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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 

Supermarkets are recognized worldwide as great energy consumers, especially in developed countries. Typically, energy 
consumptions are due to cold, heat and electricity requirements. So a Combined Cold, Heat and Power (CCHP) system (also 
called trigeneration system) can be used to reduce energy demands and, hence, greenhouse gas emissions to the atmosphere. In 
this way, this work proposes a small-scale Organic Rankine Cycle (ORC) CCHP application in a supermarket. The ORC has 
been designed to be used with a biomass boiler, and to produce electricity and useful heat at two different temperature levels 
related to an absorption chiller and supermarket heating demand. 

With this in mind, this work conducts the experimental characterization of the CCHP system in a test bench. Thereby, the 
experimental results obtained are used to predict the expected performance of the system under the supermarket conditions, as 
well as to quantify the energy, environmental and economic benefits of the application. 
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1. Introduction 

Supermarkets and retail food stores are recognized worldwide as great energy consumers, especially in developed 
countries. According to Tassou et al. [1], retail food outlets in the UK are responsible for around 3% of total 
electrical energy consumption, and 1% of total greenhouse gas emissions. In particular, cooling and heating 
demands are the most representative energy consumptions in supermarkets, accounting for 64% over the total (46% 
refrigeration and 18% heating, ventilation and air conditioning systems) [2]. 

Trigeneration systems are proven as a solution to reduce energy demands and to save greenhouse gas emissions 
[3]. Therefore, the use of Combined Cold, Heat and Power (CCHP) systems in supermarkets is receiving an 
increasing attention. In this way, Marimón et al. [4] proposed different configurations of CCHP systems, and Suamir 
and Tassou [5] modeled conventional supermarket integrating refrigeration and CCHP systems. Both studies have 
demonstrated the benefits of CCHP systems through payback periods lower than 5 years. 

The CCHP proposed in this study is based on the Organic Rankine Cycle (ORC), which is proven as a suitable 
technology to take advantage of low grade heat sources to produce electricity and useful heat. Thus, Peris et al. [6] 
proved that electrical efficiencies around 11% and thermal efficiencies of 89% could be reached by using a small-
scale system from a low temperature heat source [6]. Moreover, the thermal energy required by the ORC can be 
supplied by means of a renewable heat source, such as a biomass boiler or solar thermal, contributing to the energy 
and environmental issue [7]. 

In the following, section 2 presents the CCHP system to be installed in the supermarket. In section 3 the test 
bench used to characterize the CCHP ORC performance is briefly exposed. Section 4 shows the experimental 
results, which are used to predict the expected behavior under the supermarket conditions, as well as to quantify the 
energy, environmental and economic benefits of the application. Finally, the main conclusions are summarized in 
section 5. 

 
Nomenclature 

Q  thermal power (kW) 
T temperature (ºC) 
V  volumetric flow rate (m3/h) 
W  electrical power (W) 
 
Greek symbols 
 
η efficiency (-) 
ρ density (kg/m3) 
 
Subscripts 
 
exp expander 
i in 
n net 
o out 
oil thermal oil 
pp pump 
w water 
 
Acronyms 
 
CCHP Combined Cold Heat and Power 
ORC organic Rankine cycle 
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