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Abstract— Increasing demand for electricity has been caused 

numerous environmental problems. In recent years it has been 
considered more and more by governments and makes them moving 
toward using green energy. In this paper, in addition to a brief 
introduction of the pumped-storage power plant operation, the impact 
of these plants on the environment has examined and we have shown 
how the issue of large-scale storage of electrical energy through a 
proper way can help the cleanliness of the environment and expand 
the use of renewable energy. 
 

Keywords— Electrical Storage, Energy, Environment, Pumped 
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I. INTRODUCTION 

HE utilization of energy has been desired from the 
beginning of human history of civilization and increasing 

applications and providing it for human life has turned to one 
of the most important aspects of modern life and 
contemporary digital society. Today, human life directly or 
indirectly depends on energy and to imagine living without 
access to energy resources is difficult or even impossible. 
Nowadays, fossil fuels supply the bulk of required energy 
worldwide, but the finitude of these resources, especially 
crude oil, coerces the world to use other sources in order to 
replace it. On the other hand, emissions excessive greenhouse 
gases and pollutant sewages or in generic term environmental 
pollution resulting from the unchecked use of fossil fuels has 
needed to reconsider in this route of no return. Studies show 
that for around eighty-one percent of the greenhouse gases are 
carbon dioxide, which is produced by burning fossil fuels. 
Burning mechanism in power plants or in better words 
combustion process raises some polluting gases such as CO2, 
SO2 and CO2NO which causes the intensity of air pollution 
[1]. Moreover the process of burning fossil fuels, generate 
aerosols such as soot and ash contain toxic heavy metals such 
as chromium, vanadium and lead. According to published 
statistics, in Iran per kilowatt-hour Energy consumption, 170 
grams of carbon is produced whilst in a country such as 
Canada this number is 14 grams. Also, per megawatt-hours of 
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electricity production, 864 kilograms of carbon dioxide is 
produced. With regard to the future prospect of the country's  
 
energy which presented by Ministry of Energy officials and 
with respect to the development of power plants which are 
mainly based on the use of nonrenewable fuels (natural gas), 
shows an alarming prospective of the development process 
power plants for future environment whereas the share of 
electricity generation and its transmission will be noticeable 
[2]. This demonstrates need to use more new and clean 
energies in field of electricity generation. Whenever topic is 
the use of new energy instead of conventional outdated 
energy, renewable energy is all in the mind. Renewable 
energy refers to a variety of energies that contrary to non-
renewable energies are capable of returning to nature and 
typically do not cause environmental pollution. In other 
words, these types of energy resources can be renewed or 
restored in a short period of time. On the other hand, the 
development of renewable sources, despite the creation of 
new occupations, has caused the countries that have less oil be 
able so as to use the new energy sources as great assist to their 
economies. Another important benefit of using renewable 
energy sources is its high diversity. Solar power, wind, 
geothermal, biomass, hydro, tidal force, sea waves and other 
kinds could be named that more or less in all regions of the 
planet is normally available and its resources are not only 
conquered by some finite countries. It should be noted that 
using these types of energies is not a new issue. Wood, around 
a hundred and fifty years ago, had been supplying around 
ninety percent of our requirements to energy [3]-[5]. But with 
the development of using coal, oil and natural gas, 
dependency to this source diminished. Energy conversion of 
the change form for better utilizing has been traditionally 
commonplace. Electrical energy could be considered as the 
most important energy in the last half century. In the past few 
decades, uses of the electricity has gone far beyond a few 
industrial and research applications so that today from 
factories and vehicles up to all domestic appliances are 
electric and this fact demonstrates more world's dependence 
on electricity energy which means the need for widespread 
deployment of power generation worldwide. But the 
development roadmap of the energy sector when is acceptable 
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that can lead to environmental protection and to be followed 
the least damage in the way. Unfortunately, statistics suggest 
that in recent years, the biggest share of fossil fuel 
consumption has been in order to generate electricity. 
Therefore, although electricity energy seems clean energy at 
first sight, producing it in varied forms have followed by the 
inevitably environmental damaging effects. Meanwhile, the 
electricity generation from nuclear energy has led to human 
catastrophes and environmental irreparable damages in the 
past few decades which Fukushima power plant disaster in 
Japan can be cited as their latest. This means that humans 
have to move towards the use of new forms of energy which 
are safe and clean. But whenever people talk about a new 
alternative energy instead of fossil fuels and nuclear power, 
the first issue that immediately comes to the mind of the 
audience is the problem of using renewable energies [6]. Low 
yield against high costs of production is the first problem in 
the way of this type of energy. While in recent years due to 
the advances in science and technology this problem has 
virtually eliminated. And now the use of wind energy and 
solar to some extent, because of a serious decline in the cost 
price electricity and appropriate efficiency, takes economical 
shape and is utilized around the world. But perhaps the lack of 
continuity and integrity in access to their resources are the 
most important problems in these types of energies. The sun, 
for example, is available only in a short time of each day and 
if only a few hours of a day be cloudy, then we cannot 
response to grid electricity demand. Whilst in some areas it is 
common that be rainfall for several days in a row and for sure 
no sun in that time of period. Or fluctuation in wind speed is 
the most natural issue which means instability in the power 
generation by using wind turbines. This creates problems of 
mismatch between supply and demand on the power grid [7]-
[8]. To troubleshoot this problem in small-scale, in some 
cases, batteries are used to store the electrical energy to store 
the excess produces and in the times of need, make a quick 
and easy access to electricity. But, on the one hand, the 
environmental anomalies caused by batteries are undeniable 
and on the other hand, for large wind farms or solar power 
plants which have large-scale productions, it can no longer be 
used. Because neither battery's limited lifetime has 
economically affordable nor technologically is possible to 
build it. Such factors and issues have caused despite these 
types of energy sources are free, but the electric power 
industry has less willing to move towards using clean energy. 
Since, for instance, instead of converting fossil fuels into 
electricity and store generated electricity, energy source (here 
fossil fuels) can be stored and used to produce electricity 
whenever required. While in this method not only we are 
facing environmental malformations, but also this method is 
less reliable. Since the power grid requires changes 
instantaneously, which often are not predictable, while the 

time needed to increase the production in power station is at 
least 20 minutes [9]. In the case of nuclear power plants, the 
time required to make the necessary changes is more than a 
few hours. So, we can never think of such changes in 
production capacity for immediate respond to the electricity 
network needs. Another important issue is the amount of po- 
wer consumed for different hours of a day that have 
significant differences, so that the continuity of curve network 
load's diagram of the electrical network in a 24 hour has two 
peaks which is so-called Bactrian diagram. The second hump 
that represents the electricity consumption at night is called 
the peak hours. According to the Fig.1 (This is an example of 
Bushehr's diagram in October, 2013), a significant difference 
in power consumption at different hours of a day can be seen 
and it means requirements of power generation up to the 
required power [10]-[11]. Namely, establishment of power 
plants for entering network only in the peak hours and then 
again get out of the grid and other power stations also have to 
reduce their generation (up to amount of base load network). 
This issue both economically and in terms of hardware is very 
inappropriate. Nowadays, a kind of power station is used to 
troubleshoot the problem of large-scale electrical energy 
storage which is called pumped-storage. 
 

 
Fig. 1. Continuity of Curve Network Load 

 

II. PUMPED-STORAGE POWER PLANT 

The electricity industry in terms of production quantity is 
inextricably linked to its consumers. This type of energy 
contrary to other forms must be used simultaneously by its 
generation. The amount of electricity consumed has vast 
circadian, weekly, monthly and seasonal changes and this 
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means a lack of secure equilibrium in the electricity 
production and consumption at different periods of time [12]. 
In other words, in some hours of the day, we confront by 
power shortages and in some other hours with excess power 
generation of the grid required. Hydroelectric pumped-storage 
power plant is a technique for storing and producing 
electricity in order to supply peak demands by moving water 
between two water reservoirs in different elevations. These 
power plants are based on converting electricity energy into 
gravitational potential energy during low consumption hours 
and power generating via converting the saved gravitation 
potential energy into electricity during the peak consumption 
hours. In this method when the electricity demand is low, 
additional power generation capacity is used to pump water 
into the water reservoir which is placed at a higher altitude 
[13]-[15]. This will make the power network not to face 
surplus production. And when the power grid demand is more 
than power plants generation, the water from high altitude is 
evacuated towards down to generate electricity via turbines. 
This action causes the generation of electricity needed to 
balance the network (Fig. 2). In these power plants both 
changeable turbine and generator act as pump and turbine 
(usually a Francis turbine design). Pumped-storage power sta- 

 
 

 
 

III. ENVIRONMENTAL ADVANTAGES AND DISADVANTAGES OF 

USING PUMPED-STORAGE 

In the following, positive and negative effects of using this 
type of power plant are discussed and also clarified each one 

in details. Generate electricity is only possible through 
conversion energy's form. Namely, to generate electricity, 
primary energy, which is called fuel, is needed. One of its 
advantages is that power plants pumped-storage for generating 
or storage electricity do not needs any kinds of fuel. This is 
while, in the past decade, power plants have been world's 
largest consumer of fossil fuels [17]. Iran, with prospect of 
generating electricity by using gas resources, is also takes a 
step in undesirable direction. Generating electricity without 
using fossil fuels, caused to reduce harvesting of natural 
resources. It would also reduce the prod- 
tions are divided into two general categories. The first one is 
simple pumped-storage power stations that only moving the 
water between reservoirs and the combined power pumped-
storage as conventional hydroelectric power stations that 
generate electricity of flow water through natural rivers [1], 
[7]. This paper is studied at range of simple mode power 
stations pumped-storage. The only way to save significant 
amounts of energy is to have significant amounts of water on 
a hill relatively near, but as higher as possible and also having 
water in the lower reservoir. In some places, these conditions 
naturally occur and in the other situations one of the water 
reservoirs or both of them are human-made [1], [13], [16]. 

 
 

 
 

 
 
uction of greenhouse gases resulting from generating 
electricity. On the other hand, the lack of fuel consumption 
means no waste. Power plants waste issue, particularly nuclear 

Fig. 2. Model of Wind-Hydro Pumped-Storage [1] 
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power plants, has always been the biggest factors threatening 
the environment. These types of power plants can also be 
created in small-scale which enable local and regional usage. 
This means helping to development distributed generation 
power plants which is one of the ways to reduce 
environmental malformations caused by large power plants 
and also probably no needs to make more transmission lines. 
Regardless of important matters such as encouraging the 
private sector to invest, makes reliability for consumers, helps 
to control and manage the electrical network frequency, 
reduces power station's erosion due to continuous changes in 
generation as well as the economic dimension, the remarkable 
issue is the capable of storing electricity which eliminated the 
need to build power plants to meet the needs of network peak 
hours consumed [18]. Creating fewer power plants means 
reducing environmental destruction and in some cases, 
reducing needs to build transmission lines to the power 
stations. Another advantage that could be mentioned is 
creating a space for entertainment, sporting and tourism on 
lavers power plant campus which usually has a special 
perspective and also creates a good atmosphere for 
aquaculture as well as creating new jobs.  It should be noted 
that these potentials to attract tourists from around the world 
and also create new jobs have been used. But the importance 
of pumped-storage power plants is shown when you know the 
combination of this type of power plant with other renewable 
power stations is a significant topic of research worldwide. 
Because, as we mentioned earlier, renewable power plants due 
to lack of permanent access to energy resources like solar and 
wind, are faced with large fluctuations that this will bring 
mistrust. By using these power plants, renewable power plants 
surplus generated can be stored and when the network face a 
shortage, this defect is easily remedied without causing any 
fluctuations in grid frequency and this would help to expand 
the use of renewable energy for electricity generation which is 
today's issue and is the most efficient solutions to 
environmental problems [6], [11]. Occupying an area of 
environment by water reservoirs could be cited as a 
disadvantage of this kind of power station. Whatever bigger 
these reservoirs are the more it reveals itself [3]-[5]. To create 
a reservoir, in some cases flattening part of the Earth and in 
other cases they use different altitude in mountain to 
manufacture barriers, dose work which both of these methods 
lead to changes in the environment. The salt mines can be 
used as water reservoir in pumped-storage power plants [17], 
[19], [20]. Although unwanted mixing salt with water can be a 
problem. 

IV. CONCLUSION 

Experts have considered energy issue as the future crisis 
and this is while electricity is the most common form of 
energy in the world. Governments to respond to this demand, 

require to widespread deployment power generation. But the 
expansion of the power grid is justified when it has the least 
damage on the environment. In this paper we demonstrate the 
use of pumped-storage power plants, which are used for 
production and storage of electrical energy, what positive and 
negative impacts have on nature and how it can cover other 
problems with the electric grid. Use of these power plants 
despite reducing environmental pollution by reducing the 
consumption of fossil fuels indirectly, directly helps to reduce 
the need to build new power plants to fix peak power needs in 
network, preventing inappropriate expansion of the electricity 
transmission network, and also helps to expand the use of 
renewable energy by balancing in injected power into the 
network and increasing consumer coefficient reliability. 
Meanwhile, the most important solution to environmental 
problems is expanding the use of renewable energy. 
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