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 In modern civilization, the demand on uninterrupted supply of electricity has been 
increasing very rapidly. Hence, it is essential for power utilities to develop an efficient 
operating schedule for committed generation units in order to meet the power demand 
with satisfying all unit and system constraints. Power Dispatch Optimization (PDO) 
problems help to find such suitable operating policies. Minimization of fuel cost or 
amount of emissions or optimization of both fuel cost and pollutant emissions are the 
objectives of PDO problems. The PDO problems of hybrid power systems with 
renewable sources and energy storage facilities are suggested and discussed in this 
paper since the use of clean energy is essential for sustainable and environmentally 
acceptable energy supply system. Optimum dispatch can be achieved by extracting as 
much as renewable energy during its availability period and then using it for both 
available and unavailable periods with the aid of energy storage devices. MATLAB 
simulations are performed using IEEE-30 test bus data with 6 generators to illustrate 
the benefits of renewable energy storage in reducing the fuel cost and unwanted 
pollutants emissions. This strategy can help to bring sustainable and clean energy 
supply for civilization and to improve the urban environmental conditions. 
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INTRODUCTION 

 
  With the current trends in population growth, industrialization, urbanization, modernization and income 
growth, electricity consumption is expected to continue increasing substantially in years to come. World 
consumption of energy was about 84 million barrels per day (MBD) in 2008. According to International Energy 
Agency it will reach 113 MBD by year 2030. According to Executive Director for Exploration and Production 
for Royal Dutch, the world energy demand could even double by 2050 (Olz and Beerepoot, 2010; Parshall, 
2007). This implies that enormous new conventional and renewable power plants will be needed to meet the 
rapid growth of electricity demand. Well planned electricity management and operating policies are essential for 
these power plants in order to reduce the fuel cost and the amount of pollutants while meeting the demand. 
Electrical power generation is one of the major sources of pollutant emissions. Such emissions may increase the 
risk of climate change and global warming. Pollution control devices on fossil fuel based power plants and use 
of available renewable energy resources can help to reduce the amount of such unwanted emissions. Moreover, 
the operating policies for such hybrid plants to minimize the amount of emission along with the reduction of 
fuel cost are very important.  
 The existing energy production is not clean. About 63% of world electricity is obtained by burning fossil 
fuels; 40% of which is from coal-fired electric power stations. Most of the coal-fired power stations were built 
two decades ago and emit 80-85% of NOx generated by utilities (Palanichamy and Babu, 2002; Rahman and de 
Castro, 1995; Uzoije et al., 2012). Due to the increased cost and dwindling supplies of fossil fuels, awareness on 
carbon footprint and effect of global warming, the utilities have been forced to use renewable energy sources in 
hybrid power systems and to modify their operation strategies in order to reduce fuel cost, fuel demand, and 
atmospheric pollution by power plants.  PDO is a suitable tool for this purpose and it distributes conventional 
and renewable power production among the available power stations with optimum results. Economic Dispatch 
(ED) (Kennedy et al., 1983), Environmental Friendly Dispatch (EFD) (F. R. Pazheri et al., 2012a) and 
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Economical and Environmental Dispatch (EED) (Abido, 2003) are some of the important PDO methods that are 
discussed in this paper. Minimizing the fuel cost is the objective of ED problems while the minimization of 
pollutants emission is the objective of EFD.  The EED problem attempts to minimize both the fuels cost and the 
amount of emissions.  
 In traditional power dispatch problems only fuel cost minimization was considered (Kennedy et al., 1983) 
whereas, due to the environmental concern, the utilities are being forced to minimize the amount of pollutants 
emission as well while dispatching the power demand.  In reference (Gent and Lamont, 1971), minimum 
emission dispatch problem for thermal units using Newton-Raphson method was formulated. References (Basu, 
2005; Pazheri, Malik, Othman, and Babar, 2012a; Slimani and Bouktir, 2013) also reported some aspects of 
optimum power dispatch algorithms and methods to minimize the amount of both fuel cost and pollutants 
emissions, simultaneously. Analytical (Palanichamy and Babu, 2008) and stochastic (Shawet et al., 2012) 
methods for solutions for such multi-objective power dispatch problems can give optimal scheduling of the 
committed units. Earlier, most of power dispatch problems were formulated based on thermal units only (Abido, 
2003; Walters and Sheble, 1993) and the dispatch problems without considering the renewable power generation 
units were mainly focused. However, it is important to consider renewable sources as well due to the 
spontaneous growth of renewable power industry. The utilization of renewable power generation units along 
with thermal units helps to optimize both the fuel cost and the pollutants emissions in an efficient manner 
(Mondal et al., 2013; Brini et al., 2009).  
 Based on the objectives of the dispatch problems, ED and EFD are treated as single objective problems (F. 
R. Pazheri et al., 2012a; Gent and Lamont, 1971) while EED as a multi-objective problem (Shaw et al., 2012). 
The applicability of PDO becomes more effective in the areas that have high availability of renewable sources. 
Fuel cost for conventional production is not a big issue in countries like Saudi Arabia since these countries are 
blessed with abundant oil and natural gas resources. Hence the reductions of pollutant emission should be the 
main objective of power dispatch problems in such countries and EFD offers a suitable approach for this 
objective (F. R. Pazheri et al., 2012b). The uncertainty and variation of the renewable resources complicates 
PDO problems. Different methodologies were illustrated in several articles to overcome these challenges. One 
of the methods is to treat renewable power as a negative load and formulate the demand equation on this basis 
(Brini et al., 2009). The uncertainty in the availability of solar irradiation is less in high potential solar areas. 
Yearly average solar potential varies from 60 W/m2 at high altitude to 250 W/m2 in some desert area in the 
Middle East countries, Africa and Australia (Pazheri et al., 2012c).  Another renewable source i.e. wind also has 
uncertainty due to the availability of required wind speed. Installing a number of inter connected wind turbines 
in the passage of wind can improve the availability of wind power to some extent. Even though installing off 
shore wind turbines is a little bit complicated, it provides more efficient and steady wind speed than the on shore 
installations. 
 Energy storage technologies and renewable power generation methods being developed and widely used for 
clean power production. In such applications, the renewable generations and energy storage systems are 
effectively interconnected with the existing power plants. Energy storage technologies can ensure clean, secure 
and continues supply from more distributed renewable energy resources. Benefits of energy storage are briefly 
reported in reference (Rahim and Al-Baiyat, 2013: Eyer and Corey, 2010). Some of the energy storage systems 
are described in (Divya and Østergaard, 2009; Hall and Bain, 2008). Production and storage of renewable 
energy at off-peak times or at times when there would be a surplus of its availability and reuse of such stored 
energy during its unavailable periods will make the PDO optimization more effective and energy management 
system more useful, as shown in this paper. Thus, distributing the optimal values of renewable power 
throughout the operating periods instead of using them only during their available periods can help to reduce 
both the cost and pollution emission to some extent. However, such an approach will require using suitable 
energy storage devices.   
 We modified and formulated power dispatch problems to consider stored power for scheduling along with 
thermal and renewable power since most of the literatures formulated the dispatch problems with common 
constraints in presence of thermal and renewable power only. Moreover, the authors of this manuscript 
introduced and discussed some additional constraints due to the presence of storage facilities. We discussed 
PDO problems as single objective and multi-objective optimizations for hybrid power systems consist of 
conventional, renewable power generation units and storage facilities. In this manuscript we discussed several 
power dispatch optimization methods for such hybrid power systems in order to reduce fuel cost and pollutants 
emission. Modelling and analysis of single and multi-objective optimizations for minimizing fuel cost and 
pollutants emission are illustrated here and their optimum results are compared at various scenarios.    
 
Problem Formulation: 
 For problem at hand, the objective functions are minimization of fuel cost and reduction of the total amount 
of pollutant emissions. The constraints are formulated in the presence of both renewable and stored energies. 
The ED and EFD are single objective optimization problems which minimize fuel cost and amount of pollutants 
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emission, respectively. A multi-objective optimization problem either minimizes or maximizes more than one 
objective functions at a time and helps to find optimum results of these functions in association with linear and 
nonlinear constraints (Deb, 2005). EED is treated as multi-objective optimization problem since it minimizes 
both the fuel cost and the amount of emissions, simultaneously without violating the system and units 
constraints. 
The fuel cost function Ff (Pgi) in $/h is represented by a quadratic equation of the type (Sonmez, 2013); 

( ) 2
giigii

N

1i
igif PcPbaPF

g

++=∑
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                              (1) 

 In equation (3), ai, bi and ci are the cost coefficients for individual generating units, Pgi is the real power 
output of the ith generator and Ng is the number of generators. 
 The main emissions in thermal power plants are SO2 and NOx. The emission of SO2 depends on fuel 
consumption. Many factors such as the temperature of the boiler and content of the air determine the emission of 
NOx. In general, the emission Fe(Pgi) in ton/h of SO2 and NOx pollutants is a function of generator output power 
and can be expressed by an equation of the type; 
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where, αi, βi, γi, λi and δi are emission coefficients of the ith generating unit. 
 In this paper only solar and wind power are considered. The availability of both wind power as well as solar 
power is not constant over the 24 hour period. Thus, in the presence of such variability, our aim is to extract 
maximum amount of power from renewable sources during the available period (Ta) of Sun light. Some part of 
the renewable energy thus generated is stored using some storage devices. This stored energy is used during the 
unavailable period (Tu) of solar energy resources. 
 Assume that the total power demand is ( )t

DP whereas the power produced by the renewable sources is (Pr). 
Furthermore, let the stored renewable power be (Pst) during the available period Ta which is utilized in the 
unavailable period Tu.  Let Pdl be the power delivered from the storage facilities during the period Tu. Thus, the 
net actual demand ( )a

DP  can be expressed as; 

dlstr
t
D

a
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The constraints applicable for this case are as follows: 
• The power loss of the transmission system is positive, i.e., 
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•   where Bij, B0i and B00 are loss coefficients 
• To ensure power balance; 
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• The power output of the ith  generator is usually restricted by the lower limit min
giP  and the upper limit 

max
giP : 

max
gigi

min
gi PPP ≤≤ , i=1, 2…, Ng                     (6) 

  
• The amount of renewable power to be dispatched (Pr)d is limited to x times the actual demand in order to 
keep acceptable penetration of renewable sources into the network.  
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 In equation (9) Ps and Pw are the solar power and wind power respectively and x is the renewable energy 
penetration level. Here it is assumed that x ≤ 0.3 pu .    



221                                                                   Faisal Pazheri et al, 2013 
Australian Journal of Basic and Applied Sciences, 7(14) December 2013, Pages: 218-228 

 
• The stored power is the difference between the total power extracted from renewable sources (Pr)g and the 
dispatched renewable power during the period Ta. However, during period Tu, it must not exceed y times the 
total stored renewable power of the period Ta. Moreover, the average energy delivered by the storage facilities 
during Tu must not exceed the average energy stored during Ta. Thus:  
 

udlast TPTP ≤                                             (8) 
 
Where,  
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 The value of y decides the amount of power delivered during Tu period in order to guarantee that there is no 
fully discharge of stored power at this period. Its value depends on the length of storing and delivering periods 
and is high for higher storing and lesser delivering periods and vice versa. Hence it is proportional to the ratio of 

Ta to Tu and the power demand (y∝ a
D

u
a P

T
T ).                                  

Thus, PDO problems can be formulated as follows: 
 
ED Formulation: 
 The objective of ED problem is to minimize the fuel cost while extracting maximum power from the 
renewable sources while satisfying the applicable constraints. Thus we can write: 
             Minimize ( )( )gif PF  
                 Subjected to the constraints given in (4) – (10). 
 
EFD Formulation: 
 The main objective in EFD is to minimize the emission levels of polluting gases by extracting the 
maximum power from the renewable sources in order to meet the actual demand as in (5) without violating the 
applicable constraints. Therefore, the objective function is the emission of conventional generators given in (4) 
and the constraints are the same as given in (4) to (10).  
Thus, the EFD problem can be summarized as; 
              Minimize ( )[ ]gie PF  
                  Subjected to the constraints given in (4) – (10). 
 
EED Formulation: 
 The objectives of EED are to minimize both the fuel cost and the emission levels of pollutants using 
renewable sources and the storage devices.  Thus the objective function should include fuel cost and emission 
functions. EED problem can thus be summarized as; 
           Minimize ( ) ( )( )giegif PFPF ,  
                  Subjected to the constraints given in (4) – (10) 
 The simulations of PDO problems with the specified constraints are performed using Sequential Quadratic 
Programming (SQP) algorithm in MATLAB and the results are discussed next. 
 
 

RESULTS AND DISCUSSION 
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 The MATLAB simulations were carried out for PDO problems using the data of the 30 bus IEEE standard 
test system (Brini et al., 2009). Here, two case studies are discussed: Case A, during Ta period and Case B, 
during the Tu period. During Ta period, high intensity of solar radiation and wind power are available while in Tu 
period solar power is absent and only wind power is available. One must extract the maximum renewable power 
from these two sources during the Ta period. About 30% of the total demand is dispatched using this extracted 
renewable power while the remaining part of renewable power is stored. In Case B, both wind power and the 
stored power are available and due to the uncertainty of the wind speed, the dispatched amount of renewable 
power is less (e.g. about 10% of the total demand) when compared to case A. The amount of renewable power 
to be dispatched is calculated based on the data available from the Environmental Information Systems and 
Load Dispatch Centers and using some commercially available software package (Rahman and de Castro, 
1995).  Most of the high dense solar regions are blessed with daily solar irradiation for more than 10 hours. Here 
the duration of Ta is taken as 10 hours from 7am to 5pm and the remaining time is considered as the Tu period.  
 While analyzing the OPD problems, a significant amount of stored power is to be considered in order to get 
better results of optimization. If the value of stored power considered is very small then the benefit as reduction 
in pollutants emission and fuel cost during Tu period becomes negligible. Hence, the upper limits of the stored 
and the delivered powers are assumed as 2 pu and 0.75 pu, respectively. However from the obtained results, it is 
found that the highest value of stored power during the Ta period is in the range of 1.5 – 1.8 pu and that of 
delivered power during the Tu period is less than 0.7 pu. 
 Three sub cases considered were; (i) without renewable and storage, (ii) with renewable only but without 
storage and (iii) with both renewable and storage.  Let k

mC and k
mE  be the values of cost and emission per hour 

respectively, where m= N, R and RandS corresponding to these three sub cases and k =1, 2 and 3 for ED, EFD 
and EED problems respectively. The values of the fuel and emission coefficients used for simulations are given 
in Table 1. The values of loss coefficients are given as (Saadat, 2002); 
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 The lower and upper limits of generator output powers are assumed as; 
 

pu5.1Ppu05.0 gi ≤≤ ; i=1, 2, ….., 6                                                    (14) 
 
Table 1: Generator Cost and Emission Coefficients (Abido, 2013). 

 
Pgi 

Cost Emission 
a b c α β γ λ δ 

Pg1 10 200 100 4.091 -5.55 6.49 2x10-4 2.86 
Pg2 10 150 120 2.543 -6.04 5.64 5 x10-4 3.33 
Pg3 20 180 40 4.258 -5.09 4.57 1 x10-6 8.00 
Pg4 10 100 60 5.326 -3.55 3.38 2 x10-3 2.00 
Pg5 20 180 40 4.258 -5.09 4.57 1 x10-6 8.00 
Pg6 10 150 100 6.131 -5.55 5.15 1 x10-5 6.67 

 
Optimum Fuel Cost: 
ED Results: 
 When comparing fuel cost with and without the utilization of renewable power sources, the fuel cost per 
hour is always higher in case of dispatch without using any renewable sources. Since reasonable amount of 
renewable power production is available during Ta, therefore, the value of fuel cost/hour is less during this 
period. The use of renewable power during the period Tu reduces the fuel cost below the value of 1

NC while the 
use of stored power along with the renewable power during this period reduces the value of cost/hour almost 
equal to the values obtained during the period Ta. Fig. 1 shows the variation of fuel cost/hour with power 

demand. The fuel cost always increases with increase in the power demand. The ratio of 1
SRC &%∆  to 1

RC∆%   
is almost 0.75 during the period Tu for most of the demand range. Table 2 gives the results of ED problem with 
variation of load for 24 hours day and Fig. 2 shows the variation of percentage reduction in the cost with the 
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load demand curve. Almost 35 % of fuel cost is saved during Ta while this saving is less than 10 % during the Tu 
with renewable sources only. However, the % saving of fuel cost becomes more than 30% for peak demand 
during Tu with the use of both the renewable and the storage power. 
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Fig. 1: Variation of Cost with Demand for ED. 
 
Table 2: Results of ED Problems with Power Demands of 24 Hours. 

Time 
(h) 

t
DP  

(pu) 

Pg1 
(pu) 

Pg2 
(pu) 

Pg3 
(pu) 

Pg4 
(pu) 

Pg5 
(pu) 

Pg6 
(pu) 

(Pr)d 
(pu) 

Pst 
(pu) 

Pdl 

(pu) 
Cost ($/h) 

0 1.5 0.050 0.116 0.050 0.62 0.050 0.136 0.150 0.000 0.338 234.742 
2 1.0 0.050 0.05 0.050 0.429 0.050 0.050 0.100 0.000 0.225 177.971 
4 1.5 0.050 0.116 0.050 0.62 0.050 0.136 0.150 0.000 0.338 234.742 
6 2.5 0.050 0.195 0.236 0.773 0.220 0.230 0.250 0.000 0.563 363.31 
8 2.5 0.050 0.189 0.217 0.761 0.203 0.222 0.875 1.125 0.000 350.907 

10 3.0 0.050 0.222 0.318 0.824 0.296 0.261 1.050 0.95 0.000 416.493 
12 2.5 0.050 0.189 0.217 0.761 0.202 0.222 0.875 1.125 0.000 350.907 
14 3.0 0.050 0.222 0.318 0.824 0.296 0.261 1.050 0.950 0.000 416.493 
16 3.0 0.050 0.222 0.318 0.824 0.296 0.261 1.050 0.950 0.000 416.493 
18 3.5 0.078 0.264 0.451 0.905 0.418 0.320 0.350 0.000 0.710 511.692 
20 3.0 0.050 0.229 0.342 0.838 0.318 0.269 0.300 0.000 0.675 432.013 
22 2.0 0.050 0.162 0.131 0.708 0.122 0.190 0.200 0.000 0.450 297.517 
24 1.5 0.050 0.116 0.050 0.620 0.050 0.136 0.150 0.000 0.338 234.742 

 
EED Results: 
 Without the use of renewable sources, the fuel cost at a specified demand is high and increases with 
increase in the power demand while the use of renewable power during the period Ta and renewable and stored 
power during the period Tu reduces the cost. The variation of cost/hour with power demand for EED 
optimizations is same as the variation in ED optimization as shown in Fig. 2 It is clear from Fig. 2 that the cost 
for a demand of 3 pu with renewable only during the Tu period is almost 600 $/h and during the Ta period is 
almost 410 $/h while use of storage energy in the Tu period along with renewable power reduces this cost to 
around 425 $/h. But the amount of emissions in all these cases is almost 0.22 ton/h. The cost/hour for a specified 
demand always follows a relation such that 3

N
3
R

3
SR CCC <≤& . 

 
Optimum Pollutants Emission: 
 The characteristics of thermal plants considered here are such that the total amount of emission is high at 
the lower and the higher values of power outputs. Hence in EFD optimization, it is normally not advisable to use 
renewable power during the low power demand periods since the addition of renewable power during such 
times will further lower the net demand on the thermal units and hence will result in an increase in the pollutants 
emissions.  
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Fig. 2: Percentage change in Cost with daily Load Curve for ED 1. 1

RC∆% and 2. 1
SRC &%∆ and 3. Load curve. 

 
EFD Results: 
 The variation of emissions/hour with demand for EFD case is shown in Fig. 3.  The amounts of pollutant’s 
emission per hour in all cases are equal for low demand periods. However, for higher demand periods, 2

RE  

during Ta is almost equal to 2
SRE &  during the Tu period. Also, the emission per hour is related such that 

2
N

2
R

2
SR EEE <<&  at higher demands during the period Tu. The optimum values of emissions/hour for low 

demands are obtained without the use of renewable sources and the storage devices, while for higher demands it 
is obtained by using the renewable sources. In other words, adding renewable power for low demand periods 
increases the net emission whereas the increased use of renewable power during the higher demand periods 
reduces the net emission of pollutants. The power output of each generator unit with variation of load per day 
and corresponding amount of emissions are summarized in Table 3. The percentage change in emission with 
load curve is shown in Fig. 4. 
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Fig. 3: Variation of Emission with Power for EFD. 
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Table 3: Results of EFD Problems with Daily Power Demands. 

Time 
(h) 

t
DP  

(pu) 

Pg1 

(pu) 
Pg2 

(pu) 
Pg3 

(pu) 
Pg4 

(pu) 
Pg5 

(pu) 
Pg6 

(pu) 
(Pr)d 

(pu) 

Pst 

(pu) 

Pdl 

(pu) 
Emission 
(ton/h) 

0 1.5 0.248 0.300 0.247 0.185 0.248 0.282 0.000 0.140 0.000 0.211 
2 1 0.177 0.225 0.172 0.050 0.173 0.207 0.000 0.950 0.000 0.225 
4 1.5 0.248 0.300 0.247 0.185 0.248 0.282 0.000 0.135 0.000 0.211 
6 2.5 0.405 0.460 0.373 0.494 0.373 0.421 0.000 0.221 0.000 0.199 
8 2.5 0.406 0.456 0.372 0.499 0.37 0.423 0.000 1.812 0.000 0.199 

10 3 0.414 0.466 0.377 0.509 0.377 0.427 0.458 1.542 0.000 0.199 
12 2.5 0.406 0.456 0.372 0.499 0.372 0.423 0.000 1.812 0.000 0.199 
14 3 0.414 0.466 0.377 0.509 0.377 0.427 0.458 1.542 0.000 0.199 
16 3 0.414 0.466 0.377 0.509 0.377 0.427 0.458 1.542 0.000 0.199 
18 3.5 0.415 0.469 0.378 0.507 0.378 0.426 0.35 0.000 0.606 0.199 
20 3 0.415 0.466 0.377 0.509 0.377 0.427 0.253 0.000 0.205 0.199 
22 2 0.324 0.378 0.314 0.334 0.315 0.354 0.000 0.183 0.000 0.202 
24 1.5 0.248 0.300 0.247 0.185 0.248 0.282 0.000 0.140 0.000 0.211 

 

 
Fig. 4: Percentage change in Emission with Daily. 
Load Curve for EFD 
1. 1

RE∆% and 2. 1
SRE &%∆ and 3. Load Curve 

 
EED Results: 
 The variation of emission/hour with power demand for EED optimization is shown in Fig. 5. For low 
demands the amount of emissions when using the renewable power is slightly more than the amount of 
emissions produced without the use of renewable power sources. However for higher power demands, the 
amount of emission decreases with an increase in the demand when the renewable power is utilized.  In other 
words, at higher demands, the emission/hour follows the relation such that 3

N
3
R

3
SR EEE <≤& . 

 The optimum value of fuel cost in both ED and EED optimizations increases with an increase in the power 
demand and for a specified demand the utilization of renewable power, or storage power, or both along with 
thermal power outputs reduces this optimum value. In EFD optimization, the utilization of renewable power for 
dispatch is zero if the demand is less than 2.5 pu. Therefore, it is advisable to store maximum renewable energy 
during the low demand periods and use it during the peak load demand periods. However in case of EED 
optimization, the utilization of renewable power is essential at low demand in order to get best optimum 

solutions for both the fuel costs and the pollutants emissions simultaneously. The values of 3
SRC & and 3

SRE &  

during Tu period are almost equal to the values of 3
RC and 3

RE during Ta period for a specific demand. The 
results of EED problem for varying demand in an entire day are given in Table 4. The percentage reduction in 
cost and emission with load curve are shown in Fig. 6. The percentage savings of both the cost and the amount 
of emissions are increased at the peak load with the use of storage power along with the renewable power during 
the Tu period. 
 



226                                                                   Faisal Pazheri et al, 2013 
Australian Journal of Basic and Applied Sciences, 7(14) December 2013, Pages: 218-228 

 

0.5 1 1.5 2 2.5 3 3.5 4
0.2

0.25

0.3

0.35

0.4

0.45

Power Demad (pu)

Em
iss

io
n 

(to
n/

h)

 

 
EN

3

ER
3 (during Ta)

ER
3  (during Tu)

ER&S
3  (during Tu)

 
Fig. 5: Variation of Emissions with Power Demand for EED. 
 
Table 4: Results of EED Problems with Daily Power Demands. 

Time 
(h) 

t
DP  

(pu) 

Pg1 

(pu) 
Pg2 

(pu) 
Pg3 

(pu) 
Pg4 

(pu) 
Pg5 

(pu) 
Pg6 

(pu) 
(Pr)d 

(pu) 

Pst 

(pu) 

Pdl 

(pu) 
Cost 
($/h) 

Emission 
(ton/h) 

0 1.5 0.050 0.116 0.050 0.620 0.050 0.136 0.150 0.000 0.338 234.742 0.239 
2 1 0.050 0.050 0.050 0.429 0.050 0.050 0.100 0.000 0.225 177.971 0.246 
4 1.5 0.050 0.116 0.050 0.62 0.050 0.136 0.150 0.000 0.338 234.742 0.239 
6 2.5 0.050 0.195 0.236 0.773 0.220 0.230 0.250 0.000 0.563 363.31 0.222 
8 2.5 0.050 0.189 0.217 0.761 0.202 0.222 0.875 1.125 0.000 350.907 0.223 

10 3 0.050 0.222 0.318 0.824 0.296 0.261 1.050 0.950 0.000 416.493 0.218 
12 2.5 0.050 0.189 0.217 0.761 0.202 0.222 0.875 1.125 0.000 350.907 0.223 
14 3 0.050 0.222 0.318 0.824 0.296 0.261 1.050 0.950 0.000 416.493 0.218 
16 3 0.050 0.222 0.318 0.824 0.296 0.261 1.050 0.950 0.000 416.493 0.218 
18 3.5 0.078 0.264 0.451 0.905 0.418 0.310 0.350 0.000 0.750 511.692 0.216 
20 3 0.050 0.230 0.342 0.838 0.318 0.269 0.300 0.000 0.675 432.013 0.218 
22 2 0.050 0.162 0.131 0.708 0.122 0.190 0.200 0.000 0.450 297.517 0.23 
24 1.5 0.050 0.116 0.050 0.630 0.050 0.136 0.150 0.000 0.338 234.742 0.239 

 

 
Fig. 6: Percentage change in Emission and Cost with Daily Load Curve of EED. 
 1. Load Curve, 2. 1

RC∆% , 3. 1
SRC &%∆ 4. 1

RE∆% and 5. 1
SRE &%∆  

 
Discussion: 
 For sustainable and environmentally acceptable energy supply system, the use of renewable and clean 
energy is essential. Hence, power dispatch optimization for a hybrid power system with renewable sources and 
energy storage facilities have to ensure most reliable, economic and environmental friendly dispatch while 
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managing the supply of available fuels. The selection of PDO problems depends on the availability of fuel 
sources as well as the priority of the objectives. The amount of fuel cost obtained from ED and EED problems 
are the same while the amount of pollutants emissions from EFD problem is always less than the amount of 
emissions from EED for a specific value of the demand. If any country is facing high shortage of electricity due 
to the deficiency of fuel availability, then ED is the option for scheduling the generation. Due to the carbon 
footprint, high cost and dwindling supplies of fuel, most of the countries have the objectives of reducing both 
the fuel cost and the net amount of emissions while meeting the power needs. EED is the best tool for such a 
dispatch. For countries which are blessed with renewable and non-renewable energy sources and have the main 
objective of reducing the amount of pollutants emissions only, EFD is the best option. 
 
Conclusion: 
 For sustainable and environmentally acceptable energy supply system, the use of renewable and clean 
energy is essential. Hence, power dispatch optimization for a hybrid power system with renewable sources and 
energy storage facilities have to ensure most reliable, economic and environmental friendly dispatch while 
managing the supply of available fuels. The selection of PDO problems depends on the availability of fuel 
sources as well as the priority of the objectives. The amount of fuel cost obtained from ED and EED problems 
are the same while the amount of pollutants emissions from EFD problem is always less than the amount of 
emissions from EED for a specific value of the demand. If any country is facing high shortage of electricity due 
to the deficiency of fuel availability, then ED is the option for scheduling the generation. Due to the carbon 
footprint, high cost and dwindling supplies of fuel, most of the countries have the objectives of reducing both 
the fuel cost and the net amount of emissions while meeting the power needs. EED is the best tool for such a 
dispatch. For countries which are blessed with renewable and non-renewable energy sources and have the main 
objective of reducing the amount of pollutants emissions only, EFD is the best option.  
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