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ABSTRACT

Despite the fact thdossil fuek are foundn relatively small number of placdbgyare

consumed worldwiddn contrastrenewableznergy is available all over the woilbdit

it is utilized only bysmallas e g me nt of w o. Howew@rsdueptmgnu | at i
increased awareness of environmental impact of fossil fuels and advancement in
renewable energy technology, nowadays there is a ribe inse ofénewable energy

as an alternate source of energy. In Pakistan espedating the lastiecadeuse of

solar energy has been advocated and widely adopted at domestic level.

This studyhasbeenundertaken to determingit would be cost beneficial over a 25
year period to install solar energy for residential, commercial and agricultotad. g%
cost benefit anakis was performed to determiifi¢he investment would be financially

worthwhile.

The results revedhat solar energy is viable only ihe aricultural sector of Pakistan
under thepresent circumstances. In residential and cenosral sectors of Pakistan the
payback perioaf solarpoweredsystemmight turn to be very long. Due to unstable
national grid

Payback period for residential sector is 11lyé@rs, for commercial sect@5 years

andfor solar water pumping is only 2.4/@ars which is lowest among other sectors.

[vi]



Contents

ACKNOWLEDGMENT  =mmmmmmm e iv
DECLARATION  --mmm oo oo e v
ABSTRACT =-mmmnnmmmmmmmmmmmmcmmmcsen e vi
LIST OF TABLES --------c-memeeem oo oo IX
LIST OF FIGURES === Xi
CHAPTER 1: INTRODUGCTION  =mmmmmmmmm e 6
1.1 Background 6
1.2 Global Inter@st-------=--mmmmm oo 6
1.3 Locallnterest -f
1.4 Problem Statement 8
CHAPTER 2: REVIEW OF LITRATURE  ------esesmmmmmmmmmmmmmmme 9
2.1 Technology Overview 9
2.2 Sdar Power Development in Pakistan 10
2.3 Wind Power Development in Pakistan 11
2.4  Solar Energy: Current Position 12
2.4.1  Geographical Potential of Solar Energy in Pakistan 12
242 Market Potential 13
Types of Solar Panels 14

2.5 Solar Power Applications 17
2.5.1  Off Grid Solar System 17
2.5.2  On Grid Solar System 18
25.3 Hybrid Solar Systems- 19
2.6.1 Feed in Tariff (FiT) 21
2.6.2 Net Metering 21
2.6.3 Power Purchase Agreements 22
CHAPTER 3: METHODOLGY  =------mmmmmmmmeem s 26
3.1 Procedure of Analysis: 26
3.2 Introduction to HOMER System Modeling Tool 27
3.3 Problem Statement 27
3.4  Assumptions 28

[vii]



3.5 Scenarios 29

CHAPTER 4: RESULTS AND DISCUSSION--------zrmmmmmeeemmmaoe 31
4.1 Residential Case Study-----------------==--=--mmmcmmemm - 31
4.1.1 Base case for residential case study 31
4.1.2  Case Study 1: Off Grid Solar Systerm 32
4.1.3 Case 2: Hybrid Solar System (Grid + Solar + Backup} 36
4.2 Commercial Sector Case Studyf--------------=-=-=-=-n-no--- 40
4.2.1 Base Case for commercial secter 40
4.2.2  On Grid Solar System with No Backup 42
4.2.3  On grid System with Generator Backup: Solar + Grid + Generatof-------- 45
4.2.4  Off Grid/ Standalone Solar System 51
4.3 Agricultural / Solar Water Pumping Case Study--------- 54
000] V[0 MU L] 0] L —————————— 61
LIST OF REFRENCES --------nmmrrrmmmmmmmmmmmsee e 65

[viii]



LIST OF TABLES

Table 1: Top 10 countries by solar installed capacity [15} 9
Table 2: International cost of Solar Modules---------=-=-=-==m-ememmrmm oo 13
Table 3: System parameters with cost 32
Table 4 : Optimized Solution for Off-Grid Solar System: Residential Case-----34
Table 5: Total Cost of the System and Life Period- ---34

Table 6: Optimized solution for Solar + Grid + Backup System: Residential
Case 37

Table 7: Solar and Grid Representation in Hybrid System: Residential case--37
Table 8: Components cost, O & M costs and Replacement Cost: Residential

Case 38
Table 9: Optimized System Design for On Grid Solar System: Commercial
Case 42
Table 10: Component Level Capital, O&M and Replacement Costs: Commercial
Case 44
Table 11: Optimized System Design for Solar + Grid + Generator: Commercial
Case 46
Table 12: Solar, Grid and Generation representation in total system: Commercial
Case 46
Table 13: Component Level Capital, O&M and Replacement Cost for Hybrid
(Grid+ Solar + Genset) Commercial Case---------=-=======mmmmmmmmmmmmmeeeee 48
Table 14: Optimized Solar Solution for Off Grid Case 51
Table 15: Solar Power Generation and Representation in Off Grid System---52
Table 16: Cost of Systenfior Standalone Solar Unit: Commercial Case--------- 52
Table 17: Tubewell Technical Specifications-------=-========mmmmmmmmmmmemeemeeee 54
Table 18: Comparison of Poly Crystalline and Thin Film Solar Panels---------- 55

Table 19: Estimated cost for a standalone, solar powered water pumping unis8

Table 20: Cost comparison of Grid and Solar powered pumping unit----------- 60
Table 21: Payback Periods for different case studies- -61
Table 22: Commercial Site case study results compariser 62
Table 23: Drawbacks and Advantages of Commercial Case Studies----------- 63

[ix]



Table 24: Comparison of Solar, Eletricity and Diesel Based Water Pumping Units
64

X



Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:
Figure 9:

Figure 10:
Figure 11:
Figure 12:
Figure 13:
Figure 14:
Figure 15:
Figure 16:
Figure 18:
Figure 19:
Figure 20:
Figure 21:
Figure 22:
Figure 23:
Figure 24:
Figure 25:
Figure 26:
Figure 27:
Figure 28:
Figure 29:
Figure 30:
Figure 31.:

LIST OF FIGURES

Source: Global StatusReport by REN21, 2010.......cccccceeeeeeeiiviiiiieeennn. 7
Wind Map of Pakistan Source: AEDB..............cccuuiiiiiiiiieeeiiiiii 11
Pakistan direct normal solar radiation...................uuveiiiiccceeeeeiinnnnnns 13
Solar Panels Import in Pakistan MW ........ccccccccoeeeiiiiiiiiieeeee e, 14
Mono Crystalline Photo Voltaic Module...............ocoeeiiiiiiiieeeneeeee, 15
Polycrystalline Photo Voltaic Module................cccooiiiiiiiccc s 16
Thin Film Solar Module ............uueeiiiii e 16
Schematic of Off Grid Residential Site..............cccccvvviiiiieeerciiiinnee, 18
Schematic View of On Grid Solar System.............ccceevvvvvivvieemeeeneeee, 18
Schematic View of Hybrid Solar Sysm...........cccccvvveviiiiiiieesiiineeee. 19
Schematic View of a typical DER..........ccccccoeiiiiiiiiiccc 20
A Typical Mono Block Water PUMP...........ccccceeiiiiiiiee e 23
Typical Submersible Water PUMp..............oovviiiiiiisieeeeeenn 24
Latest Trends in Irrigation [45] ........cccciviiiiiiiiiii e 25
Average load for residential case Study...........cc.evveeeieiiiiieesvineenennnn. 31

Total Electrical Load Served in Year 201&rror! Bookmark not defined.

Electricity Generation With Solar POWeTr...........cccooeeiiiiiiiiiiieeeeeeen. 33
State of Charge (SOC) for Trojan L16P Battery Bank.................... 34
Component wise Capital and Replacement CoSt.............ceeeeeeenn. 35
Grid and Solar CS6X%310 Penetration in System.............c..ooeeveinee 37
SOC for Trojan LLBP .......ovveiiiie e eeeeeeeeeeeeeeee e 38
Average Load Profile for Commercial Site...................cccceeeeeeen..... 40
Daily Load Profile for Commercial site, JanDecC...............cccevveeeeens 41
Solar and Grid Representation in Solar System.............ccccccvveene. 43
Load Shedding Profile............cccoovriiiiiiiiieee e 43
PV Grid and Generator Usage throughout the Year....................... 46
Generator Output Throughout the Year........ccccccccviiiiiiiiiiceceeeee, a7
Fuel Consumption of generator throughout the year...................... a7
Fuel Consumption of Diesel Generator During Load Shedding.....48
Solar Energy Geaeration Throughout the Year..............cccccceeeeeeiees 52

[x]



Figure 32: Characteristics Curve for 8125 Series Alarko Carrier Submersible

PUMIPDS e e 54
Figure 33 ALARKO Carrier Submersible PUMP .....ooviiiiiiii 55
Figure 35: IJntech Pump Drive Technical Specifications................ccccuvvvvvieennnee 56
Figure 36: Electrical Datasheet of Renesoladty Crystalline Solar Panel......... 57

[xi]



CHAPTER 1: INTRODUCTION

1.1Background

For the last 10 years in Pakistdhere has beean increased emphason alternate
energy sourcesvhichis mainly due to energy crisis and long planned/unplapoectr
outages in the country.he government of Pakistais itself seeking opportunities to
invest in renewable energigd3ne example aduchgovenmentinitiative isthe state of
the art Quaiek-Azam solar power plant to heipcrease existing power supply soer
of the country Besides these state supporaetivities steps need to be takengahss
root level. All individual consumers need to attempt dgercometheir part of the
shortfall by installing renewable energy projects tla¢ir premises. Installinga
renewable energy project & part ofshort term planning to quickly overcome the
energy shortfallThe nost common renewable enettgghnologies are hydeljind and

solar technology.

1.2 Global Interest

More than a century ago, technologgsrevolutionized with the discovery and use of

the fuel in domestic and industrial machines improving the lifestyle of people by many
steps in one go. Fast means of transportation, electrical and electronic accessories and
an improved industrial yield to methe increasing demands among afew of the
advantages people got straight away from this additicheir everyday lifeAs the

time elapsed, rapidly dying fuel reservoirs and expoaknmise of fuel demand
overgrewthe productioncausing a significant short fall of the product. Hsrgvhen

the problem arose first

Demand of fuel becam®o high that fossil fuel reservoirs failed to métetvhile fuel

search is a costly and time taking process as oil companies have to condsctVeyg

and thenif any traces of the fuel are found, healnjlling deep down into the earth or

in the seas is required. It is not a matter of months but several long years. This supply
and demand gap has hiked the fuel prices as well. This situasdedhthe world to

look for easy, immediate and cost effective alternatikeswind, solar, solar thermal

and bigas etc.[1] [2] [3].

(6]



Decreasing fuel supplies with dying existing reserves and increasing demand with
rising population is worsening the situation with each passing day. The only plausible
solution to both th@roblensis adoption of renewable suppliasa lower level which
not only will meet increasing energy demandsWilit alsohelpsave the environment

from carbon pollutants, saving the ozone in the lond4ub].

Wind/solar/biomass/gecthermal
. power generation 0.7%

Biofuels 0.5%
\
- Biomass/solar/geothermal

. hot water/heating 1.4%

Hydropower 3.2%

Nuclear 2.8% -

————— Traditional biomass 13%

Figure 1: Source: Global Status Report by REN21, 2010

1.3Local Interest

Pakistan is facing a challengiegergy criss for almostpag two decade®Despite lage
natural oil and gas reserv&sgkistan is unable to overcotheenergy crisiglue to lack

of advancedechnology and poor financial plannirieuel prices on average hasisen

by as high as 175% from 1996 to 2084. Similarly the electricity pricedas also
increased roughly 200% from 2010 to 2QI# Although, government of Pakistan is
trying its level best to help overcorttee crisis yet no significamositive results have
been observedo far.Business coditions are getting worse due to short fuel supplies
as well as hiked fuel priceg8].A vast majority of households is unable to afford
electricity costswhich is developing economic dissatisfaction among countrymen. In
this critical situationthe need of the hour is the adoption of cost effective renewable
energy alternatives to stabilize the household and industry as well as economy of the
country[9] [10].

GeographicallyPakistan is situated in a region where it receives maximum solar energy
radiations making it highly suitable for solar energy produciitve areas in the costal

[7]



part of the county (e.g. Karachi and Gawadar) being in direct contactheithrabian

Sea possess a great potential for wind energy.

1.4 Problem Statement

The next bapter is dedicated to reviewing wind and solar eneB@sed on this
research, it may be concludedliirat wind energin Pakistan is limited and ongfew
territories are able to produce enefiggm wind. Energy generation througlind is not
feasible or individuals, whereas in this report we are working on solution for individual
sites. Wind energy is feasible in Pakistan on city or district level. On the other hand
solar energy is abundant in Pakistan and most op#hnes of the country receivan
abundantamount of solar irradiations. Solar energy solwiare quicker and faster
waysto overcome the energy crisis on individual leVélis report offersa cost benefit
analysiswith afocuson calculation othe payback periods for solar energy system for

residential, commercial and agricultural sector.

(8]



CHAPTER 2: REVIEW OF LITRATURE

There has always been an imbalance between supply and demand of energy. Energy
shortfall in Pakistan reached 5500 MW in 80Wvhich is almost 45% of the actual
demand11]. On average, planned load shedding to balance the supply and demand is

about 810 hours in every 24 hours.Hasbeen 1014 hourgduringlast year.

2.1 Technology Overview

The photovoltaic industry is @gwing globally as rapid as 30%here China is taking

the lead in PV module productiolm 2010, China shipped solar panels tota8gd00

MW in terms of consumable powdn 201Q 75% of the global solaransections were

from china only[12]. Due tothe high consumption of photovoltaic modulesimerous
national as well as multinational companies are incorporated each year. With increasing
market competition, prices of PV modules are decreasingeaith passing ddy3].

Recent surveys and studies reveal that the average per watt cost of PV module which
had been $1.6has now reduced to $0.8 in a short span of four yeduish is almost
exactly opposite to the rise the electricity prices in the country over the same period
[14].

Table 1: Top 10 countries by solar installedcapacity [15]

Rank| Country Installed Capacity (MW)
1 China 43,530

2 Germany 39,700

3 Japan 34,410

4 U.S 25,620

5 ltaly 18,920

6 U.K 8,780

7 France 6,580

8 Spain 5,400

9 Australia 5,070

(9]



10 India 5,050
23 Pakistan 1,000

China isleading the world in PV installatioi€urrently, Pakistan is ranked'28 the

list with a small installatiomapacity of 1000 MW of solar energy.

Pakistanis situated in aighly feasible region for solar power as the average daily
sunshine period is about-1Ia hours in summers andréhours in wintersOn average,
the arth leceives approraately 1.259KW/m? energy from sun while on a clear day
the radiationfrom sun to Earth reaches up 8% The reduction in solar energy

radiationds usually cause by fog, humidity and clouds covethegsun[16].

2.2 Solar Power Development in Pakistan

Many efforts have been made to sgt and increase solar energy penetration in
domestic and industrial uses of Pakistan. The daily average of sunlight in this region is
approximately nine hour©neof the early effortsn this regard was the solar system
installation in Mimnniala in 1981. After the successful completion of the pilot project,
four more solar photovoltaic systems were installed in different areas vncicide
Khukhera near Lasbel®8#éluchistai), Malmari in district Thatta, Ghakkar in district
Attock and Dital Khan Legari in district Mirpur Khas. Quaézam solar power park

was announced ke Government of Punjab witthe allotment of 5000 acres of land
near district Bahawalpur. Tdate, 400MW of solar power plant has been installed and
successfully connected to the national grid. Total projected capacity of this project is
1000MW in 202017] [18].

Efforts have been made solarize the off grid villages of Pakistan as waeBuccessful
example ofwhich is the village of Narian Korian near Islamabad where one hundred
solar panels have been installed by a local company and they have been able to ease
100householddy making bulbs and fans operational on solar power. Similar initiatives
have also been taken by AEDB (Alternate Energy Development Board) of Pakistan
where almost 200 solar solutions have been provided in Khuzdar and off grid villages
of Karak in province KPK10] [7].

[10]



2.3Wind Power Development in Pakistan

Pakistan is developing wind power plants in Jhimpir, Gharo, Batidar and Bin
Qasim inSindh.The Government of Pakistan decided to develop wind power energy
sources due to problems in supplying energy to the southern coastal regions of Sindh
and Baluchistan. The project is being run with partial support and assistance from the
government of China. Othareas with good potential for wind energy are Swat and
Nukundi area near Afgn/lIran border in district Chagf Baluchistan where wind

speeds are often 12.5% higher than average speed required for wind energy generation
[19].

Some examples are:
T Jhimpir Wind Power Plar{bperational)

1 Gharo Wind Power Plant (operational)

T Bin Qasim Wind Power Project (under construction)

E wE HE E wE we

Pakistan
50 m Wind Power

W N

NOfh-west
o Frogtior
~

an

Faisa‘labad
Wind Power Classification

Wind  Rescuce  Wind Power Wind Speed®
Power  Potential Densityat  at50m

*Wind speeds are based on an elevalion of 500 m and
8 Wedul k vake of 1.8.

Figure 2: Wind Map of Pakistan Source: AEDB

[11]



As per AEDB map, published in May 2007, coastal line of Sindh and a few areas of
Baluchistan and KPK are highly suitable and feasible for generating wind energy, while
rest of the country regions are unsuitable. These areas for lacking in sufficient wind
resources are unable to produce enough power to fulfill the demands. Compared to
solar, wind energy potential and scope is quite low. Solar energy resources are not only
abundant but affordable and simple too as compared with wind eegugymen{20]

[21].

2.4 Solar Energy: Current Position

Till 2011, solar energy had a low profile in Pakistan due to very limited activities
regarding solar energy installation and awareness. Pakistan missed its olgéctive
achieving 10% of all its energy demands from renewable energy sources 42210
[23] [24]. However, appreciably significant initiatives have been taken onlstage
lately like Quaide-Azam and Wah Industries solar power parks.

This review is dividednto three categories,

1. Geographical Potential: This sectiwaill review the geographical positisrof
Pakistan that are most suitable for solar installations.

2. Market Potential:This section will discuss the market potential, adoptability
and affordability of solar energy.

3. Market Integration:This section will review thé-eed in Tariff and Power

Purchasé\greements

2.4.1 Geographical Potential ofSolar Energy in Pakistan

Pakistan has a unique geographical locati@mng situated at a pointhere it receives
maximum solar radiations throughout the yg4]. Someareas of southerRakistan
like Quetta, areas of central and southern Punjab U#&®ore, Faisalabad, Multan
Bahawalpur,and RahimyarKhan receive the maximumof the solar radiations
throughout the yearPakistan usually receives 6.8 to 8.3 KMJjper year and an

average wnshine is almost-8 hours daily26].

[12]
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Figure 3: Pakistan direct normal solar radiation

Pakistan has a huge potential for converting the solar emagogyseful and bneficial
mears. This solar energgan be harvested to produce electricity to overcome the energy
crisis of Pakistan. According to Energy Book Pakistan 2836, the 0.25 % of solar
irradiance falling only on Baluchistan province will be sufficient to meet the rurre

energy crisis of theountry[20].

2.4.2 Market Potential

Being a developing country, Pakistan is a market of changing trends. Local market is
keen of adopting and adapting to new technologies. Thus, the potential of energy
alternatives in general atige potential of solar energy, being cheap and easy to deploy
and harvest, in particular, is very bright in Pakistan. Compared to households, solar
solutions are feasibly more inclined to commercial, industrial and agricultural sectors
due totheir high rae of return and shorter payback periods. For households, the
payback period iguitelong. The average wages oPakistaniitizenis roughly $255

a month[27]. Per watt cost of solar PV modules is given in table below.

Table 2: International cost of Solar Modules

Solar Panel Technology Cost per watt $
Mono Crystalline 0.79
Poly Crystalline 0.73

[13]



Thin Film 0.73

From the above table it is clear that solar modules are still very expensive for local
market, especially fahe middle class population. Solar egglis much more feasible

for entities that aino use it commercially and for industrial purposes.

Solar Panels Import (MW)

25
20
15

10

2007 2008 2009 2010 2011 2012

Solar Panels Import (MW)

Figure 4: Solar Panels Import in Pakistan MW [28]

In 2006 AEDB issued an SRO to exempt the dutiesalar energy products which
helped boost theechnologyln the light of SRO.575 (1)2006 gpvernmentvaived off

the 32.2% duty on import of solar panels to make it more affordable for general public
In 2007, the PV moduleimport was abot 0.14MW while at the end 02012 with a
remarkable increase of about 1600@Pts importhad growrup to 22.4MW[29].

Types ofSolar Panels

Solar modules are made from Si(5ilicon), which is abundant on earth and is
inexpensively availableThe raw sand must be purified up to 99.9999% or in words 1
part per million (1 ppm). The cosf purification of sand up to prescribed levels is

significantly high[11]. There are basically three types of solar pajiés

1. Mono-Crystalline Based Solar Panels

[14]



2. Thin Film Based Solar Panels

3. Poly Crystalline Based Solar Panels

Mono Crystalline Solar Panels

All the solar panels have the same basic recipe and all are made from $aron.
crystalline solar panels are made from single crystal mbsilAs t he wor d
( meani ng dyssismogd ceystallinesalar panels are developed from a single
crystal on silicon, thus having no such grhmundaried11] [30]. Mono crystalline
solar panels have highest efficiencies in the wdrtee mostrecent solar panels claim

of having efficiency nearly 22%t laboratory scaleBecause otheir highestoutput

efficiency monocrystalline solar panelse expensive thaheother solar paneld 6].

Figure 5: Mono Crystalline Photo Voltaic Module

Poly Crystalline Solar Panels

Poly crystalline solar panel&@lso referred to multi crystalline solar panetske
developed from multiple crystalsf silicon and have different structure than mono
crystalline solar panels. Theilison crystals are less purified, heradesaper in price.
As a consequena# less puritythey have low efficienc The most recent papers claim
that poly crystalline sakr panels have efficiency of 17%4l]. This type of modules can
sustain high temperature and can perform very well in hotter regions. That, isolshy
crystalline modules are used in Africa, Australia and Gulf regions.

[15]



Figure 6: Polycrystalline Photo Voltaic Module
Thin Film Solar Panels

Thin film solar panelsreentirely different in structure from traditional solar panels.
Mostly they are made of single owlti-layer of Cadmium Telluridewith glassused

as a substrate. Flexible solar panels are also a subclass of thin film based solar panels.
In flexible solar panels the plastic sheet is used as substrate and CIGS (Copper Indium

Gallium Selenide) is deposited on it to make it work§da3 [23].

Previouslythin film solar panelsddvery low efficiencies obnly 810%, but now the
39 geneation of this film solar panelgurrently availablén marketclaim to havean
efficiency 0f21%.[11].

Figure 7: Thin Film Solar Module

[16]



Thin film solar panels haviie followingdistinct advantages over conventional solar
panelg11].

1. Have ecellent workingunder low sun light conditions

2. Can be installed on any angle facing to sun.

3. Temperature coefficient is comparatively lower than conventional solar panels
4. Due to low temperatureoefficients they perform well in high temperature

conditions.

2.5Solar Power Apgications

Now a days, solar powered applias@e in fashionfrom mobile phone charger to
mega power plants solar energy is being utiliZalar energy is appropriate for mid
sized residential facility or small sized commercial facllit§] [23].There are primarily

3 types of solar system configurations.

i. Off Grid Solar Systems
il. On Grid Solar Systems
iii. Hybrid Solar Systems

2.5.1 Off Grid Solar System

An off grid solar system is the oméhereprimary source of power is solar eneaply.

In this systemthe primary source of power is solar energy, the excess power is stored
into battery bankto be useh night time.The off grid solar system comprises of Solar

Inverter, Battery Bank an8lolar Panelq31].

[17]
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Figure 8: Schematic of Off Grid Residential Site

2.5.2 On Grid Solar System

On grid solar gstems a& mostly installed in medium as well as lacgenmercial units

and are very popular in industrial secton Grid solar systems are well suited for any
facility that has uninterrupted grid power. As this type of solar systems only use solar
energy as pring source and grid as referendeere is no storing mechamsinside

the systemThe excess energy isddack irto the grid, vinich is calculated at the end

of each month via Net Metering, Feed in Tariff or Power Purchase agreement,

whichever is applicablg2] [33].
2 ‘T"‘ T

AC Current

=g Watt-Hour Meter
kk‘_? : Purchase
I‘ AC Loads

AC Current

DC Current AC Current

Figure 9: SchematicView of On Grid Solar System
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2.5.3 Hybrid Solar Systems

The hybrid solar systemé as t h e n aamdhe mix of gfiegsid asdn grid
solar systems. They uselar energy as primary source of energy and meantiiaie
store excess energy into the battery bank. When battery bank are fully ¢htheged

excess power is thendento the grid for net metering34].

DC Input :,
I v v
. . AC Output a r ‘
E\ —_——
bl

Solar Array AC Input

D ,
-}{fi;‘-—‘:‘*; r : ‘“ ’

Loads

Utility I DC Input/ Qutput

Battery

Figure 10: SchematicView of Hybrid Solar System

2.6 Distributed Generation and Electricity Sell Back

Distributed Generation SystedDER) or Decentralized Energy is the concept of
generating and storing the energy in a verity of micro grids, that are connected to verity
of small grid tied devices[35]. Decentralized energy as the name
indicatesjs generatear storedby a variety of smallgrid-connected deviceseferred

to asdistributed energy resourc3ER) [36].

Conventional power stations, such as coal power plantdearor oil and gas driven
power plants are centralized amagde often comected to the national grid. These
centralized systems are very large arduire power to be transmitted over large
distances, resulting in line losses ahettricitytheft. On the other hand the small DERs

are decentralized and are located close to the production facility and the region where
this power is to be caumed. The system can comprise multiple renewable

generation sites, some storage units and distribution {Birfs

[19]



Figure 11: Schematic View of a typical DER

DERs mostly use renewable sourcesslecticity generation likesolar, wind, biomass,
biogas and geothermal powerThe DERs are directly connected to grid connected
devices andollect exess energy produced, storeistorage units and distribute it to
nearby load DERs have lower environmental impacts and impdosapply of
electricity. DER systemsre playing an increasing and important role theelectric

powerdistributionsystem[38].

Micro grids are the main component of DER$i€ly are modern, localized and shmal
scaled grid stations to powire adjacent areas. They are decentralized and can operate
independaetly. They have no amection with the national grid stations. Microds

can handle mixturef different renewable energources, such aolar, wind, lydro

in conjunction with traditional diesel and gas generators. Thiyreduce line losses,

improveenergy transportatitoand €ssen carbon foot prinits atmospher¢39].

On gid solar system igelatively a newerconcept in Pakitan. NEPRA has also allowed
selling backthe excess electricity to partnering DICOS and the sell back amount will
be adjusted in the upcoming electricity bills. There are primarily two kiofl
procedures thragh which a producer can sell his renewable (wind, soyalrd) power.

The DERSs require grid connected devices that are able to sell back the excess amount
of gererated power to the DEREhe mechanism used worldwide may be categorized

into the following three types:
I. Feed n Tariff (FiT)
il. Net Metering
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iii. Power Purchase Agreements

2.6.1 Feed in Tariff (FiT)

This is a standard purchasentract between the producegr{fewable energy producer)
and the DERJ[41]. This contract comprises of sell back tarifenalties, purchase
timeline, purchase quantity andsectionedoad. FiT aims to offer cost compensation
to the renewable energy produsby providingthemlong tem sell back contracts and
pricecertaintyto help them finance theienewable eergy system capitals initial[{38]
[39].

FiT offers purchase contracts to residential, commercigiicaltural and private
investors. In FiT the sell back rate may differ accordinthéorenewable technology
used by the producéroof top solar systems, wind, hydro &td his is toput alimit to

a specific renewable energource in aspecific arealUnder FiT, renewable energy
producers are paid astbasedreturn forthe energy they supply to the grid. Home
owners, commercial consumers, farmers and investorsbeasafit from FiT. FiT
typically offers longterm guaranteed purchase agreement frorR4%ears and the

tariff typically declines over the yearf0].
2.6.2 Net Metering

Net metering allows producers of the renewable energy to feed the energy into the grid
and consume it at any time of the deggardless of when threnergy isgenerated. Net
metering is important for solar energy producers as they can only produce the energy
during the day time. This system allows the solar producer to use the excess energy
provided to grid at night. ifthe monthly generated powexceeds the consumption of

the consumer, the remaining KWH bver to the next monthhis mechanism helps

the consumer to use the excess power generated from March to fgiwgustersjn

September to Februafwinters)

Net metering onlyises one eneygneter that is bdirectional which calculatebe net

energy consumed rather than one meter calculating the energy producetheand
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calaulating the energy consumed. Anotlelvantage ofetmetering ighat it does not

require any special metering arem a notification or agreement with grid.
Energy storage

Energy storage integrated net metering systane also present. The produstres
some excess energy into battery banks and when the battery banks areaitgbde

the excess power isdentothe grid. This system is more popular in the caastwhere

the grid power is unstable. This is becauseadeyrid systems only work if there is
some reference sourpeesen(i.e. grid or generatoy. If thereference is lost the system
will shut dowrautomatically.Energy storage helps the produtesstore the energy at
the time of grid shutdown during the sun ho&@. storage purposkatterieof various
kindsarebeingusedall over the world. Leadcid wet batteries are stilised argely but
they have smalife cycle Lithium lon batteries and industrial deep cycle batteries are
also being usednd havean approximate life of 10 to 20ewrs[37]. Ni-Fe batteries

have the longest life span of approximately 4arg[41].
2.6.3 Power Purchase Agreements

A power purchase agreeméRPA), orelectricity power agreemenis a contract
between two parties, one which generafestricity (the seller) and the othehich is
looking to purchase electricity (the buyer). The PPA defines all afdhmenercialdor

the sale of electricity between the two parties, including when the project will begin
commercial operation, schedule for delivery of electricity, penatiegrider delivery,
payment terms, and termination. A PPA is the principal agreement that defines the
revenue and credit quality of a generating project and is thus a key instrument of project
finance. There amnany forms of PPA in use today, whicary acordingto the needs

of buyer, selleandthe financing counterparti¢42].
2.7 Solar Powered Water Pumping System:

Pakistan is an agricultural state and almost 80% of the people live in rural ardas and
primary source otheirincomeis farming. Water pumping is still very popular mode

of watering the fields despite having a large network of well managed canal system in
Pakistan. Water pumps are being rumngsdiesel generators, turbines, tractors or grid.

There are manyroblens relatedto each of theabove mentioned poweeneration
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source. Diesel prices are very high in Psidn and diesel generators nesintenance
off and on, whereas national grid in not stable in Pakigtah There ae two basic

types of solar watepumps being used in Pakistan.
1. Mono Block
2. Submersible

Mono block or surface pumps are based onthlketechnologyandare very successful
in the regions where water levelup to100feetdown theground.Thesewater pumps
have lower efficiency and are mounted on top of the ground or placed inside a deep
well. Sincethe suction headof the mono block pumps are smé#tley perform very

well if placed on top of the water reservoir.

Figure 12: A Typical Mono Block Water Pump

Submersible water pumps are the latest in technology and can draw water from deep
down the earth. Submersible water pumps are hanged inside the water deep inside the
earth by a sling/rope. They are able to lift water from very high dynamic heads.
Submersike water pumps are suitable for every condition but most preferably they are
used where pump setting is around 120 feet or below.
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Figure 13: Typical Submersible Water Pump

Solar water pumpin@pas been improved in many ways wilte introduction of new
technologies in this field. Drip Irrigation ne of the latest technologiggich has

proven itsadvantage overconventional irrigation systesignificantly[44].
The four major newrrigationtechnologies include:

Rain Gun Irrigation
Bubbler Irrigation

Drip Irrigation

a k» 0N

Sprinkler Irrigation

9}/‘5 e

/ N . i : ) £ N >. g .
1\~ RainGun Imgation s 2 Bubbler Imigation &
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Sprinkler Imigation ;-

Figure 14: Latest Trends in Irrigation [45]
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CHAPTER 3: METHODOLGY

There is an increased trend towards installation of solar energy in Pakistan. Solar energy
is gaining an acceptance as a viable solution at domestic, commercial and agricultural
level. This technology has not been used in industrial sectoem®tiergy requirement

is subsequently higher.

The objective of this study is to establish economic viability of solar energy solutions

at domestic, commercial and agricultural sectors.

3.1 Procedureof Analysis:

Load Calculations

System Design

System Optimizatio

Economic Analysis

Results
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3.2 Introduction to HOMER SystemModeling Tool

HOMER is a hybrid system modeling tool developed by NREL (National Renewable
Energy Laboratory Student license was issued free of cost from NREL for this report.
HOMER is a micro grid optimization and modeling tooltakes user data the form

of different component prices, lifetime, grid extension cost, storage system cost, load
profile of location and weather datatbk selected location. Using this dabOMER
performs calculations and providessults. HOMER can perform mainly thrigpes of
calculations known as simulation, optimization aadsstivity analysis. In simulation,
HOMER comparsthe energy supply and demand for every hour of yeadaniies

how to operate dispatchible sources (generators, battery and grid).In optinonat
HOMER simulates edcsystem configuration and soitty net present cost (NPC)
whereasn sensitivity analysis, HOMER performs an optimizationeach sensitivity
variable. There are two different typef strategies that HOMER follasv 1. Load
Following Strategy 2Cycle Charging. Under the loddllowing algorithm generators

are notallowed to charge the batterigbg batteries are onkharged from renewable
energy;underthecycle charging algorithm, the generators are allowed to eharg

HOMEROG sesults show complete comparison of various given systems and their
alternate configurations sorted with respeot their NPC and COE (Cost of
Energy).From these results we can easily see which system is most feasible for any

given location.

3.3Problem Statement
To minimize thesystem cosand Payback period by satisfying the power needs keeping

in view the power outage and other constraints.
Decision Variables:

i. PV Capacity

il. GeneratoCapacity

iii. GeneratorFuel Usage

V. System Converter Capacity
V. Energy Purchased from Grid

Vi. Battery Bank Size
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Parameters:

I. Battery bank unit size = Ykh
il. Solar System Unit Size = 1 KW
iii. Grid Power Unit Size = Wh

Constraints:

I. Power Outage is Hr. after every 4 Hrs.

il. PV degradation is 0.7% Year over year.

iii. Battery State o€harge >= 50%

iv. Maximum degradation of Solar panels in 25Years = 20%

V. Batter life = 3years or 800kh output.
Cost Inputs:

i. Solar System 1KW Unit Cost = $730
i Battery 1kWh Cost = $ 100

iii. Battery Replacement cost = $ 100
iv. Generator Cost 1IKW = $ 180

V. Converter Cost 1 KW =$ 180

3.4 Assumptions

There are few assumptions that have been made during this study, retdéesdricity
tariff, load profiles (Commercial, Agricultural), and initial investment on existing tube

wells.

1. Electricity tariff is takenn accordance with FESCO (Faisalabad Electric Supply
Company) for all case studies.

2. Average household load is taken at 4KW (Small and medium households)

3. This study does not include large residential and commercial or industrial
sectors.

4. Grid line losses & not taken into account during the entire study.
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3.5Scenarios
In total 6 scenarios will be discussed, two from residential, three from commercial and
one from agricultural sector. These are the real life scenarios and are most popular in

Pakistan.
Residental Case Study

In theresidential sector off gird and hybrid solar system will be in study. Off grid solar
systems are the standalone solar systdravingno link with the national grid. They

totally rely on solar energy and store excess amount of enetgatteries to use them

later during night. On the other hartle Hybrid Solar Systems use solar energy as
primary source of energy and national grid as secondary source. When solar energy is
not enough to satisfy the load demand than the systenrssmane amount of energy

from national grid tesatisfythe load demand. Furthermorehen there is no solar and

grid power available, these type of systems use batteries to power the load at night.
Because of using solar, grid and batteries in one systé&rsytemis referredto as

hybrid solar system.
Commercial Case Study:

Commeraal sector of Pakistan is modgtectedby the current energyhertage. Schools,
banks and ddyne businesssneed continuous power to perform their operations. In
Pakistanthegrid per KWh price fothecommercial sector is highest in comparison to

all other sectors.

In the commercial case studyhreescenariosoff grid solar systes) on grid solar
systens and lybrid solar systeswill be discusseds discussed earlieoff grid solar

systens arestandalonesolar system and primary atite only source of energy they

rely on is solar energythe o grid solar systes(often referred to a&rid tie solar
system$ only workin conjunctionwith national grid becausiney need a reference
source to operate. In this type of system grid is the reference source and solar energy is
primary source of energy, but when there is grid failure then reference is lost and entire
distribution generation system (solar system) shilit down.This case is chosen as

NEPRA and AEDB in Pakistan recently allowed net metering. We have not accounted
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the reverse metering process but still we try to comparernhgrid system to other

systems.

The thirdscenariowe will be discussing is agaa hybrid solution, but this time id
different from residential case study. Commercial sector needs a lot more energy than
residential unit, so to satisfy the demand during grid failure or at night, a large amount
of storage bank (battery bank) will beeded. To make this case study moteresting

we changed the battery bawith a diesel generatofhis hybrid system is an on grid
system with generator backupe generatobeing useanly for backup and reference.

It is a stepper genator that is omputer controlleénd running on its minimum value

until the energy is demanded.
Agricultural Case Study:

The gricultural sectohasalwaysbeen thébackbone of our country and almost 90%

of pumping units are installed in remote areas or where thesgrat presentJnstable

grid and ustable grid voltages force farmers to use expensive means of energy
production to run their water pumps. Solar energy system for water pumping is a
standalone system whichonly solar energy is used as primary source and the system
will only operate during the day tim€alculating the payback period of such a system

will be beneficial for our farmers.
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CHAPTER 4: RESULTS AND DISCUSSION

4.1 Residential Case Study
Residential sector is always passionate on using alternate source of energies to power
up their homes. In most of the homes in Pakistan, due-teliable gird are forces to
install UPS or Generators to fulfil their power needs. Year over Year grid pswer
becoming costly, now people are shifting their homes on renewable energy sources. By
the help of optimization tools, an optimized power solution canptesented.
Optimization tool can calculate optimized PV capacity, Battery bank, amount of power

share from gird and can also design asinedgenerators
4.1.1 Base asefor residential case study

To calculate pay back periods and other mathematical calculation we must have some
base casd he lase case taken for residential sector is the situation in which there is no

power outage and all the power requirements are met using the Grid.

The basecase is important to compare the other cases, to get an optimized and best
suited situation. The basase will give a cost value of grid power, if only grid is used

to fulfil the power requirements.

Average Load (KW)
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Figure 15: Average load for residential case study

The average load for the residential case study is abdWh®er day. From the load
profile (figure 15) it can be clearly seen that peak load is during summer season which

is very typicalof Pakistan.
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Total electrical load served to fulfil the required load can be seen in the above graph.

This is being the basesmall theloadis served from the national grid.
Cost of Electricity:
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The @ove calcuhtion is for 1 Year time period, and theevating cost is $ 616.85 per

year.As solarpanel life is take as 25 year and thgeating cost of grid for 25 year
time period will be:
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Now all the subsequent cases will loenpared to the above base case.

4.1.2 Case Study 1.0ff Grid Solar System

In this case study the residential unit will have no access to grid power and will fulfil
its load requirements by usisglarpower and batterie®atteries are used for storing
backup power to be used in case of power outages. Isphsfic case batteries are the

only source to lighten up the site because there is no grid power present on site.

Load profile will remairthesame for all case studies of residential sector. Off grid solar
system is the most basic case presented hdex.edergywill work as a primary source
of energy and battery bamkll support the site in night time, as there is no grid source

on site.

Optimization software is used to get the bmsimized solar solutionnputsdata isas

below:
Table 3: System Parameters with @©st
Parameters Value Cost
Battery Bank Unit 1 KWh $ 100/kVh
Solar Panel Unit 1 KW $ 730/KW
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Constraints remains the same as defined imtbinodologysection. Here the decision
variables aresolararray size andditery bank size because there is no grid ppseer
grid purchasegyenerator sizing and fuel consumption of generdéaision variables
are not applicable.

Results:

Canadian Solar Module with 310Véting is used in this project. Batteries are taken
from a famous brand TROJEN USA, rated voltage of 6V ani2k

HOSB310 094

lan Feh Mar Apr May Jun ul hug Sep Oct Now Dec
Figure 16: Electricity Generation with Solar Power

Figure 18showing the total PV production throughout the year and 100% of the
load is satisfied from the PV production. Solar panels satisfied the required load as

well as charged the battery bank to providanterrupted power supply during the
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Figure 17: State of Charge (SOC) for Trojan L16P Battery Bank

As per the battery DOD constrajinwe can seen figure 19,the battery remaed
charged 50% throughout the life time of project.

Optimized Solution:

Table 4 : Optimized Solution for Off -Grid Solar System: Residential Case

Sr. | Component Capacity
1 | Solar Panels 4.46KW
2 | Trojan Battery 6V,2kWH 16 Pcs
3 | System Converter 1.80KW
4 | Grid Purchases Zero

Economic Analysis:

In economic analysis, the systecosts, replacement costs anaylpack period is
discussed. As an off grid system, the only sewtpower is solargnels for backup

thebattery bank is being used.

Table 5: Total Cost of the Systen and Life Period.

Component | Initial Replacement| Operating | Total ($) | Component
Cost (%) | () Cost ($) Life

Solar 3,256.89| 0 0 3,256.89 | 25 Years

Panels

System 324.23 | 279.27 0 519.23 15 Years

Converter

Battery 4,800 16,587.15 0 18,348.81] 10

Bank Years/800kWH

Total ($) 8,381.12| 16,866 0 22,124.93

Project lifetime is 25 years, which is taken from the life period of solar panels. There is
no replacement @ of solar panels but batteries andtem converter need to be

replacel as per their life period. According tbe calculation the average life time of
[34]



battery came out to be 5.29 yeso battery have to be replacapproximatelyfive
times.The system converter life span is 15 years seéidto be replaced once in a 25

year life period of projet.

I Cost
I Replacement

Cost ($)

Solar Panels Batteries System Converter
Component

Figure 18: Component wise Capital and Replacement &st

Net Present Value (NPV):

Net present value states the value of the entire system at the end of the life cycle. It
calculates the actual benefit that the system provides duriegitse. Discount rate

value is taken as 6.02%, which is current KIBOR value in Pakistan.
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Total initial investment = Initial Cost + Replacement Cost = $ 8,381.12 18666
=$ 25,247.2
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Time Periods = 25 Years

Discount rate = 6.02%

NPV =$13,162.28
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Pay Back Period:

Paybackperiod calculation ithe core part of this project. Withe help of pgback
period we can estimate thfeasibility of the project. If payback period is too high

thenthe project may not be feasible in most of the occasions.
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4.1.3 Case 2:Hybrid Solar System(Grid + Solar + Backup)

Grid, Solar and Backup combination is the most papamongresidential and

small commercial consumers. Solar is talienhe primary source of energy. When

sun setsload is shifted to theecondary sourcé¢hat is gid power and in case grid

is not available during load shedding hours, the load is shifted to battery bank.
Battery bank is designed according to the load shedding schedule and battery bank

has been prioritized to be charged from solar to save electrosty
Decision Variables:

i. PV Capacity
il. Battery Bank Capacity
iii. Grid Purchases

Constraints:

I. Power Outage is Hr. after every 4 Hrs.

il PV degradation is 0.7% Year over year.

ili. Battery State of Charge >= 50%.

iv. Maximum degradation of solar pan@25Years = 20%
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V. Batter life =10years orl075kWh output.
Results:

By using the standard parameters discussed in introduction section and keeping in
view the contraints of this problem TABLE 6 shows tt@ptimizer picked only 2
batteries as batteries are only used wiherne is total blackout. There is a tradeoff

between PV capacity selection and Grid purchases.

Table 6: Optimized solution for Solar + Grid + Backup System: Residential Case

Sr.| Component Capacity
1 | Solar Panels 2.15 KW
2 | TrojanBattery 6V,2kWH 2 Pcs

3 | System Converter 1.55KW
4 | Grid Purchases 2,303 RWh

CSex-310 o7

Jan Feb Mar Apr May Jun ul Aug Sep Oct Nov Dec
Figure 19: Grid and Solar CS6X-310 Penetration in gstem

Table 7: Solar and Grid Representation in Hybrid System: Residentialcase

Source kWhlyear Percentage %
Solar Panels CS801 3,285 58.78

Grid 2,303 41.22

Total 5,588 100.00

Fromfigure 21 andable 7 it is clearly seen that solareegy is dominating with

58.78% becausmost of the energy requirments are served from the solar panels.
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Figure 20: SOC for Trojan L16P

Economic Analysis:

In economic analysis, the system costslasgment costs andapback period is
discussed. As hybrid System Grid + Solar + Backupsystem, the primary source of
power is Solar Panels, secondary source is Grid and for backup battery bank is being

used.

Table 8: Components cost, O & M costs and Replacement Cost: Residential Case

Component | Initial Cost | Replacement | O &M ($) | Total ($)
%) Cost ($)

Solar Panels | 1,566.51 0 0 1,566.51

Grid 0 0 6,593.96 | 6,593.96

Battery Bank | 600 2,607 0 3,207

System 278.88 240.21 0 519.09

Converter

Total 2,445.39 2,847.21 6,593.96 | 11,886.56

[38]




Net PresentValue (NPV):

Net present value states the value of the entire system at the end of the life cycle. It
calculates the actual benefit that the system provides during its tBiegeunt rate

value is taken as 6.02%, which is current KIBOR value in Pakistan.
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Total initial investment =nitial Cost + Replacement Cost = $ 2,445 + $ 2,847.21
=$5292.21
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Time Periods = 25 Years

Discount rate = 6.02%
NPV =$ 7,936.92

Pay Back Period:

Payback period calculation is the core part of this proih the help of payback
period we can estimatéat feasibility of the project. If payback period is too high
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4.2  Commercial Sector Case Study

Commercial sector is taken into account because national grid tariff for this sector is
highest as compared to all other sectors. Commercial busidilvgays need un
interrupted power and interruptions in power may cause a loss to coriipatig.why,

commercial sites always use backup generators or battery banks.

4.2.1 Base Casdor commercial sector

Base case is again the simplest,amiéh powerrequirementsre being satisfied from
the national grid only. Néoad sheddings considered in this basase as we want to
calculate thexactconsumption of site if there is no blackout. This base case will serve

as the comparing mechanismctaculatethe payback period for other solar solutions.

The basease is important tbe compare tothe other cases, to get an optimized and

best suited situation. The base case gile a cost value of grid powdronly grid is
used to fulfil the power requiremts.
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Figure 21: Average Load Profile for Commercial Ste

The commerciasite has uniform load athe year round, asffices remains opeifrom

9-5 and after that only essential load is operating.
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Figure 22: Daily Load Profile for Commercial Site, Jan-Dec

The average load for commercial case stisdgbout200kWH per day Average load
vary in between 106Q10KW, whereas minimum load is-3D KW.

Cost of Electricity:
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The @ove calcudtion is for 1 Year time periodperating cost is $2,410per year. As

solarpanel life is take as 25 year, theepating cost of grid for 25 year time period will
be:
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Now all the subsequent cases will be compared to the above base case.
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4.2.2 On Grid Solar System with No Backup

On Gridsolution are the most popular among developed countries. Payback periods for
these type of solution are the lowest. We hakieosegrid tie system for analysis
because in Pakistan grid tie solutions are gaining huge momentuecandyNEPRA

and AEDB hae approved NETMETERING regulations in Pakistan. Wighmetering

now consumers, who have grid tie solutions installed on their site now can sell the
excess power generated by solar system to @Qndaridsystem always need a primary
source of power to rpperly sync the system to grid power. If primary source or
references lost the system wilshut downautomatically, regardless you have solar
energy or not.

RESULTS:

Parameters for this case will remain same as discussed above but constraints and

decison variables will change.
Decision Variables:

i. PV Capacity
ii. Grid Purchases

Constraints:

I. Power Outage is Hr. after every 4 Hrs.
il. PV degradation is 0.7% Year over year.

iii. Maximum degradation of Solar panels in 25Years = 20%
System Design:

Table 9: Optimized System Design forOn Grid Solar System: Commercial Case

Component Capacity
Solar Panels CS%10 97.7 KW
Grid Power Purchased 16,949/Vh
System Converter MPPT 100KW
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Figure 23: Solar and Grid Representation in Solar §stem

As an on grid systenthe maximum loadas may be noticed in the figurs,satisfied
from solar modules. 90.49% load is served from solar power and only 9.51% is taken
from grid. This is also because the commerciaksita from 9am5pm afterwhich
only essential load remainBhe working time for solar panels are also from S&pm.

Thant iswhy most of the load is served from solar power.
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Figure 24: Load Shedding Rofile

The drawback of this system is that during load sheddigs the system will shut
down.Becausef this drawback in this specific caghe unmet power is about 2,993

kWh, which is around 4.29% of energy need.
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Economic Analysis:

There will only betwo main components involved on gridsystem, the solar panels
and gid power. From the above we can see that dominating source of power is solar

power.

Table 10: Component Level Capital, O&M and Replacement @sts: Commercial

Case
Component Capital Cost O & M Cost| Replacement Total ($)
(%) (%) Cost ($)
Solar Panelg 71,476 0 0 71,476
CSX-310
Grid Power 0 63,454.32 63,454.32
Total 71,476 63,454.32 1,34,930

Net Present Value (NPV):

Net present value states the valu¢hef entire system at the end of the life cycle. It
calculates the actual benefit that the system provides during its tenure. Discount rate

value is taken as 6.02%, which is current KIBOR value in Pakistan.
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Total initial investment = Initial Cost + Replacement Cost = $ 71,476 + Zero = $

71,476

4

Ik Le i idomg V4O g= <

0NQi OOEI OO QAp &1 pIOQDI
0f Qi 0o & EYwi o chp & FHO QO |
Time Periods = 25 Years

Discount rate = 6.02%

NPV = $193,054.91

[44]



Payback Period:

Payback period determines how long it will take the systenpay your initial

investmentAll the systemare designed on the basis of payback periods.
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4.2.3 On grid System with Generator Backup: Solar + Grid + Generator

Solar, grid and gnerator system is an option for commercial sites. In most of the
commercial sites generator is already installed for backup or emergency services. Using
the backup generator withore beneficiathan using batteries as backup. Battery bank

is always an expensive option of storing energy and there aredohweérsiorlosses

while storing and retrieving power from batteries. Using generator is also a good option
becausdt connects dectly to AC bus bawhich means that there is no need of battery
charging converter or rectifier in the system and losses for power conversion are

minimal.
Decision Variables:

iv. PV Capacity

V. Generator Sizing
Vi. Generator Fuel
Vii. Grid Purchases

Constraints:

Vi. Power Outage is Hr. after every 4 Hrs.

Vil. PV degradation is 0.7%ewr over year.

[45]



Viii. Generator lifetime is 15000 hrs.

iX. Maximum degradation ofodar panels in 25Years = 20%
Results

We optimized the given problem, by using the standard parameters discussed in
introduction section and keeping in view the contraints of this problem.

Table 11. Optimized System Design for Solar + Grid + Generator: Commercial

Case
Sr.| Component Capacity
1 | Solar Panels 68.83 KW
2 | Generator Size 32 KW
3 | Grid Purchases 18,920kWh

Figure 25: PV Grid and Generator Usage throughout the éar

Table 12 Solar, Grid and Generationrepresentation in total system:

Commercial Case

Source kWh/year Percentage
%

Solar Panels CS801 113,197 79.38

Grid 10,486 13.27

Generator 18,920 7.35

Total 142,602 100.00

[46]




























































