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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 

In the Sub-Saharan African countries like Djibouti, the energy situation, the high rate of urban areas growth and the inadequate 
techniques of construction offer an exciting potential for the bioclimatic approach and sustainable construction. However, this 
poorly explored potential requires an investigation of different construction types in Djibouti and a good knowledge of the behavior 
of buildings components. Further a low energy building can be obtained because of the good realization of all its components. In 
fact, roofs call for attention as they represent a large part of a building’s total surface area and amount of absorbed solar radiation. 
The goal of this paper is to investigate the benefit of using double skin-ventilated roofs for reducing cooling load under the 
Djiboutian climate.  It is a first step towards ideas that will transform local construction practices to make them effective in energy, 
economic and functional dimensions. During investigation, we compared a ventilated roof assembly with traditional configuration 
after that the consistency of our model was validated with experiment of the literature findings. The computational fluid dynamics 
(CFD) model has been used for the characterization of the airflow and heat transfer phenomena in the ventilation cavity and provide 
fundamental information about the thermal performance of the roof. The results show the amount of the energy saving obtainable 
by the double-skin ventilated roof. 
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1. INTRODUCTION 

Demands of economic growth and improvements in living standards people led to higher levels of energy 
consumption. To speed up economic activities’ development with less energy, efforts must focus on energy buildings 
efficiency, particularly, in country like Djibouti with important level of solar radiation. The axes of research stretch 
from envelope to diverse types of mechanical equipment and the bioclimatic conception of the building. The ventilated 
roof is one of the construction method used to reduce envelope gains of building by creating an air gap over the 
conventional roof. By the shading effect and the free ventilation in the air gap, this structure reduces the heat flux into 
the building. The study aims to examine the potential benefits of a ventilated roof under the Djiboutian climate 

 
Nomenclature 

Es Energy saving rate  
Cp Specific heat at constant pressure J/(kg.K) 
g Gravity acceleration constant m/s² 
d roof width m 
I solar radiation W/m² 
hc convective heat transfer coefficient between outdoor air and screen W/(m². K) 
heq convective heat transfer coefficient including the effects of radiation and convection upon the screen 
W/(m². K) 
hi convective heat transfer coefficient between indoor air and ceiling W/(m².K) 
T temperature K 
Ta outdoor air temperature K 
Ti indoor air temperature K 
Tsky sky temperature K 
v air velocity field m/s 
P pressure Pa 
t Time [s] 
y y-axis perpendicular to the sreen 
Greek symbols  
β Gas expansion coefficient K-1 
λ Thermal Conductivity W/m∙K 
ε surface emissivity 
µ dynamic viscosity Pa.s 
ρ density kg/m3 
θ roof slope ° 
σ Stefan–Boltzmann constant:  σ  = 5.67E-8 W/(m2. K4) 
Subscripts 
us Characteristic at the screen external surface 
ls Characteristic at the sheet metal surface 
Superscripts 
e external surface 
i internal surface 
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2. Problem statement and approach 

2.1. Problem statement  

Measurements made by the Djiboutian Agency for Energy Management (ADME) [1], estimates the final energy 
consumption of the country at approximately 228 ktoe, distributed among the sectors as shown in Fig. 2-a. 
Transportation represents the largest share of consumption (81%) while the combined residential and tertiary sectors 
represent 18%. However, when only the electricity is considered, the building sectors represent the largest share, about 
90% of the country's consumption as shown in Fig. 1-b. 
 

 

Fig. 1. Data surveys from Djiboutian Agency for Energy Management, (a) Sectoral distribution of electricity consumption in Djibouti; (b) 
Sectoral distribution of final energy consumption in Djibouti; (c) Breakdown of electricity consumption by use of households-2013; d) 

Breakdown of electricity consumption by use in administrative buildings-2013 

 
The break-down of the electricity use in 2013 shows that in most buildings (office and household) high electricity 

consumption results from the use of air conditioning as shown in the Fig. 1 (c) and Fig. 1 (d). Electrical demand 
remains dominated by the refresh requirement, namely air conditioning and ventilation, which together account for 
more than 50% of electricity consumption.  Indeed, cooling is one of the basic requirements for people because of the 
overheating of indoor spaces which is the major cause of human discomfort. But, in Djibouti, the need of air-
conditioning is a serious financial problem for households and for the state and it is exacerbated by other factors like 
inefficiency of the building’s envelope. In fact, if the building envelope is not correctly designed the heat fluxes 
through the structures are the cause of a significant increase in energy consumptions [2]. 
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