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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 aim of this work is to investigate the potential of energy-efficient retrofitting strategies for residential buildings in Oman. An 
existing residential building located in hot climate with a built-up area of 212 m2 was selected.  A building simulation model was 
created in DesignBuilder software. The model was then calibrated using actual electrical bills and measured weather data for year 
2014. The calibrated model was subsequently used to evaluate different energy-efficient retrofitting strategies including the AC 
efficiencies, using insulations for both walls and roof, upgrading to LED lights, and improving the air tightness of the house.  It 
was concluded that when combing the best strategy from each category, the annual energy consumption of the building can be 
reduced by as much as 42.5%. This significant reduction in energy consumption can help both the policy makers at governmental 
institutions and owners to move forward for large retrofitting campaigns to solve the current energy dilemma.  
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1. Introduction 

It is estimated that building sector consumes on average 40% of the total energy consumption [1, 2]. The 
increasing living standard and comfort requirements are the predominant factors of this phenomenon. Indeed, with 
the standardization of the mechanical air conditioning and the new construction materials used in the building 
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sector, buildings in most countries became responsible for consuming large amounts of energy for cooling and 
heating [3]. Particularly, in hot climates, the usage of air conditioners accounts for nearly 50–60% of energy 
consumption. 

 
Nomenclature 

WD Wall Design  RD Roof Design  SD Shading Design  
GZD  Glazing Design   ACH  Air Change per Hour SHGC Solar heat gain coefficient  
LD Lighting Design   AC Air conditioning   COP Coefficient of performance  

 
With this continuously rising demand, the problem of balancing the supply and the demand becomes challenging. 

In Oman, the residential sector is the largest energy consumer. On yearly bases, the sector consumes more than 50% 
of the total produced electricity in the country [4]. It has also been reported that the energy consumption is expected 
to grow from about 28 TWh in 2015 to 50 TWh in 2022 with an average annual increase of 8% [4, 5]. The seasonal 
variation of the peak electrical load is becoming a technical and a financial burden too. This problem is noticeable in 
hot regions where seasonal climatic parameters such as ambient temperature, relative humidity and solar radiation 
are the driving potential for high energy demand. In 2014, the peak electrical demand in summer is 2.3 times higher 
than that in the winter [4]. This increases the redundancy in electrical capacity which leads to an uneconomical 
investment.  To alleviate this energy problem, the present work investigates the potential of implementing energy-
efficient retrofitting strategies in existing residential building stocks to reduce the energy consumption. For the 
purpose of this investigation, a real case residential building was selected in a typical hot climate region of Oman.  

2. Literature Review  

Several research studies have been reported to assess the benefits of energy conservation measures for residential 
buildings. In this paper, the review covers in particular the research efforts in investigating optimum insulation, 
passive cooling strategies, air conditioning systems, lighting and daylighting and window shading for hot climates. 
Table 1 summarizes energy studies conducted for residential buildings in hot climates.  

Table 1. Summary of studies conducted for residential buildings in hot climates 

Energy Efficiency Measures Outcomes                  References 

Passive cooling systems and strategies Total annual energy consumption is reduced by 23.6% [6] 
Envelope systems Optimal energy savings of 39.5%, 33.7%, 35%, 32.7% and 22.7% for Riyadh, Jeddah, 

Dhahran, Tabuk and Abha, respectively 
[7] 

Envelope systems The results shows energy conservation equal to 73%  [8] 
Envelope systems Integrated building envelope systems reduced the annual energy consumption of 37.32% 

for heating and 65.36% for cooling 
[9] 

Envelope systems Double glazed reduces the cooling load by 4.5%. Adding 2 cm of Polyurethane to the 
external walls reduces the cooling load by 28%. 53% reduction in the cooling load can be 
obtained by implementing all measures. 

[10] 

Air conditioning systems When using an air conditioner with a COP of 3.5, more than 40% of energy savings is 
achieved.  

[11] 

Lighting & Daylighting 10-30% reduction in energy consumption depending on the room locations. [12] 

3. Methodology 

3.1.  Simulation Environment 

A typical one floor residential building was selected as a case study for this work. The energy use within the 
building was analyzed using DesignBuilder software, the Energyplus graphical user interface [13]. The dynamic 
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