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the constraints

Load or demand side management (DSM) has been
considered as an effective tool for power system
operation and management. This paper presents a
load management scheme using integrated
economic, emission and economic/ environmental
power dispatch algorithms for generation cost and
emission reduction. The algorithms have been
implemented using Matlab optimization toolbox
and tested on a 5-bus, 3-generator system. The
simulation results are presented, compared and
discussed for different scenarios with different
levels of load management. The results show that
load management can help reduce generation
costs and emissions.

ABSTRACT 

Various techniques have been proposed to reduce
the negative environmental impacts of increasing
electricity generation. Emission sensitive power
dispatch is an important method for reducing
emissions due to electric power generation.

Load management also shows great potential in
reducing emissions due to electric power
generation [1]. As intelligent appliances and plug-
in hybrid electric vehicles (PHEV) enter the
market and smart meters are increasingly
deployed, more residential loads become
controllable. Large electricity consumers also
show great interest in DSM for emission reduction
[1].

A load management integrated economic/
environmental dispatch (LMIEED) algorithm is
presented to explore joint optimization strategies
to reduce emissions and cost for power systems.

Though DSM methods can reduce the total electric
energy consumption through efficiency
improvements, it is assumed that the load
management will not change the total electricity
consumption in a given period of time (e.g., a
day).

The optimization problems of load management
integrated economic dispatch, emission dispatch,
and economic/emissions dispatch (EED) will be
addressed respectively.

OBJECTIVES 

Load Profile Management Integrated Economic 
Dispatch: 

 
 

Constraints: 

METHODS 

Load Management Integrated Economic Dispatch: Fig. 3
shows the overall generation cost of the system at
different levels of load management in the 24-hour
simulation period. The generation cost is reduced as a
greater portion of the load is controllable.    

The results also show that when the controllable load
reaches approximately 30%, the generation cost saving
is maximized (�max = 0.30). Thus, for this simulation,
the controllable load saturation level is 30%. Even if
more loads were controllable, no additional cost
savings will result.

Based on the cost model given in Table I, the load
management can reduce generation cost by around
0.7%. The emission versus load management is also
given in the Fig. 2. It can be seen that emissions can
rise while the objective is only targeted for cost
reduction.

Fig. 4 shows the total generation profiles over the 24
hour simulation period for the case of no load
management ��max = 0) and the scenario when ���� =
0.20.

Load Management Integrated Emission Dispatch: Fig. 5
shows the overall NOx emission of the system at
different levels of load management in the 24-hour
simulation period. It can be seen from the figure that
the load management helps further reduce emissions
about 4.4%,

Similar to the economic dispatch, when the level of
controllable load exceeds 25% ��max = 0.25), the
emission reduction reaches its saturation point.

CONCLUSIONS 
Load management integrated economic, emission,

and economic/environmental dispatch algorithms
were formulated in this paper. The algorithms
were implemented using Matlab optimization
toolbox and tested on a 5-bus, 3-generator
system. The simulation results show that the load
management can further reduce system
generation costs and emissions. For all the three
cases of economic, emission, and economic/
environmental dispatch, the results show that the
effect of load management reaches capacity
when the level of load management is 25%.

In the future this work will be extended to include
the optimal water pumping schemes responsible
for the energy demand. Accordingly, one of our
initial tasks is to integrate the hydraulic models
of water delivery system into the EED of electric
power. The pumping load of DWSD will be
investigated as an example to further explore and
verify the proposed LMIEED algorithms for
emission and cost reduction due to electric power
generation.
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Load Management Integrated Economic/Environmental Electric Power Dispatch 

        Fig. 1. Diagram of the test system.                          Fig. 2.  Hourly demand pattern                           Table I. Cost & Emission Model Parameters 

the constraints

Load management integrated power dispatch algorithms have been implemented using the Optimization
Toolbox in Matlab. The algorithms were tested in a 5-bus system with 3 generators [2]. (Fig. 1)

the constraints

Fig. 5.  Cost and Emissions result for emission dispatch 

Fig. 4.  Hourly generation for the  two scenarios 
of �max = 0, and �max = 0.2.  

Fig. 3.  Cost and Emissions result for economic dispatch 

RESULTS (CONTINUED) 

Load Management Integrated Economic/ 
Environmental Dispatch: The independent goals of 
cost minimization and emission minimization may not 
yield a singular, optimal point of operation. The EED can 
provide a Pareto front, which can be used to find a 
range of operating conditions that lead to varying levels 
of both cost and emission minimization.
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Fig. 6.  Pareto front curves of the system under 
different levels of load management. 

Generation Cost, Emission  and Load Models 

Cost: 

NOx Emission: 

Load Profile  
Management: 
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RESULTS 

Unit No. 
Cost Model 

PG,max PG,min ai bi ci 

1 150   40 70.81 4.88 0.00135 

2 130   35 96.13 4.56 0.00522 

3 120   35 225.95 6.25 0.00335 

Emission Model Parameters 

�i �i �i �i �i 

1 4.073 -5.112 5.534 2.1×10-3 3.875 

2 3.216 -5.542 6.123 5.2×10-4 4.223 

3 3.775 -4.521 5.785 6.5×10-3 4.756 

Load Profile Management Integrated Emission 
Dispatch: 

 

Load Profile Management Integrated Eco/Emi 
Dispatch: 
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