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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

Optimal Generation of power in the electricity market by the stochastic search technique- Particle Swarm Optimization (PSO) is 
attempted in this paper. When all the market operators specify the format for submitting the rids of the supplies, the prominent one and 
the prominent one the most common format is the piecewise linear model. While, in a simple and distinct bidding mechanism, the merit 
order dispatch is sufficient to find the optimal schedule, the complexity in bidding of multiple supplies especially with nonlinear pattern 
calls for intelligent and stochastic search mechanism for the solution. This is an attempt to show the effect on market prices due to some 
of the parameters involved in bidding linear and quadratic smooth and non-smooth, merit order and stochastic approaches.  The 
problem is illustrated using a simple market model (PJM) with five generators. 
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1.1. Introduction 

Power Systems all over the world has undergone a transformation from the regulated, state controlled service 
industry to a deregulated free trade market with both generators and consumers as participants. This drastic change 
had introduced several issues in the scheduling of power,   especially to the system operator. The electricity markets 
specify the format for submitting the bids/offers of the suppliers/consumers to the power exchange or the market 
operator. This information is used in the optimization function to determine the optimal set of generation and 
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demand for each interval.  
      Conventional generators played the major role in electricity trading during the past decade. Modern 

techniques in non-conventional generation have eventually made the distributed energy resources (DER) also 
eligible for competing with the bulk generators. These distributed generators have non-smooth cost functions. With 
the new paradigm shift to a smart grid, the problem becomes more complex.         

 The economic dispatch (ED) is the important function of the market operator. A bibliographical survey on ED 
methods reveals that various numerical optimization techniques have been employed in solving the problem [4-5]. 
ED is solved traditionally using mathematical programming based on optimization techniques like lambda iteration 
and gradient search. Economic dispatch with piecewise linear cost functions involves heuristic, approximate and 
complex mathematical approaches [6-7]. 

             Solution of ED with multiple constraints is solved using stochastic methods. Some of them are genetic 
algorithm (GA), evolutionary programming (EP), dynamic programming, tabu search, hybrid EP, neural network, 
adaptive Hopfield neural network and Particle swarm optimization [8-9]. 

                 Intelligent methods are iterative techniques that can search not only local optimal solutions but also a 
global optimal solution depending on the problem domain and execution time limit. These are general-purpose 
searching techniques based on principles inspired by the genetic and evolution mechanisms of natural systems and 
population of living beings. These methods have the advantage of searching the solution space more thoroughly. 
The main difficulty is their sensitivity to the choice of parameters. Among intelligent methods, PSO is the simplest 
and promising. It requires less computation time and memory. Standard values are used as parameters. 

Economic dispatch is carried out in an electricity market in the absence of market participation by the consumers. 
When the demand function appears in the problem in the form of offers, the optimization becomes more complex. 
Moreover, the bidding of renewable and distributed energy sources at multiple stages will certainly lead to an 
integrated approach involving bids and offers with nonlinear optimization. Significance of the current technique is 
more relevant for such a situation.   

          In this paper the Particle Swarm Optimization (PSO) is proposed as the technique for economic load 
dispatch in de-regulated environment. The data of 7 bus test system with five generating units has taken to which 
PSO with different population is applied and compared. The method of optimization using PSO is given in section 2. 
The simulation details are demonstrated in section 3. Section 4 compares the result of PSO and the merit order 
dispatch and section 5 conclude the paper. 

 
2. Problem Formulation 
2.1. Quadratic Cost Function for ED Problem 

 
              If Ci is the bid of a generator in dollars, of producing power in the generator unit i, the total controllable 
system production cost therefore will be           

    . 
              The generated real power Pgi accounts for the major change in Ci. The individual real generation are raised 
by increasing the prime mover torques, and this requires an increased expenditure of fuel. The reactive generations 
Qgi do not have any measurable influence on Ci because they are controlled by controlling by field current. The 
individual production cost Ci of generators unit i is therefore for all practical purposes a function only of Pgi, and for 
the overall controllable production cost, we thus have           

            
    . 

 
Assuming thermal generators or bid function supplied by the generator is quadratic in nature.  
                  Then, Objective function is             

 
     

There are two types of constraints 
          i) Equality constraints 
         ii) Inequality constraints 

           The inequality constraints are of two types (i) Hard type and, (ii) Soft type. The hard type are those which are 
definite and specific like the tapping range of an on-load tap changing transformer whereas soft type are those which 
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