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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 116 (2017) 4–12

1876-6102 © 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.
10.1016/j.egypro.2017.05.050

10.1016/j.egypro.2017.05.050

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 15th International Symposium on District Heating and Cooling.  

The 15th International Symposium on District Heating and Cooling 

The feasibility analysis for the concept of low temperature district 
heating network with cascade utilization of heat between networks 

Muhammad Imrana,b, Muhammad Usmana,c, Yong Hoon Ima, Byung Sik Parka* 
aKorean Institute of Energy Research (KIER), 152 Gajeong-ro, Yuseong-gu, Daejeon, (34129), South Korea 

bDepartment of Energy Engineering, University of Management & Technology (UMT), C-II Johar Town, Lahore, Pakistan  
cDepartment of Mechanical Engineering, University of Engineering & Technology, Lahore, 54890, Pakistan  

Abstract 

Recently, low temperature district heating networks (LTDH) have received attention in district heating and cooling market due to 
their benefits in terms of efficiency, greenhouse gas reduction, flexibility to use renewable energy sources and economic benefits. 
In this work, physical and techno-economical aspects of the new concept of cascade types with high temperature district heating 
(HTDH) return is utilized to supply heat at low temperature networks. The HTDH return water temperature is around 45oC and 
supply of LTDH can be set around 60oC. The return water temperature of HTDH return line at 45 oC can be raised to 60oC with 
the help of heat pump. A detailed study of major components, network design, pressure drop, heat loss and power consumption 
was performed to formulate an annual, hourly, based energy simulation to assess the techno-economic feasibility of the systems 
for different types of customers (residential & commercial) The economics were also analysed in terms of internal rate of return 
(IRR) and the results show that IRR for residential buildings varies from 14 ~ 17%. In order for the successful realization of the 
proposed system in the market new sustainable systems encouragement in government level is desired to be provided in the form 
of renewable energy target/certificates or CO2 reduction incentives especially at the initial stage of the commercialization of the 
model. 
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Figure 1. Classification of DH system based on temperature

1. Introduction 

District Heating (DH) is concerned with centralized production of heat and electrical power and its distribution in 
such efficient way that the production and maintenance cost incurred is lower than individual production of end user 
[1]. District heating network has evolved over time in terms of its supply temperature and efficiency. Fig 1 presents 
the evolution and enhancement of efficiency of DH network with respect to the supply temperature. It is evident that 
the low temperature district heating networks are the best in term of efficiency and will be sustainable alternative in 
future of DH technology. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The advantages of low temperature district heating include the following 

 Reduced Network heat loss 

Decreasing the temperature of supply reduce the overall mean temperature difference between pipelines 
and ambient and thus heat loss is reduced without changing the insulation. 

 Reduced Pipeline Thermal stress 

Using lower supply temperature, there will be less variation in supply temperature along the pipeline. The 
reduced risk of pipe leakages due to thermal stress and maintenance cost will be reduced. Furthermore, 
different material can be considered as candidates instead of steel or copper as in HTDH. 

 Reduced Risk of boiling 

The Lower supply temperature reduces the risk of boiling as fluid temperature is far from saturation 
temperature.  

 Renewable/Multiple heat source 

With reduced temperatures, it is not necessary to always use high exergy heat source. Renewable or 
multiple heat sources can also be used with ease. 

 Greater utilization of thermal storage units 

Utilization of thermal storage units allow to handle the peak loads without greatly oversizing equipment 
and so reduce investment costs. 

 Improved power to heat ratio in steam CHP system 

The efficiency of CHP unit is dependent on the condensing temperature of CHP unit. Low network supply 
and return temperature allow more power to be extracted from steam turbines. The reduction of the 
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