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Abstract 8 

Small Island Developing States (SIDS) have been one of the neglected group until recently when 9 

there have been several voices raised to highlight the vulnerabilities of these small nations. Since 10 

then, there have been a huge focus on these nations. The level of energy access is over a wider 11 

range where some SIDS still have a low energy access although they may have resources. The 12 

energy mix for electricity production is mostly dominated by fossil fuels where the transportation 13 

cost results in high cost of fossil fuels and this leads to a high cost of electricity.  14 
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1. Introduction 18 

Small Island Developing States (SIDS)* is a diverse group of islands sharing similar social, 19 

economic and environmental challenges to achieve sustainable development goals.  Physical and 20 

human geographies, however vary largely (Kelman and West, 2009).  The smallest of SIDS is 21 

Nauru with a land area of 20 km2 and the largest is PNG with a land area of 453,000 km2 (World 22 

                                                             
* Atlantic, Indian Ocean, Mediterranean and South China Sea (AIMS) SIDS are Mauritius, Maldives, Seychelles, 
Comoros, Cape Verde (CV), São Tomé & Principe (STP), Guinea-Bissau, Singapore; Caribbean SIDS are Trinidad 
and Tobago (TT), Guyana, St Vincent & Grenadines (SVG), Antigua and Barbuda (AB), Belize, Suriname, 
Dominican Republic (DR), Dominica, Haiti, St Lucia, Bahamas, Cuba, Grenada, Jamaica, Barbados, St Kitts & 
Nevis (SKN); Pacific SIDS are Fiji, Vanuatu, Papua New Guinea (PNG), Kiribati, Nauru, Samoa, Tonga, Tuvalu, 
Federated States of Micronesia (FSM), Marshall Island, Solomon Island, Palau and Timor–Leste. Only SIDS UN 
Members are considered in this article.  
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Bank, 2017a). Geographically, SIDS exists as single islands (for e.g., Cuba or Jamaica), 23 

consolidated group of islands (Fiji or Comoros) or an archipelagos of small islands, islets and 24 

low-lying atolls (e.g. Maldives).  Population count as at 2017, varies from less than 100,000 25 

residents (for e.g., Seychelles, AB, Dominica, SKV, Marshall Islands, Nauru, Palau and Tuvalu) 26 

to over one million residents (Guinea-Bissau, Mauritius, Singapore, Cuba, DR, Haiti, TT and 27 

PNG) (World Bank, 2017a). Most of these islands are of volcanic origin and enjoy tropical 28 

climatic conditions.  Main economic sectors are agriculture, sand mining, tourism, fisheries and 29 

forestry (UNEP, 2014). Their relative small physical size, geographic isolation and high 30 

dependence on international trade make them ‘price-takers’ (Briguglio, 1995) and hence, 31 

initiatives to make these islands self-sufficient and reduce import costs are encouraged.   32 

SIDS has been in the limelight since 1987 when, at the UN General Assembly, the President of 33 

the Maldives stressed the issue of climate change and the disappearance of its islands under 34 

rising sea-level (Wong, 2011).  Since then, the UN has adopted the Barbados Program of Action 35 

(BPOA) in 1994, the Mauritius Strategy of Implementation (MSI) in 2004 and the SIDS 36 

Accelerated Modalities of Action (SAMOA Pathway) in 2014 as policy documents to reflect 37 

upon existing challenges in SIDS and to provide mitigation strategies and spur investment in 38 

SIDS economies (UN, 1994; 2005; 2014).   39 

Among several thematic issues of the BPOA, MSI and SAMOA Pathway, SIDS’ heavy 40 

dependence on imported fossil fuels (mainly oil) and the need to diversify their energy mix with 41 

indigenous renewable energy (RE) sources to ensure access to affordable, reliable, clean and 42 

modern energy for all is always on the agenda and often discussed. Over the years, an 43 

international panel of researchers has worked on the technical and technological, economical, 44 

policy and political aspects of sustainable energy consumption and production but it still appears 45 

that more have to be done along the line to low-carbon energy transition.  In some SIDS (for e.g. 46 

Haiti, Solomon Islands, Vanuatu, PNG, Guinea-Bissau), the issue of low access to energy still 47 

persists which has hindered the improvement of multiple facilities like education, proper health 48 

care, water, sanitation and slowed down industrial and commercial development affecting 49 

employment of residents. The lack of sufficient energy thus constitutes a social issue which 50 

should be urgently looked into and addressed. Hence, SIDS’ energy sector is highly complex as 51 

they are faced with a trilemma of (a) low energy access, (b) high vulnerability to energy security 52 
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from high dependence on oil imports and (c) substantial barriers to renewable energy sector 53 

development.  54 

This study is an excellent opportunity to review the present state of energy affairs in SIDS UN 55 

member states.  The paper relies three main focus which are (a) an overview of research 56 

endeavors in SIDS for the last two decades, (b) a comprehensive overview of the current energy 57 

situation in SIDS, and (c) recommendations and areas for development for more renewable 58 

energy.  Such study is essential for policymakers and project developers for judicious decision–59 

making and planning of a more sustainable energy future in these territories.  The paper also 60 

aims to attract more attention in SIDS for more research in energy and climate change.   61 

The rest of the paper is structured as follows: Section 2 presents an overview of research 62 

endeavors in SIDS and Section 3 discusses the energy situation in SIDS and other characteristics 63 

of their energy sector. It also gives an overview on the energy access, electricity mix and the cost 64 

of electricity in the three SIDS regions. Section 4 provides the challenges and recommendations 65 

for greater development of renewable energy in SIDS and conclusions are provided in Section 5. 66 

 67 

2. Data sources, method and extent of research 68 

Data and literature for this paper was sourced from peer–reviewed academic papers, conference 69 

proceedings, think–tanks and other international and national reports. Publications were retrieved 70 

from international organizations, Web of Science and Google Scholar databases.  This activity 71 

was repeated twice to ensure that no paper was left out of the analysis. Non–English, books, 72 

non–dated papers, dissertations and online articles were excluded from the review. Published 73 

papers were used as a proxy to evaluate research endeavors in SIDS. A systematic review of 74 

existing literature was taken as the methodological framework for this paper as it is a useful 75 

method for analyzing, evaluating and monitoring development in a particular field and thus 76 

appealing to scholars.  77 

From the list of publications compiled, particulars of these publications related to their authors’ 78 

affiliations, date of publication, ‘renewable energy focus’ (whether the study involved a single 79 

renewable energy source or discusses renewable energy in general), region (whether the 80 

publication is on SIDS regions in general or in a member state) and classifications (whether they 81 
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discusses technical, social or issues on the economics of renewable energy) among other details 82 

were noted.  The search retrieved a significant number of publications on SIDS and SIDS 83 

member states from 1994 to 2017 on all types of exploitable renewable energy sources.   The 84 

majority of the publications were peer–reviewed articles and a small number of them were think–85 

tank reports from reliable sources (for e.g. IRENA, 2013 among others).  Over the last 23 years, 86 

research papers in SIDS have been published in various peer–reviewed outlets on renowned 87 

energy journals.Taoe countries.  88 

The number of publications in SIDS has seen a rise as from 2010 where this number has 89 

increased nearly three–fold.  A possible explanation for this increase can be attributed to the 90 

special attention that some intergovernmental organizations (like the Intergovernmental Panel on 91 

Climate Change) have given to island nations as they recognized islands’ vulnerability with 92 

regard to the growing threat of climate change. As the extent of research in SIDS has increased, 93 

the literature also has become more refined dealing from a wide range of issues and shifting from 94 

traditional renewable energy sources like hydropower to modern renewable energy sources like 95 

ocean–based energy sources, wind, solar and biofuels. Fig.1 illustrates the distribution of 96 

publications per year and the ‘renewable energy focus’ under study in these publications. In all, 97 

65 publications looked at more than one renewable energy source while another 31 were 98 

exclusively based on solar energy, 19 on wind energy, 15 on bioenergy systems, 10 on ocean–99 

based energy and the remaining on hydro and geothermal energy. Eventually, judging from the 100 

extent of research in the field, solar and wind energy seemed to be the most preferred, 101 

appropriate or exploitable renewable energy sources in SIDS. No publications in 2007 were 102 

found during the data search and only one paper on hydropower (see Elahee, 2013) was found.   103 



 

5 

 104 

Fig. 1 – Number of publications by year and by ‘RE focus’.   105 

The nature of these publications is also interesting to note. These publications can be classified 106 

into five main categories based on their content which are (a) social, (b) technical or 107 

technological, (c) economics, (d) environmental and (e) policy and political aspects†.  Fig. 2 108 

gives the distribution of publications based on content of the papers. Five publications have been 109 

excluded here because they combined two of the categories listed above in their study and thus 110 

difficult to classify them accordingly. Sovacool et al. (2011) discussed about the socio–technical 111 

aspect of solar home systems (SHS) in PNG; Hsu et al. (2014) conducted a techno–economic 112 

analysis of a photovoltaic system in Kiribati; Kumar & Nair (2014) determined the wind 113 

potential and economics of wind power in Fiji; Chandra et al. (2017) discussed the environ–114 

economic implications of bioethanol in Fiji Islands and Lal & Raturi (2012) focused on the 115 

techno–economics of hybrid energy system in Fiji. 116 

                                                             
† Fiscal policies given to investors and project developers are included in ‘policy/political’.  Under ‘Economics’ 
categories lie publications dealing with the with the costs of the RE infrastructure.  
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Most of the papers collected are either technical (43%) or dealing with policy and political ideas 117 

(49%) for renewable energy development in SIDS as shown in Figure 2. Technical papers are 118 

mostly resource–assessment of the particular type of renewable energy under study and 119 

policy/political publications elaborated mostly on frameworks for renewable energy 120 

development, market–based mechanisms and efforts at governmental level to develop renewable 121 

energy resources on these islands. Little research has been conducted on the economics of 122 

renewable energy infrastructure – procurement and standards of technologies, freights costs, 123 

insurance etc. – as to recall most SIDS do not have any technology manufacturers in their 124 

countries and rely entirely on imports of these technologies, thereby increasing costs.   125 

The social/socio–cultural and environmental aspects of renewable energy development remain 126 

understudied in SIDS. Previous work by Yaqoot et al. (2016) has highlighted impact that social 127 

and cultural barriers have on renewable energy development. Social and cultural barriers are 128 

related to vandalism, theft of the technology and asymmetry information on the technology 129 

leading to poor acceptance of these technologies among residents. For example, over–130 

expectations of residents on the extent a SHS can go to power appliances (due to lack of 131 

knowledge of the technology) and sabotage, vandalism, tribal wars and acts of vengeance in 132 

PNG has caused damages to SHS and hence, hindering acceptance of the technology among 133 

people (Sovacool et al., 2011).   Other similar socio–cultural issues exist in SIDS which have not 134 

yet been addressed – for example, the acceptance of biofuel among SIDS’ residents has not been 135 

studied and this might be a possible explanation why biofuel development is not picking up 136 

speed in some SIDS. 137 

The environmental impacts of renewable energy technologies were not often mentioned in the 138 

energy literature. In comparison with fossil fuels use, these technologies are better as they emit 139 

negligible amount of carbon in the atmosphere but rarely discussed in the case of SIDS is the 140 

degradation of other natural resources and acoustic noise pollution that it produces (Wright, 141 

2001; Yaqoot et al., 2016). For example, Chandra et al (2017) reported that bioethanol 142 

production can affect water footprint and affect clean water bodies however, little studies exist in 143 

SIDS on this issue. 144 

 145 
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 146 

Fig. 2 – Publications classified based on their content 147 

Publications can also be categorized by country or regions (Fig. 3). Only one publication was 148 

retrieved discussing a possible framework for collaboration of AIMS SIDS to drive energy 149 

development (Tung, 2017) and more than 15 publications were published in the Caribbean and 150 

Pacific SIDS in general. Taking SIDS as a whole, six publications were collected, half of which 151 

were on policy interventions for renewable energy development and the rest on the economics of 152 

renewable energy technologies and international aid to finance renewable energy projects. SIDS 153 

member states like Mauritius (21) and Fiji (25) record the highest number of publications 154 

followed by TT, Maldives, PNG, Barbados, Cuba and Cape Verde.  Other countries had less than 155 

5 publications in the last 23 years.  No papers were recorded for at least 17 SIDS (For e.g. 156 

Comoros, Antigua and Barbuda, and others) which is pretty alarming. Generally, islands have 157 

adequate renewable energy resources but without resource assessment studies (among others) of 158 

the different sources, the exploitable capacity cannot be known and thus causes little interest and 159 

investment from government and private investors. 160 

 161 
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 162 

 163 

Fig. 3 – Number of publications by country or region 164 

After the  relevant studies have been compiled and described, the next sections will outline and 165 

explain the energy situation in SIDS UN member states.   166 

 167 

3. Energy systems 168 

3.1 Energy access – current status 169 

Notwithstanding, not all SIDS member states enjoy full access to energy (Fig. 4). While 170 

Mauritius, Nauru, Singapore Tuvalu, TT and others have 100% access to electricity, in other 171 

SIDS like Haiti, Guinea–Bissau, Solomon Islands, PNG, Vanuatu and Kiribati, less than 50% of 172 

the population have access to electricity (World Bank, 2018, Wolf et al, 2016). On average, 173 

electrification rate in AIMS, Caribbean and Pacific SIDS are 73.6%, 88.3% and 72.9% 174 

respectively. Limited access to electricity posits a huge social problem rarely discussed in the 175 

scientific literature (Dornan 2014; 2015). Moreover, education of children, businesses and 176 

industrial activities are compromised and are the first to be affected. Since most of the energy 177 

poor people live in rural areas, they tend to migrate to urban regions causing urban problems in 178 

some countries. The causes for low electrification rates in SIDS can be summed up into three 179 
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categories – technical causes, financial causes and institutional barriers.  Extending grids is the 180 

preferred option to electrify some regions as power outages might seldom occur, but since some 181 

households are located far from demand centers where the grid is concentrated, it is not feasible 182 

to extend grids (Dornan, 2014; 2015). Especially, when the electricity demand from these remote 183 

households are not significant, utility companies cannot balance costs of extending grids to 184 

benefits of having access to electricity. One solution to expand electricity to rural remote areas 185 

lies in decentralized renewable energy systems (DRES), but again, investing and maintaining of 186 

DRES require funding and expertise which are lacking in SIDS (Urmee & Harries, 2012). 187 

Institutional and market barriers to improve electrification are also existent. The fact that 188 

policymakers implement poor market–based mechanisms and inadequate policies sometimes 189 

push investors away and hence, private participation remains low. 190 

Another issue with the lack of accessibility to electricity and modern cooking fuel (gas), is the 191 

high reliance of some households on traditional biomass sources such as wood, crop residues and 192 

dung. The burning of traditional biomass in households contributes largely to the production of 193 

air pollution affecting women and children. It is estimated that in 2004, over 1500 people have 194 

died from pollution caused by the burning of traditional fuels in PNG and Haiti (Legros et al., 195 

2009). 196 
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 197 

 Fig. 4 – Electrification rate in SIDS (Authors’ compilation; data from World Bank, 2018) 198 

3.2 Electricity generation mix 199 

Electricity consumption in 2014 averaged 2125 kWh/capita for the AIMS SIDS, 2309 200 

kWh/capita for the Caribbean and 1214 kWh/capita for the Pacific SIDS region (The World 201 
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Bank Group, 2018a; The World Bank Group, 2018b; EIA, 2018; IRENA, 2012).  Since 84% of 202 

Pacific population lives in PNG, Solomon Islands and Vanuatu where electrification levels are 203 

less than 40%, energy consumption in Pacific is below world average level (Timilsina & Shah, 204 

2016).  Electricity is mostly supplied by fossil fuels (mainly coal and petroleum products) and a 205 

small share by renewable energy.  206 

 3.2.1 AIMS SIDS  207 

AIMS SIDS are highly dependent on fossil fuels (coal, oil and to a lower extent natural gas) for 208 

electricity production while the contribution of renewable energy is relatively small. Renewable 209 

electricity production is highest in Cape Verde (30.7%) and Mauritius (23.8%) while less than 210 

10% of electricity is generated from renewable energy sources in other AIMS SIDS. In Cape 211 

Verde, renewable electricity production is solely based on wind energy, with the island blessed 212 

with an average wind speed of 9.1 m/s (Cabeólica, 2016). Owing to its relatively high wind 213 

resources, there is a potential for further harnessing wind energy in Cape Verde through off-grid 214 

systems, energy storage systems or optimised systems (Segurado et al., 2011; Ranaboldo et al., 215 

2014; Yuan et al., 2017; Qing, 2018).  216 

In Mauritius, renewable electricity production is mainly through the combustion of sugarcane 217 

bagasse (18.6%) and through hydropower (4.3%) (Surroop and Raghoo, 2017; EIA, 2018). 218 

Sugarcane bagasse, as a bioenergy source, has mostly reached saturation point (Surroop and 219 

Raghoo, 2017) but other sources of biomass and wastes materials are estimated to supply up to 220 

12 PJ/year of energy for the island (Bundhoo, 2018). Cane tops and leaves as a fuel are currently 221 

under test in some power plants and hopefully, to be under full operation soon (Bundhoo, 2018). 222 

Hydropower in Mauritius has reached technical exploitation capacity and no large–scale 223 

hydropower potential exist (Elahee, 2013). However, some 10 MW can be expected from micro 224 

and pico hydropower plants which can still be exploited (Elahee, 2013). As at 2015, solar and 225 

wind energy constitute less than 1% but both sources are expected to increase in the future as 226 

more investment flows the country (Bundhoo, 2018). Mauritius has a target of 35% electricity 227 

generation from renewable energy by 2025 (biomass and wastes: 21%; hydropower: 2%; solar 228 

and geothermal: 4% and wind: 8%) (MREPU, 2009) but right now, it is still unclear how far this 229 

objective can be achieved. Singapore is another AIMS SIDS utilising biomass and wastes for 230 

electricity production. From the 3.1% of electricity production from biomass and wastes 231 
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materials in 2015, a major fraction is attributed to the processing of municipal wastes through 232 

anaerobic digestion and incineration plants (Energy Market Authority, 2017).  233 

In Comoros and São Tomé and Príncipe, most of the electricity is produced from diesel engines 234 

and the remaining by hydropower (see Fig. 5). However, it is seen that increasing electricity 235 

demand is met mostly by oil rather than renewable energy (Surroop and Raghoo, 2018).  Based 236 

on Surroop and Raghoo (2018), Comoros has a solar energy potential of 5000 W/h/m2, but little 237 

solar is exploited. STP is said to have good solar, wind and hydropower potential but with a lack 238 

of resource assessment studies, the exact potential is still unknown (Surroop and Raghoo, 2018). 239 

Maldives and Guinea–Bissau are entirely dependent on fossil fuels for electricity production. 240 

The reason for Maldives’ high dependence on fossil fuels is due to the fact that standalone 241 

renewable energy technologies may not be economically feasible on the island (van Alphen et 242 

al., 2007) while the lack of finance, skill and know-how in the field of renewable energy further 243 

hinder its development (Ministry of Housing and Environment, 2010). Nonetheless, there have 244 

been some attempts to implement renewable energy systems in Maldives for those whose 245 

potential has been assessed (van Alphen et al., 2007; 2008) Likewise, as part of its National 246 

Energy Policy and Strategy, the Maldives are encouraging the use of renewable energies such as 247 

solar, wind and biomass (Ministry of Housing and Environment, 2010). As a solution to the high 248 

costs of standalone renewable energy systems in the Maldives, several studies have proposed 249 

coupled energy-water systems or hybrid renewable energy-diesel systems which eventually 250 

lowers the cost of renewable energy and increases its economic viability in the Maldives (Liu et 251 

al., 2017; Wijayatunga et al., 2016).  252 

It seems that policymakers have become very active these last years to uplift the energy sector in 253 

Guinea–Bissau. The Government has set up a renewable energy centre for the promotion of 254 

solar, wind and biomass energy (Guinea Bissau Republic, 2012) and seek to launch a framework 255 

for renewable energy development in the country. In the same line, an expression of interest was 256 

launched in 2013 for the recruitment of a consultant for assisting in the preparation of a 257 

framework for developing the renewable energy sector in Guinea Bissau (ECREEE, 2013).  258 

Moreover, Surroop and Raghoo (2018) reported that Guinea–Bissau has good solar wind and 259 

hydro resources. 260 
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Despite the AIMS SIDS surrounded by sea, ocean-based renewable energy is not currently 261 

harnessed in any of these islands. A previous study by Hammar et al. (2012) revealed that there 262 

is a high potential for ocean thermal energy conversion (OTEC) in Mauritius, Seychelles and 263 

Comoros while the potential for harnessing wave energy is also high in Mauritius (Hammar et 264 

al., 2012). In the same line, wave data were previously collected in south coast of Mauritius with 265 

a view of tapping wave energy (Carnegie Wave Energy, 2016). 266 

 267 

Fig. 5 ‒ Energy sources for electricity generation in AIMS SIDS in 2015 (Drawn based on data 268 

from EIA, 2018) 269 

3.2.2 Caribbean SIDS 270 

Similar to AIMS SIDS, electricity production from renewable energy in Caribbean SIDS is 271 

predominantly through the utilisation of fossil fuels although Belize and Suriname are two 272 

exceptions. In Belize, nearly 28% of electricity is imported from Mexico while the remaining 273 

electricity is generated on the island through hydropower (45.9%), biomass and wastes (14.1%) 274 

and fossil fuels (12.1%) (Government of Belize, 2012). Considering only electricity generated in 275 

Belize, hydropower thus constitutes the main source of renewable electricity production (63.7%) 276 

followed by energy from biomass and waste materials (19.6%) (Government of Belize, 2012). In 277 
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Suriname, hydropower contributes 53.8% of total electricity generation (IRENA, 2015). These 278 

two SIDS are followed by Haiti, Dominica and St. Vincent and the Grenadines with hydropower 279 

contributing 28.7%, 24.5% and 16.1% of total electricity generation respectively (IRENA, 2012; 280 

EIA, 2018). With respect to other sources of renewable energy in Caribbean SIDS, electricity 281 

from wind energy amounts to 4.6% in Dominican Republic, 3.8% in St. Kitts and Nevis and 282 

3.2% in Jamaica while energy from biomass (mainly sugarcane bagasse) amounts to 4.3% in 283 

Jamaica and 3.7% in Cuba (EIA, 2018). Nonetheless, the potential for electricity production 284 

from sugarcane agricultural residues, energy cane and marabu (a type of bush tree) is much 285 

higher in Cuba with a study previously reporting that 48-99% of electricity demand in Cuba in 286 

2030 could be supplied through biomass (Gutiérrez et al., 2018).  287 

Ocean-based renewable energies such as offshore wind, OTEC or wave energy is not currently 288 

tapped in Caribbean SIDS despite the potential reported in previous studies (Henry et al., 2015; 289 

Singh and Ephraim, 2016). Nonetheless, a policy adopted in 2014 is planning on exploiting 290 

ocean resources in the Caribbean region, with ocean-based renewable energy among one of the 291 

potential benefits (Singh and Ephraim, 2016). Surprisingly, solar energy is also harnessed to a 292 

relatively low extent in many Caribbean SIDS (as observed in Fig. 2) despite a solar irradiation 293 

rate reaching 7 kWh/m2/day in dry seasons (Headley, 1997). 294 
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 295 

Fig. 6 ‒ Energy sources for electricity generation in Caribbean SIDS in 2015 (Drawn based on 296 

data from EIA (2018); data for Belize (2010), Haiti (2009) and Suriname (2011) have been 297 

obtained from Government of Belize (2012), IRENA (2012) and IRENA (2015) respectively) 298 

As observed in Fig. 2, seven of the 16 Caribbean SIDS are fully dependent on fossil fuels for 299 

electricity generation which is surprising considering the high potential for solar and wind 300 

energy exploitation in many of these SIDS (NREL, 2015). The possible reasons for this high 301 

dependence on fossil fuels remain the lack of finance for implementation of renewable energy 302 

technologies, lack of capacity development in the field of renewable energy and a lack of 303 

technology transfer to these small developing economies (CARICOM, 2009; Ince et al., 2016). 304 

However, the development of the Caribbean Centre for Renewable Energy and Energy 305 

Efficiency (CCREEE) will promote the implementation of renewable energy in the Caribbean 306 

SIDS by alleviating the aforementioned barriers to renewable energy in small islands (United 307 

Nations, 2018). 308 
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3.2.3 Pacific SIDS 309 

Nearly half of the Pacific SIDS are fully reliant on fossil fuels for electricity production while 310 

renewable electricity production is only discernible in three islands namely Fiji (46.2%), Papua 311 

New Guinea (38.0%) and Samoa (33.1%) as observed in Fig. 3. In all these three Pacific SIDS, 312 

renewable electricity production is predominantly through hydropower. Wind energy has a small 313 

contribution in renewable electricity production in Vanuatu (9.1%) while solar energy is 314 

harnessed to some extent (3.1%) in Tuvalu for electricity generation (EIA, 2018, IRENA, 2012). 315 

Electricity production from biomass and wastes is only noticeable in the Federated States of 316 

Micronesia and contribute to 3.2% of total electricity generation (EIA, 2018). This contribution 317 

is attributed to biofuel in the form of coconut oil that is mixed with diesel for electricity 318 

production (Nachmany et al., 2015). Papua New Guinea is the only SIDS with geothermal 319 

energy contributing to electricity production (11.0% of total electricity production) (APEC, 320 

2013). 321 

 322 
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Fig. 7 ‒ Energy sources for electricity generation in Pacific SIDS in 2015 (Drawn based on data 323 

from EIA (2018); data for Federated States of Micronesia, Marshall Island, Palau, Timor-Leste 324 

and Tuvalu are for the year 2009 and have been obtained from IRENA (2012); data for Papua 325 

New Guinea is for the year 2010 and has been obtained from APEC (2013)) 326 

The current observation from Fig. 3 is in line with a previous study by Dornan (2015) whereby 327 

the author reported that only 3 Pacific SIDS (Fiji, Samoa and Papua New Guinea) had good 328 

hydropower resources while the other Pacific islands had no potential for hydroelectricity 329 

generation (except Solomon Island with moderate potential). Nonetheless, the same study also 330 

reported that the Pacific SIDS have good resources in terms of solar energy and moderate wind 331 

energy resources while Fiji and Vanuatu also possess good potential in terms of geothermal 332 

energy exploitation (Dornan, 2015). The reasons for the lack of implementation of renewable 333 

energy technologies (particularly solar, wind) in Pacific SIDS are similar to those of AIMS and 334 

Caribbean SIDS and are generally classified as economic, institutional and technical barriers that 335 

hamper the development of such energy systems (Dornan, 2015; IRENA, 2013; Singh, 2012).   336 

3.2.4 Comparison between SIDS Region 337 

On average, 88.0% of the total electricity demand in SIDS is met through fossil fuels while the 338 

remaining 12.0% is supplied through primarily hydropower followed by wind energy and energy 339 

from biomass. As opposed, 76.3% of worldwide electricity generated in 2015 was produced from 340 

fossil fuels with 23.7% being contributed from renewable energy (mainly hydropower: 16.6% 341 

and wind energy: 3.7%) (REN21 Steering Committee, 2016). As previously mentioned, the low 342 

deployment of renewable energy systems in SIDS is attributed to several barriers including lack 343 

of finance, lack of capacity development in the field of renewable energy, lack of technology 344 

transfer while the small-scale nature of renewable energy systems in SIDS often create a lack of 345 

economies of scale, increasing the cost of renewable electricity produced (Ince et al., 2016; 346 

Dornan, 2015; IRENA, 2013; Singh, 2012). Comparing the SIDS regions in Fig. 4, Caribbean 347 

SIDS depend the least on fossil fuels for its electricity requirements although it is not 348 

significantly lower compared to the other SIDS regions. Electricity production from hydropower 349 

is also highest in Caribbean SIDS and these are mainly attributed to the contributions of Belize 350 

and Suriname in the hydroelectricity sector. Wind energy and energy from biomass are highest in 351 

AIMS SIDS owing to the contributions from Cape Verde and Mauritius respectively while there 352 
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is no major difference between the SIDS regions with respect to solar energy exploitation. 353 

Ocean-based energies are not currently harnessed in any SIDS region and geothermal energy is 354 

only exploited in Papua New Guinea.  355 

 356 

Fig. 8 ‒ Comparison of electricity generation from different energy sources between SIDS 357 

regions in 2015 and the world (Drawn based on data from: EIA, 2018; IRENA, 2012; IRENA, 358 

2015; APEC, 2013; Government of Belize, 2012 and Ren21 Steering Committee, 2016) 359 

The heavy reliance on fossil fuels for electricity production makes SIDS vulnerable to the highly 360 

fluctuating prices of fossils on the international market, potentially impacting on their 361 

economies. As such, many SIDS are feeling the necessity to shift towards renewable energies. 362 

Besides, the international assistance obtained for renewable energy development is another factor 363 

driving this shift towards renewable energies in SIDS as observed by the high renewable energy 364 

targets set by many SIDS (Dornan and Shah, 2016). While these ambitious targets are laudable, 365 

many of these are not often realistic and achievable in these SIDS since the renewable energy 366 

resource is poor. In Mauritius, for instance, it is targeted that electricity production from 367 
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geothermal sources will reach 2% by 2025 (MREPU, 2009) but geothermal potential for 368 

Mauritius is very low and not viable (ELC-Electroconsult, 2015). As such, these targets must be 369 

set based on studies conducted on the potential of the renewable energy resource in each SIDS 370 

while also considering the feasibility aspects of the renewable energy technology being 371 

deployed. 372 

3.3 Cost of electricity in SIDS 373 

It is also interesting to look at the price of electricity in the different SIDS. The cost of electricity 374 

varies significantly for different countries irrespective of their regions as shown in Figure 9. The 375 

cost of electricity in the AIMS region varies from 0.1 to 0.434 USD/kWh. Electricity is cheapest 376 

in Singapore at a rate of 0.1 USD/kWh followed by Sao Tome and Principe at 0.179 USD/kWh. 377 

The cost of electricity is most expensive in Maldives at 0.434 USD/kWh followed by Seychelles 378 

at 0.31 USD/kWh. The cost of electricity in the other AIMS SIDS are in the range of 0.23 to 0.28 379 

USD/kWh. 380 

The Caribbean region is similar to the AIMS region where the cost varies from 0.043 to 0.423 381 

USD/kWh. Surinam and Trinidad and Tobago produce electricity at the lowest cost at 0.043 382 

USD/kWh and 0.073 USD/kWh respectively. Electricity is most expensive in Antigua and 383 

Barbuda at a rate of 0.432 USD/kWh followed by Dominica and St Lucia at a rate of 0.352 and 384 

o.315 USD/kWh respectively. The cost of electricity in the other islands is in the range of 0.2 to 385 

0.3 USD/kWh. 386 

The Pacific region is slightly different from the other two regions in the sense that the cost of 387 

electricity varies over a bigger range. Electricity is most expensive in Solomon Island at a rate of 388 

0.679 USD/kWh and the cheapest is in Fiji at a rate of 0.211 USD/kWh. It should be highlighted 389 

that although Papua New Guinea has gas reserves, the level of energy access is low and the cost 390 

of electricity is relatively high at a rate of 0.315 USD/kWh. 391 

Comparing the cost of electricity in all the SIDS, it is noted that electricity is most expensive in 392 

Solomon Island and cheapest in Surinam and Trinidad and Tobago. Trinidad and Tobago is also 393 

an oil-producing country which explains the low cost of electricity. The costs of electricity are 394 

generally high in SIDS compared with other countries mainly due the transportation cost. 395 

 396 
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 397 

Fig. 9 – Price of Electricity in SIDS (Authors’ compilation; data from World Bank, 2017b) 398 

 399 

4. Recommendations for renewable energy development 400 

Renewable energy development in SIDS has been hampered by several barriers namely 401 

institutional, technical and financial as previously mentioned. In order to promote the 402 

implementation of renewable energy in SIDS, these barriers need to be overcome while other 403 

key aspects of renewable energy deployment need to be considered. The following lists some of 404 

the recommendations for renewable energy development in SIDS. 405 

 406 

4.1 Institutional framework 407 

The absence of an institutional framework is regarded as a major bottleneck for overseeing the 408 

development of renewable energy. Consequently, the first recommendation for SIDS that do not 409 
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have a dedicated centre for renewable energy is to set up such an institution that will supervise 410 

and promote the development and deployment of renewable energy in these small islands. A 411 

public-private partnership must be created between these institutions (which are generally public 412 

entities) and the private sector (which are potential investors in renewable energy projects). 413 

These dedicated renewable energy organizations must also be in constant liaison with their 414 

respective renewable energy centres for each SIDS region such as CCREEE in the Caribbean 415 

region, Pacific Centre for Renewable Energy and Energy Efficiency (PCREEE) and the 416 

ECOWAS Centre for Renewable Energy and Energy Efficiency (ECREEE) for African SIDS 417 

(United Nations, 2018b). The collaboration of the regional centres with the International 418 

Renewable Energy Agency (IRENA) will also act as a bridge between the local and international 419 

centre that may further promote renewable energy development. 420 

 421 

4.2 Research on resources availability  422 

As reported by Dornan (2015), many SIDS have set very high renewable energy targets. 423 

However, in many of these SIDS, these targets are not realisable owing to the lack of renewable 424 

energy resources. It is therefore recommended that prior to devising any energy strategy 425 

(particularly long-term), appropriate studies need to be carried out to determine the potential of 426 

each renewable energy resource in each SIDS. The studies must consider, amongst others, the 427 

intermittency of the renewable energy resource and must be carried out over a time period long 428 

enough to account for seasonal variations as well as long-term climate variability. These studies 429 

could be carried out by local universities in collaboration with the local, regional and 430 

international centres for renewable energy. The results of these studies could also be reported in 431 

the same formats for all SIDS and must be available to all stakeholders (Tao and Finenko, 2016).  432 

In parallel, research on optimisation techniques for renewable energy deployment in a particular 433 

SIDS could also be carried out so as to determine the renewable energy system most appropriate 434 

for that island. Common aspects that are considered during the optimisation are the choice of 435 

renewable energy (hydropower, solar, wind, etc.), the type of energy system (standalone or 436 

hybrid), design or sizing of the renewable energy technology, the cost of the renewable energy 437 

system, the location more suitable for implementation of the renewable energy system, the 438 

availability and cost of land for deployment of the renewable energy system, amongst others 439 
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(Bundhoo, 2018; Iqbal et al., 2014; Baños et al., 2011; Erdinc and Uzunoglu, 2012). 440 

Optimisation is thus necessary so as to ensure that the energy system deployed is the most 441 

suitable to the chosen location while also being efficient, reliable and cost-effective (Bundhoo, 442 

2018; Iqbal et al., 2014; Erdinc and Uzunoglu, 2012; Ab. Razak et al., 2007). 443 

 444 

4.3 Capacity Building 445 

Lack of local technical know-how and skills in the field of renewable energy is often seen as a 446 

major stumbling block to the development of renewable energy in SIDS. It is therefore important 447 

that capacity building is carried out at basic, intermediate and advanced levels (IRENA, 2013; 448 

Timilsina and Shah, 2016). This capacity building process could be carried out by local centres 449 

for renewable energy in collaboration with local universities as well as the regional and 450 

international centres for renewable energy. Furthermore, general awareness campaigns must also 451 

be carried out by the local renewable energy centres to promote the efficient use of renewable 452 

energy. 453 

 454 

4.4 Financing Mechanisms  455 

Funding is particularly regarded as a major barrier that hinders the development of renewable 456 

energy in SIDS. The local renewable energy centres must work in partnership with the regional 457 

centres to source funding from international funding agencies while also disseminating the 458 

potential of renewable energy exploitation in their respective SIDS and its economic benefits to 459 

attract external investors (Timilsina and Shah, 2016). Financing mechanisms such as grants or 460 

loans must be properly formulated and well controlled. Financial incentives must be provided by 461 

governments for renewable energy projects either on small- or large-scales (Timilsina and Shah, 462 

2016). Grants or subsidies may be provided for purchase of photovoltatic cells at household level 463 

and net-metering or feed-in-tariffs schemes must be properly devised and promoted. Public-464 

private partnerships must be encouraged whereby governments share the financial risk of the 465 

project as this will attract investments from the private sector.  466 

 467 
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4.5 Policy and regulatory frameworks 468 

For any system to be properly effective, a proper policy coupled with applicable regulations is 469 

fundamental. Similarly, any renewable energy system is subject to failure if there is no policy or 470 

regulation in place to frame and oversee its development. A policy may be devised for the whole 471 

energy sector in a particular SIDS but must cater for the development of renewable energy. More 472 

importantly, appropriate regulatory frameworks must be set up for renewable energy so that there 473 

is no monopoly which ultimately impact on the cost of renewable electricity produced.  474 

 475 

5. Conclusion 476 

Without an overview of SIDS energy sector, it is less likely to devise polices. This paper 477 

addresses this gap by presenting the current state of energy affairs in SIDS. SIDS high 478 

dependence on fossil fuels and little resilience against climate change has attracted international 479 

interest from researchers from all around the world. However, some fields still appear to lack 480 

consideration. This paper showed that some areas of SIDS remain understudied and without 481 

clearing these grey areas, sustainable development is less likely. In the second part of the paper, 482 

the overview that is presented dictates to what extent SIDS is dependent on fossil fuels. Despite 483 

having exploitable renewable energy, the development pace of these sustainable energies is slow 484 

and undesirable. Lastly, four potential solutions were elaborated that may possibly speed up 485 

renewable energy development in SIDS context. It should be noted that these solutions are not 486 

necessarily applicable to Singapore which is the most developed country in this group of states.  487 

These solutions can be grouped as research and training, institutional solutions and fiscal 488 

policies. Research and more accurate data can lead to more accurate and reliable resource 489 

assessment which will boost confidence of any interested party in renewable energy. Equally, the 490 

availability of well-trained manpower and energy practitioners can promote renewable energy as 491 

investors can spend less on training. Policy, regulatory and institutional frameworks will ease out 492 

complex bureaucratic procedures and speed up licensing of any renewable energy project. This is 493 

highly incentivizing to investors as they reduce costs and time for project implementation along 494 

the renewable energy development chain. Lastly, considering relatively high costs of renewable 495 

energy technologies, financial mechanisms can attract project developers and reduce risks 496 

associated with the development of renewable energy project. Cumulatively, these solutions can 497 



 

24 

provide a better investment climate for private participation and ensure the sustainability of 498 

renewable energy projects.   499 

 500 
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