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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.
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Abstract 

The combustion behavior, i.e., temperature profile (T), exhaust gas (CO and NOx) and combustion efficiency (ηC), of solid 
porous burner installed porous emitter and non-porous emitter were compared. The stainless wire-net having PPI (Pores per inch) 
of 12 and thickness (HPE) of 3 layer was selected as porous emitter. A rice husk with humidity percentage in the range of 12 - 
14% was solid fuel. A cylindrical porous burner was made of ASUS 304 and there was 100 mm-outer with 5 mm- thick. An 
alignment of porous burner was in the horizontal direction. The fuel was supplied and was burned on the center of the burner. 
The grate was constructed below the fuel to control the flow of rice husk. The above of combustion zone along the porous burner 
was able to install the porous media defined here as porous emitter. Three mass fuel rates (QF) consisting of 0.080, 0.096 and 
0.116 kg/min were examined. Four volume flow rates of air (QA: 10, 15, 20 and 25 m3/hr) were conducted. From the study, the 
trend of T in both cases, namely the burner with installation of porous emitter and the burner with non-porous emitter, was raised 
as increasing QF but the maximum of T become at QA = 15 m3/hr. The level of CO was decreased as increasing QF and was 
minimum at QA = 15 m3/hr. The level of NOx was relative low as in the rage not over 50 ppm owing to the combustion 
temperature was not reached to 1300 K (Thermal NOx). For comparison, the T of installation of porous case was higher than the 
non-porous case and, also, the level of CO of porous case become lower. Thus, the ηC of porous case reached to 95-97% was 
greater than non-porous case. 
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1. Introduction 

During a few decades, many experiment and analysis on the combustion behavior of an inert gas porous media 
have been investigated [1-4] owing to their several advantages over conventional burners. The advantages are a 
higher thermal efficiency, a higher power density, a better flame stability and low emission (CO and NOx) [5, 6]. 
For the liquid porous burner, there are number of experimental and numerical studies [7-11]. In these studies, the 
fuel (oil) was fed in from of oil spray or drops in air at the inlet point (upstream) and the evaporation of oil was 
achieved with radiative heat at the outlet point (downstream). After oil vapor flow pass the downstream and mix 
with fresh air, the combustion of oil vapor – air mixture is occurred. Moreover, the experimental and theoretical 
studies of solid fuel combustion using the technique of porous media has very little. Kayal and Chakravarty [12] 
investigated numerically the thermal behavior of a highly porous ceramic matrix. The submicron carbon (carbon 
black) was used fuel and the combustion was operated by the carbon black particles suspended in air. Recently, 
Ponsen and Prasartkaew [13] proposed the pulsation gas flow passing the porous media to burn the solid feedstock. 
The biomass and municipal solid waste (MSW) were used as fuel. They reported that the maximum efficiency 
yielded 87% at temperature of 1000oC. 

From above two works [12, 13], this is confirmed that very little studies involving the solid combustion in/on 
porous media has been report so far. The present work investigates experimentally the combustion behavior of solid 
porous burner. The temperature profile (T), exhaust gas (CO and NOx) and combustion efficiency (ηC) are the 
combustion behavior to discuss in this work. A rice husk with humidity percentage in the range of 12 - 14% is used 
as solid fuel because Thailand is regard as an agricultural country and become a common feature to see one type of 
product at the local markets for a relatively short period, and naturally sold at rock-bottom prices. This leads to 
miserable rewards for farmers. As against this problem, the rice husk is selected as solid fuel. Moreover, to more 
understand the advantage of porous media, two solid porous burners: installation of porous emitter and non-porous 
emitter are compared. 

2. Experimental Apparatus 

Figure 1 shows the schematic diagram of a solid porous burner installed the porous emitter (PE). The test rig is 
aligned in the horizontal direction and con be divided into 3 sections; the injection zone, the solid fuel feeder and 
combustion chamber. From these sections, the experimental procedure can be described thoroughly as following: 

The solid fuel in which is the rice husk at humidity percentage in the range of 12 - 14% is supplied from the solid 
fuel port and, then, is flowed along a screw conveyer into combustion chamber. A cylindrical porous burner made of 
ASUS 304 with 100 mm-outer and 5 mm- thick is constructed as combustion chamber. The grate is constructed 
below the chamber to control the flow of rice husk fed on the center of the burner. The fuel is ignited by pilot flame 
and the combustion is occurred. For the present study, there are two steps to investigate the combustion behavior of 
the solid porous burner. For the first step, the solid porous burner is examined based on the same feature described 
above-mentioned as defined by non-porous emitter case. For the second case, the stainless wire-net having PPI 
(Pores per inch) of 12 and thickness (HPE) of 3 mm is installed top of horizontal chamber or higher the combustion 
zone. The improved wire-net become porous emitter leading to the second experiment is called as porous emitter 
case. 

The experimental condition of the present study consisting of three mass fuel rates (QF), i.e., 0.080, 0.096 and 
0.116 kg/min, and four volume flow rates of air (QA: 10, 15, 20 and 25 m3/hr). The combustion behavior of the solid 
porous burner are the temperature profile (T), exhaust gas (CO and NOx) and combustion efficiency (ηC). 
Therefore, fourteen thermocouples of N type are attached to measure the temperature (T) along the chamber length. 
The exhaust gases is monitor by Testo M350-Model and is reported in correction by 0% excess oxygen on dry basis. 
The combustion efficiency (ηC) is given by 
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