Journal of Geographic Information System, 2015, 7, 392-401 ‘,:, Scientific
Published Online August 2015 in SciRes. http://www.scirp.org/journal/jgis 0‘:,’ sﬁzﬁg;ﬁ:
http://dx.doi.org/10.4236/gis.2015.74031 * ¢

GIS Based Management System for
Photovoltaic Panels

Muhammad Lugman?’, Sajid Rashid Ahmad?, Samiullah Khanl, Farkhanda Akmalz,
Usman Ahmad?, Ahmad Razal, Muhammad Nawaz2, Asif Javed3, Hamad Ali#

"Institute of Geology, University of the Punjab, Lahore, Pakistan

2Department of Space Science, University of the Punjab, Lahore, Pakistan

3Punjab Group of Colleges, Kasur, Pakistan

*Punjab University College of Information Technology, University of the Punjab, Lahore, Pakistan
Email: 'm_lugman1@yahoo.com

Received 11 June 2015; accepted 11 August 2015; published 14 August 2015

Copyright © 2015 by authors and Scientific Research Publishing Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

This paper provides a proposal of implementation of latest technologies in photovoltaic installa-
tion and management system. Punjab Government Cooperative Housing Society was selected to
find out suitability for photovoltaic installation and its management after that. Google Earth im-
agery and scanned maps were selected for the preparation of spatial and attribute data of build-
ings in the study area by using ArcGIS software. In first stage data were digitized and suitability
and potential for each building were estimated. In second stage all the tabular data which con-
sisted of owner information, panel information, its potential and location were linked to each
other for management purpose. Selected area for solar panels installation was linked to building
information for query and visualization.
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1. Introduction

GIS is an information system or technology which has strong capability to maintain and analyze geographic or
spatial data. Data stored in GIS program have geography as well as attribute information. GIS technology main-
tains the data into layers and relating sets by geography. GIS is more easily conveyed in geographic layout than
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traditional tabular formats [1]. GIS functionality may be presented in desktop, mobile or in internet browser [2].
Application of GIS is increasing day by day due to its predictive models which are providing functions for the
data storage, manipulation, calculation, analysis and output processing [3]. GIS capabilities have been utilized to
provide spatial data management system and spatial decision support system (SDSS) with output display [4]-[6].

In GIS applications, presentation of reality by using basic geometries of features, their accuracy, preparation
and processing of data has different resources. Analysis is applied on data to get results [7] [8]. GIS has deep
impacts on the public organizations which deal with utility networks like gas, water and power supply. GIS is
not limited to utilities; it also deals with the management and planning of infrastructures easily [9]-[11]. Compe-
tition for the human technology is increasing in market; it becomes mandatory for the users and proprietors to be
up to date by using latest technologies [12]. GIS is a system which consists of hardware, software, data and
people capable to capture, store, update, manipulate, analyze and display spatial data (ESRI, 1990). GIS is a
complete software package capable of complete database system. GIS has all functionalities of computer system
which are required to make cartographic presentations and maps [13]. ESRI (1990) is enhancing and updating
the database with the passage of time, to handle new datasets and spatial data with new procedures and tech-
niques [ 14].

Electric energy short fall is very problematic issue in Pakistan at present era. Domestic and well as commer-
cial users are facing the same problem. According to Pakistan Electric Power Company (PEPCO), the peak
energy demand in June 2012 was 17,861 Mega Watt (MW) at the same while peak energy generation capacity
of PEPCO (2012) was 14,317 MW [15]. It is clear that there is short fall of 3544 MW. Consumers have to face
load shedding due to this energy shortfall and a fraction of them uses other sources of energy like electric gene-
rators, uninterrupted power supply, solar panels etc. Arifeen (2013) analyzed in his article in newspaper that
electricity demand had increased by 80% in last 15 years in Pakistan [16]. Water and Power Development au-
thority (WAPDA) estimated that electric energy demand by the consumer in the country would be 40,000 MW
by 2020 in Pakistan. There was 4.8% increase in energy demand every year, but it was expected that, in the fu-
ture, this demand would be 8% - 10% per year; so 7% - 8% rate of energy increase was necessary in the energy
generation.

All the energy sources like hydro power, oil, gas, nuclear energy, solar energy etc. are being used to produce
electricity in Pakistan. But the sources like oil and gas are expensive. The Government of Pakistan made an au-
tonomous board in 2003 for the research and generation of electricity from renewable energy. The board is
called Alternative Energy Development Board (AEDB). AEDB was assigned a task to find out the all means of
renewable energy. The board has a task of 5% share of total energy demand of electricity in the country by 2030
[17].

Solar radiations from sun have potential energy 6000 times the total energy demand of entire world [18]. Pa-
kistan has a good geographic location for the reception of solar radiation as Pakistan has long shining hours and
abundant amounts of irradiance. In Pakistan, it is estimated that there is 1.9 - 2.3 Mega Watt hour per meter
square (MWh/m?) solar energy potential while at particular places like Cholistan and desert areas the amount
raises from average [17]. At present there are only two projects which are working using solar energy. The first
project is working in District Kasur by a private stakeholder Roshan Power Pvt. Limited and the second is in
Cholistan owned by CWE & WK (JV) producing 10 MW and 50 MW respectively. A solar power park project
is under progress in Bahawalpur with proposed capacity of 100 MW by December 2014 [19]. 27 LOIs have
been issued for a consolidated capacity of 792.99 MW in Pakistan [20]. Solar energy is also being used in Pa-
kistan in emergency phone both along the motorway and road light in Lahore etc.

Research Proposal

Government of Pakistan has announced a policy to purchase electric energy from stakeholders. Stakeholders
may produce electric energy with the help of solar technology. According to policy, this energy would be added
to national grid for domestic as well as commercial uses. As solar energy generation is a spatial related task i.e.
solar energy is not the same at all geographic locations, geographic information system is proposed as manage-
ment information system for the production and addition of generated energy in to national grid. For this pur-
pose, a study is proposed for the installation of solar panels at the rooftops of households. Usually GIS is consi-
dered as a system for spatial analysis and decision support but in our study we propose GIS as a management

information system in energy sector.
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Solar panels can easily be installed in any land. These lands may be barren lands, closed landfill sites, along
the roads, in deserts, in agricultural land or on the roofs of the building. In this study residential buildings are
selected so that there will be no loss of agricultural land and energy transmission loss. GIS database would have
records for each house for energy generation. The energy generated by the roofs of the buildings would be added
to national transmission grid. The energy production record for each building would be record in a database.
Geographic information system has a SQL database in it. GIS has database for each house number, its size and
selected roof area for panel installation, distance to national grid and energy generation from each building roof.
Database management system is a software that collects, manipulates, queries and retrieves tabular data. In GIS,
DBMS is related to each geographic feature as well. So GIS is a powerful software which maintains geographic
as well as tabular data.

2. Methodology
2.1. Study Area

The Punjab Government Servants Housing Scheme (PGSHS) Lahore was chosen as it had unique design and
high suitability for Photovoltaic (PV) installation. PGSHS is developed and organized by Punjab Government
servants housing foundation (PGSHF). PGSHF allots houses to Government of Punjab’s employees. The Study
area is shown in Figure 1.

This study area is located at 31.400 north latitude, 74.170 East longitude and total area of society is 524,692
m’. PGSHS has high potential for solar energy generation as climate of Lahore is warm city so study area has a
high amount of irradiance. Temperature range of PGSHS ranges between 30.8°C averages high to 17.8°C aver-
age low (source: NOAA (1961-1990)). In 2010, 738 millimeters rain fall was recorded. PGSHS pertain least to-
pographic variation and suitable for PV installation. Nearly all the roofs possess same height as well as same
elevation. There are four classes of houses at study area. The classes, number of houses and their areas are as
shown in Table 1.

Figure 1. Study area.

Table 1. Study area buildings and types.

House Size Number of Houses
5-Marla (126.47 M?) 598
7-Marla (177.05 M?) 334
10-Marla (252.93 M?) 304
1-Kanal (505.86 M?) 107
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2.2. Database Development and Digitization

Spatial data was prepared with the help of scanned maps provided by the PGSHS, satellite imagery and ground
surveys while attribute information for the buildings and electricity bills was obtained by the PGSHS scanned
maps, residences and Lahore Electric Supply Company’s website. Seven layers were created for database. These
layers consist of boundary of society, parcels, selected area, owner information, years, and month and raster
layer for the calculation of solar energy potential as shown in Figure 2. For each layers attributes for added as
fields and these layers were linked to each other by using a primary key. In GIS environment there is a two type
of data; spatial as well as attribute data. Spatial data consist of parcels, roads, geometry, and proposed area for
solar panel installation while attribute data consist of house number, their sizes, class, land use, potential etc.
Figure 3 depicts flow chart for layers generation and their relationship in database. All stages from data collec-
tion to analysis and output are shown.

1. Probl
Selection of Study Area & roblem

Recognition

A

2. Development of Goals
and Objectives

a. Land use Plan
b. Satellite Imagery = 3. Data Collection

c. House Records

1. Image Preparation
2. Geodatabase Creation

3. Digitization
4. Attribute Data Entry
5. Creation of Maps

4. Database Creation

e Elevation Value Entry 5. Data Retrieval
Solar Potential calculation

e  Search each house Potential

Each house Energy Demand

6. Conclusions and

I Recommendations

Figure 2. Flow chart of current study.
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Figure 3. Classification of study area.

Google Earth imagery which provides free high resolutions satellite imagery visualization is utilized for digi-
tization of rooftops in the study area. Imagery of the study areca was downloaded by using Google Earth Pro
software. March 18, 2014 was the latest image available there was Zero cloud cover in the imagery which makes
it best for visual interpretation and digitization. This downloaded image was georefred according to coordinates
of Google earth in Geographic coordinates system. The coordinate system was World Geodetic System 1984
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(WGS). Environmental Systems Research Institute’s (ESRI) ArcGIS 10.1 software was used to georef this down-
loaded image.

Figure 4 depicts tables for Geodatabase. Their relationship was join with each other. Only three tables are
geometry information; these are boundary, selected area and parcels. These geometry tables were digitized in
ArcGIS software. Parcels are showing building types, their size, and property unit number as shown in Figure 2.
Google Earth satellite imagery was used as a base map to digitize area for PV installation at rooftops of PGSHS.

The zoom level for the digitization of polygons was 1:250 in the ArcGIS software. Screen shot of digitized
rooftops is shown in Figure 5. Only a specific portion of rooftops is selected for PV installation while the re-
maining roof is free for domestic uses. As there are four classes of houses in the study area so every class have
different size so same area was selected for each roof in each class. School buildings and Commercial buildings
in the study area are also considered while digitization for PV installation. To overcome the shadow problem
only the mounts of rooftop of buildings are digitized.

There are some limitation for the PV installation, PV installation is effected due to slope [21]-[24], aspect [21],
Direct normal irradiance or solar potential [21] [22] [25] [26], proximity to roads [26], distance to transmission
lines/power lines [23] [25], sand/ dust risk [24], environmentally sensitive areas [24] [26], weather conditions
[26] and many other factors like dam sites, cultural areas flood areas etc. Due to these factors only those roofs
were selected during digitization for PV installation which meets the following criteria:

Relationships

Owner_Information

Property Unit 2015 January
id Owner Name 2016 February
Shape Owner CNIC 2017 March
Length Cell Phone 2018 April
2019 May
2020 June
OBJECTID OBJECTID 2022 August
SHAPE SHAPE 2023 September
Name Name 2024 October
PU_Number PU_Number 2025 November
Class Class December
Type Type
id Daily-Potential
Shape_Area Monthly-Potential
Yearly-Potential
id
Shape Area

Figure 4. Creation of geodatabase.

Figure 5. Sample set of rooftops.
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South, south east and south west directions are best for PV installation. All buildings in the study area have
flat surfaces at the roofs, so orientation and slope are not hurdles for PV installation. There was lack of tilted
roofs, shade free area was selected on the rooftops in this study. While digitization and selection best care is
adopted to select the only roofs which receives direct solar radiations. Those rooftop areas which were shaded
by other buildings, trees, structures or vegetation those may affect the solar yield were not included in the study.
In the study area, there is unavailability of heating, ventilation, and air conditioning (HVAC) system so maxi-
mum roof is available for solar PV installation.

A Global Positioning Device (GPS) manufactured by the Garmin was used to know elevation in PGSHS. Af-
ter averaged of eight points it was found that the elevation in the study area is 202 meter. Forty consumer bills
were borrowed from the residence and scanned. It was found that there was a direct relation between the build-
ing size and utility bills. The Bigger the house the more the utility bill and vice versa. We collected bill for each
class. GIS software is a convenient way to generate and develop maps of solar radiation potential and spatial re-
lationship to other data (Fu and Rich, 1999). In present study, ESRI’s software ArcGIS’s tool is utilized for GIS
modeling in study area to estimate solar radiation ns. The input for this tool for processing is a Raster dataset.
This raster was converted from digitized roof polygons by using vector to raster conversion tool from toolbox of
the software. These polygons were assigned average elevation values collected from the field by using GPS de-
vice. Electricity rate for all kind of consumers e.g. commercial as well as residential and bill data was download
from Lahore Electric Supply Company (LESCO) website.

3. Results

By using solar flux tool in ArcGIS software it was found that average potential in the study are for generation of
electric power was 1448 kWh/m?/year for the year of 2014. We considered that all the roof have same slope and
elevation so all the roofs would produce same amount of energy as topography of study area is plan and Lahore
is a plan city. By using the same software potential for each house was calculated for the time span of yearly,
monthly and daily basis as shown in Figure 6.

For management purpose area of each house was calculated in ArcGIS software. Similarly area for PV instal-
lation for each house was calculated. The software have complete record for each house whether there is a dif-
ference of even one meter of a building to another building in tabular data as well as spatial data or geographi-
cally.

The information in Table 2 was summarized for the database of the study area. The record of each house, its
area selected for PV installation its monthly, yearly electric energy generation is shown in Figure 7.

Area Solar Radiation for 2014
wem High : 1448 kWh/m2/yr

S L ow : 1447 kKWhim2/yr

0 625 125 250 375 500
N s Veters

Figure 6. Annual solar radiation calculated for 2014.
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The Database can serve equal to any other database softwares. Any kind of information regarding house or
solar panel would be added. Payments records, problem record, contact numbers etc. are example for the man-
agement. A separate database file containing information regarding house is shown in Figure 8. This file is
joined spatially with the primary key of house unit number. The table can also be related to common field as a
relationship. Meanwhile a number of separate table or field in same SQL attribute table would be added for
monthly record for each coming years.
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Figure 7. Spatial and tabular data depiction.

Table B
FERIERL R R
Prcels_Size_Numbers_Clip x
OBJECTID = Shape = ilding_Type Class Unit_Numbe | Total Building Area Selected_Area Monthly_Potential Yearly_Potential S~
508 | Polygon Sharla Residential 95 524552 250467 11.968859 1444242372 17330.908465
809 | Polygon SMarla Residential 181 524552 250457 12170851 1468.620793 17623449517
810 | Polygon SMarla Residential 92 524652 250467 13.200854 1582 903025 19114 836296
11 | Polygon Sharla Residential 160 524552 250467 12.995634 1568.164004 18617.968052
912 | Polygon SMarla Residential 164 524552 250457 13.28654 1604.449212 19253.390542
513 | Polygon SMarla Residential 96 524682 250487 12.995454 1568.118147 18817.417769
914 | Polygon Thiarla Residential 11 524552 250487 13.747459 1658.8649 19506.375796
915 | Polygon Thiarla Residential 23 524552 250457 15.550784 1877 547301 22530.567607
5916 | Polygon TMarla Residential 78 524682 250487 13.417205 1619009351 19428.112216
917 | Polygon Thiarla Residential L] 524552 250487 16.037065 1935.139176 23221.670113
918 | Polygon Thiarla Residential &2 524552 250457 12.230951 1475868081 17710416967
5919 | Polygon TMarla Residential 9 524682 250487 12.965945 1564 557889 1877469467
520 | Polygon Thiarla Residential a7 524552 250487 15.739143 1699.189911 22790.27893
521 | Polygon Thiarla Residential 85 524552 250457 14281457 1723.295866 20679.550352
522 | Polygon TMarla Residential 24 524682 250487 13.841985 1670 266642 20043.199703
523 | Polygon TMarla Residential T 524852 250487 13412588 1618452343 19421 428112
524 | Polygon Thiarla Residential 85 524552 250467 15.120361 1824.523536 21894.262435
825 | Polygon Thlarla Residential 2 524552 250457 14.582137 1760.784508 21129.414082
826 | Polygon TMarla Residential a0 524652 250467 13.254843 1599417718 19193.012619
527 | Polygon Thiarla Residential 10 524552 250467 16.436439 1983330257 23799.963088
528 | Polygon Thlarla Residential 4 524552 250457 14.738809 1778.603579% 21343.242047
829 | Polygon TMarla Residential 79 524652 250467 16146968 1948 400949 23380.811352
530 | Polygon Thiarla Residential 5 524552 250467 13.364785 1612684082 19352.208879
831 | Polygon Thlarla Residential &1 524552 250457 17.170888 2071954814 24853.457767
832 | Polygon TMarla Residential 8 524652 250467 15.989832 1925 438722 23153 276669 W
< >
[E] 4 H (0 out of 1329 Selected)
{ Prcels_Size_Numbers l Preels_Size_Mumbers_Clip ]

Figure 8. Detailed tabular data of parcels.
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Table 2. Suitable rooftop area by general building type.

Sr. # House Size Roo?Xfengri zl)gegritli;lfﬁ iz l;rr(e):lm]?iiiltligilii?gfs Percentage of Total Area
1 5-Marla (126.47 M?) 19 6674 1.27%
2 7-Marla (177.05 M?) 29 5089 0.97%
3 10-Marla (252.93 M?) 31 4860 0.93%
4 1-Kanal (505.86 M?) 37 10,212 1.94%
5 Other 60 541 0.10%
Total Area for PV Installation 27,376 m?

4. Conclusion

This study suggests that management and administrative process at a geographical area are so easy to manage
using the geographic information system. The position of any object can easily be marked in GIS. This will be
very helpful for maintenance work as location and direction of each building are available. This kind of applica-
tion could be applied in any human resources organization.
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