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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 

Organic Rankine Cycle (ORC) is known as one of the best method amongst the other low-grade energy recovery methods. ORC 
can be applied for different applications such as geothermal, solar thermal and waste heat. However, the application of ORC in 
these applications requires the selection of suitable working fluid for better performance. So, this paper focuses on performance 
evaluation of ORCs for different working fluids. The modelling work was performed using MATLAB and, a thermo-physical 
database, REFPROP. The evaluation is performed based on the performance of the working fluid. The results reveal that MD2M 
& cyclopentane for temperature ranges 50 - 100 ⁰C, butane, neopentane & R245fa for 100 - 150 ⁰C, ethanol, methanol and 
propanone for 150-200 ⁰C and Water, m-Xylene and p-Xylene for 200 - 320 ⁰C are better working fluids for energy extraction. 
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1. Introduction 

The global energy demand increases continuously throughout the years. Sources specify the world energy demand 
will increase by 28 % between 2015 to 2040 [1]. The possible solutions are found to be exploring new sources or 
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new methods to energy extraction from existing sources. The search of solution is drastic and insolvable. The well 
known better possible option is extracting electrical energy from heat which were not being able to utilize. This 
research has found to use non-conventional fluids in the Rankine cycle for electricity generation as one of the most 
predominant low-grade energy extraction method and called as ‘organic Rankine cycle’. Organic Rankine cycle 
related researches are backed from 1940s [2]. However, due to the complexity of selection of variables for the 
system design still the researches being carried out for various variables and it can be observed that the research 
trend in ORC continue to increase in recent years [3]. Especially in this analysis the different temperature ranges 
being considered as different heat sources and the performance evaluation is carried out for around 100 working 
fluids those can be used in ORCs.   

Nomenclature Subscripts 
h specific enthalpy E expander 
�̇�𝑚 mass flow rate P pump 
�̇�𝑄 Heat Transfer evp evaporator  
W Work con condenser 
𝜂𝜂 Efficiency 1 evaporator exit/expander inlet 
ORC Organic Rankine cycle 2a expander exit/condenser inlet  
  3 condenser exit/pump inlet 
  4a pump exit/evaporator inlet 

2. Literature Review  

Conventional working fluid selection primarily discusses the classification of fluids into three types as wet, dry 
and isentropic based on their slope of saturated vapour phase in T-s curves [4] and [5]. Figure 1 represents the T-s 
curves of those types of fluids based on their slope. The conventional classification simply neglects the wet fluids 
usage in ORC applications due to the superheater requirement for better efficiencies. The system without 
superheater for wet fluids will result in low efficiency and droplets in the exit of expanders.  Dry and isentropic 
fluids show better efficiencies in expanders as there are no droplets formation in dry and isentropic fluids in the exit 
of expanders [6]. Wet fluid system design consist of separate superheaters in the cycle to avoid the liquid droplets 
within the expander [5] as the life time of the expander dramatically reduces if the dryness fraction of the expanders’ 
exit conditions falls below 0.9. Researches suggests that the dry and isentropic fluids are more suitable for ORC 
applications [4]. However, the prime Rankine cycle fluid, water falls in this wet classification. 

 
 

Figure 1 - Types of working fluids based on T-s curves. 
a) wet - water (Negative slop) 

b) dry - benzene (Positive slop) 
c) isentropic - R11 (vertical) 

Selection of the working fluid depends on the thermo-physical properties of the fluids i.e. enthalpy, critical 
temperature, critical pressure, maximum stability temperature, latent heat. Moreover, the chemical stability, Ozone 
Depletion Potential (ODP) and Global Warming Potential (GWP), safety and availability of fluids are also influence 
the selection of fluid for a specific application [4].  
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