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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 120 (2017) 612–619

1876-6102 © 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the organizing committee of INFUB-11
10.1016/j.egypro.2017.07.197

10.1016/j.egypro.2017.07.197

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the organizing committee of INFUB-11

1876-6102

 

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 organizing committee of INFUB-11.  

INFUB - 11th European Conference on Industrial Furnaces and Boilers, INFUB-11 

Combustion Behavior of Coke in Shaft Kilns  
with Hypostoichiometric Air Flow 

Bassem Hallaka, Nyein Linna, Eckehard Spechta, Fabian Herza,b* 
a Otto von Guericke University Magdeburg, Universitaetsplatz 2, 39106 Magdeburg, Germany 

b Anhalt University of Applied Sciences, Bernburger Strasse 55, 06366 Koethen, Germany   

Abstract 

The mixed feed shaft kiln is used in the lime industry in order to manufacture so-called medium to hard-burnt lime. 
This type of kiln is fired with lumpy coke particles. A mathematical model has been developed for the combustion 
under shaft kiln conditions which includes a counter current flow and an excess air number lower than one. The 
reaction with oxygen is dominated by mass transfer. The reaction with carbon dioxide (Boudouard reaction) is 
dominated by the chemical kinetics. To determine this, spherical coke particles with 30-40mm diameter were gasified 
with carbon dioxide and nitrogen mixtures in a tube furnace. The influence of the Boudouard reaction on the 
combustion time and the length of combustion zone in mixed feed shaft kilns are discussed as a function of excess air 
number, temperature and size. It is shown how the combustion zone is shifted to the bottom of kiln with decreasing 
excess air number. 
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1. Introduction 

Coke has been widely used over the centuries as a key source of energy and as a reducing agent in special industries 
such as lime, steel, mineral wool, soda, and sugar industries. The mixed feed lime shaft kiln process is described in 
Figure 1, which shows the principal temperature curves of gas, coke and stone, as well as the reaction zones. The 
process of the shaft kiln is based on the counter current principle between the air and the fuel. The coke and limestone 
particles are charged from the top of the kiln and moves slowly downwards by gravitational force through three zones: 
the preheating, reaction and cooling zone. The coke particles size decreases during the combustion process. The 
combustion air fed into the kiln from below cools the stones. As soon as the air makes contact with the coke, oxidation 
begins and the gas temperature rises steeply. Heat for the calcination is generated by oxidation of coke particles in 
combustion zone in which the coke reacts with oxygen to form carbon monoxide.  It reacts in the gas phase with the 
oxygen to produce carbon dioxide. Towards the top of the kiln, the concentration of carbon dioxide in gas rises and 
oxygen concentration decreases. The carbon dioxide reacts with the coke and in turn produces carbon monoxide, which 
further reacts with oxygen in the gas as long as it is available. With an excess air number less than one, a Boudouard-
zone is formed between the preheating zone and the combustion zone, where almost no oxygen is available and the 
coke reacts only with carbon dioxide to form carbon monoxide. 

Fig. 1. Schematic diagram of coke burning in mixed feed shaft kiln. 

Nomenclature 

A Surface   T Temperature in °C  Bou Boudouard 
d  Particle size   t Time    C Coke 
D diffusivity   w  velocity    CO2 Carbon dioxide 
EA Activation energy  β Mass transfer coefficient  g Gas  
k Reaction coefficient λ Air excess number  O2 Oxygen 
M Mass flow  ρ Density    OX Oxidation 
p Partial pressure  ψ Porosity    s Solid 
R Gas constant   δ  Diameter of particle   
Sc  Schmidt number     kinematic viscosity 
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