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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 

The purpose of this work is to analyse the performance of a novel system for combined heat and power (CHP) generation in 
small-scale applications. The system is based on an Organic Rankine Cycle (ORC) fed with biomass and a photovoltaic (PV) 
unit. The ORC and PV sub-systems operate in parallel to produce the required electrical energy. A preliminary investigation is 
performed to define the proper size of the photovoltaic unit. Afterwards, the analysis is focused on the hybrid system and a 
comparison between the two configurations is carried out. 
This work demonstrates the potential for integrating biomass and solar energy resources: during daylight, solar radiation is 
significant and the ORC system can be switched off or operated at partial load. Furthermore, the adoption of biomass makes it 
possible to overcome the intermittency of solar resource, increase the self-consumed electrical energy, and produce thermal 
energy, thereby saving natural gas for heating purposes. 
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Nowadays, the combined heat and power (CHP) production is considered an efficient alternative to conventional 
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Nomenclature 

A area (m2) 
G  solar irradiance (W/m2) 
I current (A) 
Pel electric power (W) 

 thermal power (W) 
V voltage (V) 
η efficiency 

 
systems with separate electric and thermal generation owing to the higher energy efficiency and saving capability 
and to the lower pollutant emissions [1]-[2]. In this context, the integration of biomass-fired Organic Rankine Cycles 
(ORCs) and photovoltaic systems (PVs) represent an interesting solution for small-scale CHP applications, capable 
to overcome the stochastic nature of the solar source. Specifically, ORC systems present different advantages 
compared to conventional installations due to their lower maintenance requirements, better partial load performance, 
faster start-up and stop procedures, higher flexibility and safety [3]-[4]. In this framework, energy systems 
hybridisation appears to be a very innovative and efficient solution, able to assess larger operation flexibility and 
lower costs [5]-[7]. In particular, there is significant potential for integrating solar and biomass resources: during 
daylight the solar radiation is high and the ORC system can be fuelled with a low amount of biomass. Furthermore, 
the adoption of biomass satisfies the energy demand also when the solar radiation is absent or insufficient.  

Nevertheless, few investigations on this topic have been documented in literature and further studies are 
necessary [8]. The present work aims at analysing the energy performance of a hybrid ORC/PV system for domestic 
applications. The two sub-systems operate in parallel to produce electrical and thermal energy. The investigated 
concept may offer interesting opportunities to achieve the Nearly Zero Energy House (NZEH) target in the 
residential sector and to overcome the energy “trilemma” of affordability, supply security, and environmental 
protection. 

2. Methodology 

The work aims at analysing the performance of an innovative hybrid energy system for domestic micro-scale 
combined heat and power (CHP) generation. Figure 1 shows the simplified scheme of the proposed system that 
consists of a biomass-fired Organic Rankine Cycle (ORC) and a photovoltaic (PV) unit. Solar PV is the primary 
energy source while the ORC works when the solar radiation is not sufficient to satisfy the electric demand of 
domestic users. Furthermore, electrical energy can be exchanged with the grid and an auxiliary boiler is used to 
cover the thermal demand if the CHP output is low. 

2.1. Biomass-fired ORC model 

The Organic Rankine Cycle consists primarily of a pump system, an evaporator, an expander, and a condenser. 
The pump supplies the organic fluid to the evaporator, where the fluid is preheated and vaporised. The vapour flows 
into the expander where it is expanded to the condensing pressure and then, it is condensed to saturated liquid. A 
biomass boiler provides the energy input to the evaporator through a thermal oil circuit in order to avoid local 
overheating and to prevent organic fluids from becoming chemically unstable.  

A thermodynamic model has been developed to characterise the performance of the biomass ORC section. More 
details can be found in literature [9]-[11]. The REFPROP database [12] has been integrated with the energy model 
to define the thermodynamic properties of the organic fluid. For the analysis, a steady state condition has been 
assumed, while pressure drops and heat losses in the system components have been neglected.  
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Fig. 1. Simplified scheme of the hybrid CHP system.  
 
The ORC electrical and cogeneration efficiency have been evaluated as follows [13]-[15]: 
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where Pel is the ORC electrical power output; 
 thQ!  is the thermal input of the biomass boiler. 
 cogQ!  is the thermal power from the condensation process used for cogeneration; 
 ηth,ref is the reference efficiency of a conventional boiler that is used to produce cogQ!  

separately. 
 ηcog is the cogeneration efficiency 

Toluene has been selected as working fluid for the ORC unit due to its high operating temperatures, consistent 
with the requirements of biomass systems [16]-[17]. 
The investigation has been carried out considering saturated conditions at the expander inlet. Table 1 shows the 
critical temperature and pressure of the selected organic fluid, and the operating conditions assumed in the 
investigation. In particular, the condensation temperature has been set to 80°C in order to satisfy the thermal request 
of domestic users [18]-[19]. Minimum evaporation temperature has been set to 150°C while the maximum value of 
300°C has been chosen to avoid the presence of liquid during the expansion phase. This depends on the slope of the 
saturated vapour curve in the T-s diagram [20]. Table 2 summarises the main assumptions used for the parametric 
energy analysis. Specifically, the expander and pump efficiencies have been set to 0.70 and 0.60 respectively and 
the global efficiency of the heating process (from biomass to organic fluid through the thermal oil circuit) is 0.85, 
according to the literature [19],[21].  
Figure 2 highlights the behaviour of the ORC section at full and partial loads in terms of electric and thermal 
efficiency and power, as a function of the evaporation temperature. Results show the progressive increase in 
performances with the maximum temperature [22]-[24]. In particular, the nominal power (14.1 kWel and 70.5 kWth) 
corresponds to the maximum thermal level (337 °C) while minimum ORC power is found at 150 °C (5.7 kWel and 
55.6 kWth). At 150°C the electrical and cogeneration efficiencies are 8.4% and 81.1%, respectively, while the 
corresponding values reach 14.6% and 82.6% at the maximum evaporation temperature (300°C). 
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