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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 

Micro Gas Turbines (mGTs) offer great potential for use in co-, tri or polygeneration applications. In these applications, where the 
heat from the exhaust gases is used in an efficient way, the mGTs achieve very high efficiencies. To be able to determine the 
number of units, the nominal parameters of the units and the specific operating strategy of the mGT, it is key to know precisely the 
performance of these units. Generally in co-, tri- or polygeneration applications with mGTs, this performance is considered to be 
known and fixed, and is therefore directly used to determine the operational strategy of the network, possibly linked with an 
economic analysis. In real world operating conditions, the parameters characterizing the operation of the mGT are measured with 
uncertainties. Depending on the model sensitivity to input parameters, these uncertainties may have a tremendous effect on the 
performance of the mGT. These uncertainties should be taken into consideration by the designers in an early stage of the design 
process to achieve a so-called robust design. In this paper, we present the operational optimization of a typical mGT, the Turbec 
T100 mGT, using a deterministic approach. In this approach, the parameter uncertainties are not taken into account, however, it is 
an important first step towards a full robust design, since it will set the reference. By varying Turbine Outlet Temperature (TOT) 
and compressor rotational speed, a Pareto front for maximal electrical power output and electrical efficiency is found. The two 
objectives are conflicting, making that the maximal electrical efficiency cannot be reached at maximal electrical power output. The 
results of this optimization will be used in our future study on the design optimization under uncertainties. 
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1. Introduction 

Due to their rather low electrical efficiency (~30%), micro Gas Turbines (mGTs) are mostly used in co-, tri- or 
polygeneration applications. In these applications, where there is a specific need for heat and the remaining heat in the 
exhaust gases can be used efficiently, the mGTs achieve very high total efficiencies (>80%), making them profitable. 
Therefore, mGTs are considered as a valuable option as primary energy converter, by many researchers, in integrate 
energy networks with a clear power and heat demand. Several examples of the different usage of mGTs as common 
electricity and heat source in these networks are available in literature. Pilavachi [1], Kaikko et al. [2], Katsigiannis 
and Papadopoulos [3], Nikpey et al. [4] and Caresane et al. [5] studied the use of mGTs in typical cogeneration 
applications for heat production. Alternative integrations, like Bruno et al., using a mGT as power source in 
combination with a desalination plant, which absorbs the generated heat [6] and Ho et al., studying the performance 
of an mGT CHP system with absorption chiller, where the heat is used to provide cooling [7], are other typical 
examples of studies on mGTs integrated in polygeneration networks. 

When designing these networks, typically, the number of Combined Heat and Power (CHP)-units (in this case: 
numbers of mGTs), the nominal power output and the operation strategy (heat or power load following) of the specific 
units need to be determined. Several examples of studies proposing different strategies can be found in literature. 
Carpaneto et al. presented a study on the planning of cogeneration under load uncertainties, using mGTs [8, 9]. Similar, 
Sanaye and Ardali also determined the optimal number of mGTs in a cogeneration system [10]. Campanari and Macchi 
performed simulations to optimize the operation of the mGT used for trigeneration applications [11, 12]. Depending 
on the study, the load profiles are considered with or without taking into account possible uncertainties on the future 
heat and power demand. On the other hand, all of the studies use a specific given full and part-load operation 
performance profile of the mGT, which is considered to be fully known and fixed.  

In real world operating conditions, the thermodynamic parameters determining the mGT and its performance are 
also subject to uncertainties, which will have an effect on the operation. Depending on the sensitivity of the model to 
input parameters, these uncertainties may have a tremendous effect on the performance of the mGT, which, in turn, 
will affect the number of units, the nominal power output and especially the operational strategy. It is thus essential 
for the designers of these networks to consider, next to the uncertainties on the load profiles, also the uncertainties in 
model parameters from the early stage of the design process in order to achieve a so-called robust design, i.e. a design 
that is insensitive to natural variations of input variables. This is a quite challenging task, especially when the number 
of variable is high and/or when the computational model is costly-to-evaluate. However, before such a full robust 
design of the mGT operation can be performed, an essential initial step is the optimization of the mGT operation 
without considering these uncertainties. This optimized performance will then be used as reference case for the future 
optimization under uncertainty quantifications [13].  

In this paper, we present thus the deterministic optimization of a typical mGT operation. This optimization, based 
on a classical multi-objective deterministic approach, where no uncertainties are taken into account, is, as mentioned 
before, an essential first step towards a robust design of the mGT and to a further extend the cogeneration network. A 
numerical model of the Turbec T100 mGT is constructed in Aspen Plus and its operation is optimized. The objectives 
of the optimization are maximizing electrical power output and efficiency by changing Turbine Outlet Temperature 
(TOT) and rotational speed within their boundaries. For the optimization, a multi-objective deterministic optimization 
method, the so-called Non-dominated Sorting Particle Swarm Optimizer (NSPSO) is used. In the following sections, 

Nomenclature 

CAF Corrected Air Flow  
mGT micro Gas Turbine 
NSPSO Non-dominated Sorting Particle Swarm Optimizer 
TIT Turbine Inlet Temperature 
TOT Turbine Outlet Temperature 
VUB Vrije Universiteit Brussel 
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