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A. INTRODUCTION 

the most suitable zones for solar and wind power development in Pakistan. Furthermore, the study 

identifies viable sites for potential near-term and longer-term development and provides 

recommendations on strategic transmission system investments needed to meet the new 

government targets of at least 30 percent of total generation capacity through new solar and 

wind power generation capacity by 2030. 

The Main Report for this study is published separately, and includes four annexes that provide 

further details on the four tasks that comprise the scope of work for the study, as follows: 

• Annex 1: Assessment of renewable energy zones across Pakistan using a multi-criterion 
analysis; 

• Annex 2: Grid integration studies for near-term and longer-term development of 
identified solar and wind zones, including consideration of grid upgrades;  

• Annex 3: Shortlisting and ranking of near-term and longer-term options consistent with 
meeting government targets on renewable energy, including grid expansion; and 

• Annex 4: Identification of potential near-term sites for solar power generation in Sindh, 
using the results from Annexes 1 3 combined with more detailed land data, that can be 
further developed under the Sindh Solar Energy Project.1 

This document represents Annex 1 and provides more detailed analysis and results for Task 1. 

Readers should refer to the Main Report for the key findings and conclusions, and to the other 

Annexes for more detailed analyses and results in relation to the other tasks. 

Further details on the country and sectoral context to this study, the study approach and 

objectives, and the acronyms and references, can be found in the Main Report. 

 

 

 

  

 
1 https://projects.worldbank.org/en/projects-operations/project-detail/P159712  

http://documents.worldbank.org/curated/en/883241610741226840/Variable-Renewable-Energy-Locational-Study
http://documents.worldbank.org/curated/en/748751610741727925/Annex-1-Renewable-Energy-Zoning-Analysis
http://documents.worldbank.org/curated/en/897291610742003819/Annex-2-Grid-Integration-Analysis
http://documents.worldbank.org/curated/en/941901610742197710/Annex-3-Shortlisting-and-Ranking-of-Sites
http://documents.worldbank.org/curated/en/756581610742364802/Annex-4-Supplemental-Analysis-of-Sites-in-Sindh
https://projects.worldbank.org/en/projects-operations/project-detail/P159712
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B. RENEWABLE ENERGY ZONING STUDY FOR 

PAKISTAN 

B.1 APPROACH AND METHODOLOGY FOR RE ZONING 
ASSESSMENT 

To facilitate a strategic planning of locations for new solar and wind power plants, country-wide 

maps visualizing the commercial attractiveness of all potential locations for these plants have 

been developed based on solar and wind resources, and a number of other factors. Maps have been 

derived both for the country as a whole and for the provinces, individually. The commercial 

attractiveness calculation takes into account the resource of that particular site; these are the 

wind speed distribution for wind power and the Global Horizontal Irradiance (GHI) for solar power. 

The resource data has been obtained from the Global Wind Atlas and the Global Solar Atlas, 

respectively (Global Solar Atlas, 2019; Global Wind Atlas, 2019). Furthermore, the commercial 

attractiveness indicator considers the distance to the next existing road and the existing grid 

infrastructure. Certain protected areas and nature reserves have been excluded from the analysis, 

as well as certain land-use patterns.   

Commercial attractiveness is divided into 10 classes. Classes 1 to 3 (approximately) represent 

areas that are not suitable for a commercial deployment of the corresponding technology at a 

large scale. Classes 4 to 7 (approximately) represent areas which are less viable but can be 

developed at higher per-unit costs. Classes 7 to 10 (approximately) represent areas that are well 

suited for immediate Variable Renewable Energy (VRE) development. The maps are shown and 

explained in this report, and they are also available as interactive documents in PDF format, where 

different layers can be switched on and off for analysis. 

The maps represent two results of the analysis: the commercial attractiveness both excluding and 

including the grid connection costs. The maps excluding grid connection costs allow the 

identification of the areas which are generally the most cost-efficient because the new grid 

infrastructure is developed based on geographic and geophysical conditions only (long-term 

scenario), while the maps including grid connection costs show the full costs including grid 

development for new projects and allow to identify realistic sites for the near future, based on the 

existing grid infrastructure (short-term scenario). 

Maps for the individual provinces have been extracted and are provided in Section D. All derived 

maps and output layers are based on quantitative parameters only and are, therefore, an objective 

basis for further discussion. Government decisions on prioritization and development of specific 

areas and infrastructure are a political process that needs to consider other influence factors as 

well, such as provincial interests compared to federal interests, security issues for remote areas, 

other infrastructure and energy sector planning, and so forth. 

All of these analysis steps have been performed on a Geographic Information System (GIS) basis 

with detailed data sets for different parameters as a result. The study uses the current version of 
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the MapRE tool developed by Lawrence Berkeley National Laboratory (LBNL) and a GIS-supported 

database to identify potentially suitable zones (Deshmukh et al., 2017). Further details are given 

below. 

B.2 METHODOLOGY AND INPUT DATA LAYERS FOR THE 
ANALYSIS 

The GIS-based analysis uses the MapRE Tool2 in the ArcGIS platform to derive maps for solar and 

wind power potential for Pakistan as a whole and the provinces individually, showing the 

commercial attractiveness  of all possible locations. The methodology of the analysis is explained 

here as a summary and in the following sections in more detail. 

First of all, a geographical resource assessment analysis was conducted, applying thresholds and 

inclusion and exclusion criteria to identify suitable zones on a technical basis for the development 

of solar and wind power plants in Pakistan. Resource assessment thresholds and other criteria 

were defined within economic constraints, and technical and environmental feasibility (e.g., 

exclusion of flood-risk areas, exclusion of areas with settlements or crop cultivation).  

Then, the definition of Project Opportunity Areas (POAs) was carried out, which is the 

wind power plants (in this analysis: 2 km ´ 2 km). On each of the POAs, land-use discount factors 

were applied based on the consultant s experience, representing a certain percentage of the land 

that is not usable for plant installations due to specific local conditions such as small settlements, 

rocks, water bodies, or other small-scale local phenomena that can typically not be easily 

identified in satellite imaging or large-scale mapping.  

Finally, POA attributes were identified for each POA, including the average distance to the nearest 

high voltage transmission line, available land area based on several exclusion and inclusion criteria 

based on thresholds for average wind speed, solar irradiation, surface slope, etc. Estimates for the 

electricity generation capacity of that specific POA, and the capacity factor and commercial 

attractiveness of the planned solar or wind power plant that could be installed on the POA site, 

including the connection to the next substation or transmission line were also identified.  

The results, especially the commercial attractiveness level, for solar PV and wind generation have 

then been geographically represented on maps that form an integral part of this report.  

 Resource Assessment for Solar PV and Wind Potential 

An adequate zoning analysis demands for various socioenvironmental and techno-economic data 

sets in both spatial and nonspatial formats as input data. The analysis process is based on the 

combination of spatial and nonspatial data sets provided from credible local and international 

sources. In global or regional data sets, minor details of a specific smaller area are often 

 
2 https://mapre.lbl.gov/ 

https://mapre.lbl.gov/
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overlooked; therefore, a country-specific data set at a small scale is considered more reliable and 

consistent in filling the missing gaps regarding data acquisition. In this study, the analysis was 

performed on the data acquired from online country specific and global sources in GIS-supported 

formats (shapefiles, geotiff, etc.) for Pakistan, as shown in Table B-1. 

Table B.2-1: Description of default spatial data set 

Parameter Format Source Description 
Inclusion 

Criteria 

Boundaries Shapefile 

Global 

Administrative 

Database 

(GADM v2) 

GADM is a spatial database of the 

areas (or administrative boundaries) 

for use in GIS and similar software. 

Administrative areas in this database 

are countries and lower level 

subdivisions. 

No exclusion: this 

is used for display 

of district 

divisions in the 

map 

Water areas Shapefile DIVA-GIS 
Rivers, canals, and lakes. Separate 

files for line and area features. 

Distance to water 

bodies >= 500 m 

Slope Raster 

Shuttle Radar 

Topographic 

Mission 

(SRTM) 

Created from elevation data set using 

ArcGIS 10.5 Spatial Analyst. 

Slope gradient  

<= 10% 

Elevation Raster SRTM 

Produced by NASA originally, the 

SRTM is a breakthrough in digital 

mapping of the world and provides a 

major advance in the accessibility of 

high-quality elevation data for large 

portions of the tropics and other areas 

of the developing world. 3 arc seconds 

(approx. 90 m) resolution. 

Elevation  

<= 1,500 m 

Protected 

areas 
Shapefile 

World 

Database of 

Protected 

Areas (WDPA) 

WDPA is the most comprehensive 

global spatial data set on marine and 

terrestrial protected areas available. 

The WDPA is a joint project of UNEP 

and IUCN, produced by UNEP-WCMC 

and the IUCN World Commission on 

Protected Areas working with 

governments and collaborating NGOs. 

Distance to 

protected areas  

>= 500 m 
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Land use/ 

land cover 
Raster 

Global Map V.3 

(Global 

Version) 

The Global Land Cover by National 

Mapping Organization (GLCNMO) is 

the data of 500 m (15 arc seconds) 

grid with 20 land cover items. The 

data were created by using MODIS 

data observed in 2008 (Terra & Aqua 

Satellites) with the cooperation of 

NMOs of the world in providing 

training data and validation. The 

classification is based on LCCS 

developed by FAO. 

See Table B-2 

Airports Shapefile  

National 

Renewable 

Energy 

Laboratory 

(NREL) 

Global database of airports, 

representing the surface areas of 

airports.   

Distance to 

airports  

>= 2,000 m 

Population Raster 

Socioeconomic 

Data and 

Applications 

Center 

(SEDAC) 

The Gridded Population of the World 

(GPW) collection, now in its fourth 

version (GPW v4), models the 

distribution of human population 

(counts and densities) on a continuous 

global raster surface. Since the 

release of the first version of this 

global population surface in 1995, the 

essential inputs to GPW have been 

population census tables and 

corresponding geographic boundaries. 

The purpose of GPW is to provide a 

spatially disaggregated population 

layer that is compatible with data sets 

from social, economic, Earth science 

disciplines, and remote sensing. It 

provides globally consistent and 

spatially explicit data for use in 

research, policymaking, and 

communications. 

Population 

density  

<= 200 

persons/km2 

 

The identification of potential areas was based on the utilization of various social, technical, 

economic, and environmental suitability data layers. For the estimation of resource potential and 

to perform the spatial analysis, the country specific databases were imported to the MapRE tool. 

The area preselection uses the linear combination of binary exclusion or inclusion criteria after 

applying certain threshold limits on the input data layers (as shown in Table B-1), including 
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waterways, elevation, slope, protected areas, land use, land cover, and so forth (Wu et al. 2015). 

Buffers and Euclidean distances were applied around the features in accordance with industry 

standards, e.g., a minimum distance to water bodies or flood-prone areas (Black & Veatch Corp. 

and NREL 2009; Lopez et al. 2012). Excluded or included classes for land use and land cover (LULC) 

are described in Table B-2. In the site suitability analysis, all input layers were used in raster format 

at 100 m resolution based on the UTM 43N projection coordinate system. 

A resource raster along with other input data layers such as population density, load centers, 

LULC, and transmission networks facilitate to obtain the output maps though site suitability 

analysis.  

Table B.2-2: LULC included or excluded land classes for solar/wind zones 

No. Class Name 

Solar PV 

Inclusion or 

Exclusion 

Criterion 

Wind 

Inclusion or 

Exclusion 

Criterion 

1 Broadleaf evergreen forest  Exclude Exclude 

2 Broadleaf deciduous forest Exclude Exclude 

3 Needleleaf evergreen forest Exclude Exclude 

4 Needleleaf deciduous forest Exclude Exclude 

5 Mixed forest Exclude Exclude 

6 Tree open Exclude Include 

7 Shrub Include Include 

8 Herbaceous Include Include 

9 Herbaceous with sparse tree/shrub Include Include 

10 Sparse vegetation Include Include 

11 Cropland Include Include 

12 Paddy field Exclude Exclude 

13 Cropland/other vegetation mosaic Include Include 

14 Mangrove Exclude Exclude 

15 Wetland Exclude Exclude 

16 Bare area, consolidated (gravel, rock) Include Include 

17 Bare area, unconsolidated (sand) Include Include 

18 Urban Exclude Exclude 

19 Snow/ice Exclude Exclude 
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20 Water bodies Exclude Exclude 

 

 Creation of Project Opportunity Areas 

After the completion of the resource assessment, suitable sites across the study area were divided 

into small spatial units or POAs for the development of utility-scale solar or wind power projects. 

The entire contiguous resource area was divided into 4 km2 spatial units using a 2 km ´ 2 km 

fishnet. The minimum contiguous area for this analysis was set to 4 km2, and abutting small areas 

below 1 km² were aggregated into existing project area (Figure B-1).  

 

Figure B-1: Defining project opportunity areas  

The size of each of the POAs is in accordance with earlier studies using the MapRE tool. The size 

has been set so that even after reduction of some fractions of the land that might not be usable, 

each of these POAs would allow for the construction of an utility-scale solar or wind power plant. 
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 Estimation of Spatial Unit Attributes 

Estimated single attributes for each created spatial unit can be identified and used for the 

calculation of aggregated attributes such as generation capacity of that unit and the expected 

commercial attractiveness level of a renewable energy power plant located on such site.  

Table B-3 shows the description of attributes used for this analysis. Some of these attributes 

influence the aggregated POA attributes, especially commercial attractiveness, some do not 

influence the aggregated POA attributes as they are only inclusion/exclusion criteria, and some 

are resulting attributes (e.g., commercial attractiveness level). 

Table B.2-3: Description of estimated spatial unit attributes for solar and wind 
potential 

Distance to transmission lines 

Distance to substations 

Distance to roads 

Distance to water bodies 

Distance to existing wind power plants 

Distance to existing solar PV power plants 

Distance to geothermal locations 

Distance to any renewable energy location 

Distance to major load centers or cities 

Mean elevation 

Mean slope 

Mean population density 

Mean resource quality for solar PV/wind 

Mean capacity factor  

Installed capacity 

Cost for interconnection to transmission lines  

Cost for interconnection to substation 

Cost for road construction 

Total commercial attractiveness level if interconnected to transmission lines  

Total commercial attractiveness level if interconnected to substation 
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The descriptions of input parameters required to estimate POA attributes are shown in Table B-

4. 

Table B.2-4: Description of input spatial data to estimate POA attributes 

Parameter Format Source Description 

Transmission lines Shapefile  

Electric transmission line locations in Pakistan based on 

schematic representation of individual DISCO grid 2019. 

Actual location of transmission lines may be at a 

considerable distance from paths shown due to 

uncertainties in line labelling. For the purpose of this 

study, the data were plotted in GIS software.  

Grid stations Shapefile  

Electric transmission line locations in Pakistan based on 

schematic representation of individual DISCO grid 2019. 

Actual location of the grid can be considerably away from 

the location shown. For the purpose of this study, the data 

were plotted in GIS software. 

Roads/railroads Shapefile DIVA-GIS  

Power plants Shapefile 

Global 

database of 

power plants 

The Global Power Plant Database is an open-source open-

access data set of grid-scale (1 MW and greater) electricity 

generating facilities operating across the world. The 

database currently contains over 28,500 power plants in 

164 countries, representing about 80 percent of the 

e at the facility level only and 

generally defined as a single transmission grid connection 

point. Generation unit level information is not currently 

available. The methodology for the data set creation is 

given in the World Resources Institute  publication, A 

Global Database of Power Plants . 

Population 

       See Table B-1 for the information Slope 

Elevation 

 

Based on the input parameters for each POA, the attributes are calculated for each specific POA. 

These attributes can then be visualized in a GIS map, or they can be used to rank different sites 

according to different attributes. 

Following are some comments on these attributes and their calculations: 

• Calculation of Euclidean distances from each spatial unit to the closest water body 
(reservoirs, lakes, rivers, wetlands, and waterways) and load center play an important role 
for the development of utility-scale solar PV and wind power plants.  
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• Distance from the identified POAs to the nearest existing or planned renewable energy 
power plants is determined in order to cross-check the correlation between identified 
POAs with sites identified by other studies, which can further support the suitability of the 
identified POAs for the development of renewable energy power plants. Country-specific 
data of existing and planned renewable energy power plants were downloaded from the 
global sources online in vector format (point source) supported by GIS for this study. Data 
points were plotted on a base map to find their nearest approximate location.  

• Land use and land cover (LULC) data downloaded from Global Land Cover by National 
Mapping Organization (GLCNMO) consisted of 20 categories, of which 7 categories, namely 
shrub, herbaceous, herbaceous with sparse tree/shrub, sparse vegetation, bare area 
(gravel rock), cropland, and bare area (sand), were used for the identification of zones 
suitable for utility-scaled solar PV and wind power plants, while the others were excluded. 

• As one main parameter, the commercial attractiveness level was derived for all POAs, 
depending on the mentioned input parameters. The commercial attractiveness level takes 
into account the solar or wind resource and climatic conditions at the site, such as 
temperatures affecting the solar output, but also the distance to existing grid 
infrastructure and the resulting connection cost. It is, therefore, a proxy for the 
profitability to an investor of a power plant located at this site under a fixed tariff scheme 
(higher = better), or from the country  perspective, for the PPA rate level that can be 
achieved for that specific site through a reverse bidding process (lower = better).  

• The commercial attractiveness level given in this approach thus helps to determine the 

commercial viability of a specific plant or site. It is not a measure of other attributes like 

sustainability, security of supply, and local employment. 

• All of the calculated distances and land-use categories do not influence the commercial 
attractiveness level calculation. Instead, they are listed as attributes for the specific POA 
so that later on potential sites can be compared according to those distances. Depending 
on the preferences and priorities, these distances can then be used to rank potential sites 
(among all other parameters like commercial attractiveness level). 

• For this analysis, the consultant used the available input and calculation template table 

from the MapRE tool. 

 

Input data table for commercial attractiveness calculation for solar PV and wind power  

The parameters described in Table B-5 are used to calculate the commercial attractiveness level. 

They include spatial unit size, land-use factor, land-use discount factor, distance to closest 

infrastructure, economic discount rate, and so forth. They are determined individually for solar 

and wind. 

Table B.2-5: Description of parameters used to calculate commercial attractiveness 
level for solar PV and wind  

Parameters 

Land-use factor (MW/km²) [LF] 

Land-use discount factor [LDF] 
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Capacity factor [CF] 

Minimum contiguous area 

Transmission distance multiplier [dr] 

Generation capital cost (USD/MW(p)) 

Generation fixed O&M (USD/MW/y) [OMf,g] 

Generation variable O&M (USD/MWh) [OMv,g] 

Transmission capital (USD/MW/km) [Ct] 

Substation capital (USD/two substations  
per new transmission connection) [Cs] 

Road capital (USD/km) [Cr] 

Road fixed O&M (USD/km) [OMf,r] 

Economic discount rate [i] 

Outage rate [Ƞo] 

AC wiring and soiling loss [Ƞi] 

Lifetime (years) [N] 

O&M escalation factor (annually) 

Output degradation factor (annually) 

 

The input parameters in Table B-5 for the commercial attractiveness level calculation are 

discussed below. 

1. Land-use factor (LF) 

The LF relates to the area footprint of a generation plant: for example, in Pakistan, for large-scale 

PV plants, the footprint of existing plants is about 4 acres per MWp installed module power, based 

on data from implemented utility scale projects in Pakistan. In this analysis, the consultant used 

5 acres per MWp to allow for some optimization on-site. Converted to metric scale, this value 

results in approximately 50 MWp per 1 km2. 

For wind power, the typical land-use factor ranges between 5 20 km2 per 100 MW. As the actual 

land use depends on the actual local conditions, it is not possible to generalize. For this top-down 

approach, the consultant used the value of 10 km2 for 100 MW as an indication. This is acceptable 

because the land-use factor does not influence the commercial attractiveness and is only used to 

give an approximate number of what plant size can fit into a specific POA. 
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For practical purposes, solar and wind parks have been allowed to overlap to create hybrid 

opportunity areas. In Annex 3 of this study project, such hybrid opportunities are analyzed in 

detail. 

2. Capacity factor (CF) 

The CF is the percentage of expected power output versus the installed capacity of a power plant 

during a year. It is the quotient of the annual energy produced by the nominal capacity, divided by 

the product of the installed capacity and 8,760 hours of the year. It is, therefore, directly 

correlated to the solar or wind resource available in a specific location. 

Capacity Factor for Solar PV 

For the analysis, the consultant has assumed standard state-of-the-art solar power plant 

technology: crystalline solar PV modules, standard inverters and auxiliary components, and a fixed 

inclination of the PV modules. 

A fixed mounted solar power plant in Pakistan at optimal angle and orientation typically shows a 

CF between 16 percent and 22 percent, dependent on technology and location. The CF values have 

been obtained from the Global Solar Atlas (https://globalsolaratlas.info

information. This value represents the specific annual yield for a specific location in kWh per kWp 

based on the reputational irradiation and resource database SolarGIS. For each location, the 

consultant extracted, from the Global Solar Atlas database, the PVOUT value for a fixed solar 

power plant installed at the optimal inclination, based on long-term averages for GHI and 

temperature, and converted that into the capacity factors. Tracking solutions can yield higher CF; 

however, they are more complex to install and maintain, and have played a minor role in Pakistan 

so far, and their annual yield simulation values are not readily available for every location. For these 

reasons, the analysis of Annex 1, which is more of a general analysis, is based on fixed inclination 

only, whereas Annex 3 and Annex 4, which are dealing with more concrete implementation of solar 

PV plants, use the tracking option for analysis of bespoke locations because it leads to better 

Levelized Cost of Electricity (LCOE) and Power Purchasing Agency (PPA) numbers in our analysis. 

However, the results both here in Annex 1 as well as in Annexes 3 and 4  differ little when switching 

between fixed or single-axis tracking structures. 

The model also allows for an annual degradation rate ( Annual output degradation rate ) for the 

output, which is set to 0.5 percent for solar power, a common industry standard which is 

guaranteed as the maximum annual degradation by most solar panel suppliers. 

Capacity Factor for Wind 

The capacity factor for wind power generation depends most importantly on the local wind speed, 

but also on wind mast height, air density distribution, and the power output of the turbine at 

different wind speeds, which is itself related to the IEC class of the respective wind turbine.  

Elevation and temperature are the most important parameters that significantly affect air 

density. At a particular wind speed regime, with the increase in temperature or elevation, the wind 

power yield decreases. Generally, manufacturers provide wind turbine performance curves (which 

https://globalsolaratlas.info/
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are graphs that indicate the electric power output of a turbine at different wind speeds) by using 

the same air density and temperature values measured at mean sea level. A change in elevation 

from mean sea level to 2,500 m decreases the air density up to 26 percent (Wu et al. 2015). On 

the other hand, the impact of temperature on air density is smaller but also significant as 

compared to elevation. An increment in temperature from 0°C to 25°C can reduce the air density 

by up to 8 percent (Wu et al. 2015).  

For wind, the capacity factor varies from approximately 13 percent to 60 percent for Pakistan. 

The capacity factors are a direct input into the commercial attractiveness level calculation and 

have been extracted from the Global Wind Atlas. In this study, adjusted capacity factor data for 

IEC class II turbines at the elevation of 100 m were downloaded from wind atlas and used as 

resource raster in the VRE zoning analysis. 

The consultant used the capacity factors for IEC Class II wind generators, as this class is well-

suited for Pakistan and also represents the currently installed turbine base in Pakistan.  

The model also allows for an annual degradation rate ( Annual output degradation rate ) for the 

output, which was set at 0.5 percent for wind. In mature wind power markets, annual degradation 

rates of 0.2 to 0.3 percent are realistically achievable. The assumption of 0.5 percent degradation 

is based on a conservative evaluation of the consultant for the relatively new Pakistani wind power 

sector. 

General 

The used capacity factors for solar and wind power are of an indicative nature, but sufficient for 

the purpose of this analysis: the generated commercial attractiveness figures are used to identify 

promising RE zones for a more detailed analysis to be carried out in Annexes 2, 3, and 4 of the 

overall assignment. As long as the simplifying assumptions in this commercial attractiveness 

analysis do not distort any relative values, the results will indicate the most suitable zones. In the 

future, further pre-feasibility and feasibility studies need to be conducted for individual solar and 

wind power generation sites.  

3. Transmission distance multiplier (dr) 

For the calculation of construction costs for transmission lines and road extensions, the Euclidean 

distances from each spatial unit to the nearest road and transmission line were determined. 

Distances were multiplied by a factor of 1.3 to include development constraints that would require 

larger distances for road or transmission line extension (Wu et al. 2015). The availability of 

country-specific road, transmission line, and substation data allowed to calculate the distances 

from each POA to these features for the estimation of the interconnection cost.   

4. Generation capital cost (Cg) 

Capital costs for solar PV power have decreased to a great extent because of technology 

advancement over the course of the years. In this analysis, assumed capital cost for solar power 
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plants was based on the consultant s PV solar market experience in Pakistan for utility-scale 

plants.3  

Capital costs for wind power vary from country to country and by turbine class defined by IEC. 

Considering IEC Class II turbines, the generation capital cost of wind power in Pakistan based on 

current market data was defined at slightly higher than those estimated for China and India, but 

lower than those observed in the studies conducted for the United States, Europe, and Africa (Wu 

et al. 2015). The variations in the cost depend on the labor cost, availability and quality of material, 

costs for permits, and maturity of the market.  

5. Generation O&M cost (OMf,g) 

Using an exchange rate of 160 PKR/USD, the expected fixed annual O&M cost (OMf,g), including 

plant and operations insurance, spare parts, cleaning, security, the grid connection cost, and the 

commercial operations cost for a solar PV plant of 100 MWp in Pakistan was defined based on the 

consultant s market experience.  

The assumed fixed annual O&M cost for wind power plants in Pakistan was defined based on 

international benchmarks.  

Additionally, sometimes variable generation costs (OMv,g) were used according to the MWh 

produced to account for wear & tear  repair costs, etc. However, these are typically small, and the 

consultant has assumed in this study that these costs are included in the fixed O&M costs above. 

The model also allows an annual O&M escalation rate ( O&M escalation factor ), which was set at 

6 percent for both technologies. 

6. Transmission line (Ct) and substation (Cs) 

The cost of construction of new transmission lines depends on voltage capacity, distance, material 

of conductor, design of poles, and other area- or terrain-related factors. By keeping all cost-

related parameters constant, the transmission line cost was calculated for all sites based solely 

on the required transmission line length. The transmission line cost was considered for the 

distance from each spatial unit to the nearest transmission infrastructure (transmission line or 

substation).  

The available unused capacity of the existing grid infrastructure was not considered in Annex 1. 

The free load capacity of such infrastructure was analyzed under Annex 2 and taken into 

consideration for the analysis of specific locations analyzed in Annex 3. 

Transmission line construction cost (Ct) in the analysis was determined by the consultant based 

on information from NTDC.  

7. Road (Cr) 

 
3 The co-author 8.2 Renewable Energy Experts Hamburg GmbH  has been involved as technical advisor in a 
large number of utility-scale solar power plants in Pakistan to date. 



 

Variable Renewable Energy Locational Study: Annex 1 15 

Just like transmission line construction, road development is equally needed for plant 

construction and maintenance. The associated cost depends on terrain, road type (flexible or 

rigid), construction material, labor cost, and area specific factors (Collier et al. 2015).  

8. Outage assumption (η0) 

The consultant assumed 1 percent unavailability of the potential solar or wind power plants 

annually, and another 1 percent high voltage (HV) grid line outages per annum, during which no 

power could be exported to the grid. These values represent solar and wind industry expectations 

and accepted values for Pakistani HV lines according to the consultant s experience.  

9. Calculation 

The commercial attractiveness level is then calculated based on the parameters laid out above, 

i.e., resource level of wind or solar (through the capacity factor derived from the Global Wind 

Atlas/Global Solar Atlas), costs for required road and grid connections, financial parameters, and 

technical loss parameters. 
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B.3 RESULTS OF RENEWABLE ENERGY ZONING STUDY FOR 
PAKISTAN 

 Renewable Energy Zoning for Solar PV 

Figure B-2 shows the commercial attractiveness level for solar PV technology, the output of 

MapRE analysis excluding transmission and grid connection cost. This means that here, the 

commercial attractiveness is purely calculated based on the expected output of potential solar 

plants for this area, irrespective of the distance to any existing grid infrastructure for evacuation 

of  power. This analysis is relevant for the long-term planning on parks of large-scale gigawatt 

(GW): the related long-term grid infrastructure for power evacuation can easily be developed and 

it has been found that the per-unit specific cost of grid connection for large-scale parks is very 

low. 

It can be seen in Figure B-2 that conditions for solar power are favorable all over the country, 

especially in the southern areas of Balochistan (province to the west), Sindh (province in the 

south), and southern Punjab (province to the east).  
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Figure B-2: Solar power commercial attractiveness, excluding transmission and grid 
connection costs 

Northern areas have potential for solar power deployment at a cost which is comparatively higher, 

but still competitive on the international level. Furthermore, these northern areas have a high 

potential in hydropower (which was not part of this study). 

As a basis for the short-term analysis and opportunity selection, Figure B-3 illustrates the 

commercial attractiveness for solar power including transmission and grid connection cost. By 

adding the cost for transmission and grid connection, areas close to the existing grid are favored, 

as these sites can be developed without significant additions to the grid infrastructure. Therefore, 

this kind of mapping is relevant for near-term future solar power plants. In comparison with the 

former map, it can clearly be seen how areas which are far off from the existing grid infrastructure 

result in additional grid costs and a partial loss of economic viability (within Balochistan and all 

the northern areas).  

The most suitable areas based on this analysis are located in western Punjab and northeastern 

Balochistan near the Afghan border, where good solar resources come together with existing grid 

infrastructure. 
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Figure B-3: Solar power commercial attractiveness, including transmission and grid 
connection costs 

The map in Figure B-4 shows the commercial attractiveness, including grid connection with an 

overlay of the existing grid infrastructure (transmission lines and grid stations). In this map, the 

influence of existing infrastructure becomes even more apparent. 

It should also be noted that areas near the existing grid infrastructure are not only more 

economical to develop, but also can be developed much faster as compared to areas where long 

grid lines need to be constructed first. 
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Figure B-4: Commercial attractiveness of solar power, including transmission and grid 
connection costs and location of existing grid infrastructure 

 Renewable Energy Zoning for Wind Power 

The multi-criteria analysis for wind power potential in Pakistan was carried out based on the 

capacity factor resource raster data for IEC Class II wind power plants obtained from the Global 

Wind Atlas. Capacity factor values for wind across Pakistan range between approximately 13 

percent and 60 percent. While most areas of Pakistan show relatively low average wind speeds 

and, therefore, low capacity factors not suitable for wind power plants, there are some areas with 

considerably higher values that are very favorable for wind power generation.  

Figure B-5 shows the commercial attractiveness of wind power generation across Pakistan, 

excluding costs for transmission and grid connection. This is the relevant analysis for the long-

term planning of wind parks on a GW scale. Grid infrastructure can be developed in the long run, 

as the specific cost of grid connection is very low. Overall, it can be seen that the suitable areas 

for wind are specific pockets rather than widespread areas as for solar, and that these pockets 

are concentrated in western Balochistan and in a corridor in Sindh. 
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Figure B-5: Commercial attractiveness of wind power, excluding transmission and grid 
connection costs 

Figure B-6 shows the commercial attractiveness for wind power, including costs for transmission 

and grid connection. In comparison with the map in Figure B-5, it can be seen that the difference 

in this case is much less pronounced as is the case for solar power. The favorable wind resource 

areas in western Balochistan are paying a small penalty for being far from existing grid 

infrastructure, while the commercial attractiveness of potential wind power plants in the wind 

corridor in Sindh in the central south of Pakistan is almost not affected by the additional costs, as 

they are close to the existing grid.  
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Figure B-6: Commercial attractiveness of wind power, including transmission and grid 
connection costs  

This can be seen even more clearly in Figure B-7 which also displays the grid infrastructure.  

This analysis is especially relevant for the short-term opportunity locations as it considers the 

existing grid infrastructure, and it matches well with already installed wind power projects in the 

Sindh corridor. The areas in Balochistan have an interesting long-term potential which is not yet 

exploited and needs a major investment into high-voltage direct current (HVDC) transmission line 

construction. The recommended HV line would cross from Chaghi (western Balochistan) to 

Muzaffargarh in western Punjab and is needed to tap the wind power potential in western 

Balochistan. This HV line would need several years for planning and construction, the potential 

feasibility should be considered in detail as soon as possible.  
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Figure B-7: Commercial attractiveness of wind power, including transmission and grid 
connection costs and location of existing grid infrastructure 

Short-term opportunities will be determined further based on the result of the grid capacity 

analysis in Annex 2 in the main report. In Annex 3, the best sites for wind are analyzed with respect 

to their possible combinations with solar as hybrid power plants, which leads to additional 

benefits. 
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B.4 CONCLUSION 

Overall, there is a large potential for solar and wind power generation available across Pakistan. 

At the same time, the distribution varies significantly between the regions.  

The average specific production of solar power ranges between about 1,250 and 1,850 kWh/kWp 

per year with a capacity factor between 16 and 22 percent (for solar installations with fixed 

inclination), which is very good at an international level. Most areas of Pakistan have an excellent 

solar potential, except the northern mountainous regions. Solar potential is slightly higher in Sindh 

and Balochistan provinces in the south. Northern parts of Balochistan with moderate temperature 

and good solar irradiance show the highest solar generation potential. There are sites suitable for 

solar power projects, which are close to the existing grid and can be exploited immediately (which 

has already happened during the past years, especially in Punjab), but for the medium and long 

term, more grid infrastructure is needed in order to evacuate power from large-scale solar parks. 

The capacity factor for IEC-II type wind power plants ranges between below 15 percent and up to 

60 percent, where 60 percent is an excellent value on the international benchmark. However, 

these excellent sites for wind power are very concentrated, mostly in the central west of Sindh 

and in the western part of Balochistan. The central west of Sindh, the Gharo-Jhimpir wind corridor, 

is already under development.  

The northern provinces show scarce wind power potential and limited potential for solar with 

infrastructure challenges; however, these regions are suitable for large and mini hydropower, and 

that potential is still relatively untapped there. The details for that have not been discussed here 

because hydropower was not a part of this study due to its very different characteristics and 

requirements.  

The developed output maps in this analysis of Annex 1 highlight the distribution of the most cost-

effective areas for solar and wind generation (indicated by the commercial attractiveness as the 

result parameter) across Pakistan, based on the solar and wind resource potential, applied 

thresholds, and exclusion criteria on input data layers or constraints. Maps are given (1) without 

consideration of grid connection costs for the identification of long-term opportunities and (2) 

including the grid connection costs for the short-term opportunities.  

Individual maps have been extracted for each of the provinces for further analysis (see Section D). 
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C.  INPUT DATA LAYERS FOR MAPPING 
The maps in Figure C-1 to Figure C-10 are input layers that have been used for the analysis of this 

study. 

 

Figure C-1: Political boundaries of Pakistan (determines the provinces for the province-
wise analysis) 
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Figure C-2: Water bodies of Pakistan (excluded from analysis, including areas 500 m or 
closer to these water bodies) 
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Figure C-3: The road network of Pakistan (for determination of costs for new road 
connections) 
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Figure C-4: Elevation map of Pakistan (areas higher than 1,500 m are excluded) 
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Figure C-5: Surface slope map of Pakistan (areas with slope higher than 10  percent are 
excluded) 
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Figure C-6: Protected areas of Pakistan (wildlife sanctuaries and game reserves are 
compatible with the development of solar or wind power plants and have not been 

excluded; the other areas have been excluded) 
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Figure C-7: Land-use/land cover map of Pakistan (some land-use patterns have been 
excluded; see analysis section in the report) 
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Figure C-8: Solar PVOUT (kWh/kWp/year) 
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Figure C-9: Wind capacity factor IEC Class II Pakistan map 
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Figure C-10: Power plants map of Pakistan: existing power plants and planned solar and 
wind plants  
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The maps in Figure C-11 and Figure C-12 show substations and transmission grid lines of 

Pakistan. It can be seen that wide areas of Balochistan, eastern Sindh, and Gilgit-Baltistan are 

far from any grid infrastructure and are therefore not suitable for near-term new large-scale 

solar or wind plants. However, for long-term development, it makes sense to invest in the grid 

infrastructure in these regions. 

 

Figure C-11: Grid substation map of Pakistan 
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Figure C-12: Transmission line map of Pakistan 
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D. MAP SUBSETS FOR THE DIFFERENT 

PROVINCES OF PAKISTAN 
In the following figures, the province-wise maps of Pakistan for commercial attractiveness with 

and without transmission and grid connection costs are given, based on the MapRE zoning analysis 

results. 

D.1 PUNJAB SOLAR 

The map in Figure D-1 for Punjab shows the favorable conditions for solar power, especially in the 

south of the province. This matches well with the solar power plants that have already been 

constructed in southern Punjab, such as the Quaid-e-Azam Solar Park, which was the first large-

scale solar park of 100 MWp (total planned: 1,000 MWp) installed capacity in Pakistan. The map 

visualizing commercial attractiveness in Figure D-2, including transmission and grid connection 

costs, shows that some areas in northeastern and southeastern Punjab are slightly less favorable 

based on the current grid infrastructure. Further areas can be developed in the south of Punjab, 

but other areas of the province are also suitable. Further analysis is presented in the accompanying 

Annex 3 report. 
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Figure D-1: Commercial attractiveness of solar power in Punjab, excluding transmission 
and grid connection costs 
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Figure D-2: Distribution of commercial attractiveness, including transmission and grid 
connection costs for solar power in different districts of Punjab  
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D.2 PUNJAB WIND 

The maps in Figures D-3 and D-4 for wind power in Punjab show that there are hardly any sites 

suitable for wind power in this province. 

 

Figure D-3: Commercial attractiveness of wind power in Punjab, excluding transmission 
and grid connection costs  
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Figure D-4: Distribution of commercial attractiveness, including transmission and grid 
connection costs for wind power in different districts of Punjab 
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D.3 SINDH SOLAR 

The maps in Figures D-5 and D-6 for Sindh show the highly favorable conditions for solar power in 

this province. Similar to Punjab, the high potential areas overlap with the solar power projects that 

are already in operation in the province. The map including transmission and grid connection costs 

shows the influence of the already developed grid infrastructure along the Indus River (white 

meandering line in the center), where expected commercial attractiveness is the best, while areas 

to the far east or west are less commercially viable. 

 

Figure D-5: Commercial attractiveness of solar power in Sindh, excluding transmission 
and grid connection costs 
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Figure D-6: Distribution of commercial attractiveness, including transmission and grid 
connection costs for solar power in different districts of Sindh.  
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D.4 SINDH WIND 

The maps in Figures D-7 and D-8 for wind power for Sindh clearly show that the potential for this 

technology is relatively more unevenly distributed than for solar power. While solar power 

potential is almost evenly distributed across the province, wind power has some very good 

locations in the west as well as the south of the province, whereas the rest of the province is not 

suitable for wind power generation. It can also be seen that the costs of transmission and grid 

connection only slightly affects the result of commercial attractiveness due to the existing 

infrastructure near the significant wind sites. In the western corridor of Jhimpir, wind power 

projects have already been developed, but the potential can be exploited further. 

 

Figure D-7: Commercial attractiveness of wind power in Sindh, excluding transmission 
and grid connection costs 
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Figure D-8: Distribution of commercial attractiveness, including transmission and grid 
connection costs for wind power in different districts of Sindh   
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D.5 KHYBER PAKHTUNKHWA SOLAR 

The maps in Figures D-9 and D-10 for the Khyber Pakhtunkhwa (KPK) province show that the best 

opportunities for solar power generation are located in the western parts of the province. 

However, these areas are quite remote, and development can bring some challenges. 

 

Figure D-9: Commercial attractiveness of solar power in KPK, excluding transmission 
and grid connection costs 
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Figure D-10: Distribution of commercial attractiveness, including transmission and grid 
connection costs for solar power in different districts of KPK. 
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D.6 KHYBER PAKHTUNKHWA WIND 

The wind power maps in Figures D-11 and D-12 for the KPK province show that there is only one 

small pocket in the center which has favorable conditions for wind. The development of wind 

power in this area can bring some challenges, but the potential should be considered. 

 

Figure D-11: Commercial attractiveness of wind power in KPK, excluding transmission 
and grid connection costs 
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Figure D-12: Distribution of commercial attractiveness, including transmission and grid 
connection costs for wind power in different districts of KPK. 
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D.7 BALOCHISTAN SOLAR 

The maps in Figures D-13 and D-14 for Balochistan show the huge potential of solar power that 

this province has to offer. At the same time, in this province, the difference between the 

commercial attractiveness with and without grid connection costs is the most obvious. While the 

principal potential is huge, grid infrastructure is scarce and therefore, for the short term, only a 

few areas are suitable for solar power development, especially in the north toward the Afghan 

border. 

 

Figure D-13: Commercial attractiveness of solar power in Balochistan, excluding 
transmission and grid connection costs 
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Figure D-14: Distribution of commercial attractiveness, including transmission and grid 
connection costs for solar power in different districts of Balochistan 
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D.8 BALOCHISTAN WIND 

The maps in Figures D-15 and D-16 for wind power in Balochistan show the rich resource that this 

province has for this technology, compared to the other provinces of Pakistan. The potential for 

wind power generation is not only restricted to small pockets in this region but is also present in 

wide areas in the western parts of the province, which is suitable for wind power development. 

However, as already discussed in the main part of the study, these areas are currently far off the 

existing electric grid, and they are also far from other infrastructure, such as road network and 

cities. The development of wind power in these areas, therefore, will require time, planning, and 

preparation of resources, apart from security issues that need to be considered.  

A comparison with the solar power maps shows that these areas are also highly suitable for solar 

power and can, therefore, be considered for hybrid power plants as well. 

 

Figure D-15: Commercial attractiveness of wind power in Balochistan, excluding 
transmission and grid connection costs 
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Figure D-16: Commercial attractiveness of wind power in Balochistan, including 
transmission and grid connection costs in different districts of Baluchistan 
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