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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 

Energy supply sustainability is a multifaceted challenge for all countries and especially for small island nations that 
might have limited adaptive capacity. Previous studies showed that islands experience energy scarcity and isolation 
from energy markets due to their remote location. Our focus is on a range of islands spread out globally: Malta, 
Cyprus, Curacao, Mauritius, Iceland, Jamaica, Trinidad and Tobago and Bahrain. They are selected for their varying 
energy development paradigms that facilitate cluster elicitation. For the first time, we combine the estimation of fuel 
mix diversity and energy import dependence with established metrics Shannon-Wiener index (SWI), Herfindahl-
Hirschman index (HHI) and Energy Import Dependence to assess energy supply security. SWI and Energy Import 
Dependence are then presented against carbon intensity to highlight two angles of sustainable energy supply. We 
argue that islands are clustered to those that have fossil fuel reserves and are locked in low diversity, low dependence 
and high carbon intensity, those that rely almost exclusively on imported fossil fuel reserves and have low diversity 
and high dependence and high carbon intensity and finally those that have entered a decarbonization trajectory that 
allows them to reduce their fossil fuel import dependence, increase their diversity and reduce their carbon intensity. 
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1. Introduction 
Energy is a key aspect of a country’s economy and access to affordable energy is a prerequisite for growth and 
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competitiveness [1]. Climate change amplifies risks associated with disruption in supply and demand and combined 
with infrastructure vulnerability it can create long-term energy security stresses or short-term episodic shocks affecting 
various types of consumers including increasingly demanding households [2–4] and industrial users [5]. Prioritisation 
of energy security against climate change mitigation policies and vice versa can have a direct impact on a country’s 
energy roadmap and hence on large scale investment decisions [6]. In this context, it is necessary to evaluate the 
resilience of existing energy systems as their availability and accessibility are considered essential parameters to the 
sustainability of a country’s economy. 

Security, carbon neutrality and affordability are the parameters forming what is known as the energy trilemma; 
and nowhere is the energy trilemma more widely pronounced than in the confined space of remote and isolated islands 
[7,8]. Islands usually are locked into expensive fossil fuels imports, in isolated markets leading to low fuel mix 
diversity and high carbon and other emissions relatively to their economic growth [9]. In addition to that, their 
economy and lifeline are often dependent on the tourism industry and connections with a mainland country. Energy 
poverty is omnipresent because islands cannot take advantage of renewable energy potential especially solar and wind, 
because of the poor grid infrastructure [8,10]. However, islands lend themselves to excellent testing case studies for 
innovative energy solutions which could set the example for larger scale, on-grid applications. Their remoteness, 
relative small size and flexible governance makes them potentially adaptable to change and capable of significant 
shifts unlike large regions with monolithic energy governance [11].  

For this research, we evaluate 8 islands; Cyprus (CY), Malta (MT) and Iceland (IS) in Europe; Curacao (CW), 
Jamaica (JM) and Trinidad & Tobago (TT) in the Caribbean; Bahrain (BH) in the Persian Gulf; and Mauritius (MU) 
in the Indian Ocean. In this regard, we perform a security evaluation [12] of their energy supply and contrast the results 
with their carbon intensity as a measure of environmental sustainability for energy supply. We identify island clusters 
based on the aforementioned attributes and look into the potential for fuel mix innovation as an enabler for energy 
supply sustainability and security [13]. 

2. Results and Discussion 
2.1 Energy Import Dependence 

With regards to imports dependence, islands can be clustered in 3 groups (Fig 1): those that are highly dependent 
at close or over 100% (as a result of feedstock changes); those with middle dependence; and finally, those that are net 
energy exporters, enabled by their indigenous reserves. Referring to the high dependence group the two EU member 
states, Cyprus and Malta, have been historically locked into fossil fuel imports from neighbouring exporters, making 
them the two most energy dependent EU countries. They both have enormous potential for renewable energy 
generation within their energy systems and specific renewable energy targets to meet for 2020 [14,15]. Cyprus also 
has promising natural gas reserves in the Eastern Mediterranean Sea which may lead to longer-term lock into fossil 
fuels [16]. In the same group, we can include the Caribbean islands that do not produce indigenous fossil fuels. 

On the other end, Bahrain is a large oil producer in the Middle East and Trinidad & Tobago is the largest natural 
gas producer of the Caribbean therefore they both are net fossil fuel exporters. Iceland is a distinct case as it supplies 
approximately 89% of its primary energy with renewable resources; mainly geothermal and hydro. Even though 
Iceland’s energy demand has grown by 250% since 1990, this growth has been met by renewable energy. The imported 
fossil fuels are mainly used in transport and the fishing industry although there are ambitious plans to became almost 
a zero emissions island with a turn to electric cars [17]. That could silence the criticism for electric vehicles when they 
are charged by fossil fuel based electricity since only 1.7% of the total fuel mix was sourced from coal back in 2013 
[18,19]. 
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competitiveness [1]. Climate change amplifies risks associated with disruption in supply and demand and combined 
with infrastructure vulnerability it can create long-term energy security stresses or short-term episodic shocks affecting 
various types of consumers including increasingly demanding households [2–4] and industrial users [5]. Prioritisation 
of energy security against climate change mitigation policies and vice versa can have a direct impact on a country’s 
energy roadmap and hence on large scale investment decisions [6]. In this context, it is necessary to evaluate the 
resilience of existing energy systems as their availability and accessibility are considered essential parameters to the 
sustainability of a country’s economy. 

Security, carbon neutrality and affordability are the parameters forming what is known as the energy trilemma; 
and nowhere is the energy trilemma more widely pronounced than in the confined space of remote and isolated islands 
[7,8]. Islands usually are locked into expensive fossil fuels imports, in isolated markets leading to low fuel mix 
diversity and high carbon and other emissions relatively to their economic growth [9]. In addition to that, their 
economy and lifeline are often dependent on the tourism industry and connections with a mainland country. Energy 
poverty is omnipresent because islands cannot take advantage of renewable energy potential especially solar and wind, 
because of the poor grid infrastructure [8,10]. However, islands lend themselves to excellent testing case studies for 
innovative energy solutions which could set the example for larger scale, on-grid applications. Their remoteness, 
relative small size and flexible governance makes them potentially adaptable to change and capable of significant 
shifts unlike large regions with monolithic energy governance [11].  

For this research, we evaluate 8 islands; Cyprus (CY), Malta (MT) and Iceland (IS) in Europe; Curacao (CW), 
Jamaica (JM) and Trinidad & Tobago (TT) in the Caribbean; Bahrain (BH) in the Persian Gulf; and Mauritius (MU) 
in the Indian Ocean. In this regard, we perform a security evaluation [12] of their energy supply and contrast the results 
with their carbon intensity as a measure of environmental sustainability for energy supply. We identify island clusters 
based on the aforementioned attributes and look into the potential for fuel mix innovation as an enabler for energy 
supply sustainability and security [13]. 

2. Results and Discussion 
2.1 Energy Import Dependence 

With regards to imports dependence, islands can be clustered in 3 groups (Fig 1): those that are highly dependent 
at close or over 100% (as a result of feedstock changes); those with middle dependence; and finally, those that are net 
energy exporters, enabled by their indigenous reserves. Referring to the high dependence group the two EU member 
states, Cyprus and Malta, have been historically locked into fossil fuel imports from neighbouring exporters, making 
them the two most energy dependent EU countries. They both have enormous potential for renewable energy 
generation within their energy systems and specific renewable energy targets to meet for 2020 [14,15]. Cyprus also 
has promising natural gas reserves in the Eastern Mediterranean Sea which may lead to longer-term lock into fossil 
fuels [16]. In the same group, we can include the Caribbean islands that do not produce indigenous fossil fuels. 

On the other end, Bahrain is a large oil producer in the Middle East and Trinidad & Tobago is the largest natural 
gas producer of the Caribbean therefore they both are net fossil fuel exporters. Iceland is a distinct case as it supplies 
approximately 89% of its primary energy with renewable resources; mainly geothermal and hydro. Even though 
Iceland’s energy demand has grown by 250% since 1990, this growth has been met by renewable energy. The imported 
fossil fuels are mainly used in transport and the fishing industry although there are ambitious plans to became almost 
a zero emissions island with a turn to electric cars [17]. That could silence the criticism for electric vehicles when they 
are charged by fossil fuel based electricity since only 1.7% of the total fuel mix was sourced from coal back in 2013 
[18,19]. 
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