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At the launch of this issue, we find ourselves emerging from the woods of the COVID-19 
pandemic. As a region, we are not unscathed. On the environmental and energy fronts, 

we are getting back to the business of taking sustainable actions with reinvigoration. A lot of the 
reinvigoration is coming from an enthusiasm of younger generations to move the needle on 
climate action, green innovations and the clean energy transition. The realism now is that all the 
above points must be viewed as resiliency builders, so our societies and economies can face future 
challenges, be they natural or anthropocentric, with resolve and resources. So, the articles includ-
ed in this issue really can be viewed in that forward optimism perspective. 

Making this point is Z. Neufville who reports on challenges and opportunities of organic waste to 
energy solutions in Latin America and the Caribbean. The study reminds us that even as we try 
to reduce our waste, this particular waste stream can have a bit of silver lining if it serves to diver-
sify our energy source portfolios. V. Pooran follows with a much-needed focus on the relationship 
between ICT and the environment. Not only are we introduced to the ways that ICT can enhance 
the efficiency of our environmental investments, but the approaches themselves help to modern-
ize how we view sustainable development in the Caribbean moving forward. The article T. 
Bowman focuses on serves to remind us that while a multiplicity of environmental challenges rise 
and fall on the public agenda over time, the Caribbean, unfortunately, still grapples with the 
historic destruction of our coral reefs. The challenge is only becoming worse. Then A. Alvada 
summarises for us, the potential of wave energy in the Caribbean. Again, an optimistic realism 
that this can be a clean energy source for us in the future, if we take up the challenge to innovate 
and adapt. 

We are very fortunate to have O. Mohammed of the Cropper Foundation provide our Feature 
Article on how this well-recognised non-governmental organisation in Trinidad and Tobago has 
approached collaborative environmental and natural resource governance over its history. 
Mohammed outlines how the organisation has found success through collective community 
actions, taking time to build trust among stakeholders and living through polycentric governance 
models to make positive impacts across focused strategic programmes. An informative read for 
those interested in the non-governmental environmental sector. 

Lastly, in this issue, we introduce an experimental piece in the form of A. Roopchand’s article – 
Towards Sustainable Energy Systems in Islands. Roopchand, a respected Caribbean journalist, 
summarises the key takeaways from the recent Online Symposium on Science, Technology and 
Innovation for the Sustainable Post-pandemic Recovery in U.S. Island Territories, held by the 
Island Policy Lab at the University of Delaware. This is the first of more such articles that 
summarise key takeaways from the many exciting and informative webinars, events, conferences 
and symposiums being held about Caribbean environmental and energy issues. We intend to 
share highlights of such events with our readership. 

Kalim Shah, Ph.D.
Editor-In-Chief
CESaRE Impacts

Editor’s Note
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Written by: Zadie Neufville

Technology: A Bridge for the Challenges 
and Opportunities of Organic Waste to 
Energy Solutions in Latin America and 
the Caribbean

Access to energy is one of the most significant 
challenges facing countries like Jamaica. High 

and fluctuating fuel costs make electricity prices in the 
Caribbean and Latin America among the highest in 
the world, according to the Inter-American Develop-
ment Bank (IDB). According to the World Resources 
Institute (WRI), in the last five years, more than 80 
countries worldwide have committed to net-zero 
emissions by 2050, which makes waste-to-energy 
alternatives an urgent issue for the region. But the 
switch to and use of alternative energy sources could 
be expensive, depending on the technology.

In a study titled “The state-of-the-art of organic waste 
to energy in Latin America and the Caribbean, Chal-
lenges and opportunities” (2020), researchers Rodolfo 
Daniel Silva-Martínez et al. propose the use of waste 
to energy technologies (WtEs) as an alternative that 
would be beneficial on a socio-economic level. 

They noted that while such technologies have been 
developed “they (the technologies) are still far away to 
significantly contribute not only to treat the ever-in-

creasing waste volumes in the region but also to 
supply the regional energy demand and meet their 
national carbon emission goals”. The team examined 
the various technologies already being used in the 
region and proposed that governments look at the 
application of the most feasible. They also examined 
the challenges the region faced.

The researchers further noted that “the technical 
complexity of these technologies aligned with lack of 
research, high investment costs and political deficien-
cies” has not allowed for the implementation or 
deployment of suitable solutions in a few countries 
like Mexico and Brazil. In the Caribbean sub-region 
where there is substantial renewable energy potential 
in solar, wind and geothermal energy and growing 
investments in renewable energy, it is likely that cost 
could be a significant deterrent. 

In their assessments of the technologies, some of 
which are already being used, the researchers point to 
significant benefits to upscaling specific types, such as 
large and small-scale bio-digesters and methane 
capture from landfills.  
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Notably, small-scale bio-digesters and incineration are 
already prevalent. The sugar cane industry has, for 
more than a century, powered its operation using 
bagasse waste and sometimes wood. Both Jamaica and 
Belize are among the smaller countries that have exper-
imented with ethanol. In Belize, the sugar factories 
continue to generate power to fuel their operations and 
have recently begun to look at the cultivation and use 
of a wild cane - the Arundo donax as a source of alterna-
tive fuel. 

Aside from the reduction of emissions, the proposed 
methods would also result in socio-economic benefits 
that come from safer and more sanitary landfills, clean-
er air and the protection of groundwater supplies. A 
bonus is the potential earnings from carbon credits.

The researchers noted that up to 2011, more than 99 
waste-to-energy landfill projects had been approved 
and financed just in the Latin American region through 
carbon markets associated with the UN’s Clean Devel-
opment Mechanism. This resulted in the reduction of 
more than 19 million tons of CO₂ between 2007 to 2012. 

In its 2016 FOCUS magazine feature on sustainable 
energy, the Economic Commission for Latin America 
and the Caribbean (ECLAC) pointed out that an energy 
revolution had begun to take place in the sub-region of 
the Caribbean. Several countries, from Antigua and 
Barbuda to Jamaica, had begun to install solar and 
wind farms.

A 2014-2015 report from the International Renewable 
Energy Agency (IRENA), also pointed to the 85 percent 
growth in global renewable energy power capacity in 
the 10 years leading up to the report. The agency noted 
the more than 70 percent reduction in the cost of 
technologies over the same period which made such 
technologies more competitive to produce electricity in 
many countries.

The proposals of Martinez et al. could be feasible in 
countries like Jamaica where the burning of garbage at 
landfills in Kingston and Montego Bay have become a 
social issue. There are already reports of the exploration 
of the development of organic waste to energy (OWtE) 
processes at the Riverton City Landfill in Kingston. 
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The question remains, however: Are these small islands 
producing enough waste or the type of waste that is 
required to justify the applicability of large-scale OWtE 
plants?

On the other hand, with more than US $270 billion 
invested in renewable energy technologies up to 2014, 
which back then represented a 15 percent increase 
compared to 2013, is there the political will to switch? 

Zadie Neufville is an Independent Jamaican Journalist and 
communications specialist writing on issues relating to climate 
change, environment and development, women and health. She also 
writes for Inter Press Service and is also a part-time ITC analyst, 
Photography teacher and aspiring researcher. 

Twitter: @zpnine. E-mail: zadien@icloud.com
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The Relationship between ICT and 
Environmental Sustainability in 
Latin American and Caribbean 
Countries 
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I nformation and Communication Technology 
(ICT) has significantly transformed the world 

within the last 20 years. It has significantly increased 
economic growth on a global scale by expanding the 
reach of technologies such as high-speed internet and 
computing (Beardsley et al., 2010). The use of ICT in 
the economy has improved the productivity of the 
workforce, eliminated geographical barriers and 
encouraged interactions between coworkers. Addi-
tionally, ICT has significantly changed the social lives 
of individuals by facilitating easy communication 
despite geographical boundaries, convenient access to 
information, increased opportunities for education 
and technological advancements in healthcare and 
medicine. Furthermore, ICT has influenced environ-
mental sustainability in various ways. In the Caribbe-
an and Latin America, it is important to be conscious 
of climate change and environmental sustainability 
because developing countries often experience both 
direct and indirect effects of climate change.

ICT can play a valuable role in mitigating waste, 
pollution and carbon dioxide emissions hence improv-
ing the quality of the environment. According to 
Ahmed et al. (2020) ICT can positively impact environ-
mental sustainability through the substitution effect 

which can reduce carbon dioxide emissions and 
energy use by introducing virtual services and goods. 
This can also significantly reduce waste and pollution 
caused by physical goods. Furthermore, with advanc-
es in smart logistics in transportation information 
systems, there has been a steady decline in traffic 
congestion, thereby reducing carbon dioxide emis-
sions, energy consumption, and pollution (Ahmed et 
al., 2020). Energy monitoring devices have also 
increased energy efficiency and reduced energy 
consumption (Jorisch et al., 2018). However, there are 
environmental concerns regarding the widespread use 
of ICT. Majeed (2018) states that the increased growth 
of ICT has deteriorated the environment through its 
production, use and disposal.

The study conducted by Ahmed et al. (2020) delves 
into the criticality of ICT, human capital, and globali-
sation to carbon dioxide emissions in Latin American 
and Caribbean countries. Ahmed et al. (2020) focused 
on five variables - carbon dioxide emissions, globalisa-
tion, economic growth, human capital and urbanisa-
tion. Additionally, the study takes into consideration 
four indications of ICT growth which include fixed 
telephone subscription, fixed broadband subscription, 
mobile cellular subscription and internet users.   
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Using data acquired from 15 Latin American and 
Caribbean countries for the period of 1995 to 
2017, the analysis performed by Ahmed et al. 
(2020) suggested that environmental degrada-
tion in Latin American and Caribbean countries 
worsened with increased economic growth. The 
study also revealed that human capital was also 
a contributor to environmental degradation. 
Furthermore, the researchers found that in Latin 
American and Caribbean countries, ICT was 
associated with a reduction in carbon dioxide 
emissions. There was also some evidence to 
suggest that carbon dioxide emissions may be 
increased by urbanisation and reduced by 
globalisation, making the latter sustainable for 
developing countries. 

Ahmed et al. (2020) indicated several policies 
that can be used to facilitate the growth of the 
ICT industry in Latin America and the Caribbe-
an. Investment into ICT infrastructure and its 
role in society can increase economic develop-
ment and promote globalisation in the region. It 
will subsequently reduce environmental degra-
dation by introducing online banking, online 
shopping, traffic systems and revolutionising the 
education system (Ahmed et al., 2020).  The 
researchers also state that introducing digital 
connections in both rural and urban cities will 
increase resource efficiency and increase energy 
conservation. However, legislation and regula-
tions are needed to ensure the protection of the 
customers and vendors as well as to promote 
confidence in the stakeholders. Additionally, 
investment into ICT and ICT infrastructure will 
result in significant e-waste. Therefore, it is 
necessary to introduce strategies and policies for 
dealing with e-waste appropriately. According to 
Ahmed et al. (2020), globalisation can help 
promote the skills and expertise that are required 
for the processing of e-waste while the education 
system should incorporate environmental 
sustainability to bring awareness to climate 
change and environmental degradation.
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This research done by Ahmed et al. (2020) 
showed that tackling factors such as carbon 
dioxide emissions, globalisation, economic 
growth, human capital, and urbanisation 
can help Latin American and Caribbean 
countries achieve environmental sustain-
ability. ICT can be utilised in various ways to 
positively impact on these variables, thus 
providing a pathway to sustainable growth 
and development in the region. 

Vaidika Pooran is a recent graduate of the 
University of the West Indies, St. Augustine with a 
BSc in Chemistry and Industrial Chemistry. 
Passionate about environmental sustainability and 
renewable energy, she has a keen interest in the 
development of a sustainable future for the 
Caribbean. 
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Written by: Tremaine Bowman

A Series of Setbacks: Will Caribbean 
Coral Reefs Ever Recover?

Caribbean reefs have shifted considerably from 
being coral-dominated in the 1900s to 
algal-dominated in the 2000s. This phenome-
non is referred to as coral-to-macroalgal phase 
shifts. These phase shifts are defined as instanc-
es when there is 50% or more macroalgae cover 
relative to coral cover on reefs (Precht et al., 
2020). In the 1950s, Caribbean reefs were some 
of the most diverse reefs worldwide (Goreau, 
1959), however, due to major disturbance 
events, there has been a steady decline in coral 
cover with an almost paralleled increase in 
macroalgal cover (Perry et al., 2008). The causes 
and prevalence of this phenomenon vary 
widely and the likelihood of reversal is still 
uncertain many years later (Precht et al., 2020). 

Precht et al. (2020) reviewed 71 studies, inclu-
sive of 193 sites distributed around the Greater 
Caribbean, with some sites in St. Lucia and 
Saba. The studies revealed that prior to 1981, all 
surveyed sites at the time had less than 50% 
cover of macroalgae. Sites dominated by 
macroalgae peaked in 1987 and since 1994 have 
decreased to fewer than 10%. This was likely 
due to a reduction in the datasets coming out of 
Jamaica as the reefs around the island experi-
enced a string of disturbances in the 1980s that 
signalled significant ecological changes. 

Coral degradation and phase shifts are variable 
processes that involve different combinations 
of coral loss and macroalgal gain in time and 
space. Precht et al. (2020) found that nearly 
three-quarters of the reef sites across the Carib-
bean changed in the general direction of having 
less coral and more macroalgae. A plenitude of
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reasons has been credited to the decline in coral cover on reefs regionally. Top-down models attribute reef decline to 
reduced herbivory pressure while bottom-up scenarios implicate surface run-off and reduced water quality in reef 
degradation. Furthermore, side-in factors point to natural disasters and diseases as the reasons for reef deterioration.

Prevalence of macroalgal dominance in Caribbean reef sites in each year between 1977 and 2001. Macroalgal 
dominance is defined either in absolute terms (>50% cover; open circles) or relative terms (higher macroalgal 
than coral cover; solid circles) – extracted from Precht et al. 2020. 
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Caribbean reefs have shifted considerably from 
being coral-dominated in the 1900s to 
algal-dominated in the 2000s. This phenome-
non is referred to as coral-to-macroalgal phase 
shifts. These phase shifts are defined as instanc-
es when there is 50% or more macroalgae cover 
relative to coral cover on reefs (Precht et al., 
2020). In the 1950s, Caribbean reefs were some 
of the most diverse reefs worldwide (Goreau, 
1959), however, due to major disturbance 
events, there has been a steady decline in coral 
cover with an almost paralleled increase in 
macroalgal cover (Perry et al., 2008). The causes 
and prevalence of this phenomenon vary 
widely and the likelihood of reversal is still 
uncertain many years later (Precht et al., 2020). 

Precht et al. (2020) reviewed 71 studies, inclu-
sive of 193 sites distributed around the Greater 
Caribbean, with some sites in St. Lucia and 
Saba. The studies revealed that prior to 1981, all 
surveyed sites at the time had less than 50% 
cover of macroalgae. Sites dominated by 
macroalgae peaked in 1987 and since 1994 have 
decreased to fewer than 10%. This was likely 
due to a reduction in the datasets coming out of 
Jamaica as the reefs around the island experi-
enced a string of disturbances in the 1980s that 
signalled significant ecological changes. 

Coral degradation and phase shifts are variable 
processes that involve different combinations 
of coral loss and macroalgal gain in time and 
space. Precht et al. (2020) found that nearly 
three-quarters of the reef sites across the Carib-
bean changed in the general direction of having 
less coral and more macroalgae. A plenitude of

The top-down model of Caribbean reef decline was 
developed based on Jamaican reefs where coral 
mortality and associated phase shifts are consequent of 
reduced herbivory pressure. This occurs when there is 
decreased grazing on macroalgae by reef herbivores 
such as sea urchins and herbivorous fish. Diadema 
antillarum, a major algal grazer on Caribbean reefs 
experienced mass die-offs in 1983 - 1984. This was 
believed to further contribute to the already declining 
coral cover. The successful recruitment, growth and 
proliferation of hard corals and reduced macroalgal 
densities are attributed to the presence of D. antillarum 
on the reefs (Sammarco, 1980). Although the numbers of 
D. antillarum have increased considerably after the 
die-offs, years later, the populations have still not 
recovered to their previous levels (Lessios et al., 2016). 
Another major herbivore that contributes significantly 
to macroalgal grazing is parrotfish (Shantz et al., 2020). 
Overfishing of this key herbivore has also been 
identified as a contributing top-down factor to algal 
cover increase.  

Declining water quality due to eutrophication has 
been imputed as the main bottom-up scenario that 
has led to macroalgal dominance. Some researchers 
accept this issue as a reasonable explanation for 
macroalgal proliferation on regional reefs, however, 
many hold that the deterioration of Caribbean coral 
reefs came long before increased nutrient enrichment 
and sediment runoff from land (Precht et al., 2020). 
Research from the Florida Keys indicated that the 
pattern of coral cover, population size structure, 
growth, and mortality are not related to water-quality 
gradients (Lirman and Fong, 2007). Thus, nutrient 
enrichment is considered as only one of many 
contributing factors to regional losses of coral cover 
and increases in macroalgal abundance. 

Side-in factors such as infectious diseases, hurricanes, 
and mass bleaching events have been 
well-documented as direct causes of coral cover 
decline. Precht et al. (2020) explained that the timing 
of macroalgae phase-shifts was most consistent with   
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a side-in model of reef degradation which involves 
coral mortality as a precursor to macroalgal takeover. 
More shifts occurred after regional coral-mortality 
events than would be expected by chance. By this 
rationale, reversing coral decline is dependent on the 
ability to address the causes of regional mortality on 
the local, regional and global scale. 

For every step towards recovery that Caribbean coral 
reefs take, major disturbance events and disease 
outbreaks seem to set them back at least three steps. 
This has left many of us wondering, will Caribbean 
reefs ever return to the glory of what they once were? 
As of now, it seems unlikely, but scientists and reef 
enthusiasts across the region remain optimistic.

Tremaine Bowman is a PhD student with the University of the 
West Indies. She is a marine research enthusiast focussed on 
sustainable ecosystem management. She hopes to become an 
educator so that she can help to foster a passion and love for the 
environment in young aspiring researchers. 
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Written by:
Omar Mohammed

The Cropper Foundation: 
A Collaborative Philosophy 
for Sustainable Development

Over the last 22 years, the Cropper Foundation has 
worked to advance the development trajectory 

throughout the Caribbean towards more environmentally 
sustainable and equitable pathways. We have done so by 
consistently leveraging research, science, and collective knowl-
edge to improve how we make decisions about the Caribbean, 
within the Caribbean.

Our work for over two decades has focused primarily on facili-
tating and catalysing collaborative and cross-sectoral mecha-
nisms for sustainability, principally in designing and creating 
impactful partnerships nationally and regionally. This philoso-
phy of collaboration is fundamental to the Foundation’s 
approach to its work and its strategic vision, particularly over 
the last few years. 

This collaborative approach is critical to our work in advancing 
sustainable development. Sustainability, as a concept, is not 
centred on one actor or one sector (Lubell & Morrison, 2021). 
Sustainability and the intersectional issues inherent within 
conversations around sustainability require polycentric 
approaches, as the issue itself is dependent on multiple levels of 
decision-making and influenced by diverse, and often compet-
ing, stakeholders (Ostrom, 2012).

CESaRE Impacts Magazine 2022
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Furthermore, the ways in which we as Caribbean 
organisations contend with polycentric problems like 
sustainability – and possibly more specifically, 
climate change – are often inadequate. The structures 
within which we work and navigate are still highly 
flavoured by colonial identities and approaches that 
still invest inordinate power in the public sector and 
political halls, with limited space for the rest of us 
(Tirmizi et al., 2019; Veenendaal & Corbett, 2019).

Our work at the Cropper Foundation therefore 
centres around designing and supporting collective, 
post-colonial approaches to the unique sustainability 
issues facing the Caribbean by prioritising the 
decentralising of power and by bringing together 

actors from across the sustainability spectrum. This 
type of work is not easy by any stretch of the 
imagination. Collective working to solve these 
complex problems requires consistent work in 
defining and maintaining coherent values, beliefs and 
behaviours among partners in sustainability (Heifetz 
et al., 2009).

In our work, we view collaboration for sustainability 
as a dynamic relationship described well by 
Ehrlichman et al. (2018) as being dependent on the 
following five factors: clarifying purpose, convening 
the right people, cultivating trust, coordinating 
existing activities, and collaborating for collective 
systems impact.   
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of data ecosystems and poor  data-driven 
decision making in the Caribbean  (Khan, 
2017), with a focus on civil society. The D4D 
Lab is currently implementing, among 
other projects, a National 
Geographic-funded project, ‘Farming 
Adaptation & Artificial Intelligence for 
Resilience’ (FAAIR), that uses AI to develop 
an integrated suite of vegetation indices. 
These are deployed using Unmanned 
Aerial Vehicles over the landscapes and 
farming systems characteristic of small 
island states, while generating critically 
useful landscape-level data to support 
increased agroecological resilience to 
climate change. 

The Foundation’s Civil Society and 
Community Empowerment programme is 
also the space within which the Foundation 
manages the Cari-Bois Environmental 
News Network, a platform to amplify the 
voice of local communities, civil society and 
scientists towards increasing activism and 
advocacy on climate and environmental 
issues from local to regional levels, 
changing practice at the individual level to 
national policymaking. With over 110,000 
visitors to the Network, Cari-Bois has given 
a voice to the voiceless in a region that 
desperately needs it. Cari-Bois brings 
together diverse stakeholders and works to 
shift power to those who are most affected 
by climate and environmental change, 
supporting the decentralising of leadership 
and communication around sustainability 
across the spectrum of stakeholders. 

The third example of collective working 
towards sustainability is the design and 
creation of the first Caribbean Natural 
Capital Hub, being implemented by the 
Foundation in partnership with ANSA 
Merchant Bank Limited. The Caribbean 
Natural Capital Hub aims to mainstream  

Kania & Kramer (2011) also provide a very 
tangible description of these conditions: a 
common agenda, shared measurement 
systems, mutually reinforcing activities, 
continuous communication, and backbone 
support organisations.

The day-to-day work of the Foundation in 
furthering sustainability is built around 
three main Programmes - overarching 
envelopes of projects designed to further 
our organisational mission based on 
longstanding areas of work and expertise. 
These Programmes are: 

Decision-Making for Sustainable 
Development.

Civil Society and Community 
Empowerment.

Ecosystem-Based Adaptation

In addition, the design of projects and 
programmes are influenced by themes, 
which are key interest areas to the 
Foundation that will be explored or 
investigated. The following three initiatives 
within our programmatic areas 
demonstrate the emphasis on convening 
and collaboration, leveraging historic 
competencies and approaching the work 
with a sense of exploration and curiosity.

Under the Decision-Making for Sustainable 
Development programme, the Foundation 
launched the ‘Data for Development Lab’ 
(D4D Lab) in December 2020, to stimulate 
the appreciation, collection and use of data 
science and technology by civil society in 
the Caribbean, particularly in service of 
sustainability. Designed and implemented 
in collaboration with TTLAB, a think tank 
at the University of the West Indies, along 
with Microsoft Caribbean, the D4D Lab 
aims to address the widespread inadequacy 

•

•

•



the application of natural capital principles and 
practice in the Caribbean private sector through 
enhancing the understanding, capacity and 
inclusion of natural capital approaches in 
business, building the knowledge base for 
integrating natural capital approaches into 
business decision-making and planning, and 
creating a community of progressive private sector 
champions.

Each of these approaches and projects would be 
virtually impossible to design or implement 
without bringing like-minded and committed 
partners together around the table. Our late 
co-founder Angela Cropper put it best when 
reflecting on the 10th anniversary of the 
Foundation in 2010: 

Our idea was to create a space, a mechanism, that could 
facilitate others as well to “give something back”. When 
we see ourselves just as individuals we feel a little 
impotent or unequal to the scale of the challenges that 
are presented to us. But working together creates 
confidence. There is mutual support, energizing and 
synergizing…That’s the role and the road The Cropper 
Foundation has chosen in seeking to influence the 
course of our development. 

The work of sustainable development is therefore 
not an individual endeavour, but one that is

CESaRE Impacts Magazine 2022

Omar Mohammed is the Chief Executive Officer at the 
Cropper Foundation, leading programmes across data 
science, sustainable agriculture, climate justice and 
ecosystem science. He has expertise in participatory 
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development. Over the last 13 years, Omar has worked on 
scientific assessment networks; on regional climate change 
and sustainability education policy; and with civil society 
organisations on development and sustainability 
communications. Omar holds a BSc (Environment) and an 
MBA from the University of the West Indies, as well as a 
Master of Studies in Sustainability Leadership from the 
University of Cambridge. 
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collective, collaborative and coordinated, 
especially for those of us at the front lines of 
climate and environmental change.



Kania & Kramer (2011) also provide a very 
tangible description of these conditions: a 
common agenda, shared measurement 
systems, mutually reinforcing activities, 
continuous communication, and backbone 
support organisations.

The day-to-day work of the Foundation in 
furthering sustainability is built around 
three main Programmes - overarching 
envelopes of projects designed to further 
our organisational mission based on 
longstanding areas of work and expertise. 
These Programmes are: 

Decision-Making for Sustainable 
Development.

Civil Society and Community 
Empowerment.

Ecosystem-Based Adaptation

In addition, the design of projects and 
programmes are influenced by themes, 
which are key interest areas to the 
Foundation that will be explored or 
investigated. The following three initiatives 
within our programmatic areas 
demonstrate the emphasis on convening 
and collaboration, leveraging historic 
competencies and approaching the work 
with a sense of exploration and curiosity.

Under the Decision-Making for Sustainable 
Development programme, the Foundation 
launched the ‘Data for Development Lab’ 
(D4D Lab) in December 2020, to stimulate 
the appreciation, collection and use of data 
science and technology by civil society in 
the Caribbean, particularly in service of 
sustainability. Designed and implemented 
in collaboration with TTLAB, a think tank 
at the University of the West Indies, along 
with Microsoft Caribbean, the D4D Lab 
aims to address the widespread inadequacy 

Written by: Alsandría Alvada

Wave Energy Flux: Disparities 
and Inclinations in the 
Caribbean Sea 
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T he ocean can be considered a renewable 
energy resource because of the abundance 

of energy that can be derived from it. The Caribbean 
Sea, one such location in the vast oceanic spread, has 
the potential to generate wave energy but the level of 
intensity and conditions for this to occur varies. 
Research has depicted that wave energy potential via 
the Caribbean Sea may not be highly energetic as 
most experiments have shown low production rates 
(Appendini et al., 2014).

One study of the potential of wave energy in the 
Caribbean Sea was carried out by Orejarena et al. 
(2021). This research investigated the fluctuations of 
wave energy over a period of 60 years. This 60-year 
period stems back to the 1900s to 2000s era, more 
specifically 1958-2017. Most of this research focused 
on the Colombian Caribbean Sea which experiences 

two seasons, the wet and dry seasons. Wave climate 
along the Colombian coast is controlled by wind 
variations during the seasons. In general, a bimodal 
distribution is observed in these wave climates where 
fluctuations in wave height (Hs) are observed in both 
seasons. (Orejarena et al., 2021)

The initial data set that was selected for use in this 
scientific research was that of satellite altimetry data 
but because of some discrepancies that would have 
affected the analysis, hindcast data was used instead. 
Using a 60-year wave hindcast, data extraction from 
47 virtual buoys located in various areas of the 
Colombian and Central Caribbean Sea was used to 
determine variations in wave energy flux. SWAN 
wave modelling software combined with data from 
the Japanese 55-year Reanalysis (JRA-55) was used to 
simulate the region.  
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Various forms of statistical analysis were used to observe the wave energy flux, 
including Principal Component Analysis (PCA) and Detrended Analysis. The PCA 
analysis showed that PC1 scores were in direct relation to wave energy flux while 
PC2 scores were negatively associated with “wave intramonthly variability.” 

Detrending data analysis on 47 buoys indicated that wave energy flux for the set 
locations showed differences in terms of magnitude. An explanation put forward 
for these differences was the diversity in locations along the insular and 
continental coastal zones, where the buoys affected by the North-Eastern trade 
winds demonstrated a higher energy flux. The detrended analysis also showed 
that the wave energy flux decreased between the years 1958 to 2017 with various 
geographical inferences. Although there was a decrease from the 1950s, in some 
zones the magnitude was larger for larger virtual buoys. These included the 
insular zones of Providencia and San Andres which had larger decreases in flux 
than the continental zones of La Guajira, Santa Marta and Barranquilla. The frontal 
area of these continental zones, as well as that of San Andres Island, experienced 
the highest decrease in wave energy flux.  The decrease in values measured by 
these buoys ranged from 9.0% to 11.7%. Energy values recorded for the continental 
zones of La Guajira, Santa Marta, Barranquilla, Cartagena and the Gulf of Uraba 
ranged between 4.0s and 5.5s while wave heights ranged between 1.5m and 3.0m. 

Orejarena et al. (2021) stated in their research that global-scale variations in wind 
and sea surface temperatures, which are linked to global warming, may coincide 
with the long-term decrease in wave energy flux in the Colombian Caribbean Sea.

Wave Simulation for a 60-year period using the SWAN Model (Orejarena et al. 2021)
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The statistical analyses performed on the data 
gave an indication that there was a long-term 
decrease in wave energy flux and alterations on 
an interannual scale. The observations deduced 
from this research are to be used in identifying 
potential coastal zone areas that can be used for 
the installation of wave energy converters in the 
Colombian area. The challenge, however, is the 
wave climate, because although drastic condi-
tions will produce more energy, such events will 
affect the engineering and maintenance costs of 
the machinery. Technical issues can be mitigated 
if climate change is assessed to delimit interan-
nual events. 

This study showed that variations in wave 
energy flux in the Colombian area decreased at 
an annual rate. Overall, this decrease was found 
to continue from 1989 to 2017, with wave 
climate being the major driver of the production 
of wave energy. Research in this vein is continu-
ously being performed to assess the reliability 
and feasibility of wave energy in the Caribbean 
region.

Alsandría Alvada is a passionate student in the fields of 
Environmental Science and Renewable Energy. She is 
dedicated to researching and writing scientific articles that 
are informative and captivating. She holds a BSc in 
Environmental Science and Sustainable Technology and is 
enrolled in the MSc Renewable Energy Technology 
Programme at UWI, St. Augustine. Alsandría also writes 
book reviews for websites such as Netgalley and 
Onlinebook Club, as well as informative articles for the 
Better TT website. 
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Towards Sustainable Energy 
Systems in Islands 



CESaRE Impacts Magazine 2022

CESaRE Impacts18

A mid growing global concern around fossil 
fuel energy sources, including rising costs 

and impacts on the environment, scientists continue 
to advocate for renewable and sustainable energy 
systems.

For the energy transition, economics plays a crucial 
role in how fast governments move from using fossil 
fuel to renewable energy (RE).  Intervening factors 
such as "socio-cultural preferences, behavioural 
patterns, institutional and regulatory frameworks are 
also needed to smooth that transition or speed that 
transition up," according to Dr. Kalim Shah, Director 
of the Island Policy Lab, the Biden School of Public 
Policy and a professor of Energy and Environmental 
Policy, University of Delaware.

The theme, ‘Science, Technology and Innovation for 
Sustainable, Post-pandemic U.S. Island Territories’ 
was explored at a two-day global symposium hosted 
online by the Biden School in March 2022.  Speakers 
focused on solutions for island states' vulnerabilities, 
including climate change impacts on energy systems.
Keynote speaker, Dr. Peter Larsen, Scientist/Leader 

Electricity Markets and Policy Department, Lawrence 
Berkeley National Laboratory, underscored the 
urgency for island systems to become self-reliant to 
maintain an energy future.  During and post-Hurri-
canes Irma and Maria, the electric grid in the Virgin 
Islands, Puerto Rico, and other Caribbean islands 
endured interrupted electrical and telephone 
services.

Dr. Larsen outlined an online decision support tool 
developed by the Argonne National Laboratory, 
through multi-partnership research to address the 
impact of natural hazards, including hurricanes/tsu-
namis, on island power systems/infrastructure.  
Scenario trials are ongoing in Guam and Alaska on 
electrical and telephone systems. He stated that the 
outcomes “would help the utilities and stakeholders 
in communities, including supply chains, to prioritise 
future investments to enhance power systems 
resilience.”  The tool determines a range of options 
towards a power restoration pathway, providing 
planners and stakeholders with insight, together with 
the local knowledge of hazards, to bridge the gaps 
between communities and infrastructure.    
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Dr. Larsen emphasised that the "types of investments 
made could get the benefits to exceed the costs of 
these investments" and enhance island resilience. 

Dr. Gregory Guannel, Program Director, Caribbean 
Green Technology Centre, University of the Virgin 
Islands, said Small Island Developing States (SIDS) 
must become resilient to avoid recurring 
post-disaster recovery costs since energy grids drive 
economies. He outlined an ongoing project, the U.S. 
Virgin Islands Comprehensive Energy Strategic Plan, 
which aims "to create a resilient, equitable and 
sustainable energy sector that promotes innovation 
and economic development while reducing the 
environmental impacts".  He added that the idyllic 
picture of the future is a green future with a low 
carbon footprint, "clean energy, good food, good 
transportation, and homes that could translate to 
prosperous nations.” He further added that a holistic 
plan, including management strategies, is critical: 
The island is moving green along with the world with 
electric cars, solar panels, mini solar farms, and the 
Internet of Things…the stark reality of managing a 
utility in an island environment…can impact 
economic growth and security".  Hence, for the 

transformation to have complete grid stability or 
investment in RE, there must be a "harmonious 
relationship between all sectors utilising power" to 
avoid any risk of system failure during or post 
hazards and disasters said Dr. Guannel.

Dr. John Byrne, Director and Distinguished Professor 
of Energy & Climate Policy at the Centre of Energy 
and Environment Policy, University of Delaware, 
said, "the problem of post-pandemic sustainable 
energy development is not its economics."  Dr. Byrne 
presented the advanced stage of RE planning 
post-pandemic economics, with a U.S. example, 
where RE grid systems and the electricity demands 
exceed the 20th-century infrastructure.

According to Prof. Byrne, a 2016 study revealed that 
solar electric generation for residential use in 20 U.S. 
states is at grid parity, that is, "the cost of buying 
electricity from the local utility is approximately the 
same as buying electricity from a solar system.". This 
includes both utility-scale and residential 
solar-generated electricity. In New York, electricity 
costs 40 cents per kilowatt-hour which is higher than 
in other parts of the U.S., similar to the Caribbean  
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archipelago.  Dr. Byrne said the high costs present an 
opportunity to create an enabling environment for 
expedited adoption and use of RE options.  The right 
policies to ensure standards of environmental and social 
sustainability will allow for fair and inclusive services to 
stakeholders.

Based on a Light Detection and Ranging (LIDAR) database 
collected in New York boroughs, Dr. Byrne suggested the 
tremendous opportunity across islands to utilise "the 
abundance of rooftop real estate" to harvest solar energy 
since it is already being collected on rooftops, but “It simply 
isn't being converted to useful electricity."  He added that 
70% or more of New York's five boroughs can satisfy its 
significant daytime electricity demand using rooftop real 
estate for solar energy, cutting back on U.S. existing utility 
demand by 20% based upon high-efficiency improvements.  
He explained that typically the city charges 18 cents per 
kilowatt-hour from the existing system.  In comparison, 
power from solar distributed systems costs an estimated 14 
cents. Dr. Byrne also mentioned that "Energy efficiency 
typically costs roughly about five cents per kilowatt-hour, 
so against those 18 cents, there is a substantial investment 
opportunity " towards creating a sustainable energy facility.

Dr. Shah added that island states could also utilise 
tourism-based real estate, including the smaller 
guesthouses, to create energy efficiency systems within 
communities. 

Dr. Rebekah Shirley, Director, Research, Data and 
Innovation, World Resources Institute (Africa), 
summarised a United Nations (UN) study stating that 
"energy is one of two infrastructure sectors most affected by 
hurricanes, the other being transportation".  She opined 
that "building resilient energy systems is essential to 
reducing time and cost of post-disaster recovery", which 
could be done by decentralisation to reduce physical 
vulnerability to hazards.  Centralised systems can be 
enhanced with spatial diversification capacities.  She 
laments that the Caribbean is not yet "revolving around the 
principles of resilience in our adoption of resilient 
infrastructure", despite having the natural conditions for 
RE.  

Dr. Philipp Blechinger, Head of Off-Grid Systems, Reiner 
Lemoine Institute, Germany, stated that there is a critical 
need for countries to have enabling policies and capacities 
required to transform energy systems with technology and 
innovation.  He summarised studies in Southeast  Asia 
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which revealed that cross-sectoral planning is needed 
to optimise cost and energy independence, which 
would secure the fuel supply and increase resilience 
against the impacts of natural disasters and climate 
change. Dr. Blechinger emphasised that new 
technologies, including the Transactional Energy 
Framework for increasing grid resilience and 
reliability, can address climate change adaptation 
issues to assist electrical grids linking producers 
(including the community) directly with community 
consumers using a credit system (Blechinger et al., 
2016).  He expounded that larger countries use island 
states as test-beds for innovation and that those 
islands should benefit from the RE technology and 
learning.

In closing, Dr. Shah emphasised two takeaway points. 
First, it is clear that the energy and climate related 
research being undertaken in U.S. island contexts, the 
Caribbean, or other places globally, which may be in 
fragmented communities of researchers, have a lot to 
offer in terms of cross-country and cross-sectoral 
comparisons.  Island energy researchers can all learn 
from each other.  Second, it is also clear that a 
common platform is needed to manage and 
disseminate this knowledge in an easily accessible 
way, both to propel further research and to support 
island policymakers in their sustainable development 
efforts.  

Adelle Z. Roopchand is an independent Caribbean journalist and 
communications specialist in agriculture and blue economy, 
environment and rural development. She has worked with 
CARICOM arms including: CRFM, CARICOM IMPACS and 
CARDI; and the ACP-EU Technical Centre for Agriculture and 
Rural Cooperation. Adelle is reading for a PhD in  Agricultural 
Extension at the UWI STA. 
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