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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 

Power generation from low temperature sources using Organic Rankine Cycle (ORC) was studied in this paper. A 
thermodynamic model was achieved in Aspen plus environment and the best working conditions were obtained for on-design 
conditions. Furthermore, off-design analysis is conducted for the cycle in this study. Results depict the effect of peripheral 
conditions on performance of the cycle. In addition, the effect of some possible working fluid defects on the performance of the 
cycle is considered at off-design conditions. 
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1. Introduction 

Organic Rankine Cycles (ORC) are suitable for conversion of low temperature heat to electric power. Operation of 
ORC is based on the same principles as that of a steam Rankine cycle, but differs from the latter in the usage of low-
boiling-point organic fluids as a working fluid, which enables power generation at low heat source temperatures [1-
7]. Generally, working fluids for ORC systems include hydrocarbons and synthetic refrigerants [8-11]. 
 
Moreover, organic fluids can, possibly, decompose while exposed to the heat resulting in mixture of working fluid. 
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Consequently, the physical properties of the working fluid change. Overall, the calculation of the molecule bond 
energies can help estimation of the thermal stability of the pure components. However, the actual threshold 
temperature for the decomposition of working fluids depend on the surrounding environment, materials, different 
plant operating conditions and impurities resulted from the possible corrosions of cycle components [12].  
 
This project is conducted based on a previous study [1] in which the on-design results of ORC were obtained for 
pure and mixture of working fluids with two types of evaporator. In this study the cycle with shell and tube 
evaporator is the reference case and all primary assumptions are reported in the mentioned study. Furthermore, 
different environmental conditions beside the hot source changes affect ORC performance. Thus, off-design analysis 
is necessary to find the effect of various peripheral conditions on the cycle performance. In addition, the effect of 
partial thermal decomposition of organic fluid was studied in a previous study [7] in which the main decomposed 
products were taken into account as binary mixture working fluid considering two main scenarios: (i) the most 
volatile components can be removed; (ii) the most volatile is not removed and the behaviour of the mixture is 
primarily defined by the amount of this compound. In this study, however, model is modified for the cycle with all 
decomposed products. The thermodynamic calculations were carried out by the program Aspen Plus v8.0 [13]. 
 
 
Nomenclature 

  Cond.  Condensation  P  Pressure (bar) 
Evap.  Evaporation  K Stodola's constant 
ɳT  efficiency of turbine (-)  T  Temperature (°C) 
ɳG  Efficiency of generator (-)  Q  Heat rate (W) 
ɳCycle  Thermal efficiency of cycle (-)  Ṁ  mass flow rate (kg.s-1) 
ɳFan  Efficiency of fan (-)  WNet  Net power (W) 
ɳP  efficiency of pump (-)  WF  Fan power consumption (W) 
ɳPD  Efficiency of pump driver (-)    

 

2. General assumptions, system description and modeling of ORC 

Based on our previous results [1] the thermodynamic model was obtained with the Peng-Robinson equation of state 
for isopentane as working fluid. This cycle is composed of a pump, an evaporator, a turbine and a condenser. Figure 
1 depicts the simple scheme of the considered organic Rankine cycle (ORC). General assumptions for on-design of 
ORC plant are available in table 1. To complete the on-design model, minimum temperature approach of heat 
exchangers (∆Tmin) were fixed equal to 5 °C. As for evaporator, constant ∆Tmin  gives the right amount of mass flow 
rate of working fluid [1]. Besides, constant ∆Tmin of condenser determines the condensation pressure. Therefore, 
results of on-design model gave us the essential parameters to calculate physical characteristics of the cycle 
components. Then based on these validated data, off-design analysis were conducted.  
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