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Abstract: This study reflects two photovoltaic (PV) power generations, at Karume Institute of Science and Technology
(KIST) - Zanzibar and The Nelson Mandela African Institution of Science and Technology (NM-AIST) - Arusha in Tanzania.
The output data sets from each site were verified for possible PV simulation of different operational scenarios to obtain the
optimum design configuration. The HOMER software was used to analyze the entire operation of the system. The effect of the
accuracy of the photovoltaic integration was determined by analysis of different operational behaviors of the simulated PV
levels. Furthermore, the overall performance of the station per site was analyzed for technical, economic and environmental
constraints as well as their comparative cost-benefit analysis. The study finds that there is a high sensitivity in the demand for
the load (i.e. load growth) whose system performance is characterized with minimum: total net present cost (NPC) of $474,745
and $29,169, feed in tariffs, levelized cost of energy (LCOE) of $1.06/kWh and $0.0118/kWh, total energy output and
renewable fraction of 15% and 22% for KIST and NM-AIST respectively, thus support the use of photovoltaic power sources
in the generation of energy than their counterpart alternatives because of the best technical performance and is less dependent
on other external sources of energy, and simultaneously has good economic and environmental performance
Keywords: Solar PV System, Performance, Analysis, HOMER, Economic Simulation

1. Introduction
Renewable energy is the energy that is not depleted as it is
continuously replenished when utilized. This includes solar
energy, wind energy, hydro and geothermal energy. Solar PV
is derived from the conversion of sunlight to electrical energy
using photovoltaic cells. The electrical energy generated can
be used in off grid power system or supplied to the main grid
when it reaches substantial amounts. This feature makes
Solar PV one of the most important renewable energy
sources that will potentially contribute significantly to the
energy deficit in Tanzania [1].
The utilization of Solar PV as the source of energy will
certainly minimize greenhouse gases emissions and adverse
climate changes which world is currently experiencing such
as droughts and loss of species diversity on planet. Solar PV
seem to be a more promising renewable energy source due to

frequency of sunlight radiation the country receives
throughout the year [2]. The frequency of sunlight and the
geographical position of Tanzania across the equator make
solar energy to be an ideal renewable source of energy, which
will substitute the use of fossils fuels in the country.
However, measuring the performance of Solar PV system in
order to determine the potential of the solar PV utilization
and optimization in Tanzania is the focus of this paper.
Renewable energy therefore will ensure and facilitate the
development of clean energy development as well as the
national sustainable energy development agendas [3].
Decline in reserve and drastically rise of price of fossil
fuels as well as their impacts on the world climate change
due to exceedingly greenhouse gases emission [4]. The
situation has made Tanzania to strategically planning to
employ the use of renewable energy particularly the solar PV
and hydroelectric power.
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HOMER Software
The performance and improvement on any solar systems
differs from one geographical location to another and the
component features of the solar panel as described by the
Hybrid Optimization Modeling for Electric Renewable
(HOMER) software. The HOMER software performs: energy
balance calculations, system cost calculations for each
system configuration, listing of all the possible system sizes,
and sorts them by Net Present Cost (NPC). HOMER is made
of several energy components, and is used to evaluate
suitable options for considering cost against availability of
energy resources [5].
The HOMER design procedure is a major consideration
when making Grid connections, - where initial information
namely energy resources, possible economic and technical
constraints, energy storage requirements and control
strategies of the systems are accounted for beforehand. Other
essential inputs considered include component type,
operation, capital, replacement and maintenance costs,
efficiency and operational life. Besides being required in the
grid connection, the aforementioned inputs are also vital in
the stand-alone systems, and are applicable in both installed
energy sources and conventional systems [6].
Most of the demonstration and experimentation of the PV
systems, as alternative sources of renewable energy focus on
installation will minimal, if any, investigation given to study
the feasibility and optimal combination of resources. Several
constraints in line with feasibility and optimal resource
allocation have resulted into failures in meeting the required
load demand and related economic sustainability.
A case study of the application of the HOMER software is
by Bernal-Agustín and Dufo-Lopez [7], used it for
Optimization and Simulation of Solar Photovoltaic cell in a
residential building in Malviya Nagar, India. The
optimization of the solar photovoltaic cell on the residential
building, which had a total roof area of 576 m2 and had 16
flats, was done using HOMER software. The average solar
radiation data of the location as well as the cost of the
different component required for the setup was observed. The
optimization output was 160 kW PV cell which was required
at a cost of $0.184 for electricity generation.
Conversely, Anwari, Rashid [8] presented a photovoltaic
power system simulation for small industry area in Malacca,
Malaysia. The modeling and simulation of 1 MW grid
connected PV system was simulated using the National
Renewable Energy Laboratory's (NREL) HOMER software,
and the optimum system was analyzed for the economic
feasibility. The system was expected to foresee reduced grid
energy consumption while simultaneously reduce greenhouse
gases emissions. The HOMER software simulated the system
and performance optimization of system was done using both
secondary usage data and the renewable solar radiation data.
Results indicated that both the lifecycle and cost of each
system modules duly affected the optimization and
confirmed the significant efficiency of the proposed approach
to the development of renewable energy systems with PV
power generators.

In a dissimilar scenario, Ani and Abubakar [9] calculated
feasibility analysis and simulation of integrated renewable
energy system for power generation in his hypothetical study
of integrated renewable energy (IRE) in rural health clinic in
Borno State in Nigeria, using solar photovoltaic (PV) and
wind turbine (WT) systems. The results indicated that the
energy output from the integrated systems was suitable for
deployment of 100% clean energy for uninterruptable power
supply with optimum performance in the health clinic. It was
concluded that, with a low energy health facility, it is
possible to meet the entire annual energy demand of a health
clinic solely through a stand-alone integrated renewable
PV/wind energy supply without grid-connection.
Besides, the performance of the integrated system on the
grid-tied connection needs to be assessed. This includes
evaluating the implication of the grid-connected PV system
to the total power output of the systems as well as the PV
generation on the entire system. The key factors to consider
are the: sensitivity and the suitability in enhancing the overall
output, feasibility factors, cost-effectiveness, data provision
on PV system under grid connection, the system optimization
parameters to the consumer etc [10].
This study, therefore, evaluates and analyzes the
performance of grid-connected solar PV of 75.63kWp and
0.3kWp at Karume Institute of Science and Technology and
Nelson Mandela African Institution of Science and
Technology respectively.

2. Methodology
The instrument used in this study were multimeter (model
INNOVA 3300), for measuring short circuits currents and
open circuit voltages of the PV modules. The short-circuit
current (Isc) is the current through the solar PV when the
voltage across the solar cell is zero (i.e., when the solar PV is
short-circuited) and the open-circuit voltage, Voc, is the
maximum voltage available from a solar cell, and this occurs
at zero current.
Because any successful evaluation requires proper
application of prerequisite standards on site data to facilitate
correct analysis of the operational behavior of all possible
scenarios, the following analysis framework for site
specification, verification of demonstrated data sets (i.e.,
solar energy, solar insolation and load demand), system
analysis and operational performance impact were employed.
2.1. Site Specifications
KIST is located at the latitude -6.16 (6°09’36”S), longitude
+39.2 (39°12’00”E) and altitude 0 m at a distance of 72 km
above the Indian Ocean while NM-AIST is located at the
latitude -3.4 (3°24’0”S), longitude +36.78 (36°47’8”E)
Arusha region on north of Tanzania.
2.2. Technical Data
Solar panels are rated to perform according to their
specifications under standard test conditions (STC) – a
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condition that can be created in a lab to allow easy
measurement and comparison. The defined STC for solar is a
panel pointed directly at a bright sun with 1000W of solar
energy landing per square meter, with the panel kept at 25°C
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(77 0F) and an atmospheric mass (a number that refers to the
amount of atmosphere between the panel and the sun) of 1.5
overhead. Table 1 illustrates technical details for the existing
system and the module specifications are shown in Table 2.

Table 1. Technical detail of the systems.
Designation
Power
Area
Tracking system
Tilt
Orientation
Type of installation
System start-up
Series-connected
Parallel-connected
Inverter type
Number of inverters
Module type
Number of modules

KIST Administration
KIST dining hall
25.21 kWp
50.42 kWp
176.94 m²
353.88 m²
Without tracking system
30°
0°
Roof top installation, small distance (<10 cm)
31/10/2013
15
15
2
2
SMA SMC 8000TL
3
6
Hanwha SF260 Poly (280 W)
90
180

NM-AIST
0.3 kWp
4.07 m²

>10 cm
2017
2
2
WINKLE POWER
1
Si-3000S
4

Table 2. PV module specifications.
Quantity

Symbol

Unit

Maximum power rating
Open circuit voltage
Sort-circuit current
Rated voltage at max. power
Rated current at max. power
Module efficiency
Weight
Dimensions
Maximum system voltage
Wind resistance

Pmax
Voc
Isc
Vmpp
Impp
Η
W
Vmax
-

W
V
A
V
A
%
Kg
mm
VDC
Pa

KIST Values
STC
280
44.3
8.45
36.2
7.87
14.3
11.6
1483*668*35
1000
2400

2.3. Current and Voltage Measurements of the Solar PV
Systems
The open-circuit voltage (Voc) and the short-circuit current
(Isc) cannot be measured at the same time because they
correspond to different operating modes of the device. At
open-circuit, which is the case a voltmeter with a high input
impedance (several Mega-ohms) was connected to solar PV,
the excess carriers cannot leave the device with the result that
the external current is zero. Subsequently, all carriers are
forced to recombine and the recombination rate equals the
generation rate under steady state conditions [11].
In a grid connected, the current was measured by using a
coil wound round the PV inductor and connect the coil to the
second data logger channel to measure the output voltage on
the coil. These measurements were taken under the tag
energy meter per day from 7:15 to 17:30 hours and their
average values in each month. Table 3 shows grid connected
system parameters at KIST.

NM-AIST Values
STC
150
22.19
8.62
18.16
8.06
14.88
12
1510*674*50

NOCT
204
40.8
6.84
32.9
6.21

NOCT
108
20.2
6.9
16.2
6.7

Table 3. Grid connected measurement parameters at KIST.
Month
JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC

D. C Values
I [A]
11.64
11.45
10.34
9.02
8.84
9.75
11.02
11.75
12.12
12.50
12.67
12.83

V [V]
442.30
418.56
411.43
421.34
402.70
442.10
443.26
412.30
431.50
421.45
414.48
426.97

A. C Values
I [A]
17.21
17.23
16.98
14.39
14.76
15.61
17.58
17.76
17.97
17.23
18.12
18.43

V [V]
243.67
242.45
243.98
244.12
222.43
244.51
241.98
241.73
228.74
231.56
229.85
228.78

The d.c voltage current and power measurements for NMAIST system is represented in Table 4 as recorded from the
data logger
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Table 4. Measurements taken from solar PV in NM-AIST.
CURRENT (A)
24.81
6.87
18.58
39.35
24.9
24.71
4.56
7.39
4.74
6.5
0.55
0.89
1.05
3.58
4.17
2.7
1.96
1.59
2.69
1.96
1.65
2.47
1.85

BATTERY VOLTAGE (V)
28.95
28.9
28.9
28.95
28.95
28.95
28.95
28.95
28.95
28.95
28.9
28.9
28.9
28.9
28.9
28.9
28.9
28.9
28.95
28.95
28.9
28.9
28.9

NORTH VOLTAGES (V)
25.78
25.57
25.57
25.53
25.57
25.66
25.57
25.57
25.57
25.57
25.57
25.57
25.66
25.57
25.57
25.57
25.57
25.57
25.66
25.61
25.57
25.57
25.57

SOUTH VOLTAGES (V)
25.97
25.92
25.8
25.75
25.75
25.8
25.75
25.75
25.88
25.88
25.71
25.84
25.8
25.75
25.8
25.75
25.8
25.88
25.8
25.88
25.75
25.88
25.88

TOTAL VOLTAGES (V)
28.53
28.53
25.24
28.14
27.08
24.4
28.53
28.53
26.91
28.53
26.52
26.44
26.46
26.27
26.38
26.44
26.44
26.44
26.32
26.49
26.38
26.38
26.44

POWER (W)
707.84
196.08
468.82
1107.13
674.15
602.92
130.04
210.74
127.6
185.45
14.58
23.42
27.89
94.09
110.1
71.32
51.81
42.06
70.8
51.81
43.52
65.28
48.86

2.4. The Existing PV System
An electrical grid is an interconnected network for
delivering electricity from suppliers to consumers and
investigated in the present study is shown in the Figure 1.

(b)
Figure 1. PV system (a) PV system at KIST (b) PV system at NM-AIST.

(a)

The existing block diagram for the systems are as shown in
Figure 2 and Figure 3 for KIST and NM-AIST respectively.

Figure 2. Block diagram of KIST PV system.
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Figure 3. NM-AIST PV System arrangement.
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2.5. Data Verifications and System Configuration
The system data parameters taken were solar radiation,
ambient temperature, load profile and demand data as shown
in Figure 4 and 5. The real-time measurement of solar
irradiation and ambient temperature data was done in order to
assess the optimum performance of the system. However, due
to the internal limitations within the system namely faulty
sensors and measuring tools, the measured data was limited.
Nonetheless, the missing data was compensated by that
obtained from National Aeronautics and Space Administration
(NASA), - which was used as another input data.

(b)
Figure 4. Configuration (a) KIST and (b) NM-AIST.

2.6. Solar Resource
Solar insolation data obtained from NASA’s website, in the
event of unavailability of sufficient measured data in the
desired locations [12]. Monthly solar insolation data for both
locations are generally in the range of 4.3 – 6.52
kWh/m2/day, with an annual average of 5.39 and 5.58
kWh/m2/day for NM-AIST and KIST respectively as
presented in Table 5.
(a)

(a)
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(b)
Figure 5. Load curves (a) KIST and (b) NM-AIST.

AIST and KIST 19.45% and 16.45% respectively.
Table 5. Systems solar resources.
Quantity
Sizes to consider (kW)
Lifetime
Derating factor
Tracking system
Slope
Azimuth
Ground reflectance

KIST
30, 40, 50, 70, 80
25 years
80%
No tracking
6.216 degrees
180.000 degrees
20.0%

NM-AIST
0.3, 0.4, 0.5, 0.6, 1

3.400 degrees

2.7. Load Demand
Demand profiles were made using year 2016 and 2017
load data sets collected during the KIST site visits. Variations
in temperature were taken for the remaining months and the
corresponding average load was scaled accordingly [13]. The
load growth was based on sensitivity analysis in the HOMER
software as shown in Table 6.
Table 6. System input load.
LOAD
Data source
Daily noise
Hourly noise
Scaled annual average
Scaled peak load
Load factor

KIST
Synthetic
10%
10%
851.000 kWh/d
60.5395 kW
0.5857

NM-AIST
Synthetic
10%
10%
5.167 kWh/d
1.6159 kW
0.1332

Once average load datasets were entered into the
prototypical, variability must be introduced using HOMER’s
time step sensitivity capacity factor and day-to-day PV
penetration functions. Appropriate values of these were
determined to be 18.79% and 26.18%, respectively, in NM-

2.8. System Components
Both stations were installed and each consists of several
components (PV arrays, bidirectional converters and batteries
for NM-AIST only). KIST was commissioned in October
2013 and expected to produce 75.63 kWp. On the other hand,
NM-AIST was commissioned in July 2017 and expected to
produce 0.3 kWp.
2.8.1. PV Module
PV system is employed to supply electrical power during
the day from 7:15 am to 5:30 pm ± 15 min, when there is
sunshine, otherwise, battery banks take the role to supply the
load in NM-AIST but in KIST there is no battery bank. In
this study, all inputs are shown in Table 7.
Table 7. System inputs to PV.
Site
KIST
NM-AIST

Size (kW)
0.28
0.15

Capital
$1,100.00
$600.00

Replacement
$660.00
$400.00

O&M
$10.00
$10.00

2.8.2. Bidirectional Converter
Converters’ size is compatible with the PV arrays for KIST
and NM-AIST, the size to ensure full supply of PV power
and was taken as 100kW and 1kW respectively. The capital
and replacement costs of the converters are 3,000 $/kW, 600
$/kW and 1,800 $/kW, 600 $/kW respectively, while 10
$/year and 0 $/year are marked for operating and
maintenance costs respectively. The operational lifetime was
considered to be 10 years. The sizes are considered to 25.21,
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40, 50.42, 75.63, 100 kW for KIST and 5 kW for NM-AIST.
2.8.3. Battery Energy Storage
Lead acid type 1 kWh of energy storage batteries is
employed in NM-AIST sites, each cell is made up of 12 V,
and connected as four strings, each string with a maximum
capacity of 4.0 kW, 83.4 Ah and contains 4 units. The capital,
replacement and operating and maintenance costs are 300
$/kW, 300 $/kW and 10 $/kW respectively. KIST system has
no battery storage.
2.9. Operating Strategies
Under normal operating conditions, the insolation is
abundantly available and SPV control system gives the highest
priority PV arrays to supply the loads. In the case of excess
energy supply, the system automatically charges the battery to
full capacity beyond which the excess energy is used by
dumped loads. However, in case of insufficient energy from
the PV system, the battery supply loads until the minimum
state of charge is reached. The charging/discharging the battery
happens every hour, and is based on the energy balance
computations made within the system due to ultimate decision
of the control system of the energy sources.

Hence, the reliable based on the amount of power supplied
when PV quantity abruptly decreases and/ or the load
demand suddenly increases. In this study, the operating
reserve values were 15% and 22% for KIST and NM-AIST
respectively of the renewable fraction that represents the
fraction of the energy delivered to the load that produced
from renewable power sources.

3. Results
The simulation results for the technical, economic and
environmental analyses including sensitivity of the PV
system configurations show that the effects of solar PV in
cost, net production costs, feed-in-tariff, inverter prices,
battery prices and demand growth over the years is high. The
simulations from the HOMER software as well as the results
for each station analysis are presented below (Sections 3.1 to
3.7) for both existing systems of implemented by HOMER.
3.1. Hourly Time Series Analysis
The hourly time series shown in Figures 6 and 7 for KIST
and NM-AIST respectively.

Figure 6. KIST hourly time series analysis results.
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Figure 7. NM-AIST hourly time series analysis results.

3.2. Sensitivity and Optimization Cases Results
A sensitivity analysis by entering multiple values for a
particular input variable, hence an input variable for which
you have specified multiple values is called a sensitivity
variable. The systems sensitivity are 0.3kW PV with net
present cost $29,169 and 30kW PV with net present cost
$474,475 for KIST and NM-AIST respectively. Other results
are as shown in Figures 8 and 9.
3.3. Renewable Penetration
The penetration of renewable energy was compared to the
amount of electricity consumed. In this context, renewable

penetration refers to the percentage of electricity generated
by a particular resource as the percentage relative to the total
amount of electricity generated, or the amount consumed.
3.4. Grid
In grid systems, the capital cost, the replacement cost and
the fuel cost of the grid are always zero. The operating and
maintenance cost is equal to the annual cost of buying
electricity from the grid (energy cost plus demand cost)
minus any income from the sale of electricity to the grid as
shown in Figure 10 for KIST and NM-AIST respectively.

Figure 8. NM-AIST sensitivity and optimization analysis results.
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Figure 9. KIST sensitivity and optimization analysis results.

(a)
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(b)
Figure 10. Energy operation results (a) KIST and (b) NM-AIST.

3.5. System Converter
The results of the systems converters are as shown in Figures 11 and 12 for KIST and NM-AIST respectively

Figure 11. KIST – System inverter/converter results.

Figure 12. NM-AIST – system inverter/converter results.

3.6. NM-AIST Storage Battery
The results of the NM-AIST storage battery shows that autonomy 5.57 hours, other results are as shown in Figures 13.

Figure 13. NM-AIST storage battery results.

3.7. Emission
The emissions results suggest that the total amount of each
pollutants produced per annum by the existing power system
are relatively small to cause emissions with KIST emitting

more greenhouse gases than NM-AIST. The major
greenhouse gas pollutants include carbon dioxide, carbon
monoxide, unburned hydrocarbons and particulate matter,
sulfur dioxide, and nitrogen oxides (Figure 14). Therefore,
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sales of power to the grid result in reduced grid emissions.
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