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Abstract — The pumped storage power station (PSPS), based on the Active Distribution Network (ADN), has the functions of 
peaking and valley-filling and promoting the development of economic operation in power grid. This is performed at the expense of 
certain energy consumption, and is done to realize the energy conservation and loss reduction, safety and stability of power system, 
and improvement of quality of power supply of the whole system. In this paper, the benefits of energy saving and emission 
reduction of the pumped storage power station are quantitatively evaluated, and its static and dynamic benefits are calculated in 
detail. Aimed at each index data of PSPS in normal weather conditions, the energy efficiency indices of: i) capacity benefits, ii) 
peaking and valley-filling benefits, and iii) dynamic benefits, etc. are analyzed. Then each kind of benefit calculation model is 
packaged to produce the upper comprehensive analysis software, and form a user-friendly interactive interface. Based on a 
background of ADN, a comprehensive analysis system for energy saving benefits of pumped storage power station is developed, in 
which the energy saving and emission reduction benefits in current working mode can be computed according to the input actual 
pumped storage power station parameters, to have advantages of convenient operation and good readability. 

Keywords- Pumped Storage; Peaking and Valley-filling; Energy Conservation Efficiency; Quantitative Evaluation; Static and 
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I. INTRODUCTION 

China has become one of the largest energy consuming 
countries in the world since entering the twenty-first century 
of rapid economic development period [1], the national 
power load is increasing rapidly, and the peak-valley 
difference of power system is growing, which both bring the 
potential threats to the operational security and stability of 
power grid [2-4]. The Southern China of Power Grid (SCPG), 
as a more complex power grid in the world, has pronounced 
characteristics of strong DC power and weak AC power, and 
big load peak valley difference. With the pace of power 
transmission from west to east further increased and growing 
development of renewable energy power generation, and 
under the background of active distribution network, in 
difficult peak regulation period with the peak load in the 
rainy season and the Spring Festival, the stress of safe and 
reliable power supply of grid will become more and more 
stronger [5-7]. Therefore, in order to guarantee the 
operational security and stability of power grid, it is of great 
significance to develop vigorous pumped storage power 
stations as power grid operation regulators in the southern 
power grid regions [8]. 

The main effects of pumped storage power station on the 
power network operation are shown as follows [9, 10].  

One is improve the ability of system peak regulation 
based on reducing the peak valley difference of grid; second 
is improve the economic operation level of the power grid. 
The construction of pumped storage units in China started 
late, the researches on benefit analysis and operational 

modes of pumped storage has been performing in China, and 
the operation management modes of the power stations 
which have been put into operation also in the exploratory 
stage, further, the operation modes of unified management 
and capacity lease which are existing in power grid are both 
not perfect. Under the new form of “factory separates from 
network and competitive bidding”, the joint operation mode 
of pumped storage and large thermal power generation 
companies was proposed [11-13]. The operational mode of 
pumped storage power station is directly related to the 
evaluation of its benefits, and the key lies in the quantitative 
assessment of the static and dynamic benefits of power plant. 
Most of current associated researches focus on taking 
consideration of the pumped storage into a large power 
system, while it is difficult to calculate the benefit amounts 
of each beneficiary [14-17]. 

Based on the above facts, this paper considered establish 
a joint operation model of a pumped storage power station 
and a thermal power plant, and from two aspects of static and 
dynamic benefits, each index data of whether the pumped 
storage exists or not in system was compared, based on it, 
the energy conservation and emission reduction benefits of 
pumped storage power station were made analysis, further, 
on the basis, a comprehensive system analysis software for 
energy conservation and emission reduction benefits was 
developed, which was adopted to calculate the benefits of 
energy saving and emission reduction in the current 
operating mode of pumped storage power station. 

The upper system software was designed based on JAVA 
language, and combined with MySQL database to manage 



SHI SU et al: DEVELOPMENT OF A COMPREHENSIVE ENERGY SAVING BENEFITS ANALYSIS SYSTEM OF  . .  
 

DOI 10.5023/IJSSST.a.17.23.01 1.2 ISSN: 1473-804x online, 1473-8031 print 

the data, and called the Matlab program through the interface, 
thus met the peak load and frequency regulation benefits 
calculation of pumped storage power plant under multiple 
factors. The computational model has good readability, easy 
maintenance, and the interaction interface design conforms 
to the principle of user friendliness. 

 

II. ENERGY CONSERVATION AND EMISSION 

REDUCTION BENEFIT ANALYSIS OF PUMPED 

STORAGE POWER STATION 

A.  Static Benefits Analysis 

The emphasis of Static benefits analysis was aimed at 
two aspects of the capacity and peak load shifting efficiency. 
Among it, the capacity benefit refers to the investment and 
operation cost of system by reducing the thermal power units, 
which was achieved through the replace of partial thermal 
power as working and reserve capacity of power system by 
the pumped storage power stations; and the shift peak valley 
filling efficiency refers to the difference value of the coal 
saving benefit and increased loss, the former is obtained 
from the function of peak regulation and improvement of 
thermal power operating conditions of system, and the latter 
is produced during the process of pumping power generation.  

The method of “with and without comparison” was 
adopted in the thesis, to implement a comprehensive 
analysis of the whole network standard coal consumption of 
when in condition of pumped storage and non-pumped 
storage, and estimate the capacity benefit and peak load 
shifting benefit of the pumped storage power station. 

a) Capacity benefit analysis. 
The capacity benefit analysis is calculated by the 

“equivalent replacement method”, and the pumped-storage 
unit is equivalent to replace the thermal power unit, and the 
capacity benefit is the difference of investment operating 
expenses between the alternative scheme and first proposed 
scheme. The formula of capacity benefit is as follows: 

 (inv) 1 1ca chou re huo chou chouQ Q              (1) 

 (ope) 2 2ca chou re huo chou chouQ Q          (2) 

 (inv) (ope)ca ca ca      (3) 

In formula (1)~(3), where ca refers to total 

capacity; (inv)ca and (ope)ca respectively refer to the investment 

capacity and the operating capacity; chouQ refers to the 

pumped storage capacity; re refers to substitution rate of 

capacity; 1huo and 2huo  respectively refer to thermal power 

unit investment per kW and fixed charged rate; 1chou and 

2chou  respectively refer to pumped storage investment per 
kW and fixed charged rate. According to the technical and 
economic parameters of the thermal power plant, 

(1.05 ~ 1.1)re  , the investment per kW is respectively 
3800, 4000 and 4400 RMB corresponds to the  installed 
capacity of 1000, 600 and 300MW; and the fixed charged 
rate is respectively 120, 130 and 160 RMB/kW under 1000, 

600 and 300MW; the total installed capacity of 600MW, 
1000MW and 300MW thermal power units in the Southern 
China Power Grid are respectively accounted for 13.12%, 
50.73% and 36.15%, and the 1huo  is computed as 4118.4 

RMB; and 2huo  is 139.5 RMB/kW; the 1chou is taken about 
3400 RMB/kW, and the fixed operating cost is accounted for 
2.4% of its investment per unit, that is , 

2 81.6RMB / kWchou  .  
The capacity efficiency is calculated according to the 

pumped storage installed capacity in Southern Power Grid 
and when it is increased from 4200MW to 12080MW, the 
saved power construction investment and fixed operating 
expense trend chart is shown in Fig. (1) as follows, in which, 
the X-coordinate is pumped storage installed capacity (MW), 
and Y-coordinate is the cost (hundred million RMB). In Fig. 
(1), it can be seen that the saved fixed operating investment 
cost is linear to pumped storage installed capacity. With the 
increase of pumped storage capacity, the investment benefits 
and saved benefits of fixed operating expenses will increase 
at the same time. 

 

Fig. 1. The Capacity Benefit Trend Chart 

(b) Peaking and valley-filling efficiency analysis. 
The effect of peaking and valley-filling of pumped 

storage power station refers to the residual energy beyond 
the load produced by the thermal power units in power load 
trough period and which is obtained by pumping the water 
into the water level to be stored, and then in power load peak 
period the energy stored in the water level is transformed 
into power energy to share the peak pressure of the heating 
units, in short, making the load in peak period shift to trough 
period, so that the output of the thermal power is as possible 
as maintained stable, which not only reduce the pressure of 
the thermal power units in the peak period, but also avoid the 
efficiency reduction of thermal power due to the reduced 
output in trough period. Therefore, the benefits produced by 
the peak load shifting are twofold. 

The energy efficiency analysis of peak load shifting is 
made based on the actual energy sent into grid and energy 
off from grid of power station, that is, the actual energy 
efficiency of power station is the ration of the energy sent 
into grid and energy off from grid. Firstly, the electric power 
provided by the energy off from grid is taken use of to pump, 
and the water in under pool is pumped into the upper pool to 
wait for power generation; Then, the water in upper pool is 
used to generate electricity, and then after in the deduction of 
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water loss, energy conversion loss and comprehensive power 
loss of the power plants, the produced electricity is the 
energy sent into grid.  

Considering that a portion power consumption of the 
pumped storage power station itself is fixed, therefore, when 
the pumped storage power station increases power 
generation in the low period, its down network power is not 
only the pumping power, but also includes a part of the 
electricity needed to be consumed, when the pumped storage 
power generates in peak period, the reduced power 
generation of high energy consumption plants in system is 
not just the energy sent to grid at the time, but the energy 
sent to grid of pumped storage station adds the original 
electricity consumption. Therefore, when considering the 
benefits of peaking and valley-filling in pumped storage 
power station, the research on energy efficiency of pumped 
storage power station should be considered from the 
viewpoint of “dynamic”. 

The so-called dynamic energy efficiency refers to the 
actual conversion efficiency of the added low period 
generation capacity in pumped storage power station when it 
is in the following the power load changing in the peak load 
shifting period. Specifically, that is to say, the increased 
system generation Qg per unit in low period and finally can 
achieve the reductive generation capacity Qf in peak period. 
Therefore, in the benefits calculation of the peak load 
shifting of the pumped storage power station, the dynamic 
energy efficiency of power plant should be adopted. Its 
benefit is the difference of the whole network standard coal 
consumption in working condition and no working condition 
in pumped storage units, and the constraint condition of 
pumped storage is 

 chou chous t
s t

P P     (4) 

Where s is a collection of the time points of the pumped 
storage units in power generation situation; Pchous is the total 
output of the generating load points of all the pumped 
storage units; t is the set of time points of the pumped storage 
unit in the pumping situation; Pchout is the total output of the 
pumping load points of all pumped storage units; η is 
dynamic efficiency of pumped storage power station. 

The research of pumped storage power station dynamic 
energy efficiency is mainly on actual station dynamic energy 
efficiency level when the pumped storage units performs 
peak valley filling in following the changing of load. 
Generally, when the pumped storage power station achieves 
the benefits of peak load shifting, it takes use of the power 
grid load during the low period of pumping with 4 degrees to 
obtain the peak of the power grid load to generate 3 degrees, 
namely, the overall efficiency is about 75%, and about 25% 
of it is the energy loss. 

B.  Dynamic Benefits Analysis 

At present, the quantitative evaluation of pumped storage 
dynamic benefits is generally taking use of the partial 
summation method, and its main idea is to classify the 
pumped storage capacity by the performance, and the 
dynamic benefits of each kind of capacity is respectively 
calculated in quantitative, and then make summation to 

obtain the total dynamic benefits. The most important of the 
dynamic benefit is emergency reserve and frequency 
modulation benefit.  

The emergency reserve dynamic benefit is the accident 
reserve capacity that the partial installed capacity of pumped 
storage station replaces of the partial thermal power, so that 
reducing the thermal power planning capacity or start-up 
capacity in operation, and further resulting in saving 
investment and consumption benefits. The algorithm flow 
chart of the emergency reserve benefits is shown in Fig. (2).  

The frequency modulation benefit is divided into the load 
reserve benefit and load tracking benefit. According to the 
research results of Prof. A. Ferreir from American EPRI, the 
load reserve benefit is equivalent to the tacking benefit. 
Therefore, it is only considered the load reserve benefit in 
this thesis, and that two times of the load reserve benefit is 
the frequency modulation benefit.  

 

 

Fig. 2. Emergency Reserve Benefit Algorithm Flow 

When the thermal power units operate, it’s necessary to 
retain partial units as spinning reserve, so that maintain the 
stability of the power network frequency, this part of units 
cannot operate in full power, then its operating efficiency is 
lower. While the pumped storage has the characteristics of 
rapid start and stop, and a wide changing range of output 
power, then it can quickly adjust the output when the system 
load has fluctuations, the thermal power units which replace 
the rotating reserve can maintain the stability of frequency, 
thus can obtained benefit is the load reserve benefit. The 
evaluation of load reserve benefit is similar to the evaluation 
of emergency reserve benefit. Only the fault simulation is 
converted into the perturbation simulation, the power output 
of the generating units and pumping storage power units is 
equal to the value of emergency reserve, and the specific 
process won’t be repeated. 

C.  Load Optimal Allocation Model in No Working 
Condition of Pumped Storage Units 

The optimal load distribution function should meet the 
total coal consumption of thermal power units at 96 load 
points is minimum, i.e., 

ther ther ther

1 ther 1 ther 2 ther 96
1 1 1

min[ ( ) ( ) ( )]
n n n

k k k k k k
k k k

F g p g p g p
  

      (5) 

Where F1 is the total coal consumption of power unit for 
the typical day; nther is determined numbers of start-up units 
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according to unit commitment; ptherki is the actual output of 
the load point i of the thermal power unit k; gk is the coal 
consumption curve function of unit k.  

The formula (5) should meet the constraints which 
include the active power constraint, the amount constraint of 
water, the output constraint of thermal power, and the output 
constraint of hydropower, which are shown as below. 

a) Active power constraint. Which is shown as follows, 
the formula (6) where ptherki likes the pwaterji, is the actual 
output of load point i of corresponding hydroelectric 

generating set j; 
ther

1

n

therki
k

p

 is the total output of load point i of 

thermal power unit; nwater is numbers of start-up hydroelectric 
generating units; PL1, PL2,..., PL96 is actual load of 96 time 
points for a typical day after removing no-regulation 
hydropower plant output, nuclear power output and forced. 

    

ther water

ther water

ther water

ther 1 water 1 1
1 1

ther 2 water 2 2
1 1

ther 96 water 96 96
1 1

n n

k j L
k j

n n

k j L
k j

n n

k j L
k j

p p P

p p P

p p P

 

 

 


 



  





 


 

 

 



            (6) 

b) Amount constraint of water: 
water water water

water 1 water 2 water 96
1 1 1

( ) ( ) ( )
n n n

j j j j j j
j j j

W p W p W p W
  

       (7) 

Where W is total water consumption of hydropower unit 
for a typical day. 

c) Output constraint of thermal power unit: 
   ther min ther ther max ther( 1,2, ,96; 1,2,... )kip p p i k n   k k  (8) 

Where ptherkmin is minimum output of thermal power unit 
k; ptherkmax is maximum output of thermal power unit k. 

d) Output constraint of hydropower unit: 
 water min water water m ax water( 1,2, ,96; 1,2,... )j ji jp p p i j n     (9) 

Where pwaterjmin is minimum output of hydropower power 
unit j; pwaterjmax is maximum output of hydropower power unit 
j. 

D.  Load Optimal Allocation Model in Normal Operating 
Condition of Pumped Storage Units 

When the pumped storage units operate, the optimal load 
distribution also should be considered in working condition 
of units, that is, meet the optimal distribution of active power 
the adjustable power between the thermal power plants and 
active power regulation plants and pumped storage 
hydroelectric power plants, and the optimal objective 
function of load distribution is, 

ther ther ther

2 ther 1 ther 2 ther 96
1 1 1

min[ ( ) ( ) ( )]
n n n

k k k k k k
k k k

F g p g p g p
  

         (10) 

The formula above means the objection of optimal load 
distribution should meet the minimum total coal 
consumption of thermal power unit at 96 load points, in the 
formula, F2 is total coal consumption of thermal power unit 
for a typical day; nther is start-up numbers of determined 

thermal power units according to unit commitment; pki is 
actual output of load point i of thermal power unit k; gk is 
coal consumption curve function of unit k. the constraint 
conditions of the objective function is shown as follows. 

a) Active power constraint. It is shown as follows: 

 

ther water chou

ther water chou

ther water chou

ther 1 water 1 chou 1 1
1 1 1

ther 2 water 2 chou 2 2
1 1 1

ther 96 water 96 chou 96 96
1 1 1

n n n
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k j r

n n n

k j r L
k j r

n n n

k j r L
k j r

p p p P

p p p P
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  (11) 

Where ptherki is the actual output of load point i of 

corresponding thermal power unit k; 
ther

ther
1

n

ki
k

p

 is the total 

output of load point i of thermal power unit; pwaterji is the 
actual output of load point i of corresponding hydropower 

unit j; 
ther

water
1

n

ki
k

p

 is the total output of load point i of 

hydropower unit; nwater is numbers of start-up hydroelectric 
generating units; pchouri is actual output of load point i of 

pumped storage unit r; 
chou

chou
1

n

ri
r

p

 is total output of pumped 

storage unit at load point i; nchou is start-up numbers of 
pumped storage units; PL1, PL2,..., PL96 is actual load of 96 
time points for a typical day after removing no-regulation 
hydropower plant output, nuclear power output and forced 
output. 

b) The constraints of hydropower, c) output constraints of 
thermal power; and d) output constraints of hydropower are 
respectively same with formula (7), (8) and (9). 

e) The constraint of pumped storage is: 
 chou chous t

s t

P P     (12) 

Where s is a collection of the time points of the pumped 
storage units in power generation situation, Pchous is the total 
output of generating load points of all pumped storage units; 
t is the set of time points of pumped storage units in pumping 
situation; Pchout is the total output of the pumping load points 
of all pumped storage units, η is efficiency of pumped 
storage power station. 

f) The output constraint of pumped storage is: 
 chou chou max0 rs rp P    (13) 

 chou max chou 0r rtP P     (14) 
Where s is time moment of pumped storage units in 

generating situation; t is time moment of pumped storage 
units in pumping moment situation; pchourmax is maximum 
output of pumped storage unit r. 

E.  Benefits Calculation Model of Peaking and Valley-
filling 

The benefits of peaking and valley-filling are the 
standard coal consumption difference value of whole thermal 
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power units under two situations when the pumped storage is 
in operating situation and in no working condition, and the 
calculation formual is shown as 

 1 2F F F    (15) 
Where F is calculated benefit of peaking and valley-

filling, F1 is standard coal consumption of whole thermal 
power units in normal operation, and F2 is correspond 
standard coal consumption in no working conditions. 

III. THE ENERGY CONSERVATION AND 

EMISSION REDUCTION OF PUMPED STORAGE 

POWER STATION  

The static benefit of energy conservation and emission 
reduction of pumped storage power station mainly makes 
analysis of capacity benefit, peak load shifting benefit, new 
energy benefit of the pumped storage and small hydropower 
energy saving and emission reduction benefit of down 
reservoir of the pumped storage. The capacity benefit model 
has been analyzed before, and the other factors impact the 
benefits are discussed in details below. 

A.  Analysis of Factors Affecting the Efficiency of Peak 
Load Shifting 

The main factors that affect the efficiency of the load 
shifting are the installed pumping capacity, the whole power 
consumption and the peak and valley coefficient, which are 
shown as follows. 

(a) Impact analysis of installed capacity. 
The influence of installed capacity on pumped storage 

efficiency is analyzed based on the typical daily load curve 
in high flow period. The typical daily load curve maximum 
load is 117343.75MW, minimum load is 78552.09MW, and 
the peak valley ratio is 0.331, daily electricity consumption 
is 23.76 hundred million kWh. In the case that the installed 
capacity is beginning 1200MW and increased in each 
600MW, the comparison of standard coal consumption with 
and without pumped storage is shown in Fig. (3), and the 
trend diagram of coal saving benefit with the changing of 
pumped storage installed capacity is shown in Fig. (4). In Fig. 
(3) and Fig. (4) the X-coordinate are both installed capacity 
(MW), and the Y-coordinate in Fig. (3) is the whole network 
consumption of standard coal consumption (ton), and in Fig. 
(4) the Y-coordinate is standard coal saving (ton). 

 

Fig. 3. The Standard Coal Consumption Comparison Chart in Case of 
Pumped Storage 

 

Fig. 4. The Changing Trend Diagram of Coal Saving Benefits According to 
the Capacity of the Pumped Storage Unit 

It is seen from Fig. (3) and Fig. (4) that, based on the 
varying results of saving coal benefit is increased with 
pumped storage capacity, the standard coal saved by pumped 
storage is increased with the growing of pumped storage 
installed capacity; and the growth trend is varied from fast to 
slowly. 

(b) Impact analysis of whole network of power 
consumption. 
The varying condition of maximum load in power system 

can be indicated by the annual maximum load curve, which 
is comprised by maximum load of each day (or half of a 
month, or a month) from the beginning of year to the end of 
year. If a daily load curve is adopted in each season of year, 
the whole needed electricity can be calculated according to 
the maximum load curve. 

The varying trend of the coal saving benefit with daily 
electricity is shown in Fig. (5). From which it is found that 
before the amount of electricity reaches to 0.825 times of 
standard electricity consumption, the coal saving benefit is 
decreased with the increase of the daily electric power, 
which is due to the start-up thermal power units are the units 
reach more than 600 MW of capacity when the daily 
electricity consumption is low, and when the pumped storage 
is operating, the increasing rate of coal consumption due to 
increase of electricity consumption is lower than the coal 
saving increasing rate, which is produced that the peak load 
of higher incremental rate replaces the valley load of lower 
incremental rate, at this time the existed coal saving benefit 
is decreased with the growth of electricity; in 0.825 to 0.955 
times of interval, it mainly operates the units with 300 MW, 
the coal saving rate generated by replacing the lower 
incremental rate of load points with the higher incremental 
rate of load points increases, and with the increase of 
electricity consumption, and which is reached to 0.955 to 
1.075 times of fundamental electricity consumption, the 
minimum output of additional operating units with 300 MW 
is small, and the benefit is slightly reduced at this time. 
When the electricity consumption reaches 1.075 to 1.2 times 
of fundamental electricity consumption, the replacement 
benefits of additional operating units below 300 MW 
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increase, and the coal saving benefit increases with the 
increasing of electricity consumption at this time. 

 

 

Fig. 5. The Changing Trend Diagram of Coal Saving Benefits According to 
the Electricity Energy of Typical Days 

(c) Impact analysis of peak and valley coefficient. 
The difference between the daily maximum and 

minimum load of power system is called the peak and valley 
difference. The main factors that affect the value of the load 
peak valley difference are the load composition, the seasonal 
variation and the holidays, and so on. The pumped storage 
coal saving benefit trend diagram corresponds to the 
different peak and valley difference is shown in Fig. (6), in 
which the X-coordinate is peak valley difference, and Y-
coordinate is standard coal saving (ton). Seen from Fig. (6), 
it is found that the pumped storage coal saving benefit is 
increased with the increase of the peak valley ratio. This is 
because in constant case of daily electricity consumption, the 
maximum load increases and minimum load decreases with 
the increasing of peak valley ratio; since the peaking work is 
mainly performed by the thermal power units, the output 
curve of which varies with the load curve, and the maximum 
output of thermal power unit increases and minimum output 
decreases. It is corresponding the case when the coal 
consumption increment rate near the maximum output time 
range of coal consumption increases, the coal consumption 
increment rate near the minimum output time range of coal 
consumption decreases, so that the benefit of peaking and 
valley-filling performed by pumped storage is increased. 

 

 

Fig. 6. The Changing Trend Diagram of Coal Saving Benefits According to 
the Peak-valley Difference 

B.  New Energy Benefits Analysis under Pumped Storage 

Due to the wind generation with uncertainty, it’s easy to 
cause the problems that the electricity cannot be consumed 
because the local load doesn’t meet the wind power 
generation, in immature case of cross regional line network, 
the remaining capacity cannot be transferred out, thus cause 
more serious abandoned wind phenomenon; the pumped 
storage provides an effective solution for wind power 
consumption, and through the joint operation of the wind 
farm with pumped storage, which can improve the utilization 
rate of wind power, and effectively reduce the abandoned 
wind power. 

The abandoned wind power generally occurs during the 
period of the low load, and the discussion on considering the 
benefit brought by reducing the abandoned wind power in 
two kinds of boundary conditions, one is the pumped storage 
unit has no surplus capacity, the other is the pumped storage 
unit has enough spare capacity; actually, the benefit brought 
by reducing the abandoned wind power should be located 
between the benefits of these two types of situations. 

When the pumped storage units are in case of no surplus 
capacity, the abandoned wind power generation should be 
taken use of in load valley period, thus can reduce the 
generation of the thermal power units with higher coal 
consumption in lower load valley period. The coal saving 
benefit brought by reducing the abandoned wind power is 
calculated as follows: 

 cs aban ccr=Q    (16) 

Where ςccr is unit coal consumption of units with higher coal 
consumption in load valley period; Qaban is the abandoned 
wind power; ηcs is the coal saving benefit brought by 
reducing the abandoned wind power. 

When the pumped storage units are in case of enough 
spare capacity, the surplus capacity of the pumped storage 
units should be made full use of in load valley period, as well 
as the abandoned wind power, while the generation of 
thermal power units is unchanged; in case of peak load, the 
energy stored by the pumped storage units is taken use to 
generate when it reaches peak load, so that the generation of 
thermal power units in peak load decreases, and the 
decreased generation is the abandoned wind power multiply 
the cycle efficiency of pumped storage, and at this time the 
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replaceable units are still the units with higher unit coal 
consumption in peak load. The coal saving benefit brought 
by reducing the abandoned wind power is calculated as 
follows: 
 cs aban psce ccr=Q      (17) 

Where ηcs is the coal saving benefit brought by reducing the 
abandoned wind power; Qaban is the abandoned wind power; 
δpsce is the pumped storage cycle efficiency; ςccr is the coal 
consumption rate.  
 

 

Fig. 7. The Corresponding Coal Saving Benefits in Reducing the Capacity 
of Abandoned Wind Power 

The Fig. (7) above is corresponding to the coal saving 
benefit in two cases above, in which, the X-coordinate is 
year, and Y-coordinate is coal saving benefits (hundred 
million RMB). It’s found from Fig. (7) that the actual value 
of reducing the abandoned wind power and corresponding 
coal saving benefit is located between the red curve and blue 
curve. Seen from the results, the coal saving benefit of the 
saved abandoned wind power from pumped storage is 
positively related to the abandoned wind power. 

C.  Energy Conservation and Emission Reduction 
Benefit Analysis of Down Reservoir Small Hydropower 
under Pumped Storage Power Station 

In order to keep the head of the hydropower station 
always in vicinity of a certain rated value, it’s necessary to 
implement reasonable adjustment on upper and down 
reservoir of pumped storage power station, namely, release 
flood waters and drain in down reservoir in food season. In 
order to make full use of the remaining water from the down 
reservoir, where the down reservoir small hydropower 
station is built, which is not only used to generate, but also 
achieve the black start function, and produce black start 
benefit. 

The Table 1. below shows the energy conservation and 
emission reduction benefit of Guangzhou pumped storage 
down reservoir small hydropower, and according to the 
computing results of table, its benefit is considerable, set the 
year of 2013 as an example, the total generation of down 
reservoir small hydropower can save standard coal 
consumption of 456.26 tons, and the save cost is 410637.6 

RMB, as well as reduce CO2 emission of 1137.47 tons, thus 
has a significant benefit. 

TABLE 1. THE ENERGY CONSERVATION AND EMISSION REDUCTION 
BENEFITS ANALYSIS OF SMALL HYDROPOWER IN WIDE STORAGE POOL 

Year 

Small 
hydropower 
generation 

(ten thousand 
kWh) 

Conversion of 
standard coal 
consumption 

(t) 

Coal 
saving 
benefit 
(yuan) 

CO2 
emission 

(t) 

2009 83.16 299.38 269438.4 746.34 

2010 104.33 375.59 338029.2 936.34 

2011 72.67 261.61 235450.8 652.20 

2012 112.86 406.30 365666.4 1012.90 

2013 126.74 456.26 410637.6 1137.47 

2014 29.04 104.54 94089.6 260.63 

D.  Total Static Benefit Model of Energy Conservation 
and Emission Reduction 

The static benefit of energy conservation and emission 
reduction in pumped storage power station is mainly 
composed of the capacity benefit, the peak load shifting 
benefit, and the energy conservation and emission reduction 
benefit from saved abandoned wind power and small 
hydropower. It is shown as follows: 
 ecer static cb plsb sawpb shb= + +B B B B B.   (18) 

In above formula, Becer.static, Bcb, Bplsb, Bsawpb and Bshb is 
respectively the total static benefit of energy conservation 
and emission reduction, the capacity benefit, the peak load 
shifting benefit, the saved abandoned wind power benefit 
and the small hydropower benefit. Thus, Becer.static is total sum 
of Bcb, Bplsb, Bsawpb and Bshb. For the peak load shifting benefit, 
through which the single impact factor is analyzed to build a 
coal saving benefit sample set integrates each single factor, 
and then through the interpolation query modeling method, 
the peak load shifting benefit under different pumped storage 
capacity, peak valley ratio and electricity consumption can 
be solved. 

IV.  DESIGN OF COMPREHENSIVE ANALYSIS 

SOFTWARE FOR ENERGY CONSERVATION AND 

EMISSION REDUCTION BENEFIT OF PUMPED 

STORAGE POWER STATION 

The software is mainly designed to calculate the static 
total benefit of energy conservation and emission reduction 
of pumped storage power station, and the calculation is 
performed based on several factors, such as, the installed 
capacity, the whole electricity consumption of network, the 
peak and valley coefficient, the wind power installed 
capacity, and the pumped storage down reservoir small 
hydropower installed capacity of the pumped storage power 
station, and according to these factors, the energy 
conservation and emission reduction benefit of pumped 
storage power station in current working mode can be 
computed.  
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The software is designed based on Java language, and the 
MySQL database is used to manage the data. The software 
calls the Matlab algorithm program through the interface 
between the Java and Matlab, so that the good interface 
design function of Java and strong calculation ability of 
Matlab are integrated. The Fig. (8) below shows that the 
main interface of software, and it’s necessary to start the 
database initialization and import the data of MySQL 
database in first use. 

 

Fig. 8. The Main Interface of the Designed Comprehensive System for 
Energy Conservation Benefits Analysis of Pumped Storage Power Station 

After finishing database initialization, the parameters can 
be recorded and the benefit can be computed. The case of 
pumped storage of southern grid in flood season in 2013, for 
example, the maximum load of typical day is 117344MW, 
meanwhile the minimum value is 78552MW, the pumped 
storage capacity is 4200MW, the daily electricity 
consumption of typical day is 2.376 billion kWh, the wind 
power installed capacity is 4240MW, and the annual 
utilization hours of wind power is 1972h. Six parameters 
such as pumped storage installed capacity, maximum load of 
typical day, and minimum load of typical day, and so on, 
which are input into the software according to actual 
situation of pumped storage power station, which is shown in 
Fig. (9), after determining no errors, click the “save” 
and ”calculate” button, then each part of benefit such as the 
capacity benefit, the peak load shifting benefit, the saved 
abandoned wind power benefit and the small hydropower 
benefit can be calculated automatically, as well as the total 
static benefit, and is shown in Fig. (10). 

 

Fig. 9. The Parameters Input Interface 

It is computed from the software and seen from Fig. (9) 
and Fig. (10) that in capacity benefits of pumped storage, the 
investment benefit is 3.882 billion yuan per year; the fixed 
operation cost benefit is 0.273 billion yuan per year; the peak 
load shifting benefit is 11 million yuan per year; the standard 
coal saving benefit is 12.2 thousand tons per year; in case of 
enough spare capacity and surplus capacity of pumped 
storage, the benefit of saved abandoned wind power is 
respectively 0.238 billion yuan per year and 0.274 yuan per 
year, and the standard coal saving benefit is respectively 
264.9 thousand tons per year and 304.1 thousand tons per 
year; the energy conservation and emission reduction benefit 
of small hydropower is 1 million yuan per year, and saving 
standard coal is 1.1 thousand tons per year. The income of 
comprehensive total static benefit is 0.523 to 0.558 billion 
yuan per year, and saving standard coal is 278.1 to 317.3 
thousand tons per year.  

The computing results can be exported as Excel file and 
saved locally for subsequent query and statistics, which is 
shown in Fig. (11). 

In Fig. (10), it’s necessary to declare that the unit of “h 
million/yuan” means “hundred million/yuan”. 

 

Fig. 10. Comprehensive Benefits Calculation 

 

Fig. 11. The Excel Table Which Is Formed by the Calculation Results 
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V. CONCLUSION 

(1) The indexes data of energy conservation and emission 
reduction are compared in the thesis, and which is performed 
in case whether the system has pumped storage power 
stations. From two aspects of static benefit and dynamic 
benefit of pumped storage power station are respectively 
made analysis for energy conservation and emission 
reduction benefits.  

(2) The optimal load distribution model and peak load 
shifting benefit calculation model of pumped storage units 
are established in working and no working conditions. 
Meanwhile, the core benefit analysis model of energy 
conservation and emission reduction of pumped storage 
power station is built in the paper, and the software system 
based JAVA for benefit calculation of energy conservation 
and emission reduction of pumped storage power station is 
developed, which can be rapidly calculated according to the 
input of user data such as installed capacity and load 
condition, and so on, finally, the computing results can be 
produced as local Excel file. 

(3) The pumped storage power station can achieve goals 
of peak load shifting, frequency and phase modulation, and 
rotating reserve, based on comprehensive energy 
conservation and emission reduction efficiency analysis of 
pumped storage power station, the quality and reliability of 
power supply can be improved effectively, and the economy, 
stability and reliability of whole system as well as be 
improved. 
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