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Abstract

Solar-powered photovoltaic (PV) system encounters a significant amount of losses due to different derating factors of PV modules

throughout its lifespan. Thus, proper investigation is much needed to grasp the technical and economic impact of derating

factors on the solar PV system, specially the one which is connected to the utility grid. This study performs a comprehensive

discussion on various PV loss parameters followed by a techno-economic-environmental assessment of combined derating factor

on an grid-connected and optimally tilted PV system located at Hatiya, Bangladesh using HOMER (Hybrid Optimization

Model for Multiple Energy Resources) software. Some criteria linked with derating factor such as PV degradation and ambient

temperature are further explored to analyze their impact on the aforementioned power system. Simulation results show that

the system provides the best technical performance concerning annual PV production, power trade with grid, and renewable

fraction with less emissions at a higher value of derating factor since it represents the lower impact of loss parameters. Similarly,

financial performance in terms of net present cost (NPC), levelized cost of energy (LCOE), and grid power exchange cost is

found lower when derating factor value is higher.
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ABSTRACT Solar-powered photovoltaic (PV) system encounters a significant amount of losses due to
different derating factors of PV modules throughout its lifespan. Thus, proper investigation is much needed
to grasp the technical and economic impact of derating factors on the solar PV system, specially the one
which is connected to the utility grid. This study performs a comprehensive discussion on various PV
loss parameters followed by a techno-economic-environmental assessment of combined derating factor
on an grid-connected and optimally tilted PV system located at Hatiya, Bangladesh using HOMER
(Hybrid Optimization Model for Multiple Energy Resources) software. Some criteria linked with derating
factor such as PV degradation and ambient temperature are further explored to analyze their impact on
the aforementioned power system. Simulation results show that the system provides the best technical
performance concerning annual PV production, power trade with grid, and renewable fraction with less
emissions at a higher value of derating factor since it represents the lower impact of loss parameters.
Similarly, financial performance in terms of net present cost (NPC), levelized cost of energy (LCOE), and
grid power exchange cost is found lower when derating factor value is higher.

INDEX TERMS Grid-connected PV system, Derating Factor, Optimization & Simulation, Techno-
Economic-Environmental analysis.

I. INTRODUCTION

CURRENTLY, the demand for renewable energy re-
sources is sky-high due to concerns over fossil fuel.

The fact that fossil fuel resources are finite, unsustainable,
and contributor to global warming has made the world to
opt for renewable energy sources (RES). Following several
agreements and co-operative frameworks such as Paris cli-
mate goals, Sustainable Energy for All (SEforALL), Sus-
tainability Mobility for All (SUM4ALL), and so on, many
countries have adopted at least one RES target and some
are even aiming at the hundred percent renewable electricity
production [1]. Owing to the advancement of technology

and rapid investment, global electricity generation from RES
reached 26.2% [1] at the end of 2018 with the addition of
181 gigawatts of renewable power as shown in Figure 1.
It is anticipated that by 2040, renewable energy generation
would be around 26,000 TWh, which is nearly 66% of total
world generation, and electricity capacity is expected to rise
to 11,000 GW [2]. Recently, solar power has the highest
growing share among RES technologies. As a matter of fact,
in 2017, the installed power capacity of Solar Photovoltaic
(PV) even dominated the combination of nuclear, coal, and
gas, which proves the significant impact of solar energy on
current power generation and total final energy consumption
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[1]. The price of PV modules is declining rapidly, leading to
the reduction of LCOE of PV electricity. It is reported that
within eight years (2010-2018), the LCOE of solar PV has
decreased by 77% [3].

Solar PV can supply electricity, mainly in two modes-
grid-connected and standalone (off-grid). For both modes,
it can associate with other renewable and non-renewable
energy sources and thereby forms hybrid Renewable energy
systems (HRES). Such hybrid schemes allow overcoming
the fluctuation and unavailability of solar PVs. Besides,
they provide a cost-effective and reliable power supply [4].
Small-scale Renewable energy-based hybrid systems have
already gained success, especially in rural electrification,
telecom, and the agriculture sector. Off-grid PV systems are
no match with the grid-connected system due to its wide
application and rapid deployment across the world. The grid-
tied system can be categorized into two types- distributed
and centralized. The first installation refers to the small-scale
grid-connected PV unit, which usually placed on customers’
premises. At the same time, the latter is an extensive or
utility-scale grid-connected PV system and acts as a cen-
tralized power station [3]. Figure 2 indicates that centralized
systems are gaining popularity while the percentage share of
installations of the decentralized system fluctuates over the
years.

In this context, the objective of this study is to propose
and investigate the decentralized grid-connected community
rooftop PV system considering the influence of different
loss parameters (derating factor) in terms of technical and
economic criteria. It aims to find out the best derating factor
for the PV module, which would yield efficient PV power
with lower investment cost when tied with the grid. Several
works have been performed to analyze the influence of PV
loss parameters on the technical and financial performance
of PV systems, but those were done separately and specifi-
cally for a single loss parameter. According to the authors’
best knowledge, this is the first study to examine both the
technical and economic impact of combined derating factor
on the PV systems. Also, the study intends to help the
south Asian countries, including Bangladesh, which share
the same climatic conditions to design and apply their solar
PV projects both off-grid and grid-tied by reflecting on the
PV derating factor. Again, the findings from the paper may
help the power system planning of various islands where
ample solar energy is available and is to be extracted via PV
modules.

II. STATE-OF-THE-ART REVIEW
Numerous articles have studied the techno-economics of
hybrid renewable energy systems (HRES) including PV sys-
tems both in terms of grid-connected [10]–[17] and grid-
isolated [18]–[25] mode. Table 1 summarizes the findings
from the selected PV-focused literature considering different
characteristics relevant to solar power and photovoltaic tech-
nology.

Reference [10] has studied a grid-connected PV system

considering different climatic zones in China. They have
found Kunming to be the most suitable place for the grid-
PV system due to the least economic cost using HOMER
software. Another study from China considered 20 cities
and developed an extensive evaluation indicator to explore
the techno-economic potential of small scale-PV (SS-PV)
systems [11]. They argued that an increase in feed-in tariff
(FiT) and a decrease in local grid purchase tariffs have a
significant impact on HRES. It is also noted that cities with
high altitudes or low latitudes have performed better. Article
in [12] introduced FiT and tariff of day (ToD) to a grid-
connected rooftop PV system while analyzing technical, eco-
nomic, and environmental suitability of the said system. They
concluded that battery storage with solar PV is not a feasible
option. Ayadi et al. [13] carried out a feasibility study for the
deployment of a utility-scale grid-connected PV system in
Jordan to meet the 26.03 GWh power demand. Between Both
Build Operate Transfer (BOT) and the Engineering Procure-
ment Construction (EPC) scenarios, EPC seemed to be eco-
nomically viable with a 32% internal rate of return (IRR) and
three years of payback period. In [16], Mao et al. designed an
optimal SS-PV based microgrid for industries using Particle
Swarm Optimization (PSO). Utilizing real operation data,
they performed both economic and environmental analyses.
In [19], Shabani and Mahmoudimehr evaluated the techno-
economics of a hybrid PV-pump storage hydroelectric (PV-
PSH) in terms of different sun-tracking systems. They devel-
oped an optimal system using the NSGA-II algorithm. Key
findings from their study stated that suitable implementation
of sun-tracking technologies in a PV-PSH system could save
up to 18.2%, and this hybrid system economically performs
better than conventional PV-Battery systems. An interesting
study of Bastholm and Fiedler [35] examined the techno-
economic impact of blackouts on a standalone PV-diesel
system when it is connected to the grid and tried to find out
whether the grid connectivity is viable. According to their
result, it depends on the extent of the blackouts. Without con-
sidering the PV parameters, only load, grid availability, and
generator size were used as variable parameters in HOMER
for this study.

Focusing mainly on standalone hybrid PV systems, very
few studies are available on the grid-connected PV systems of
Bangladesh with zero discussion on techno-economics of PV
derating factors. However, Mondol et al. [36] proposed and
examined the feasibility of 1 MW grid-tied solar power plant.
Assuming load data, the study showed favorable conditions-
sites and indicators for the presented system. The proposed
grid-integrated solar PV system by Arif et al. [37] on the
south-eastern part of Bangladesh indicated the economic and
environmental suitability of the selected site. Shuvo et al.
[38] carried out a technical investigation on the prediction of
solar energy and the performance of an 80 kWp grid-tied PV
plant. They concluded that Artificial Neural Network (ANN)
forecasts solar irradiation better than Fuzzy logic, which
eventually assists in designing efficient solar PV projects.

Derating factor of PV modules is the combination of differ-
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FIGURE 1. Renewable power capacity addition per year (2012-2018) [1]

TABLE 1. Summary of selected PV-focused Energy System in the literature

Reference System Grid-tie Different climate PV Tilt Azimuth MPPT Temperature De-rating Ground Lifetime Optimization Optimization
Configuration /solar radiation Tracking angle factor Reflectance Criteria Tool/Method

This Study PV X - X X - - X X X X Ta/Eb/Vc HOMER
Ref [18] Wind-PV-Battery - - - X - - X - - - T/E HOMER
Ref [26] PV-Diesel - X - X X - X - - - T/E HOMER
Ref [19] PV-PSH - - X - - - - - - - T/E NSGAII
Ref [27] PV-Wind - - X X - - - - - - T/E HOMER
Ref [14] PV X - X - - - - - - - T/E HOMER
Ref [15] PV-Battery - - X X - - - - - - T/E/V HOMER
Ref [20] PV-Diesel - X - - - - - - - - T/E/V HOMER
Ref [21] PV-Wind X - - X - - - - - - T GA
Ref [28] PV - - - X - - - X - - T MATLAB
Ref [29] PV X - - - - - - - - - T/E DER-CAM
Ref [30] PV-Diesel-Storage X - - - - - - - - - T/E DER-CAM
Ref [31] PV - - - - - - X X - - T Experimental
Ref [22] PV-Battery-Hydrogen X - - - - - - - - X T/E ODYSSEY
Ref [32] PV - - - - - - X - - T Experimental
Ref [23] PV-Wind -Diesel-battery - X - - - - - - - - E HOMER
Ref [33] PV-Wind-Battery - X - - - - - - - - E HOMER
Ref [16] PV X - - - - - - - - - T/E/V PSO
Ref [34] PV - - - - - X - - - - T PSO
Ref [25] PV-Wind - - - - - - - - - - T/E NSGA-II
Ref [17] PV X - - X - - - - - - T/E GA

Ta = Technical, Eb = Economic and Vc = Environmental

FIGURE 2. Annual share of grid-connected PV installations (2007-2017) [3]

ent loss parameters that declines the PV output power. A list
of derate factors adopted from [39] is given in table 14. Apart
from these, power conditioning unit (inverter), transformers,

and sun-tracking also affect the AC power rating of the grid-
coupled PV system [40]. However, existing literature mostly
discusses the technical effect of derating factors on the PV
system [26], [28], [31], [32], [41]–[45]. Very few studies are
available pointing out the economic effect of a single derate
factors such as soiling, shading, degradation, and PV tracking
along with technical impact [14], [19], [27], [46]–[48].

PV modules face notable power loss because of soiling.
Any form of dust, dirt, snow, bird droppings, biofilms of
bacteria, pollen, and other particles that cover the PV module
surface can be considered as soiling [43], [46]. A study in
Pakistan by Ullah et al. [28] investigated the soiling effect
of solar modules and found out that soiling can cause 10%
PV output power loss in the case for lightly soiled panels
and it could go up to 40% for the heavily stained panels.
Reference [31] took account of almost all derating factors
such as high temperature, cloud, aerosol optical depth, high
dust concentration, snow, shadow, etc. to examine the per-
formance of a 720Wp PV system. Rainfall plays a vital role

VOLUME 4, 2016 3



Masrur et al.: Techno-Economic-Environmental Impact of Derating Factors on the Optimally Tilted Grid-Tied Photovoltaic Systems

FIGURE 3. A typical derated PV panel (source: author)

in removing soiling from the PV panels, as pointed out by
several studies [41]–[43], which eventually improves the PV
output efficiency. Dirt and dust can be cleaned up in the rainy
season in Bangladesh, but this period is getting decreased
recently. Typically in rural areas of Bangladesh, including
the study area, has lots of dust during the dry season. Hence,
soiling is an essential factor in calculating the PV efficiency;
in fact, Rahman et al. [45] indicated that solar PVs, located
in Bangladeshi environment, can lose its effectiveness up to
35% in a month due to the accumulated dust. Typically, PV
modules have lower derating factor value in the Summer
season than Winter because of the losses associated with
higher PV cell temperature. If soiling is seasonal, then the
value can also change from dry to the rainy season.

PV degradation refers to the gradual declination of power
output of PV module over time. Also known as ageing, degra-
dation rate plays a crucial role in the PV industry as it affects
the investment decision for a PV related project. Several
factors will accelerate the ageing process of PV, for example,
PV panels itself, the PV design process, climatic condition,
UV, temperature, and so on. However, it is not very easy to
find out the exact life-cycle of PV panels since each panel
has its own aging evolution [44]. Quansah et al. [48] studied
the techno-economics of the degradation rate of PV panels
exposed for sixteen years to the sunny Northern Ghanaian
atmosphere. According to their investigation, PV modules
degraded non-linearly at an annual rate of 1.54%, and at an
average end-user tariff of $0.2/kWh, the PV project is worthy
of further investment. PV mismatch and wiring loss are
critical parameters of the derating factor as well since it can
contribute to around 2-3% loss in the PV system [50]. An-
other imperative parameter that decreases PV output power
is DC to AC conversion. Figure 3 shows a typical derated

PV panel and Figure 4 demonstrates a graphical presentation
of some derate parameters. Many researchers pointed out
the techno-economic impact of unique geographic location,
sun-tracking, tilt angle, azimuth, and ambient temperature
on HRES. However, there is no study, as per the author’s
best knowledge, on investigating the effect of the techno-
economic aspects of derating factor and lifetime for the grid-
connected solar PV.

III. RESEARCH METHODOLOGY
The success of any project depends on the suitability of
technical as well as financial parameters. The technical issues
that needs to be monitored for any solar-powered projects
includes but not limited to proper site selection, appropriate
estimation of solar irradiation and load profile, choice of
efficient PV modules with suitable tracking system, derating
factor and lifetime of PV modules, proper setup maintaining
correct PV panel orientation, regular maintenance and so on
so forth. Detailed discussion on the PV derate factor can
be found in section-III-F. For a grid-tied PV system, the
selection of appropriate grid-interfaced inverter and net me-
tering is very crucial as these affect the system performance
considerably. Net metering is a billing mechanism that allows
the customers to sell their unused or excess PV electricity
back to the grid [51]. The grid-connected PV system can
function with or without a battery backup system [52]. For
this study, we have not used battery storage. Therefore, the
excess energy production from Solar PV after meeting the
primary demand can be sold to the grid at a reasonable price.
In this way, PV system owner can become prosumer (pro-
ducer plus consumer) and can reduce its grid-dependency. Si-
multaneously, this would lessen the stress from the grid. The
economic performance of PV based grid-coupled systems is
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FIGURE 4. Graphical presentation of different derate parameter [49]

highly reliant on local resources and supporting policies such
as fiscal incentives and net metering [3], [11]. Some common
but essential financial indicators are- retail electricity tariff,
FiT, net present value (NPV), payback period, internal rate
of return (IRR), LCOE, NPC, benefit-cost ratio and costs
related to capital, replacement and operation & maintenance.
The design configuration of grid-connected PV is shown in
figure 5.

FIGURE 5. Schematic of Grid-tied PV

For this research, Hatiya (22.28240N, 91.09690E) of
Bangladesh is selected as a case study. The area is located
near the northeastern part of the Indian ocean called Bay
of Bengal, having the vibe of sub-tropical climate. Figure
6 indicates the map of Hatiya. The proposed research steps
with methodology are shown in figure 7.

In order to model the HRES system, particularly, PV-grid
system and analyze its technical and economic facts, a robust
but simple simulation tool is necessary. According to an
investigation of Sinha and Chandel [53], HOMERPro devel-
oped by National Renewable Energy Laboratory (NREL) is
found to be the most popular tool among nineteen other soft-
ware tools such as RETscreen, PVsyst, Hybrid2, TRNSYS,
iHOGA and so on. HOMER takes technical and cost input of
the components along with site-specific meteorological data
and delivers the optimized HRES configuration. It allows 1-h
time step data and a wide range of constraints, which makes
the design effective and realistic. So, HOEMR is used for this
paper to carry out the investigation.

A. OPTIMUM ANGLE OF PV PANEL

Solar radiation is variable for different locations. It is not the
same all the year round as well. Therefore, finding optimal
tilt angle for the PV panels is crucial to intercept maximum
solar energy and yielding maximum PV power. PV tracking
systems are expensive, as discussed earlier, whereas simple
mathematical model can be used to find out the optimal angle.
In this study, a program is developed in MATLAB® 2016a to
determine the PV optimal angle for Hatiya.

To calculate solar radiation following parameters are con-
sidered: GHI value from NREL [54] and latitude of the site,
extraterrestrial radiation (E0) that falls on earth’s surface
(Eq:1) [55]; declination angle (δ) which is shifting between
-23.450 to 23.450 (Eq:2) [56]; solar hour angle that refers to
the deviation between solar noon and local solar time (Eq:3)
[57] and diffuse solar radiation RD [57].
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Masrur et al.: Techno-Economic-Environmental Impact of Derating Factors on the Optimally Tilted Grid-Tied Photovoltaic Systems

FIGURE 6. Map of the selected study area

FIGURE 7. Steps for overall research methodology

E0 =
24

π
S0

(
1 + 0.0033 cos

360n

365

)
(1) δ = 23.450 sin

(
3600

365
(n+ 248)

)
(2)
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ws = cos−1(− tanα tan δ) (3)

where, α is the latitude of Hatiya.

RD = RG(1.311− 3.022Ct + 3.427C2
t − 1.821C3

t ) (4)

when, ws > 81.40.

Rd = RG(1.391− 3.560Ct + 4.189C2
t − 2.137C3

t ) (5)

when, ws < 81.40

Here, RG and Ct refers to the global solar radiation and
clearness index, respectively. Ct can be obtained by the
following equation [57]:

Ct =
RG

R0
(6)

In this study, optimum tilt angle (β) is varied between 00 to
900. The incident global solar radiation on a tilted surface
(Rt) that includes β is calculated by the next equation [57]:

RT = (RG −RD)Eb +RGρ
(1− cosβ)

2
+RD

(1− cosβ)

2
(7)

Here, Eb is a parameter applicable for the surface in the
norther hemisphere sloped towards the equator and formu-
lated by the following relation [58].

Eb =
cos(α− β) cos δ sinhs + hs sin(α− β) sin δ

cosα cos δ sinhs + hs sinα sin δ
(8)

where, hs denotes sunset hour angle and derived from the
next equation:

hs = min[cos−1(− tanα tan δ) cos−1(− tan(α+β) tanα)]
(9)

The overall algorithm development can be seen from the
following pseudo-code.

Algorithm 1 Optimization of PV panel tilt angle
0: for Every month do
1: Consider Latitude, Global solar radiation and Julian day
2: Vary 00-900 with 10 step
3: Calculate extraterrestrial radiation (Eq: 1), declination

angle (Eq: 2), sunshine hour angle (Eq: 3) and clearness
index (Eq: 6)

3: if ws < 0 then
4: Calculate RD using Eq: 5
4: else
5: Calculate RD using Eq: 4
5: end if
6: Calculate RT using Eq: 7 with the support of Eqs: 8 and

9
7: Find out optimal angle for maximum RT

The incident solar radiation corresponding to optimal tilt
angle is displayed at figure 8. The annual average solar radia-
tion is increased from 4.52 kWh/m2/day to 5.34 kWh/m2/day
after implementing optimal tilt angle. The difference in terms

TABLE 2. Energy consumption of a typical household of Hatiya.

Appliances Power Rating (W) Quantity Daily Usage (hours)
Lightings 10 3 10

Ceiling Fan 40 2 18
TV set 80 1 10

Refrigerator 400 1 24
Mobile Charger 4 1 1.5

of solar radiation and clearness index before and after using
β can be found in supplementary materials. The actual and
forecasted PV active output power without realizing optimum
angle is demonstrated using Neural Networks MATLAB®

Toolbox (nntool) which can be found there as well.

B. MODEL INPUTS
1) Meteorological Data
The calculated monthly averaged global solar irradiation and
clearness index data incorporating optimal tilt angle is used
for input. The average annual clearness index is 0.49, and
the average daily radiation is 5.32 kWh/m2/day. The scaled
average temperature is round up to 25.380C.

2) Grid Tariff
For the sake of simplicity, a simple rate is defined for buying
and selling per unit of electricity from and to the grid. Usu-
ally, the sell-back price of consumer-produced power is lower
compared to the power supplied by the utility grid. This study
adopted a flat rate grid power price of 0.094 ($/kWh) and grid
net excess price i.e., sell-back price of 0.066 ($/kWh) indi-
cated by the Bangladesh Power Development Board (BPDB)
[59]. Under the net metering guideline [8], net purchases will
be calculated annually.

C. LOAD PROFILE
The load profile indicates the electricity usage pattern of
consumers over time. To obtain an optimally configured
HRES, the load profile needs to be accurate. Table 2 shows
the load demand of a typical household of The study area,
Hatiya. Daily demand for a single-family is 12.088 kWh,
which includes simple appliances appropriate to the rural
low- income villagers. A hundred houses are considered,
which makes the total energy consumption 120.88 kWh/day
with 14.95 kW peak demand. In consequence, the load factor
has become 0.34. The daily load profile in figure 9 states that
from 18.00 hr to 21.00 hr, demand is the highest, which is
expected because, unlike the daytime during that period, the
villagers tend to watch television and use the lights.

D. SOLAR PHOTOVOLTAIC MODULE
PV module generates DC electricity from the sunlight. PV
cells are the fundamental building block of PV modules. The
output power of the PV module can be measured using the
following eqn 10-

PPV = CpPV ∗DPV (
Ir

IrSTC
)[1+αp(Tc)−Tc,STC ] (10)
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FIGURE 8. Solar radiation values corresponding to optimal tilt of Hatiya

FIGURE 9. Daily load profile

where, PPV is the output power from the PV module,
CpPV denotes the rated capacity of the PV array [kW],DPV

indicates the derating factor of the solar PV array [%], Ir
is the solar irradiation on the PV surface [kW/m2], IrSTC

refers to the incident solar irradiation under standard test con-
ditions (STC) [1kW/m2], αp is the temperature coefficient of
power [%/0C], Tc is the PV cell temperature at the present
time step [0C], Tc,STC is the PV cell temperature at STC
[250C]. So, the conditions for standard test for calculating
PV yield are- 1 kW/m2 of irradiation, 250C cell temperature
with the absence of wind. Typically the PV panel producers
rate the generated power from PV module at STC but in
reality, it does not work like that because sun temperature
gets much higher than 250C.

Being a vital parameter for the PV system, PV efficiency
refers to the ability of PV arrays to convert sunlight into
DC electric power. The following eqn can calculate the PV
efficiency at maximum power (MPP) and under STC -

ηSTC =
CpPV

APV ∗ IrSTC
(11)

It is worth noting that HOMER considers MPP efficiency
as same as PV cell efficiency. where: ηSTC denotes the
efficiency of the PV module under standard test conditions

[%], and APV stands for the surface area of the PV module
[m2].

Renewable fraction (RF) of a system tells that how much
energy tapped from renewable sources actually serves the
total electrical load demand per year. It is calculated by the
following equation 12:

Fre = 1− Enonre

Eserved
(12)

Here, Fre is the renewable energy fraction (%), Enonre

stands for total power (kWh/yr) originated from non-
renewable sources which is grid in this study and Eserved

indicates the total electrical load served (kWh/yr). Total grid
electricity exports are also included in Eserved.

For this study, a mono-crystalline solar module with Pas-
sivated Emitter and Rear Contact (PERC) technology has
been used. To intensify the aesthetics, these modules use
dark-colored back sheet and black frame. The PV panel is
mounted on the rooftop of every selected household. Detailed
technical and economic parameters are shown in table 3. PV
panel tilt angle and azimuth are set to 23.480 and 00 as suited
for Bangladesh weather [60].

E. CONVERTER
Since PV and battery have DC power output while grid sup-
plies AC power, grid-connected HRES systems need power
converters. It is a key component converting DC electricity
to AC and vice versa. While serving the AC electricity, the
converters work as an inverter. The rated power of converter,
Pinv is the division of peak load (Ppk) and inverter efficiency
(ηinv) [63], as shown in the following eqn 13 :

Pinv =
Ppk

ηinv
(13)

In this study, we used a bidirectional grid-forming con-
verter. It is capable of working on 220 volts (V) and 50
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TABLE 3. Component Parameters

Component Manufacturer Size Lifetime Cost ($) Technical Parameters Ref.
(Model) (kW) (years) Capital O&M Replacement Derating Factor (%) Panel Type Ground Reflectance (%) Temperature Co-effiecient (αp) NOCT (%/0C) Efficiency (%)

PV Canadian Solar (CS6k-MS) 1 20 640 10 640 88 Flat plate 20 -0.390 45 17.72 @ STC [14], [61]
Converter Leonics (S-219Cp) 1 20 600 10 600 - - - - - 96 [62]

Hz frequency as required by the Bangladesh utility and pro-
vides single-phase power output with the same voltage and
frequency. In the case of grid outage or disabled utility, the
converter needs to be disconnected from the system and must
be switched on to the islanded mode. The detailed technical
and cost information is given in Table 3.

F. DERATING FACTOR
De-rating is a critical factor for the PV module, as it indicates
the efficiency of the PV panel. No equipment can produce
100% of its capacity. PV output power can be reduced due
to such factors as wiring losses, soiling, snow cover, shading,
mismatch, inappropriate diodes, and connections, aging, etc.
[64]. Initially, we have set the PV system power loss 12 %
that results in the derating factor of 88% [39] and matches
the PV manufacturer’s claim. The individual losses assumed
in [39] are shown on table 4. It should be noted that HOMER
does not take individual derate parameters as inputs; rather,
it merges all and takes one input as a percentage value.

However, we get the derating factor formula from Eqn 10
which is-

DPV =
PPV

CpPV ∗ ( Ir
IrSTC

)[1 + αp(Tc)− Tc,STC ]
(14)

From eqn 14, it is evident that apart from the previously
mentioned parameters, derating factor relies on several other
factors as well, including cell temperature, which is directly
linked to the PV temperature power coefficient (αp). αp can
vary depending on the PV module type, though normally it
is between -0.20 %/0C to -0.60 %/0C [65]. It has a negative
value since PV output power decreases with the increase in
cell temperature.

Derating factors are heavily dependent on the nature and
quality of the PV panels itself. For instance, amorphous
silicon (A-si) solar panel has a higher degradation rate with
due to higher solar radiation coefficient effect [66] while
Cadmium Telluride (CdTe) PV panels have a lower rate.
Also, derating of the standalone PV-only system differs from
the hybrid PV system. However, in recent years the perfor-
mance of PV panels is getting better due to the advanced
technology. A detailed discussion on the degradation rates
of PV panels can be found in [67]. In this study, we used the
Mono-crystalline silicon (mono-Si) PV module. It has higher
efficiencies and glossier aesthetics than the multi-crystalline
(poly-Si) PV panels [68]. Moreover, the article in [69] found
out that the mono-Si PV module works better than poly-Si
because of the subtropical monsoon climate of Bangladesh.

TABLE 4. PV System Losses

Loss Parameters Value (%)
Soiling 2
Shading 3

Mismatch 2
Wiring 2

Connections 0.5
Light induced degradation 1.5

Nameplate rating 1
Availability 3

G. ECONOMIC PARAMETERS
For conducting the economic analysis of an HRES project,
the NPC and LCOE are the key elements. HOMER defines
the net present cost (NPC) as the total annual cost during the
whole project lifetime divided by the capital recovery factor
(revenue that it receives over its lifetime). It is important
because it is used to compute both LCOE and NPC. The costs
include capital cost, replacement cost, fuel cost, operation &
maintenance cost, emission penalties, and the cost of buying
power from the grid. Salvage income and grid sales earning
are included in the revenue. The NPC can be calculated from
the following equation [70], [71]:

Cnpc =
Ctot

Rf
(15)

Where, Cnpc = total annual cost ($/yr); Rf=capital recov-
ery factor, i= interest rate (%), N= Number of years.

However, COE is calculated using the following mathe-
matical formula [70], [71] .

COE =
CT

ELS + Egrid
(16)

It divides the annualized cost of producing electricity (the
total annualized cost minus the cost of serving the thermal
load) by the total electric load served. Here, CT is total
annualized cost,ELS is total load, both electrical (AC & DC)
and thermal that the MG actually serves.Egrid indicates total
grid sales (kWh/yr). It is worth noting that HOMER does not
categorize the system configurations based on COE though it
is convenient to do so, rather it levels all system according to
the NPC. It is because the value of COE seems to be random,
which is not for the case of NPC [70].

IV. RESULT ANALYSIS
A. PV TRACKING
Though PV panels are normally mounted at a fixed orien-
tation, which results in no tracking (NT), they can also be
tracked to get maximum sunlight. When one axes do the
movement or adjustment of the surface, it is called single-
axis solar tracking, and if the panel is adjusted with two axes
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FIGURE 10. NPC of the system for different PV trackers

simultaneously, it is named as dual/two axes tracking system
(TA). Typically there are five types of single-axis tracking
which are as follows [65]: a) Horizontal Axis, monthly
adjustment (HAM): horizontal east-west axis rotation and
the slope is adjusted on the first day of every month, b)
Horizontal Axis, weekly adjustment (HAW): horizontal east-
west axis rotation and slope is adjusted on the first day of
every week, c) Horizontal Axis, daily adjustment (HAD):
horizontal east-west axis rotation and the slope is adjusted
each day, d) Horizontal Axis, continuous adjustment (HAC):
horizontal east-west axis rotation and the slope is adjusted
regularly, e) Vertical Axis, continuous adjustment (VAC):
vertical axis rotation, the slope is fixed and the azimuth is
regularly adjusted.

In this study, all single-axis and two-axis tracking systems,
along with no tracking is considered to find out the best
system in terms of the least NPC value. The input cost as-
sociated with the different trackers is adopted from reference
[27]. Clearly, due to the absence of tracker, NT system has
no tracker cost. Results in figure 10 show that NT has the
lowest NPC, whereas the system has the highest NPC when
TA tracking is installed. Therefore, NT is selected to perform
further analysis.

B. PERFORMANCE OF PV SYSTEMS BASED ON
DERATING FACTOR AND LIFETIME
Three PV derating factors (78%, 88%, and 98% ) and two
PV lifetime values (15 years and 20 years) are considered
to understand their techno-economic impacts on the system.
Combinations of these two parameters result in six config-
urations: C1-C6. The technical and economic performance
of all configurations are depicted in table 5. Besides, figure
11 shows the techno-economic effect of the three different
values of the derating factor in terms of PV production

and COE. Detailed analysis is carried out in the next two
subsections. Here, C4 is taken as the reference case, and it is
used to carry out the economic analysis for tracking systems
in the previous section as well.

It should be mentioned that ground reflectance is varied
(20%- 40%) to perceive its influence on PV module, but all
technical and economic result remain unchanged for all six
designs. So, it is concluded that ground reflectance has very
little to zero impact on the PV system for the selected study
area.

1) Technical performance
A closer look at configurations indicates that all of them meet
the load demand fully. Hence, there is no capacity shortage.
In fact, they produce excess electricity and participate in
exporting power to the grid. This is because of significant
power generation from the PV units, which contributes over
40% of the total system power output in each case. Since PV
arrays operate during the daytime, the total running hours are
4373 throughout the year, which is around 12 hours per day.

For the configurations C4 and C2, PV yields 29,341 kWh
per year (Figure 12) which is 47.7% of the total electricity
production (61,516 kWh) while rest of the electricity is
purchased from the grid. Taking C4 as the base case, a
ten percent change in the derating factor allows the PV to
increase and decrease around 12% power generation (3334
kWh) for C2 and C6, respectively, as shown in table 5. Thus,
it can be said that the rate of PV production is proportional
to its derating factor. If we see from the monthly power
generation point of view, it is also true. Despite low solar
radiation from June to July in the study area Hatiya (Figure
8), PV output improves with the increased derating factors
and vice versa. For example, in July, PV modules of C2
produces 8 kW of power whereas, C6 produces 11 kW power
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TABLE 5. Techno-economic performance parameters of different configurations

Config.
PV

Production
(kWh)

PV
Lifetime
(years)

PV
Derating

(%)

System
COE ($)

System
NPC ($)

System
Operating
cost ($)

RE Fraction
(%)

PV Capital
Cost
($)

Grid cost
($)

Grid
Imports
(kWh)

Grid
Exports
(kWh)

C1 26006.54 15 78 0.0821 53503.65 2684.479 33.769 12800 23127.61 33370.68 6264.29
C2 26006.54 20 78 0.0781 50876.04 2481.222 33.769 12800 23127.61 33370.68 6264.29
C3 29340.71 15 88 0.0778 51651.35 2541.196 37.355 12800 21275.30 32174.84 7239.42
C4 29340.71 20 88 0.0738 49023.73 2337.938 37.355 12800 21275.30 32174.84 7239.42
C5 32674.89 15 98 0.0745 50226.79 2431 39.976 12800 19850.75 31313.18 8047.39
C6 32674.89 20 98 0.0706 47599.18 2227.743 39.976 12800 19850.75 31313.18 8047.39

FIGURE 11. Techno-economic Impact of different derating factor

due to the higher derating factor.

Since solar production is only possible during the day
while the most substantial amount of Load demand occurs at
the non-PV production hours, the excess electricity produced
by the PV is tapped and sold to the grid later. Figure 13 repre-
sents a typical day of August, where PV provides the highest
power at noontime and consequently receives highest excess
electricity. It is evident that all load demand is met during
that period by PV only and excess PV generation is sold to
the grid. However, not all configurations provide the same
amount of excess electricity as well as grid import/import due
to the different derating factors. C1 and C2 have the largest
grid purchase (33,370 kWh/year) when PV derating is the
lowest (78%). At the same time, C5 and C6 experience the
smallest grid imports (31,313 kWh/year) when the derating
factor is the highest (98%). The variation of excess PV power
output from all configurations exhibits the same pattern as
well.

By applying the Eqn 12, HOMER calculates the system
RF. It should be noted that RF is not the same as the
total percentage of PV production because it does not count
the excess electricity produced instead considers the actual
RE (PV) penetration, which directly serves the load. The

difference in RF for each case can be seen in figure 12. Here,
C3 & C4 gains the 37.35% RF whereas C1 & C2 has around
4% lower (33.76%) and C5 & C6 achieves approximately 3%
higher RF (40%).

2) Economic performance

In general, the grid is the most costlier component among all
of the six cases, and converter has the least cost. Clearly, the
system has the largest cost for operation owing to the grid
purchase, followed by the capital, replacement, and salvage
cost. Because of the absence of non-renewable sources, there
is no fuel cost. A sample cost summary of the C4 scenario is
presented in figure 14. Total system cost is $49,023.74 where
Grid, PV and converter costs are $21,275.30, $17,166.48 and
$10,581.95, respectively. NPC and operating cost of the C4
case are $49023.73 and $2337.938 which are responsible for
$0.0738 of system COE per kWh, as shown in table 5.

Figure 15 represents various costs associated with different
system designs. The comparative analysis between all scenar-
ios demonstrates that C1 has the highest cost while C6 has the
least cost in terms of all types of cost. This is because of the
lowest PV lifetime (15 years) and derating factor (78%) of C1
and highest PV lifetime (20 years) and derating factor (98%)
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FIGURE 12. Electrical output parameters of various configurations

FIGURE 13. PV Output power performance with respect to total electrical load served, excess electricity and grid sales

of C6. A ten percent deviation of derating factor from the
base case elevates the NPC around 4% ($1,852/kWh) for C2,
alternatively declines the NPC about 3% ($1,424/kWh) for
C6. This result suggests the fact that the system obtains lower
costs with the improvement of the derating factor. However,
PV lifetime also affects the system cost, and it does not
exhibit the same pattern as PV electricity production. Taking

C3 and C4 as examples, it is noticed that both cases produce
the same PV electricity and consequently have same electric
export/import and RF but possess different costs (NPC, COE
and operating cost). The NPC reduces around $2,628 due
to the five years of difference in PV lifetime considering
same derating factor (88%). Again, grid cost has equal value
because the system imports same amount of electricity from
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FIGURE 14. Cost summary of C4 PV system

FIGURE 15. Cost breakdown for different designs

FIGURE 16. Effect of PV degradation; (a) PV production vs. PV levelized cost and (b) PV production vs. net energy purchased
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FIGURE 17. Effect of ambient temperature on PV production and system NPC

the grid.

C. IMPACT OF DEGRADATION ON PV SYSTEMS
The base case C4 has been selected to observe the im-
pact of degradation/aging on this grid-connected PV system.
According to the Bangladesh government rule, Solar PV
modules must be guaranteed for at least 20 years and should
encounter a maximum twenty percent reduction in its yield
over its lifetime [60]. Hence, a period of 20 years with a
median degradation rate of 0.5%/year [67], [72] is chosen
as HOMER input. Though degradation is a part of derating
factor, it is worth noting that HOMER does not include this
parameter in the derating factor rather consider it a separate
indicator with multi-year mode.

The multi-year simulation result is shown in figure 16.
So, the PV system should experience a 10% disparity in
its techno-economic parameters. Obviously, electrical output
from aged PV panels declines over the years, while the
levelized cost of PV panels and net energy import from
the grid increases. In twenty years, PV power generation
would reduce by 2,665 kWh, which is around 10% from
the first year. Similarly, To produce 1 kWh electricity, the
cost of the PV modules would be almost 9% ($0.045/kWh
to $0.049/kWh) higher at the end of the 20th year. It goes
without saying that different costs such as NPC, system COE
and operating cost will also become larger. Over the years,
the system would be more grid-dependent and grid exports
would be lower owing to the lower PV production.

D. IMPACT OF AMBIENT TEMPERATURE
Ambient temperature (Ta) refers to the air temperature of
the environment surrounding any particular area. It is used
to measure the PV cell temperature (Tc), which is a ma-

jor criterion that affects PV derating factor, as indicated
in equation 14. Hence, variation of Ta influences the PV
productivity. In consequence, the economic value of the PV
project also gets affected. In view of base case C4, figure
17 represents the impact of different ambient temperatures
on PV yield and system COE. It clearly shows that with the
rise of ambient temperature, PV electricity declines which
leads to the escalation of the whole system cost. At average
annual Ta of 25.40C, C4 produces 29,341 kWh electricity
with per kWh energy cost of $0.078. When Ta decreases to
200C, PV produces 675 kWh more electricity (30,016 kWh)
and saves 0.007 ($/kWh) cost of energy. On the contrary,
PV yields 580 kWh less electricity, and the system loses
0.008 ($/kWh) COE when Ta rises to 300C. A closer look
at the results shows that the rate of change of both PV
generation and COE is higher at 300C compared to the case
when Ta is 200C. These results support the fact that higher
ambient temperature lessens the PV efficiency, which leads
to economic loss.

E. ENVIRONMENTAL ANALYSIS

PV derating factors have direct impact on environment. The
more solar energy is utilized the better it is for the environ-
ment since grid power is originated from fossil fuel based
plants. The emissions from all six configurations are dis-
played on table 6 in terms of three emitters- Carbon dioxide
(CO2), Sulfur dioxide (SO2) and Nitrogen oxides (NOx). The
C1 and C2 produces the same and highest emissions because
they provide the least solar output to the system owing to
the low derating factor (78%). Conversely, C5 and C6 has
the lowest share in emissions because of the high derating
factor (98%). Also, PV degradation is a key parameter of its
derating factor and higher degradation rate of the PV panels
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TABLE 6. Emissions from different configurations

Configs. Carbon Dioxide Sulfur Dioxide Nitrogen Oxides
(kg/yr) (kg/yr) (kg/yr)

C1 21,090 91.4 44.7
C2 21,090 91.4 44.7
C3 20,335 88.2 43.1
C4 20,335 88.2 43.1
C5 19,790 85.8 42.0
C6 19,790 85.8 42.0

is a matter of concern since the degraded and wasted solar
panels create serious environmental issue.

V. CONCLUSION
Accurate knowledge on the impact of derating factor is piv-
otal to the continued development of PV industry as it sets the
investor’s anticipation on PV performance and net economic
return. In this study, we investigated the effect of three differ-
ent derating factors on the techno-economics of the grid-tied
PV system. Results illustrate that PV output power will rise
and accordingly, associated economic cost will reduce with
the decrease of PV derating factor and vice versa. Variation
in derating factor also affects the export/import from and
to the grid in the same manner. Two parameters affiliated
with derating factor- degradation and ambient temperature,
are considered separately to observe their techno-economic
impact. At 0.5% degradation rate and 20 years of life-span,
the PV module produces 10% less electricity on last year
compared to the starting year which leads to a 9% rise in
per-unit cost of energy. From the comparative analysis for the
case of Hatiya, it is found that PV module output reduces due
to the higher PV cell temperature led by ambient temperature
which, in consequence, increases system cost.

To conclude, this study intends to assist PV designers and
investors in pondering over the effect of derating factors
and planning their projects accordingly. For further research,
comparative performance analysis can be performed between
off-grid and grid-connected PV designs in terms of derating
factor, PV degradation, lifetime along with others. Moreover,
concentrated solar power (CSP) technology can be applied
instead of the typical photovoltaic system to see the outcome,
which would be an excellent research theme.
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