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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.

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Scientific Committee of The 15th International Symposium on District Heating and 
Cooling.

Keywords: Heat demand; Forecast; Climate change

Energy Procedia 126 (201709) 321–328

1876-6102 © 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the 72nd Conference of the Italian Thermal Machines Engineering Association
10.1016/j.egypro.2017.08.252

10.1016/j.egypro.2017.08.252 1876-6102

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the 72nd Conference of the Italian Thermal Machines  
Engineering Association

 

Available online at www.sciencedirect.com 

ScienceDirect 

Energy Procedia 00 (2017) 000–000  
www.elsevier.com/locate/procedia 

 

1876-6102 © 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the 72nd Conference of the Italian Thermal Machines 
Engineering Association.  

72nd Conference of the Italian Thermal Machines Engineering Association, ATI2017, 6-8 
September 2017, Lecce, Italy 

The degradation of ammonia in absorption thermal machines  

Iacopo Golasia,*, Ferdinando Salataa, Emanuele de Lieto Vollarob, Massimo 
Coppia 

a ”Sapienza” University of Rome, via Eudossiana 18, Rome 00184, Italy 
b ”RomeTRE” University of Rome, via Vito Volterra 62, Rome, 00154, Italy 

Abstract 

When water-ammonia absorption machines are used as heat pumps, the main problems can be found in the 
components operating at a high pressure (generator-condenser); the increase in temperature with respect to the 
exertion as refrigerator generates particular conditions that might unbalance the decomposition of ammonia into 
nitrogen. A decrease in the rate of the refrigerating fluid NH3 in the condenser and evaporator occurs, hence of the 
performance coefficient of the heat pump with an increased risk of the potential generation of explosive mixtures due 
to the presence of the hydrogen. The aim of this study is to examine the reaction of ammonia during the dissociation 
process from a thermodynamic and thermokinetic point of view, focusing on the temperatures and pressures of a heat 
transformer. With the generator at a temperature of 170 °C it is necessary to reach a degree of dissociation at 1% a 
time period of the order of 1.013 seconds which is 100 times higher than the one of maximum permanence of the 
fluid in the components of the machines functioning at high temperatures. This is not a problem that might prevent 
the realization of high temperature absorption heat pumps. 
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1. Introduction 

Energy issues’ assessment has always been one of the most important engineering research sectors and 
it has been performed with respect to different fields [1-13]. In particular, this study stems from the fact 
that absorption heat pumps allow a redistribution on new thermal levels of different amounts of heat with 
low working values and they can be considered interesting machines from an energetic point of view. 
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Then, for what concerns the working conditions as refrigerant machine, it is well known that the available 
fluids are the couple H2O-LiBr and NH3-H2O [14-16]. 

 
Nomenclature 
 
0 pure substance; 
1 component 1 (ammonia);  
2 component 2 (water); 
C concentration [mol m-3]; 
C0  concentration at the instant t = 0 [mol m-3];  
Ea activation energy = 209.3 [kJ mol-1];  
g generator; 
K Boltzmann constant = 1.38·10-26 [kJ K-1];  
Ka, Kp equilibrium constants;   
KV reaction rate constant [m3 mol-1 s-1];  
L Avogadro’s number = 6.02252·10-23 [mol-1];  
P total pressure [kg cm-2];  
R gases universal constant = 8.314·10-3 [kJ mol-1 K-1];  
t time [s]; 
T temperature [°C; K]; 
v dissociation velocity [mol m-3 s-1];   
X concentration [mol m-3];   
α dissociation degree; 
ΔGf free energy of formation [kJ kg-1];  
ΔGr variation in free energy of reaction [kJ kg-1].  

 
The variation in the heat levels characterizing the different sections with respect to the employment as 

refrigerant makes further problems arise and, even if other studies focused on similar topics [17-19], new 
solutions have not been found yet. Many studies have been carried out to examine the limits related to the 
traditional mixtures, in particular for what concerns the temperature of their exertion without causing 
problematic situations with a decrease in a crucial parameter as the reliability of the system [20-24]. The 
couple NH3-H2O presents problems in terms of high pressure (generator-condenser): the increase in 
temperature, for what concerns the exertion as refrigerator, provokes a higher fluid pressure thus causing 
the necessity of a proper mechanical dimensioning of the components, hence higher costs. Due to a higher 
temperature, an abundant amount of vaporous absorbent is moved to the generator with rectification 
difficulties. Moreover, the particular conditions in terms of temperature and pressure might unbalance the 
equilibrium of the decomposition reaction of the ammonia into nitrogen and hydrogen to high values of 
the dissociation degree [25]. Hence it occurs a decrease in the rate of the refrigerant fluid NH3 in the 
condenser and evaporator, and of the coefficient of performance of the heat pump. There is also a higher 
probability that explosive substances (due to the presence of hydrogen) might generate.     

2. Dissociation chemical reaction 

The dissociation reaction of the ammonia into nitrogen and hydrogen is:  
 
2𝑁𝑁𝐻𝐻3 = 𝑁𝑁2 + 3𝐻𝐻2  (1) 

 
If there is an equilibrium, that is pressure and temperature are constant, the variation in the free energy of 
reaction is provided by: 

 
∆𝐺𝐺𝑟𝑟 = 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐾𝐾𝑎𝑎  (2) 
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