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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 142 (2017) 374–380

1876-6102 © 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the 9th International Conference on Applied Energy.
10.1016/j.egypro.2017.12.059

10.1016/j.egypro.2017.12.059 1876-6102

 

Available online at www.sciencedirect.com 

ScienceDirect 
Energy Procedia 00 (2017) 000–000  

  www.elsevier.com/locate/procedia 

 

 
 
* Corresponding author. Tel.: +86 (0) 135 8821 1971 
E-mail address: huangyuqi@zju.edu.cn (Y. Huang) 

1876-6102 © 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the 9th International Conference on Applied Energy.  

9th International Conference on Applied Energy, ICAE2017, 21-24 August 2017, Cardiff, UK 

 

Simulation study of Ferricyanide/Ferrocyanide concentric annulus 
thermocell with different electrode spacing and cell direction 

Gao Qian a, Yiji Lu b, Yuqi Huang a,*, Zhi Li a, Xiaoli Yu a, Anthony Paul Roskilly b 
a College of Energy Engineering, Zhejiang University, Hangzhou 310027, China 

b Sir Joseph Swan Centre for Energy Research, Newcastle University, Newcastle Upon Tyne, NE1 7RU, UK 

Abstract 

Thermogalvanic cell also named as thermocell is a new type of technology converting low-grade thermal energy to 

electricity. In this study, we establish an one-dimensional model of a Fe(CN)6
3-/4- concentric annulus thermocell and 

evaluate the influence of electrode spacing and cell direction on the cell performance. Results indicate the ratio of 

electrolyte thermal resistance to total thermal resistance plays a crucial role in cell performance while electric 

resistance has relatively less influence. The power of thermocell rises significantly as the electrode spacing increases, 

from about 0.75mW in both directions to 1.75 mW in horizontal direction and 2.75 mW in vertical direction. 

Convection of electrolyte is unfavorable to cell performance and the critical electrode spacing where convection 

begins to affect heat transfer is predicted to be the optimized spacing. At all values of electrode spacing in this study, 

thermocell in vertical direction performs better than that of horizontal direction. 
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1. Introduction 

To solve energy crisis and environment deterioration, technologies for utilizing low-grade heat source such as 
thermoelectric power generation [1, 2], sorption technologies [3-5] and Organic Rankine cycle [6-8], have been 
widely investigated around the world. In addition to these, a novel technology named as ‘thermogalvanic cell’ or 
‘thermocell’ has recently receiving increasing attentions for low-grade energy application [9-11]. Thermocell can 
convert the heat source lower than 100 °C with aqueous electrolyte into electricity driven by the temperature 
difference between the two half-cells [12]. The thermocell technology has the advantages of no requirement of 
moving parts, directly converting heat energy into electricity and much higher seebeck coefficiency (>1 mV/K) 
compared with conventional thermoelectric power generation system [13]. Moreover, thermocell is made of liquid 
electrolyte so that it can be fabricated into a good many shapes such as flexible thin films [14]. Additionally, when 
thermocell is used in thermally regenerative electrochemical cycle (TREC), a high heat-to-electricity energy 
conversion efficiency of 5.7%  can be achieved when cycled between 10 and 60 oC [15]. 

The majority research efforts are currently focusing on the investigation of single cell performance and 
development of new materials for thermocell technology [16-18]. However, the geometry and cell directions of 
thermocell play significant roles on the performance of thermocell. The previous reported studies on the cell 
prototype use the same and invariable two electrode surface areas and set the temperature of electrodes in constant 
value [11, 16, 19], which cannot represent the realistic application conditions of this technology. The thermocell in 
application is usually designed as concentric annulus [20], whose areas of electrode surface are not the same and 
dependent on the radius of pipe. And only the temperatures of cold and heat source are controlled. Temperatures of 
electrodes are highly relative to 
heat transfer through the cell 
which is determined by the 
geometry and cell direction. Fig.1 
represents   the structure of 
concentric annulus thermocell.   In 
this study, a one-dimensional 
simulation model has been 
conducted to investigate the 
effects of electrode spacing and 
cell direction for a Fe(CN)6

3-/4- 
thermocell using concentric 
annulus geometry in order to study 
the heat transfer performance and 
energy conversion efficiency of 
this technology.  
2. Description of the simulation model 

Fig. 2 shows the schematic diagram of the thermocell simulation model using thermal resistance analysis. Several 
assumptions have been made in this study to simplify the cell model.  
 The pipe walls and electrodes are considered thin enough so as to neglect their influence on heat transfer.  
 The flow of hot water in the inner pipe is regarded as fully developed laminar flow.  
 The electrolyte inside the cell may stay still or have a circulation, which depends on the Rayleigh number of the 

fluid. Natural convection occurs outside the outer pipe wall.  
 In order to simplify the wall temperature as uniform without the temperature difference between the inlet and 

outlet, the length of cell L should not be too large (10cm in this study).  
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Fig. 1. Structure of concentric annulus thermocell 
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