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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 

This work proposes a hybrid system based on a micro-gas turbine plant integrated with a solar field either to provide a 
part of the heat addition or to totally replace the combustor in the case that the only solar heat input is enough to ensure 
that the working fluid reaches the turbine inlet temperature. The system can operate in a pure combustion mode when 
solar irradiance is weak or completely absent during some hours in the day or seasons. The analysis is based on the 
simulation of the overall plant by the Thermoflex software, a modular program that allows assembling model with several 
components. 
In particular, many calculations have been performed to simulate the solar-assisted cogenerating plant in different 
operating conditions in order to identify the optimum sizing of the solar system which reduces the annual costs or the fuel 
consumption and, consequently, the CO2 emissions. Numerical results are compared with the data available from 
standard micro gas turbine plant. Finally, an economical evaluation by calculation the SPB (simple pay back) is obtained 
for all test cases to evaluate the benefit from Italian State incentives. 
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1. Introduction 

The climate change, the depletion of fossil fuels and rising electricity costs have become vital issues requiring 
investigations to increase the share of employment of renewable sources in the energy production systems. Among 
the various CSP technologies, over the last ten years, solar tower technology has gained considerable development. 

In a solar tower system, the power collected from the elliptical field is strictly dependent on the height of the 
tower and its position with respect to the field. It is also to be specified that the best projects are strongly affected by 
the cost of the receiver, the charging rate and the maximum receiver temperature used. In [1] an example of a new 
procedure, with a fully thermo-economic optimization for the design of the collector field of an actual SPT system, 
is presented. Hybridization is a newly proposed concept in which solar thermal energy provides a portion of the 
required thermal input instead of fossil fuels and natural gases [2]. Storage and intermittency concerns regarding 
solar energy make hybridization a viable solution to increase renewable energy share in power generation Actually, 
the current level of maturity limits the contribution of solar energy due to intermittent and storage problems. 

Thermal systems, which are generally designed and analyzed based on the nominal design point, given the 
intermittence of the radiation, will operate for most of the year well above or below the nominal operating point. 

It is worth-noting that if a latent heat accumulator is used, the incoming temperature of the receiver can vary 
without problems, but presently there is a clear lack of knowledge on how to handle off-design conditions in terms 
of developing appropriate control strategies to maximize the heat output of the receiver and its operating range. The 
study [3] investigated two control strategies - a fixed receiver flow rate (FF) and fixed receiver outlet temperature 
(FT) - for their off-design performance in each of two off-design operational modes (storage and non-
storage). Solar field utilization (SFU) is variable in non-storage mode, but in the storage mode, it is whether variable 
or fixed at design point. Esmail and Mokheimera [4] provide an investigation into the technical and economic 
feasibility of a CSP plant with the integration of a gas turbine equipped with a cogeneration plant which is 
progressively installed in Saudi Arabia. Different designs of hybrid solar/fossil fuel gas turbine cogeneration systems 
have been proposed. A solar tower plant is considered with linear parabolic collectors and Fresnel reflectors coupled 
respectively to a gas turbine plant. For each of these CSP alternatives, the mass flow rate and the inlet temperature of 
the turbine are considered to be constant as to generate electricity. A software was used to analyze the performance 
of the plant. As far as the economic technical comparison is concerned, reducing the CO2 emissions. The new model 
presented by M.J. Santos et al [5], evaluates radiation variations and environmental conditions, considering the solar 
part running only when the radiation is fairly high. A combustion chamber tries to keep the temperature constant at 
the turbine inlet in order to obtain a constant output power. The performance of the entire plant is written as a 
combination of the thermal performance of the heat exchanger and the required heat exchanger. Numerical 
values of model input parameters are taken from a central tower installation recently developed near Seville, Spain. 
Research findings show that the hybrid has the right potential to generate a stable power with consumption and, 
consequently, reduced emissions. Real data for irradiance and external temperature are taken in hourly terms. 

The OMSoP project [6], funded by the European Commission, aims to use a Brayton cycle with a gas 
microturbine replacing the more conventional Stirling engine in order to increase the relationship between the 
electric power generated by the collected solar energy and improving the operability in relation to solar energy short 
time fluctuations. The work deals with the activities carried out so far by ENEA, which is principally involved in the 
development and experimental characterization of the dish component, and in the integration of the complete system, 
both in terms of modeling and realization. In [7] the authors find similar behaviors of the two solutions at the same 
area as the solar collectors, by comparing the behavior of a hybrid solar gas turbine cycle, in which the compressed 
air exiting the compressor is sent to the solar tower before entering the combustion chamber, and a combined cycle 
coupled with a linear parabolic collector. They evaluated the performance of the plants under real operating 
conditions due to the use of commercial software. The interest in solar-turbine (HSGT) turbine systems in solar 
tower systems is growing. This is due to the high conversion efficiency and low water consumption that is obtained 
when a combined cycle is implemented. J. Spelling et al. [8] have developed a dynamic simulation model of a solar-
hybrid system with the aim of determining its thermodynamic and economic characteristics. The end is to determine 
the optimal design by minimizing the cost of energy and CO2 emissions. The simulated plant has a power of 15 MW 
which must reach the different solar irradiation conditions. The solar-gas turbine hybrid solution is the best solution 
to reduce CO2 emissions from an open gas turbine cycle. As a result, the energy cost of the energy has a slight 
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