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Abstract: The renewable energy is the best and clean source to 

increase the power generated against the peak load 

consumption. Pumped Hydro Electric storage power plant 

(PHES) is a mature, large-scale, quick response and one of 

the most economic storage technologies. It can balance the 

penetration of highly variable renewable energy sources such 

as wind and solar. The site suitability assessments consider a 

very important key for installing a new PHES power plant. 

The wrong decision leads to project frailness which carries out 

more economic and time impacts. This study presents practical 

methodology of GIS multi criteria decision analysis (MCDA) 

concerning the site suitability selection procedures for the 

optimum location of PHES sites at the study area. The study 

analysis was processed utilizing the weighted linear 

combination (WLC) multi criteria technique that based on 

weighted criteria assignments. The main objective of this study 

is intended to expose a methodology of creating a GIS-based 

model for siting PHES power plant in the study area based to 

multi criteria decision analysis. Such a model, it is thought 

that, can support the sustainability of electricity storage. 

Keywords: Elevation Head; GIS; MCDA; PHES; Suitability 

analysis; WLC. 

1. Background 

The fast growth in energy demand of fossil fuels considered 

one of the obstacles factors for the development of the national 

economy in Egypt. Storage system technology does not only 

save real-time load levelling, but also seen as  better utilizing 

renewable energy by avoiding load lose in times of over 

production (Ibrahim et al., 2008). 

Pumped hydropower storage (PHS) considered as an 

alternative to conventional hydropower, which is currently the 

most practical storage application on a large scale areas 

(Krajačić et al., 2013). It uses the water to store the energy in 

kinetic energy, by pumping water from a lower to an upper 

reservoir. In low demand periods, excess electricity production 

is used to pump water to a constructed upper reservoir 

established at a studded height. The water volume is released 

back into the lower water source when demand to cover peak 

load times through a turbine. 

 

This study is intended to expose a methodology of creating a 

GIS-based model for siting the optimum locations of PHES 

power plant in study area at Egypt based to multi criteria 

decision analysis. Such a model, it is thought that, can support 

the sustainability of electricity storage in study area. The 

decision of selecting the site for executing a new pumped 

hydroelectric storage power plant PHES considering this site is 

the optimum one need verification.  The conformation on this 

decision need some systematic procedures for analysis all 

variables and alternatives choices for this decision.  

In this study, GIS have been used in selection of PHES 

location as an applicable complement tool to support the 

decision made and to investigate its applicability in the PHES 

site selection. So, in the proposed methodology, the digital 

elevation model data SRTM 1 arc sec. are used basically as a 

topographic data source for the elevation difference between the 

two reservoirs and slope criteria. Other additional spatial data 

such as transmission line network, road network, water body 

and some constrains of land use with the help of GIS tools as an 

information technology and effective spatial analysis tool, site 

selection of PSHP will be done more accurately.  

Although there are a considerable number of suitability 

analysis studies that have been undertaken for siting power 

plants applying GIS techniques; suitability analysis for siting 

PHES power plants was rarely considered in Egypt. In this 

context we present a sample of the previous studies that 

presented in the suitability analysis study concern.  

Dawod and Mandour (2016) present a study for the optimum 

sites for solar power plants in Egypt. The study obtained that, all 

the Egyptian lands are promising in solar energy harvesting with 

variable suitability index. High suitability locations have been 

identified with a total area of more than 25 thousand square 

kilometers.  

Eoin McLean (2013) was introducing a dissertation study in 

evaluation of seawater pumped hydro storage Ireland. The study 

aims to establish the viability of using PHES as a means to 

improving the use of wind energy in Ireland. The conclude 

during this study first; some form of large scale energy storage 

is required to enable the integration of large amounts of wind 

energy on to the existing grid and the PHES is technically viable 

when using a high volume, low head saltwater system. 
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2.  study area  and data used  

The study area extended to cover about 4374 km2. The area 

is located as a part of Giza, Banisuif, and Elfayoum 

governorates. Giaza and Baniswif are located along the river 

Nile but as shown in figure (1). The selected study area covers 

81 km x 54 km and located from (31° 00’ E to 31° 30’ E) and 

(29° 00’ N to 29° 45’ N). 

 

  
Figure (1): The Arab republic of Egypt map with zooming on 

the study area. 

The data used in the processing methodology 

- SRTM digital elevation model with spatial resolution 

30m for elevation head and Head ratio criteria. 

- The electricity grid network that cover the study area 

for grid proximity criteria. 

- Roads network at study area for roads proximity 

criteria. 

- Land use shape file at study area as aconstraints. 

 

3.  The pumped hydroelectric  storage power 

plants (PHES)  

Pumped hydro plants, so far, is assumed to be the only 

available way to store energy in a huge bulk while maintaining a 

high efficiency and being economical as well and has about 98 

percent share of total global storage predominant in today’s 

grid.  

The driving of PHES plants criteria's and processing the 

available data are rather problematic so, The investigation of 

such criteria's from the existing PHES is one of the most 

important problems since Egypt is not having a high status in 

the field of renewable energy. The renewable energy in Egypt 

has a 9 % only from the total power generated and 86% of them 

only from hydro (NREA 2013). 

The scheme normally involves the construction of two water 

reservoirs, one at a higher elevation than the other. During of 

low demand times, normally overnight and over weekends, the 

generated energy from the transmission grid is used to pump 

water from the lower source to the higher reservoir. During the 

peak periods of electricity loads, most usually during the early 

to mid-morning and early evenings of weekdays, the process is 

reversed. By released the stored water to flow back to the lower 

water source through hydraulic turbines / generators, thus 

enabling peak demand to be covered.  

Normally, the two modes pumping and generating at recent 

pumped storage plants use the same turbo-machinery and 

generator-motor equipment; their operation direction of rotation 

simply being reversed based on which function is required, 

hence the term “pump-turbines” or “reversible turbines”. As the 

water stored in the upper reservoir, its potential energy was 

converted into kinetic energy and then kinetic energy is 

converted to the mechanical energy by allowing the water to 

flow through the hydraulic turbine runner. This mechanical 

energy is then utilized to run an electric generator which is 

coupled to the turbine shaft. A typical layout of this arrangement 

is illustrated below in figure (2).  

The amount of power available from hydro-power system is 

directly related to the flow rate, head and the acceleration due to 

gravity. The power output of the reversible pump-turbine set is 

expressed by the following equations, where the symbols are 

defined after each equation. The Rated power output from 

generator is calculated according to the equation (Connolly, 

2010):- 

            (1) 

Where:  

Pg = rated power output in (KW) 

Qg = Rate of water flow or rated discharge from turbine 

in (m3/s) 

g   = acceleration of gravity (9.8 m/s2) 

ρ   = density of water (approximately 1000 kg/m3) 

ηg = generator efficiency  (approximately 0.90) 

Hg = rated generating head in (m) 

 

Figure (2):  Schematic drawing of a pumped-storage power 

plant.  
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From the equations, the hydraulic head and the hydraulic 

pumps/turbines efficiency are the key affected factor in PHES 

plants and control in output energy generated. In hydro plant 

design the head has more than one parameter that affected on 

the output power generating. The effective head available to the 

turbine unit for power production is called the net head. 

Selection of rated and design head requires special attention. 

Determination of rated head, design head and maximum and 

minimum net head is important. 

4.  Suitabi l ity  modeling using weighted l inear 

combinat ion method (WLC)  

During the analysis process of MCDA, a decision variable is 

set to each alternative choice then a weight is assigned to each 

variable. GIS has been adverted to as a specific sort of decision-

support system dealing with problems which require a high level 

of specialization (Haywood et.al, 2006). The GIS based spatial 

decision procedure can provide a framework for the consisting 

of a spatial decision support system (SDSS) for multi criteria, 

figure (3) delineate the general steps for the GIS decision 

analysis. 

There are several procedures in which decision criteria can 

be merged in a suitability model. A Weighted linear 

combination (WLC) and its alternatives (Stephen and Carver., 

1991, Eastman. and 2006) it depend on a summation of the 

weighted criteria based on GIS raster calculator tool.   

 
Figure (3): GIS-based spatial decision-making procedures 

 

Weighted linear combination (WLC), or simple weighting 

assigned, is based on the concept of a weighted average; 

meanwhile the assigned criteria are standardized to a pre 

studded numeric range, and then compute the weighted average. 

With the weighted linear combination, a suitability factors are 

combined by applying a weight to each criterion followed by a 

summation of the results to yield a suitability map. Raster 

calculator in the math algebra tool set in arc GIS spatial analysis 

tools was utilized to calculate the suitability (S) for each cell as:  

 

                           (2) 

Where: 

 S :   is suitability.  

Wi  : is weight of factor i. 

fi  : is the criterion score of factor i.  

5.  The optimum sites of  PHES methodology  

A GIS site suitability model creation methodology based on 

multi-criteria spatial analysis was issued to find the most 
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favorable upper reservoirs along the water body in the study 

area. The topographic map based DEM SRTM 30m spatial 

resolution was used to develop the new opportunities for a 

candidate pumped-storage schemes. An important component of 

the proposed methodology includes converting site 

characteristics into a common scheme, and these schemes 

express preferences for one site over another.  

A GIS-Based mapping methodology for optimal location of 

the potential pumped storage power plants in the study site was 

created with the aim of integration of the ArcGIS Tool to find 

the most promising pump storage power plants in test site and to 

support the governmental decisions for PHESP new installation. 

The proposed methodology consists of several steps as 

follow: 

1- Defining the PHES site selection criteria.  

2- Data preparation 

3- Rasteraization 

4- Classification and Developing a suitability factor for 

each criteria 

5- Preparation of spatial data for each criterion and the 

corresponding GIS weighted layer. 

6- Preparation the GIS analysis model. 

7- Producing the PHES site suitability map. 

The optimum locations for new pumped storage sites were 

identified by study each criterion involved in PHES site 

selection. For example; the proximity of water bodies within the 

search radius and their elevation above the potential base plant. 

The GIS analysis tools leads to a greatly reduced the processing 

time needed to search for candidate upper reservoirs. The PHES 

site selection criteria are listed based on the economical, 

technical and geometrical considerations as follow: 

 Technical and geometrical criteria : 

1- The PHSP head – elevation Difference  

2- PHSP head ratio –penstock length-distance from 

the base planet 

3- Site Slopes - slope of ground surface. 

 Economic  criteria : 

1- Distance to the national grid 

2- Distance to the national road networks 

3- Soil suitability (soil investigation analysis 

recommendation) 

4- Distance to the wind power plants (recommended) 

 CONSTRAINTS : 

1- Land use built up areas. 

The Suitability analysis procedures and operations used in 

PHES site suitability modeling consisted of the following 

process:  

5.1  Defining the PHES criteria  

The first step in the GIS based suitability modeling is 

determined the criteria suitability factor on which determine the 

suitability rang for each criteria. For the technical and economic 

criteria screening, the worldwide installed PHESP 

characteristics are used to assign the each criterion suitability 

factor.  Consequently a proposed suitability factors were 

assigned respecting worldwide studies and considered study 

area characteristics and special environment. Due to the study 

area covered the both embankment of the River Nile so; the 

suitability factor for the buffer zone will cover the extents of the 

area study for all data layers.  

5.2  Data preparat ion  

Involves the data acquisition such as digital elevation model, 

roads network map and electricity grid, etc. the registration of 

all map layers in to a unify coordinate system is important step 

in overlaying the maps criteria. Table (1) summarizes the 

suitability model for PHES criteria with each data type needed 

to run the model. 

Table (1); PHES suitability model criteria data used 

Criterion Data Used 

Elevation Head 
SRTM DEM 1 arc sec. 

Terrain slopes 

Head ratio (distance to 

water source) 

SRTM water body map 

Distance to national Grid Electricity Network Map 

Distance to Roads (Roads 

proximity) 

Roads Network Map 

Soil Suitability  Soil classification map 

Constraints Data  

Land use – Belt up areas Shape files for Urban 

features 

5.3  Classification and developing a suitability 

factor for each criteria 

All layers had to be converted from vector to raster before 

applying the Spatial Analyst or perform a classification based on 

suitability factor. The SRTM 1 arc sec DEM was utilized as a 

raster map for defining the head criteria as shown in figure (4).  

Elevations were classified with color coded where, the heights 

elevation is the most suitable area. 
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Figure (4):  Elevation Head criteria 

The arc GIS buffer distance tool was used to make a 

proximity distance surround the electricity grid and roads 

networks which cited in the study area. Figure (5) show the 

raster images for grid and roads network criteria proximity 

distance classification. The proximity for each criteria were 

classified with color coded where the closest to the roads, grid 

and water body is the higher suitability than the farther one. 

 

 

Figure (5):  Grid and roads networks classification proximity 

criteria 

5.4 Reclassifying Values 

Once all the data sets were converted to raster data layers, the 

reclassify tool was used to reclassify the data sets. The 

suitability values ranged from high suitability to low suitability 

and a summation of the values for every raster cell was 

calculated. The reclassification values used ranged from 1 to 10, 

with 10 being the most suitable for sites for PHES plants and 1 

being the lowest suitable. The areas that did not fall within the 

10 reclassified groups were reclassified as No Data as shown in 

figure (6). 

 

 

Figure (6):  reclassification the criteria from 1 of low 

suitability with black color and 10 for high suitability with green 

color. 
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5.5 Weighing Data: and processing 

To make a logical evaluation of optimal suitability, there 

were certain criterions that were required to be more important 

than others criterion in the suitability model. Each input layer 

was weighted and sets a decimal weight based on its 

importance. The total summation for all inputs had to equal 100 

percent. 

The tabulated data in table (2) were summarizes all the 

proposed criteria weights that assigned to the criteria in math 

algebra raster calculator tool and suitability factor for each 

criterion with it rank index. The proposed weights are subject to 

decision maker iteration to get the best that should use for the 

specific areas. 

Table (2); PHES suitability model criteria data used 

 

5.6 Producing the PHES site suitability map 

All criteria variables were added in the raster calculator using 

a weighted overlay expression. The weighted overlay expression 

for all the data layers was determined by using the reclassified 

layers and multiplying each layer factor by the decimal weight 

values of the  importance suitability criteria. To distinguish of 

all layers from having the same importance, consequently not 

determine accurate results. Therefore, a weighted overlay 

suitability model was created because all data layers had 

assigned importance weight as shown in figure (7).  

 

According to the final suitability map, the study area has a 

massive bulk of renewable hydro power energy for the surround 

habits areas that can save its needs. The closest areas to the 

River Nile were excluded due to located with the constraint land 

use areas. The high suitable areas found with the red color were 

approximate 895 square kilometer. The area that records a 

medium suitability covered a 1066 square kilometer. Due to the 

proximity distance were over a small area that fall in 

governments services the low suitability sites was not existed. 

The geomorphological soil characteristics for the PHES high 

suitable sites located around Nile withe Nile alluvium soil type. 

1.  Conclusion  

Energy is the main key that affects all aspects of 

development social, economic, and environmental issues. 

Renewable energy, specially the hydroelectric one, becomes an 

essential clean energy stourage source worldwide. This paper 

focused on the utilization of multi-criteria GIS approach for 

locating the optimum sites for new PHES in Baniswif area in 

Egypt. Based on ten technical and economic criteria, a 

suitability model was created based on five criteria and two 

constraints. After criteria weights assigned, it has been found 

that almost more than 890 square kilometer from the study area 

was high suitability based on the suitability factors of the 

criteria limit extents, it was recommended that to run the 

suitability model over whole Egypt. Also the suitability factors 

should be assigned based on worldwide existing PHEs plants 
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