
ScienceDirect

Available online at www.sciencedirect.comAvailable 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

Assessing the feasibility of using the heat demand-outdoor 
temperature function for a long-term district heat demand forecast

I. Andrića,b,c*, A. Pinaa, P. Ferrãoa, J. Fournierb., B. Lacarrièrec, O. Le Correc

aIN+ Center for Innovation, Technology and Policy Research - Instituto Superior Técnico, Av. Rovisco Pais 1, 1049-001 Lisbon, Portugal
bVeolia Recherche & Innovation, 291 Avenue Dreyfous Daniel, 78520 Limay, France

cDépartement Systèmes Énergétiques et Environnement - IMT Atlantique, 4 rue Alfred Kastler, 44300 Nantes, France

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

CO2 recycling method characterized by the application of an Active Carbon Recycling Energy System (ACRES) to an iron-
making process (iACRES) was studied. In this system, pure iron is produced from the reduction of iron oxide using regenerated
CO by high temperature CO2 electrolysis with the use of a disk-type solid oxide electrolysis cell (SOEC) and powered by a high 
temperature gas-cooled reactor (HTGR) generating electricity and thermal energy.

Thus, the focus of this research is to further improve the performance of disk-type SOEC by developing its structure and 
determining the most suitable electrode and electrolyte materials, and the appropriate fabrication method. In this present study, 
new cathode material such as Ni-SDC (SDC: samarium-doped ceria) was checked and tested for the SOEC. The electrochemical 
performance of the cells were evaluated at 800 ~ 900 oC by analyzing current-voltage characteristics, AC impedance spectra, and 
CO production data. Results showed CO production rates close to theoretical values corresponding to current density values 
observed. The performances of the SOEC samples were investigated for their potential use in iACRES, and the SOEC with Ni-
SDC cathode showed the most enhanced electrochemical performance for iACRES.

The results showed that iACRES is available for utilization of the high temperature heat at about 850 ~ 950 oC provided by 
HTGR in this system. This would mean utilization of CO2 emission-free thermal energy, and eventual expansion of use of 
nuclear energy beyond electrical power generation.
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1. Introduction

With the world’s increasing demand for energy comes with it the increasing concern for the environment, 
specifically the concentration of the released CO2 to the atmosphere. To address this concern, there are many 
methods for CO2 capture and recycling that are currently under economic evaluation. One such method being 
evaluated is the recently proposed Active Carbon Recycling Energy System (ACRES) [1]. In ACRES, CO is chosen 
to be the material recovered or regenerated because of its higher energy quality and density than hydrogen, as well as 
other hydrocarbons, and CO is a popular material for the iron-making and chemical industrial processes [2]. 
Regenerating CO from the CO2 emitted as part of the blast furnace (BF) gas in an iron-making process would 
decrease its coking coal consumption and would also reduce CO2 emissions in the iron-making process. This would 
be beneficial because the iron-making process is a big contributor to the global CO2 emissions. According to the 
International Energy Agency as cited by the World Steel Association, approximately 6.7% of the total global CO2 

emissions comes from the iron and steel industry in 2010 [3].
The application of ACRES to an iron-making process is termed as iACRES (Smart Iron making process based on 

Active Carbon Recycling Energy System) [1]. In this system, pure iron is produced from the reduction of iron oxide 
using regenerated CO by a CO2 reduction process with energy requirements provided by or harnessed from a high 
temperature gas-cooled reactor (HTGR) generating electricity and thermal energy. Figure 1 shows the concept of 
iACRES with the CO2 reduction by high temperature (800 ~ 900 oC) direct CO2 electrolysis with the use of a solid 
oxide electrolysis cell (SOEC) powered by HTGR.

Figure 1. Schematic diagram of iACRES.

With iACRES utilizing HTGR as its primary energy source (supply of both electricity and heat required by the 
SOEC for CO regeneration via high-temperature CO2 electrolysis) as shown by Figure 1, potential process heat 
application of HTGR is promoted. With the continuing development of more advanced and safe nuclear reactor 
systems, HTGR which is an inherently safe reactor is seen to be one of the promising candidates to cater to much 
stricter regulations in reactor operation. As such, it is considered as most suitable for utilization in iACRES as its 
energy source.

In iACRES, the regeneration of CO depends on the efficiency of the CO2 reduction process via high temperature 
electrolysis using SOEC. Currently, the performance of high-temperature electrolysis of CO2 via SOEC is limited by
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the existing state of solid oxide electrochemical devices and electrode materials. Thus, in this present study, the 
improvement in the performance of disk-type ceramic-supported SOEC for the feasibility of iACRES using SOEC 
for CO2 electrolysis was pursued by developing the SOEC structure, testing of alternative cathode material, and 
optimizing the fabrication method. The performance of the SOEC developed in this current investigation was 
compared with that of a previous study [4].

2. Experimental

2.1. Materials

The disk-type ceramic-supported (CS) SOECs prepared for this study had an electrolyte disk, which supported  
the cell’s integrity and was made of yttria-stabilized zirconia (YSZ) powder (40 nm particle diameter, TOSOH 
Corp.) formed by using metal mold subjected to uniaxial pressing and cold isostatic pressing at 200 MPa, then 
sintered at 1400 or 1500 oC for 2 hours. The YSZ disk prepared had a diameter of 20 mm and a thickness of 1 mm, 
and the electrode layers (cathode and anode) were formed on the top and bottom surfaces of the disk using squeegee 
of a screen-printer.

The specifications of the disk-type ceramic-supported (CS) SOECs tested in this investigation are given in Table 
1 below, and the corresponding structure is illustrated by Figure 2.

Sample 
name

Table 1. CS-SOEC layers and fabrication conditions.

Cathode layer Electrolyte Anode layer 

Material Sintering temp.   Material Sintering temp.   Material Sintering temp.

NiYSZ1050
(Previous 

study [4]) 
NiSDC1280

(Present
study)

NiO:YSZ
(80:20 by weight)

NiO:SDC
(50:50 by weight)

1050 oC
(for 2 hours)

1280 oC
(for 3 hours)

YSZ

1400 oC
(for 2 hours)

1500 oC
(for 2 hours)

LSCF

1050 oC
(for 2 hours sintered with 

cathode layer) 
1050 oC

(for 2 hours sintered after 
cathode layer sintering)

*YSZ stands for Yttria-stabilized zirconia (8 mol% yttrium)
* SDC stands for samarium-doped ceria (20 mol% samarium)
* LSCF stands for La0.6Sr0.4Co0.2Fe0.8O3-δ or lanthanum strontium cobalt ferrite

a b

Figure 2. (a) CS-SOEC design; (b) prepared CS-SOEC sample.
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