitude

Mean horizontal daily Irradiation (NREL)
Mean horizontal daily Irradiation (PVGIS)
Mean tilted daily Irradiation (PVGIS)
Mean tilted daily Irradiation (measured)
Mean Ambient temperature (NREL)
Mean Ambient temperature (PVGIS)
Mean Ambient temperature (measured)

~16.40S, —71.53W
2369 m

6.50 kWh/m?/day

6.55 kWh/m?/day

(15°) 6.86 kWh/m?/day
(15°) 5.82 kWh/m?/day
12.8°C

13.3°C

18.1°C

~18.02S, —70.25W
563 m

6.26 kWh/m?/day

6.18 kWh/m?/day

(15°) 6.46 kWh/m?/day
(15°) 5.08 kWh/m?/day
16.4°C

17.7°C

19.4°C

—~12.02S, —77.05W
110 m

4.85 kWh/m?/day

4.60 kWh/m?/day

(15°) 4.66 kWh/m?/day
(15°) 4.05 kWh/m?/day
19.6°C

19.7°C

22.3°C
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Table 2
Description of the PV plants.
Arequipa (UNSA) Tacna (UJBG) Lima (UNI)

PV module characteristics Solarworld Silicon Mono SW 275 Sharp Thin Film NA-F135GK
Maximum Power (Pm, W) 275 128
Open-Circuit Voltage (Voc, V) 394 59.8
Voltage at the maximum power point — (Vm, V) 31 454
Short-circuit current (Isc, A) 9.58 345
Current at the maximum power point — (Im, A) 8.94 2.82
Temperature coefficient power (yYPm, %/°C) -041 -0.24
Inverter characteristics Stecca Coolcept 3010x Sunny Boy SMA 3.0 US
Inverter’s power (Pinv, W) 3000 3000
Maximum input voltage (V) 600 600
Operating input voltage range (V) 125-500 155—480
Maximum input current (A) 115 10
Max. efficiency (%) 98.0 97.6
CEC efficiency (%) 97.8 96.5
System Configuration
Tilt 15° 15°
Azimuth 0° (North) 0° (North)
Strings 1 3
Modules per string 12 9
W, (W) 3300 3456
Voc (V) 469.2 538.2
Ve (V) 372 408.6
Isc (A) 9.58 10.35
Tvpp (A) 8.94 8.46

MONITORING

Fig. 2. Monitoring system of the Silicon PV installations.

as the PV modules, all spectral and reflection losses are inherently
taken into account in the measurements. Therefore, the un-
certainties and measurement errors of irradiance are mitigated as
the climatic and soil effects are considered [81—83].

After more than 3 years of operation of the silicon-based PV
systems, and more than 2 years of the thin-film installation, the
main key performance indicators, based on real data, of the
different PV plants are summarized in Table 3 [84], where the final
yield of the PV system installed in Arequipa is remarkable.
Considering that it is the second most inhabited city in Peru, the
potential for the installation of these residential self-consumption
PV systems is enormous.

Another noteworthy aspect is the low final yield of the test fa-
cility in Lima compared to the other test plants. This perceived
underperformance is mainly due to the low levels of solar irradia-
tion available in the city of Lima, which is explained by a large
number of cloudy days. On the contrary, although its results in a
lower final yield, the capture losses are less severe in Lima than in
the Arequipa and Tacna.

This near-permanent cloudy weather, although apparently
resulting in lower performance figures, is more favourable for thin-

Table 3
Performance Results of the PV plants.
Arequipa (UNSA) Tacna (UJBG) Lima (UNI)

Annual Irradiation (H) 2220 1859 1477
(kWh/m?/year)
DC Energy Output (Epc) (kWh/year) 6425 5326 4793
AC Energy Output Exc (kWh/year) 6155 5107 4507
Reference Yield (Yr) (kWh/kWp/year) 2220 1859 1477
PV Array Energy Yield (Ya) (kWh/kWp/year) 1983 1644 1387
Final System Yield (Yf) (kWh/kWp/year) 1900 1576 1304
Array Capture Losses (Lc) (kWh/kWp/year) 237 212 87
BOS losses (Lgos) 83 68 83
(KWh/kWp/year)
Array (DC) Efficiency 14.4% 14.2% 8.5%
BOS Efficiency 95.8% 95.9% 94.0%
System (AC) Efficiency 13.7% 13.7% 8.0%
Annual Performance Ratio (PR;nnyal) 85.5% 84.9% 88.5%
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film technology, as the spectral content of the sun is better suited to
the response of these modules [85—87]. Therefore, one question
that may arise for a future investor is whether it is more appro-
priate to install thin-film technologies in the city of Lima for the
promotion of self-consumption rather than silicon modules.

A detailed monthly distribution of the final yield and losses
(capture and BOS) for each location is shown in Figs. 3—5. It can be
observed that the performance (and losses) of the Arequipa PV

AREQUIPA PV PERFORMANCE

m Capture Losses (L) ® Balance of systems Losses (Lbos) = Final Yield (¥f)

7.00

600

h . . . l l

200

KWh / kWp -year

JANUARY  FEBRUARY  MARCH APRIL MaY JUNE JULY  AUGUST  SEPTEMB.  OCTOB.  NOVEMB.  DECEMB.

Fig. 3. Monthly Final Yield and losses of Arequipa testing facility.

TACNA PV PERFORMANCE

W Capture Losses (L) @ Balance of systems Losses (Lbos)  Final Yield (¥1)

KWh / kWp - year
g g

JANUARY ~ FEBRUARY ~ MARCH  APRIL MAY JUNE JULY  AUGUST  SEPTEMB.  OCTOB.  NOVEMB.  DECEMB.

Fig. 4. Monthly Final Yield and losses of Tacna testing facility.

LIMA THIN-FILM PERFORMANCE

m Capture Losses (L) m Balance of systems Losses (Lbos) = Final Yield (Y1)

- .
sm.. . l.

8

KWh / kWp - year
g

JANUARY  FEBRUARY  MARCH APRIL MaY JUNE oty AUGUST  SEPTEMB.  OCTOB.  NOVEMB.  DECEME.

Fig. 5. Monthly Final Yield and losses of Lima testing facility.

system is approximately constant within a certain range, while in
Tacna and Lima the differences between summer and winter are
noticeable. This behaviour, especially for the case of Lima, may
endanger the coupling of generation and consumption profiles for
self-consumption in these cities, while Arequipa seems to be in an
advantageous position for the promotion of PV technology under
the premises of self-consumption.

3. Methodology of the economic and cost-competitiveness
analysis

Once the performance analysis of the testing facilities has been
described, an economic study is proposed in order to assess the cost
competitiveness of these plants with regards to the local electricity
tariffs and the economic feasibility of these investments according
to the characteristics of the country and the selected locations.

In many reports and scientific papers where an economic
analysis of a PV system is carried out, it is common practice to
include the Net Present Value (NPV, in USD) and the Internal Rate of
Return (IRR, in %) as criteria for the evaluation of the profitability of
a PV investment [43,88,89]. However, different NPV and IRR results
will be obtained depending on the consumption profiles, level of
self-consumption, tariffs allocated to the sale of surplus PV elec-
tricity in case there is a net-balance scenario, and economic savings
for the electricity not consumed from the grid. Moreover, these
indicators can sometimes conceal information on the viability of
such investment, as some liquidity shortfalls may arise [90].

From the end user’s point of view and in order to evaluate the
feasibility of such an investment, it is clearer to carry out an analysis
based on the Levelised Cost of Electricity (LCOE), whose results can
be compared with the standard electricity tariff paid by an average
household consumer in Peru, so that the potential investor can have
a tangible decision tool.

3.1. Levelised Cost of Electricity, Net Present Value and Internal Rate
of Return definitions

LCOE, which has been sufficiently covered in the literature, is
defined as the constant cost of generating a unit of PV electricity
levelled throughout its entire life cycle and referenced to the year in
which the investment is made [31,91—-93]. For its calculation we
need to provide information on the system’s lifetime cost and the
annual energy (Epy) it is expected to generate until decom-
missioning the project, considering a certain annual degradation
rate (Egeg). The economic expression used for the LCOE calculation
is described below:

LCC
n
Epy- Y2 (];fi‘leg)

The life-cycle cost (LCC) includes not only the cost of installing a
PV plant (PVest), Which it is the initial investment (PViyy), but also
the annual operation expenditures (OPEX) and the annual tax
depreciation (DEP) in those countries in which a tax depreciation of
the investment could be considered.

LCOE refers to the initial time at which the investment is made,
so all the future annual expenses have to be translated to their
present value (worth). By defining Npy the life cycle of a PV project,
Ngep as the time period for the tax amortization, and T the tax rate
applicable (either residential or SME taxes) which can be deduced

from expenses, the numerator of equation (1) can be rewritten as
follows in equation (2):

LCOE(USD/kWh) = (1)

LCC = PVjyy + PW[PVopex (Npy)] — PW [DEP (Ndep)] T 2)
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There are many sources of financing a PV project that depend on
the complexity and associated risk [94,95]. According to the scope
of this research and the scenarios considered, only two financial
mechanisms will be taken into account: long-term debt (PVjoan)
and equity capital (PVeq) contributed by either a standard home-
owner or a small enterprise which may offer PV projects as a leasing
product. The cost of a photovoltaic project of the dimension
considered in this study can be expressed according to the
following equation, where a subsidy term has been included only
for the explanation of the methodology, but it will not be consid-
ered in this work.

PViny = PVigan + PVeq + PV (3)

The share of the investment relating to the bank loan (long-term
debt) will be financed over a period of Njpa, years and at an ijoan
interest rate. In addition, tax deductions will be considered in
accordance with the country’s regulations. The proportion of in-
vestment financed by equity capital should be remunerated
annually in the form of dividends (deq) to compensate for the op-
portunity cost lost. As with any similar investment, the equity share
must be returned at the end of the selected period (Neg), in this
case, the Npy years of life cycle of the PV project. Finally, if any
subsidy is applied and linked to the initial investment, through a
non-refundable quantity, although it reduces the amount of money
to be financed, is also taxable for a defined period of time (Ngyp).

Therefore, the investment to be made is summarized in the
following financial equation, where the discount rate (d), unless
other specification is mentioned as it happens in one of the sce-
narios considered in this study, is equal to the weighted average
cost of capital (WACC), which represents the cost that has to be paid
for the availability of capital resources.

iloan ) (1 - T)
1~ (1+ijpgn- (1 T)) Newn

PViny = (Pvloan' ) 'PVIF(Nloan)>

+ ((deg-PVeq) - PVIF (Neg) + PVeq-"e?) (4)

+ (M-T-PVIF(NM,O
Nsub
In the previous equation, PVIF is the Present Value Interest
Factor, which it is related to the nominal discount rate during the
Nx period considered depending on the duration of the loan (Njoan),
equity (Neg) or applicable subsidy (Ngyp).

1— qu
PVIF(NX) = q-—— q (5)
1
e ©

Prospective owners should be aware that increasing the
leverage of a renewable energy project provides tax advantages and
it also helps to reduce the WACC when the opportunity cost of the
equity capital is higher than the bank’s interest rate [96]. In the case
of small PV projects, such as the ones considered in this study, the
previous statement is usually not complied.

In addition to the initial investment and the debt-equity share
chosen, annual operation expenditures (OPEX), during the lifecycle
of the PV plant (Npy) also influence the calculation of LCC. This term
is becoming increasingly important in the PV industry, as it in-
fluences not only the energy yield but also the profitability of a PV
plant [45], and should therefore be included in this study. If this
term is translated to its present worth, assuming that the annual
OPEX (PVgpgx) is assigned an annual percentage increase Egpgx, we

obtain the following expression:

Kopex - (1 — Kopex"™ ) )

1 — Kopex

PW[PVopex(Npy)] = (PVOPEX : (7)

Where Kopgx = (]+€OPEX)/(1 + d)

In some country-specific fiscal scenarios, a certain percentage of
the PV investment may be legible for tax depreciation over a certain
period of time (Ngep). This term means a reduction in the LCC and
the calculation of its present worth can be expressed as follows:

PW [DEP (Ndep)] — DEP-PVeos; - PVIF (Ndep) (8)

In the previous formula, DEP is the annual tax depreciation for
the PV system and PVIF(Ngep) is calculated as the previous Interest
Factors (equation (5)) with Ny = Ngep

In relation to the most common economic methodologies
conventionally used for the evaluation of an investment, the
following expressions (equations (9)—(11)) define the Net Present
Value (NPV) and the Internal Rate of Return (IRR) criteria.

NPV = PWI[CIF(Npy)] — LCC (9)
n=Npy Qn

NPV = —PVjpy + ; asdr (10)

0 = PWICIF(Npy)] — LCC (11)

The Net Present Value is the difference between the present
worth of the cash inflows and the life cycle cost of the investment
during the duration of the PV project (Npy) as equation (9) de-
scribes. Another formula for expressing the NPV is shown in
equation (10), where in this case, for a project to be economically
feasible, the initial investment cost (PViny) has to be overcome by
the summation of the annual cash flows generated during the
lifetime of the project. The cash inflows (CIF) are obtained through
the sale of the PV energy generated or the electricity saved for not
consuming it from the grid in the case of self-consumption projects.

The IRR of an investment defines the value of the discount rate
that makes NPV = 0. Therefore, in order for a project to be feasible,
the IRR has to be greater than the discount rate used for the eco-
nomic calculations.

Once the LCOE, NPV and IRR definitions have been described,
the following sections will propose different financing scenarios,
taking into account the economic characteristics of the country and
the real data measured of the photovoltaic systems installed.

3.2. Definition of financing scenarios

In this research, for a proper identification of the LCOE, NPV and
IRR in Peru, referred to the year of study (2018), different financing
scenarios are proposed in order to cover several funding schemes
currently available internationally for this type of projects, which
may be not necessarily common in the Peruvian context. Therefore,
the results could be very valuable for funding organisms and policy
makers which are willing to identify financial schemes for this
technology and take a stance in the market.

In all scenarios, the energy-related parameters of the PV systems
that affect the economic and cost-competitiveness evaluation are
the ones described in Section 2, which are based on real
measurement.

The capital expenditures (CAPEX) of the installed PV systems are
described in Table 4, where the cost of the systems, fully installed,
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Table 4
Identification of CAPEX and OPEX of the PV systems installed.

CAPEX Arequipa and Tacna Thin Film Lima
PV system Cost (USD/kW) 2180 2030
Taxes (18% VAT) (USD/KW) 3924 365.4
Connection fee (USD) 102.27
Certification Costs (USD) 151.52
Administrative Costs (USD) 60.61
Total CAPEX (USD) With VAT 8803.32 8592.90
Unitary CAPEX (USD/kW) 2667.67 2486.37
Total CAPEX (USD) Without VAT 7508.40 7330.08
Unitary CAPEX (USD/kW) 227527 2120.97
OPEX (USD/kW/year) 19 22

are based on real data provided by local suppliers. A slight differ-
ence between silicon-based photovoltaic plants and the Thin Film
system installed in Lima is highlighted. A conservative scenario has
been chosen for the PV system cost, since the implementation of
small PV grid connected installations is not yet a widespread reality
in Peru and therefore, the price decrease experienced in other
countries cannot be transferred to the Peruvian reality.

The Value Added Tax (VAT) of 18% applicable in Peru has also
been included and some fees have been considered based on na-
tional regulations.

In this Table 4, instead of using the national currency (PEN -
Peruvian Sol) for the definition of the monetary units, USD has been
chosen, for a better comparison with international reports and
similar scientific papers. An exchange value of 3.3 PEN per USD has
been assumed [97].

Although in similar papers, annual operation and maintenance
expenditures (OPEX) are in the range of 0.5—1.5% of the initial in-
vestment [98—100], it is advisable to express this expenditure per
unit of power (USD/KW), thus reflecting the current trend of asset
management companies. Recent data available establish an average
OPEX value in the range of 9—19 USD/kWp [101,102]. For the pur-
poses of this paper, 19 USD/kWp, which is the worst scenario, has
been considered for the Arequipa and Tacna facilities, while in
Lima, as a result of higher levels of soiling and pollution particles,
this amount has been increased to 22 USD/kWp, as cleaning tasks
are scheduled more frequently.

In the economic methodology already explained, there are a
series of economic parameters which are independent of the sce-
narios proposed whose values, adapted to the particularities of
Peru, are summarized in the Table 5.

Inflation (g) and the Consumer Price Index (CPI) data have been
adjusted according to the information available and the expected
growth for the next years in the country [97,103,104]. The taxes
applicable to both private individuals and Small-Medium Enter-
prises (SME) are based on the information provided by the National
Superintendence of Customs and Tax Administration [105] and an
annual linear depreciation (DEP) of 10% has been assumed for the
first 10 years of operation of the systems.

Regarding the annual percentage increase of the operation and

Table 5

General financial, economic and energy parameters.
Inflation (g, %) 2
Consumer Price Index (CPI, %) 35
Residential Taxes (T, %) 15
Non-residential taxes (SME) (T, %) 28
Depreciation Tax (DEP, %) 10
Depreciation Years for tax purposes (Ngep, years) 10
Residual value of PV system at Npy = 25 years (€) 0
Lifetime of the PV system (Npy, years) 25
Annual energy degradation (Egeg, %/year) 0.5

maintenance expenditures (€opgx), it is going to match the inflation
rate. Just as similar documents [106], in this analysis no residual
value of the PV system is left at the end of its lifecycle and the equity
share will be reimbursed at the end of the system’s lifecycle (25
years).

In addition to the economic parameters and the energy infor-
mation defined in Tables 3 and 4, it is necessary to define some
general parameters, such as the annual degradation rate or the
expected lifetime of the installation. Based on the information
available in the literature, a linear annual power degradation rate of
0.5%/year is assumed in Table 5 [107—109].

3.2.1. Scenario 1: enterprise point of view. Fixed discount rate
according to the Peruvian law for energy investment projects

The Peruvian electricity concession law D.L N.25844, and it
subsequent amendments, establishes that any energy investment
project must have a minimum profitability of 12%, so this require-
ment will define this first scenario of our analysis, setting the dis-
count rate to this value (d = 12%) [110]. For this study, it has been
assumed that this requirement is only applied to companies that
want to commercialize the energy generated by a PV system, while
a particular user that wants to install a domestic system would not
be subject to this restriction, since its objective is not to do business.

The traditional approach considered for medium-large PV pro-
jects makes them a mere financial product, but the objective of
distributed small self-consumption PV systems differs from this
conception. Firstly, the sponsors and users of these systems are not
profit-driven companies, but regular homeowners seeking to save
on their electricity bills while contributing to the environment. In
this context, the aforementioned law and its profitability require-
ment are outdated.

However, a new business niche can emerge in this self-
consumption paradigm, where electricity utilities can offer their
residential customers the installation and maintenance of a PV
energy product in exchange for a monthly fee (lease) or a unit price
for the self-consumed PV electricity, without the need for the user
to face the large upfront capital of these systems [111].

Under this premise, the application of this minimum profit-
ability requirement is justified, but some assumptions must be
made to define a scenario that is of interest and applicability for the
business world and also for domestic users.

In this first scenario proposed a company is supposed to own the
photovoltaic system like the ones under test. The PV installation
will be offered as an energy product to potential homeowners, who
will pay for the self-consumed electricity a flat rate, which may
correspond to the LCOE calculated (USD/kWh) during the time set
for the lease contract, which in this first scenario is Npy = 25 years,
matching the useful life of the PV system. This flat rate can be
different in the case the companies look for greater revenues, but in
any case, if companies want to offer a cost competitive service,
should be lower than the electricity tariffs that users pay.



R. Espinoza et al. / Renewable Energy 136 (2019) 414—427 421

For the LCOE;q18 calculation, we have assumed that the com-
pany does not need to borrow money from the bank, so all the
photovoltaic assets come from its own resources which are
financed with the equity share from their stakeholder portfolio. The
required annual dividends are set according to the standard rate
that any similar investment project should have (deq = 6%) and no
VAT is applied to the PV cost, i.e. the initial investment (PV|y),
because we are dealing with the purchase of a good from a com-
pany which will be used to offer a service. Therefore, VAT will be
applied to the LCOE result, so it will be charged to the PV customers.
This amount has to be reimbursed by the company to the national
treasury. In addition, the company will also charge the final
customer the corporation tax (in Peru, Tsyg = 28%), because it must
be paid to the treasury and would mean a loss if it is not taken into
account in the company’s finances.

Table 6 presents a summary of the parameters considered in this
first scenario, where the forced 12% discount rate (d) will be used,
instead of using the resulting WACC value of the financing mech-
anism chosen.

3.2.2. Scenario 2: debt and equity financing under Peruvian
financing data

In this second scenario, a classic financial scheme is proposed
for this type of projects. The investment is made through loans
granted by banks (debt) and equity capital. In this case no subsidy is
considered. Although this scenario is widely used to finance these
types of PV projects, it is not a common tool available in Peru, so the
results could be valuable for both banks and customers.

The investment in the PV project is financed 80% with debt and
the rest (20%) with equity capital, which is contributed from the
owner’s own resources. Although there are no data available for the
Peruvian context related to specific loans for PV systems, because
banks do not have in their portfolio the financing of PV products, for
this study we have compiled data on the characteristics of the
credit portfolio offered by Peruvian banks to standard users, from
mortgage loans, to the acquisition of vehicle or personal loans.

The median value obtained makes us to suppose that banks will
probably finance this investment with an interest rate (ijoan) of 14%
during a term of Njgan = 10 years [97,112,113].

The fraction representing the equity share has been associated
with the loss of opportunity cost of a similar investment. According
to the savings product portfolio offered by banks in Peru, an opti-
mistic scenario will be to consider a similar profitability of these
bank deposits as an annual retribution in form of dividends.
Therefore, the equity share is defined with a dividend rate of
deq=1% during an equity term of Neq=25 years [113,114]. The
equity share is assumed to be repayable at the end of this period.

The cost of the photovoltaic system, as acquired by a natural
person, is subject to VAT. Additionally, it will be considered a rate
similar to the personal income tax payable to the treasury (T = 15%).
Table 7 shows a summary of the parameters considered for the
scenario 2.

Table 6
Parameters considered for the scenario 1.

In contrast to standard financing schemes for photovoltaic sys-
tems, in this case, taking into account the size and target market,
the cost of debt is higher than equity capital.

4. Results and discussion

On the basis of the proposed scenarios different LCOE;q;g results
have been obtained. The first scenario is focused on a company that
offers PV energy services in exchange for a unitary price for the PV
electricity generated, and sold to the customers, by a PV system
installed at the customer’s facilities but owned by the company. The
second scenario analysed corresponds to a homeowner who in-
stalls his own PV system and replaces the power purchased from
the grid with power produced by its PV installation.

Table 8 shows the LCOE;g1g results for the different PV test fa-
cilities analysed, ranging from the lowest 0.1038 USD/kWh ob-
tained in Arequipa for the scenario 1 up to 0.2049 USD/kWh in the
scenario 2 for Lima. In any case, although the PV cost in Lima is
lower than in Arequipa and Tacna, the LCOE results, within the
same scenario, are mainly influence by the energy yield, therefore
better data will always be obtained in Arequipa, then in Tacna and
ultimately in Lima.

The first analysis is derived from the lowest LCOE data obtained
in all scenario 1 cases regarding the results from scenario 2. One of
the reasons comes from the lowest financial effort of the company
in scenario 1, since the dividend percentage required by the
stakeholders is 6% and no loan is required, whereas in the home-
owner case, the WACC, that is, the cost of financing the investment,
is larger, mainly due to the high bank interest rates (14%). Because
these types of systems, in their self-consumption application, are
not integrated in the Peruvian energy market and are not yet
common to be installed as distributed systems of small power in
the residential sector, banks do not offer the possibility of financing
their investment in their portfolio. Therefore, at present, prospec-
tive owners only have a scenario of financing with high interest
rates offered by banks, which increases the result of LCOE.

Nevertheless, although the differences in the results may orig-
inally indicate the suitability of investing in such photovoltaic self-
consumption systems depending solely on the location within the
country, where radiation and yield differences may appear, no
proper discussion can be made unless the LCOE;g1g is compared to
the 2018 electricity rate of each placement. According to the
available data, the electricity tariff applicable in 2018 is shown in

Table 8
LCOE,01s results and electricity tariffs.

Electricity tariffs 2018 LCOE3q1g Scenario 1

0.1038 USD/kWh
0.1252 USD/kWh
0.1469 USD/kWh

LCOE3p1g Scenario 2

0.1479 USD/kWh
0.1783 USD/kWh
0.2049 USD/kWh

Arequipa 0.1686 USD/kWh
Tacna 0.1716 USD/kWh
Lima 0.1537 USD/kWh

EQUITY (PVeq = 100%)

d 12% PViny No VAT applicable deq 6%

Neq 25 years LCOEsc:, 2018 LCOE + VAT + T (USD/kWh)

Table 7
Parameters considered for the scenario 2.

LOAN (PVipan = 80%)

EQUITY (PVeq = 20%)

Tioan 14% Nioan 10 years

deg 1% Neq 25 years
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Table 8 [54], which allows us to identify cost-competitiveness
scenarios, i.e. grid parity realities based on the location and finan-
cial scheme applicable.

In Arequipa, regardless of the scenario chosen, there is always a
grid-parity situation, therefore, from the user’s standpoint, it could
be more profitable to consume the PV electricity generated in a
home with such system installed than to buy electricity from the
grid. In the case of Tacna, only in the first scenario, i.e. an external
company installs (and owns) a photovoltaic system at the owner’s
property and sells the electricity produced to the owner, is cost-
competitive. In the city of Lima, within the assumptions made
and the real data measured, it may be only profitable in the scenario
1, where grid parity was recently achieved. However, if a particular
wants to promote its own system (scenario 2), the LCOE results
show a non-cost-competitive situation when compared to the
electricity tariff applicable in Lima.

In the light of the results, unless the bank interest rates change,
the financial conditions are more favourable in the scenario of an
external company that charges the user a lease or a price for the
electricity produced by the PV system installed in the customer’s
home, but which is owned by the company.

Figs. 6 and 7 provide the information considering that the
electricity tariffs will follow, during the forthcoming 25 years of
operation of the PV plant, an upward trend established by the CPI
mentioned in Table 5 (3.5%), which could even be considered a
conservative scenario.

Fig. 6 shows that grid-parity has been achieved in all the cities
analysed under the assumptions made in the scenario 1. In the case

usD/lwh LCOE ;¢ Scenario 1 vs Electricity Price Prospective

ity Tariff

2018 2023 2028 2033 2038 2083

Fig. 6. LCOE;q;g results vs electricity tariff prospective increase under the scenario 1
(leasing).

uso/lwh LCOE ;5 Scenario 2 vs Electricity Price Prospective

ariff Tacna's Electricity Tariff Lima's Electricity Tariff
-----1COF 2018 Tacna 1C0F 2018 1ima

2018 2023 2028 2033 2038 2083

Fig. 7. LCOE;p;5 results vs electricity tariff prospective increase under the scenario 2
(loan + debt).

of Lima it was recently achieved in 2018, therefore if some input
parameters differs from the proposed in this study, there could still
be some cases where a non-competitive scenario may exist. This
figure could also be useful to analyse the possible revenues varia-
tions of the companies offering such PV services, provided that they
change some input data, including the electricity increase
perspectives.

On the other hand, if a standard homeowner attempts to install
its own PV system with the support of the bank and its own capital
resources (Fig. 7), this parity could be delayed in Lima at least until
2027 with the assumptions made to install a PV system in 2018and
maintaining the increase trend in the electricity tariffs. In case this
increment is lower than 3.5%, this non-cost-competitive scenario
could be dramatically delayed.

In the Tacna study case, where only under the scenario 2 cir-
cumstances there was a non-grid-parity situation, by 2020 this
situation could be reversed, as shown in Fig. 7, provided that the
local electricity tariffs increase at least 3.5% annually.

Under this circumstances, it is interesting to predict when the
non-grid-parity situations, i.e. Tacna and Lima in the scenario 2, will
be reversed and a cost-competitive scenario appears Besides, in
those already achieved grid-parity scenarios, analysing whether
homeowners will increase their savings in relation to the electricity
tariffs or whether companies can apply for more profits by slightly
increasing the lease tariff charged to their clients (provided that it is
considered in the lease contract) is also an interesting further
discussion.

Completing the cost competitiveness analysis of these facilities
in Peru, it becomes necessary to discuss the level of economic
profitability of the investments through an analysis of the NPV and
IRR results of the proposed cases.

In Table 9 the values obtained for the different scenarios
considered under the locations chosen are shown. In the locations
under the scenario 2, i.e. a homeowner who wants to install its own
PV system with an equity-loan share, there is a profitable result in
the city of Arequipa. This result is expected, as a cost-competitive
scenario was detected because the LCOE was lower than the elec-
tricity tariffs in that city.

On the other hand, due to the LCOE results from Lima discour-
aged the installations of such systems under the premises consid-
ered in this scenario 2, the NPV and IRR results obtained reinforce
this rejection, as the NPV is negative and the IRR is lower than the
WACC.

Nevertheless, in Tacna, although a non-grid-parity scenario was
obtained in the scenario 2, the profitability results are positive. The
main reason is that the cost-competitive situation is expected to be
reached in just a couple of years, therefore, accounting for the
lifetime of the system and the increase trend of the electricity
tariffs, the negative cash flows are soon overpassed by the energy
savings, thus the investment in this city could be feasible.

The results of the scenario 1 are always profitable from the
user’s standpoint, as the homeowners do not need to make the
investment, with its consequent risks, and the PV tariffs are lower
than the electricity bought from the grid.

However, the company providing the energy services must
carefully define the selling prices of the photovoltaic energy
generated to its customers.

If they decide to apply the LCOE price to the electricity produced,
which could be the most advantageous and attractive for the end
user, it turns out that in none of the cities analysed would have
profitability in their investments. It is necessary to clarify that at
this price of the LCOE, it is necessary to deduct the expenses of the
VAT and the tax applicable to the company, then the real LCOE is
excessively small so that the income by sale of energy cannot sur-
pass the expenses of exploitation.
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Table 9
NPV and IRR results for the scenario 1 and 2.
Scenario 1 Scenario 2
LCOE;0;g Scenario 1 Electricity tariffs 2018 LCOE;0;g Scenario 2
Arequipa NPV (USD) —2548.87 3398.27 2165.14
IRR (%) 6.9 17.67 14.38
Tacna NPV (USD) —2548.87 1796.16 483.31
IRR (%) 6.9 15.09 12.09
Lima NPV (USD) ~2446.16 -118.03 -1491.30
IRR (%) 7 11.78 9.11
On the contrary, if the company decides to apply the current
price of electricity in each city, in a similar way to what was done uso/in WACC Influence

for the scenario 2, despite obtaining beneficial results for the
company, i.e. positive NPV and IRR greater than WACC, the end
customer would not see any advantage in outsourcing the instal-
lation service of a PV system, since it would be more competitive if
he himself were the promoter of his installation.

4.1. Sensitivity analysis of the financial parameters

Among the proposed scenarios, the most critical is that of a
small private promoter under a classic PV financial scheme. Pro-
spective homeowners want to know which variables most influ-
ence the reduction of LCOE, or in other words, allows them to faster
achieve grid-parity or increasing their revenues.

If we take as a reference the electricity tariff from 2018, which
could be assumed as the worst scenario possible for the grid-parity
achievement (the lowest price means that it is harder to beat from
PV unitary generation price), we can deduct from Fig. 8 the point at
which a decrease in the interest rate, under the characteristics of
scenario 2, makes a grid parity scenario possible in the case of Lima
and Tacna. In these figures, contrary to what happens in Figs. 6 and
7, the constant values correspond to the 2018 electricity tariffs
applicable in these Peruvian cities, whereas the variable values are
the resulting LCOE, which will vary depending on the influence of
the interest rate of the requested loan.

If the 80-20 share (loan-debt) is maintained and the dividends
from the equity remains in a 1%, to achieve the grid-parity scenario
in the city of Lima the interest rate need to be lower than 8.6%,
whereas in Tacna it needs to be no higher than 13%.

Interest rate variation is a factor in which the final PV promoter
(scenario 2) has little influence, but what can be modified is the
loan-equity share, which means he can change the cost of financing
his PV investment (WACC). Therefore, if the interest loan is main-
tained at 14% and the dividends at 1%, the results are shown in
Fig. 9.

USD/RE Interest Rate Sensitivity Analysis (Scenario 2)
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Fig. 8. Influence of the interest rate on the achievement of grid-parity.
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Fig. 9. Influence of the debt-equity share on the LCOE results.

Under the premises of scenario 2, a variation of WACC may
jeopardise the already achieved grid-parity in Arequipa if the WACC
is above 12.7%, that is, if the loan-equity share is modified from 80
to 20% to a higher leverage of 90—10%. In the case of Tacna, where
there was no grid-parity in scenario 2, WACC needs to be lower
than 11%, meaning a 77-23% loan-equity share. Finally, Lima’s
financing has the worst prospect, as WACC needs to be lower than
8.7%, so the owner of the plant needs to have savings up to 41% of
the cost of the PV plant and finance the remaining 59%, so the level
of leverage is much lower. This trend is contrary to what usually
happens in large PV projects.

5. Conclusions

The maturity that PV technology has reached in recent years
means that the installation of these systems represents a real
alternative in the power generation mix of any country. In the case
of Peru, the promotion of large PV plants in the South of the country
through public auctions, demonstrates the acceptance of this
technology as a reliable source of energy capable of contributing to
the country’s electricity needs. However, the installation of small
sized PV systems, ranging from 1kw to 10 kW, for self-consumption
is not implemented in the country’s energy reality, therefore,
further energy performance and economic studies are needed in
order to foster a sustainable energy transition in Peru.

Prior to any economic evaluation, it is necessary to analyse the
energy performance of these systems by testing different PV
technologies located in distinct cities. After more than three years
of operation of two silicon-based photovoltaic systems located in
the cities of Arequipa and Tacna, the final annual yield is 1900 kWh/
kWp and 1576 kWh/kWp respectively, which result in a high per-
formance data very suitable for its installation in private residences.

Additionally, a tandem structure with amorphous and micro-
crystalline silicon PV module has been tested for more than two
years in the city of Lima, which may be the first of these
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characteristics ever tested in Peru, resulting in a final yield of
1304 kWh/kWp. Although the special climatic conditions of the city
of Lima, which advise us to install PV systems based on Thin-Film
technology over Silicon one, the city’s urban distribution, the
large amount of consumers and only an acceptable level of final
yield, may jeopardise the use of PV systems as a self-consumption
product.

Based on the absence of financial support for the implementa-
tion of such systems and considering the economic parameters
available in the country, two scenarios have been proposed, which
are the most probable to occur in the near future. In any situation,
when compared to the electricity tariffs, the good performance of
the Arequipa PV test facility may advise us to install such systems as
an alternative to the traditional electrical grid consumption, since
the grid-parity has been reached and they are cost-competitive
However, in the case of a company offering energy services, an
unprofitable result is obtained if the company sells the photovoltaic
electricity at the LCOE price. On the other hand, if they decide to
assign an equal price to the conventional electricity, customers may
find no advantage in installing photovoltaics using this formula, as
it would be more profitable to promote their own systems.

On the other hand, in the city of Tacna, only under the
assumption of a lease contract with an energy company is when the
grid parity is reached, while a standard private promoter will have
to wait until 2020. However, despite the cost-competitive scenario
glimpsed, the results from the company’s point of view may be
either non-profitable or not economically attractive to their po-
tential customers.

The worst scenario occurs in the city of Lima, where under no
circumstances a PV system will be profitable. Although energy
SMEs may find cost-competitive to incorporate this product by this
year of 2018, the results of the economic profitability analysis
discourage it. In the case of private domestic users, it is not advis-
able to install them before 2027 unless no further positive changes
are applied in the country to promote such systems.

The LCOE values obtained, based on real energy and economic
data, are very valuable for a wide range of stakeholders, from banks
to small SMEs which want to incorporate these systems in the
energy portfolio and also to residential owners who want to obtain
some savings in the consumption of electricity from the grid.

Among them, companies may find these data interesting to sign
any PPA agreement, as according to the NPV and IRR values ob-
tained, the assigning a price to photovoltaic electricity produced
and sold to their customers is critical to their business plans. On the
other hand, residential users can discuss whether it is cost-effective
and feasible to install such systems under the self-consumption
framework.

Government policymakers and public actors in Peru may also
find these results useful, as examples like this may encourage
policies to promote the installation of small and distributed
photovoltaic systems that take into account population distribution
and urban planning in the country. In this regard, and in the light of
these results, legislation should be introduced to promote this type
of system, on the one hand to promote tax incentives that reduce
the weighted average cost of capital and, on the other hand, to
design net-balance strategies that make use of the energy dis-
charged into the grid that could not be used at the time.
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Appendix. Terminology

BOS Balance of System

CAPEX capital expenditures

CPI Consumer Price Index (%)

d Discount rate (%)

DEP Depreciation Tax (%)

deq Remuneration in form of dividends (%)

Edeg Annual degradation rate in the PV energy generated (%)

Epv Annual PV energy generated (kWh)

E0PEX Annual increase of the operation and maintenance cost of
the PV system (%)

g Inflation (%)

i Annual loan interest (%)

Lbos Balance of System Losses

Lc Array Capture losses

LCC Life - cycle cost of the PV system (USD)

LCOE Levelised Cost of Electricity (USD/kWh)

Nep Period of time for tax amortization (years)

Neg Time duration of the equity investment (years)

Nioan Time duration of loan (years)

Npy Life cycle of a PV project (years)

Nsup Time duration of the subsidy for taxes purposes (years)

OPEX Operation and Maintenance Expenditures (USD)

PEN Peruvian Sol

PPA Power Purchase Agreements

PV Photovoltaic

PVeq Proportion of the initial investment financed with equity
(USD)

PVIF Present value interest factor

PVost Cost of a PV plant completely installed (USD)

PVinv Initial investment of the PV system (PV cost) (USD)

PVioan Proportion of the initial investment financed with loan
(USD)

PVopex Annual Operation and Maintenance Expenditures (USD)

PVsub Proportion of the initial investment subsidized (USD)

PW[CIF(Npv)]
PW[DEP( Ndep)]

PW[PVopex (Npv)]

Present worth of the cash inflows (USD)

Present worth of the PV system depreciation for tax
purposes (USD)

Present worth of the PV system operation and
maintenance cost (USD)

Q Annual Cash flows of an investment (USD)
SCI Self-consumption index (%)
T Residential Tax rate applicable (%)
Tsme Non-residential tax rate (corporative) (%)
usD US Dollar
VAT Value Added Tax (%)
WACC Weighted average cost of capital (%)
Yf Final Yield (kWh/kWp)
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