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BACKGROUND OF STUDY

- Pakistan's Sunbelt region offers high solar irradiance and nearly 280 to 300 sunny days annually.

- The country's energy sector is dominated by fossil fuels, leading to volatile fuel import costs, large-
scale carbon emissions, and frequent power outages.

. The government has introduced policies like the Alternative and Renewable Energy (ARE) Policy
2019, feed-in tariffs, and net metering regulations to encourage solar installations.

- High initial capital costs, lack of financing options, limited public awareness, and inadequate grid
infrastructure limit grassroots solar PV deployment.

- Lahore, the capital of Punjab, presents both a promising and challenging environment for solar
energy development.

- High ambient temperatures in the region can adversely affect PV module efficiency due to
thermal losses.

- Urban challenges such as building shadows, dust accumulation, limited rooftop space, and lack
of knowledge regarding system design hinder optimal solar PV performance.



. The cost of solar photovoltaic (PV) systems in Pakistan has significantly declined over
the past decade.

- Residential setups typically fall between USD 2,000 and 3,000, while a standard 10 kW
installation is priced between USD 6,000 and 8,000.

- Policy incentives such as zero-rated sales tax, customs duty exemptions, and net
metering frameworks contribute to lowering the financial burden for adopters.

- High upfront investment and limited access to long-term financing remain key barriers
for many households.

- Despite challenges, the overall price trajectory of solar energy technologies continues to
decline, reinforcing solar PV as a viable solution to Pakistan's growing energy deficit and
rising electricity tariffs.



SOLAR PV MARKET IN PAKISTAN (2024)
Systemsize(kW) [priceRonge (UsD) [KeyComponents ncluded |

3 kW 2000 — 3,000 Solar ponels, mvertey, qudvyare,
mounting structure, installation Cost

5 KW 3,500 — 5,000 Solar pgnels, mvertey, Hordvyare,
mounting structure, installation Cost

10 kW 6,000 — 8,000 Solar pqnels, mvertey, Hardvyare,
mounting structure, installation Cost

20 kW 10,000 — 14,000 Solar ponels, mvertey, qudvyare,
mounting structure, installation Cost

50 kW 25,000 - 35,000 Solar pcmels, mvertgr, Hordvyare,
mounting structure, installation Cost

100 kW 50,000 — 70,000 Solar ponels, mvertgr, Hordvyare,
mounting structure, installation Cost

e _ Solar panels, inverter, Hardware,
Sl el (per waitt) DHEl) — (0L mounting structure, installation Cost




RESEARCH OBJECTIVES

- Design optimized grid-tied and off-grid PV systems for a residential property in Lahore.

. Simulate system performance under real-world conditions using MATLAB/Simulink and
HOMER Pro.

- Assess energy output, efficiency, and losses for both configurations.

- Conduct a techno-economic analysis including capital costs, LCOE, and payback
periods.

- Evaluate environmental benefits, including CO emission reductions and sustainability
metrics.

- Compare the performance and viability of grid-tied versus off-grid systems.

- Provide policy and technical recommendations for improved PV adoption in Pakistan.
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DESIGN AND ANALYSIS OF PHOTOVOLTIC SYSTEM FOR A
HOUSE IN MODEL TOWN LAHORE USING HOMER PRO

. The study evaluates the economic viability of an 11 kW photovoltaic (PV) system in Model
Town, Lahore.

- The system, using Jinko Solar 540Wp panels, was compared to a grid-only model based
on local electricity tariffs.

. The PV system, despite its higher initial cost (USD 18,995), significantly reduces long-term
energy expenses and reliance on the grid.

- The PV system also reduces the carbon footprint associated with grid electricity
generated from fossil fuels.

- The study concludes that the PV system is economically and environmentally feasible.
Future work will explore battery storage to enhance energy autonomy.



GRID-TIED PV SYSTEM DESIGN (HOMER PRO)

Daily Profile

- The site is a residential house with a population
of approximately 22 million.
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- The house's coordinates are longitude 31.4829 . I|| IlI
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- The average load of the house is around 58 Hours
kWh, peaking at 7.6 kW during summer.

- Air conditioning units dre used to maintain
indoor temperature.




SYSTEM'S COMPONENTS AC DC

Grid Electric Load #1| JK-540M
The system has two main components. -
1. Solar Panels (Jinko). 2 e O ""'
Ll = -
2. Grid-Tied Hybrid Inverter (Growatt) — 58,00 KWh/d
Solar Panels (Jinko) 7.69 kW peak
- Higher power output Grol11.62
- Better performance in high temperatures
- Reduced shading impact
- Stronger mechanical resistance
Grid-Tied Hybrid Inverter (Growatt)
- Converting DC from the panels into AC for home n—
appllance.s.. | ) Jinks
- Synchronizing the power with utility voltage and e
frequency. 72HL4V g

MONO FACIAL

- Exporting excess power back to the grid during high

production hours.
- Auto Switching of load between Solar and Utility.
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K EY R E S l | LT S Energy Purchased and Sold to Grid
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Current grid-supplied energy costs of $3,129 reduce to $1,086 per

year with the addition of an 11 kW PV system. : I
Annual savings of $2,043 are achieved due to a 65% decrease in ) I I I‘ I
energy expenses' ’ Jan Feb Mar Apr M . Jun Jui Aug Sep Oct Nov Dec
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The PV system has a favourable payback period of 1.97 years and vy Puchased (&) S Enery Sod (<)
an internal rate of return (IRR) of 50.7%.

The Jinko PV system installed at the site has a nominal capacity i T

of 1.0 kW and an annual energy production of 18,978 kWh.

$0.00 $4,059
The system achieves a penetration level of 89.6%, ensuring nearly $3,129 $1,086
90% of the site’s energy demand can be supplied by solar power. $0.148 $0.0462
13,379 7,704
The LCOE for the PV system is extremely low at $0.0208 per kWh,
indicating the long-term cost-effectiveness of the solar 0 0

installation.

The system is expected to operate for approximately 4,384 hours
per year, with an average power output of 2.07 kW.

Annual energy losses are calculated to be 854 kWh, confirming .

the system’s operational reliability and performance.
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DYNAMIC MODELLING (MATLAB/SIMULINK)

- The study presents a dynamic simulation of a grid-connected
photovoltaic system, modeled in MATLAB/Simulink, tailored to
the urban environmental conditions of Lahore.

- The system utilizes high-efficiency Jinko Solar panels, a DC-DC
boost converter, and a Growatt inverter, resulting in a stable 12
kW output with Incremental Conductance Maximum Power
Point Tracking (MPPT) control.

- The study utilizes a system dynamics model and simulation in
Simulink, with all solar-produced power sent to the connected
load and the local grid.
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SITE DETAIL

The research site is a residential house with ample rooftop space and ideal project conditions.
- The location offers high solar insolation year-round, enhancing the efficiency and output of the PV system.

The model is tailored to the specific environmental conditions of Lahore, incorporating climate-related
parameters.

The Simulink model has been implemented on a house under study.

- The grid-tied photovoltaic (PV) system developed for this study incorporates Jinko Solar panels for efficient
solar energy conversion.

The PV array operates at an optimized voltage of 48 V, regulated by a Maximum Power Point Tracking (MPPT)
controller.

- The system employs a Growatt MOD 11KTL3-X, an 11 kW pure sine wave hybrid inverter, for ssamless integration
with the electrical grid.
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PV ARRAY AND DC-DC CONVERTER IN SIMULATION

Jinko solar, a high-efficiency monocrystalline solar panel, is used in the study.
The panels have a rated output of 540 watts and a module efficiency of 20.94%.

Key electrical specifications include an open-circuit voltage (Voc) of 49.2 V, a short-
circuit current (Isc) of 13.85 A, a maximum power voltage (Vmp) of 40.7 V, and a
maximum power current (Imp) of 13.27 A.

The PV system has a module efficiency of 20.94%, power tolerance of 0 — 3%, and a
temperature coefficient of Isc (alsc) of 0.048%/°C, Blsc of -0.28%/°C, and ylsc of -
0.35%/°C.

A Boost Converter model is used in Simulink to replicate the real system'’s functionality
and dynamics.

The Boost Converter optimizes power flow from the PV array to the inverter at an output
voltage of 476 V.

Maximum Power Point Tracking (MPPT) control is implemented to optimize the DC-DC
converter’s performance in the PV system.

Ao
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- The Integral Regulator is incorporated into the MPPT control to minimize steady-
state errors during tracking and ensure the system remains at the maximum il

power point. _ vaa_prin
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- The proposed system uses a Growatt pure sine wave hybrid inverter, specifically
designed for residential and small commercial PV systems. -

- The inverter supports three modes of operation: stand-alone, grid-tied, or hybrid. -

+ ti, | =
- It has dual outputs for smart load management and can be automatically gy JN{JL ,_.{;:,
turned off to conserve battery during nighttime. s L ] — !

Thraa-Phass Inverter ] @

=

Typo
I
Open Circuit Voltage (Voc) 492 VDC

Maximum Power Voltage (Vmp) 40.70 VDC
Short Circuit Current (Isc EEN

Maximum Power Current (Imp) 13.27 A
Module Efficiency 20.94%

[PowerTolerance ———__[0-5

Temperature Coefficient of Isc (o) 0.048%/°C
Temperature Coefficient of Voc (B,s.) -0.28%/°C

Temperature Coefficient of Pmax (ys -0.35%/°C




SIMULATION RESULTS

System components include Jinko Solar JKM540M-72HL4-V panels and
Growatt PV Grid Inverter MOD 1IKTL3-X.

Solar panels showed optimal power output of approximately 11 kW under peak
sunlight conditions, with an efficiency of around 17.37%.

The panels maintained efficiency even under partial shading and cloud cover.

Advanced cell technology and anti-reflective coating optimized light
absorption.

PV input voltage of 48 V and MPPT voltage set at 48 V for maximum efficiency.

DC-DC boost converter elevated DC voltage to 350 V, converted to a 220 V AC
supply through the inverter for grid integration.

The inverter's rapid response to grid voltage and frequency fluctuations
maintained a stable output of up to 12 kW.

PV power output was closely linked to solar irradiance levels, demonstrating
efficient energy harvesting.

The integration of PV generation and grid connection facilitated smooth
energy management.

The system met high demand while optimizing power flow between the PV
array and the grid.
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FEASIBILITY STUDY OF AN OFF-GRID SOLAR PV
SYSTEM FOR A RESIDENTIAL APPLICATION IN MODEL
TOWN, LAHORE

- The study focuses on the design and feasibility of an off-grid solar photovoltaic system
for residential use in Model Town, Lahore, Pakistan.

- The primary author was involved in all stages of the research process, including literature
review, system design, simulation modelling, and performance analysis.

- The study demonstrates the technical and economic viability of an off-grid hybrid PV
system that integrates a 12.6 kW PV array, 89 kWh battery storage, and an 11-kW inverter.

. The system achieves an internal rate of return (IRR) of 228%, a payback period under 0.5
yedars, and significant carbon emission reductions.

- The system is environmentally friendly, with zero CO emissions and almost no energy
disruptions, making it suitable for regions facing frequent power outages and high
energy costs.
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SITE LOCATION AND LOAD PROFILE

- The study is conducted at a building in Lahore, a metropolitan division with a population
of around 22 million.

- The location is located at 74.3156 degrees of latitude and 31.482982 degrees of longitude.

- The house's typical electric load diagram shows an average daily electricity
consumption of 25.06 kWh, with a significant increase during summer.

- The maximum electricity consumption is about 7.0 kW, combining the house load and
the AC load (Deferrable load) used in summer.
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RESOURCES

Utilizes Jinko Solar's JKM540M-72HL4-V solar panels with a rated
capacity of 585 watts.

Features a half-cut cell configuration for increased power
output, improved efficiency, and enhanced mechanical load
tolerance.

Incorporates a Growatt MOD 1IKTL3-X, an 1kW pure sine wave
hybrid inverter.

rated for operation on 230 VAC, 50 Hz systems.
Supports both battery-backed and battery-less configurations.

Simulation of the storage system using the Kinetic Battery
Model.

The battery rated voltage is 12 V and has a rated energy
capacity of 2.78 kwh.

Features include nominal voltage (V), nominal capacity (kwh),
maximum capacity (Ah), capacity ratio (0.486), rate constant
(1/nr), roundtrip efficiency (%), maximum charge current (A),
maximum discharge current (A), and maximum charge rate
(A/AR).
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RESULTS

- The hybrid microgrid system comprises a 12.6 kW Jinko Solar PV array, °;§Ej

89.0 kWh of Trojan SSIG 12 230 battery storage, and an 11.0 kW Growatt -
inverter. 00m

n
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- The simulated load is 25.2 kWh/day with a peak demand of 3.35 kW.

- Annual PV production reached 18,120 kWh with a specific yield of 1,439
kWh/kW and a capacity factor of 16.4%.

- The system achieved 197% PV penetration and operated 4,384
hours/year.

Battery autonomy was calculated at 67.4 hours with 5,566 kWh/year
throughput and 1,243 kWh/year losses.

- The net present cost of the hybrid system was estimated at $14,713, a
91% cost reduction over the system’s 25-year lifetime.

Parameter Value

. The Levelized Cost of Energy dropped from $1.38/kwh (diesel) to
$0.123/kwh (hybrid).

- The capital cost increased from $4,867 to $9,534 but was offset by an
initial operating cost savings of over $11,998

The investment yielded an Internal Rate of Return (IRR) of 228% with a 20
simple payback period of just 0.491 years.
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CONCLUSION & RECOMMENDATIONS

- Examines design, modelling, and performance analysis of grid-tied and off-grid
residential solar PV systems.

- Grid-tied PV systems are cost-effective and environmentally sustainable, with lower Net
Present Cost (NPC) compared to grid-only models.

- Grid-connected PV systems are financially viable for urban residences in Pakistan with
proper system sizing and optimization.

- A high-resolution model of a grid-connected system was developed to assess its
performance under dynamic environmental conditions.

- The system maintained a consistent output of 12 kW under variable irradiance and
temperature levels, proving the practical reliability of grid-tied solar solutions.

- An off-grid solar PV configuration with battery backup was explored, achieving an
internal rate of return of 228%, a payback period of 0.491 years, and a 91% reduction in
net present cost compared to traditional diesel-based systems.

- The system achieved complete elimination of carbon emissions while ensuring
reliability and independence from grid interruptions.
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POLICY RECOMMENDATIONS

- Grid-tied and off-grid solar PV systems are cost-effective, requiring
targeted government support.

- Financial instruments like soft loans, leasing schemes, and targeted
subsidies can enhance affordability.

- Consistent and transparent implementation of net metering policies is
crucial.

- The HOMER-based grid-tied model assumes accurate feed-in tariff
compensation and grid stability, but inconsistent policy enforcement
can undermine benefits.

- Off-grid systems are ideal for sustainable electrification strategies due
to near-zero emissions and operational resilience.
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FUTURE WORK

- Integration of hybrid energy systems: Combining solar PV with other renewable
resources for more balanced solutions.

- Battery storage optimization: Using advanced optimization techniques for efficient sizing
and scheduling.

- Economic modelling: Based on current costs and static tariff structures.

- Sensitivity analysis: Consideration of inflation, panel degradation, battery lifecycle costs,
and evolving net metering policies.

- Lifecycle assessments: Quantifying embedded energy and total emissions footprint.
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