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It’s my pleasure to open this 4th Edition of CESaRE Impacts. I’m 
proud to present our second edition during this pandemic which is a 
testament to the commitment of all the members of our team. CESaRE 
has always operated remotely; leveraging digital spaces to unite 
Caribbean voices. I’m also pleased to say that this is our largest and 
most diverse issue yet, with 8 pieces from as many correspondents. 
The articles span an array of topics harmonised under the CESaRE 
themes, looking at the latest research on the environment and renew-
able energy in the Caribbean. We address health, pollution, climate 
adaptation, and climate finance, to name but a few topics.
We open with climate adaptation, covered by Sheldon Marshall, who 
describes research on human systems and climate in the Caribbean. 
Anastasia Gordon tells us about the risks of high CO2 levels for coral 
reefs and recommends actions to mitigate these effects. Tremaine 
Bowman highlights work by Bosker et. al (2018) on microplastics in 
the Caribbean, which points to the population and tourism factors 
that increase microplastic concentrations. We then have Thalia 
Balkaran writing on her academic work – her Ph.D. research – looking 
at the effects that COVID-19 has had on tourism in the Caribbean. 
Another innovative piece by Jason Robert Rameshwar brings to our 
attention the work done by Rogers et al. on wind energy potential 
and demonstrates how the Industry 4.0 concept can assist in realising 
an alternative energy system in the region. Zsaria Diaz discusses 
recent work by Gay et al. (2018), which examines electric transporta-
tion in Barbados and presents a forward-looking approach to trans-
portation in SIDS. Zadie Neufville rounds up this edition by building 
on the research of Burra et al. (2020). She examines the possibility of 
COVID-19 becoming a seasonal disease, its sensitivity to high 
temperatures, and what these attributes may mean for tourism-de-
pendent Caribbean countries.
I hope that you will enjoy this latest compilation of articles for 
CESaRE Impacts. Moving forward, you can expect themed issues, 
where we dive into research on one topic for the issue. This is my last 
issue as Editorial Intern, and I would like to express gratitude for my 
time with CESaRE. I’m pleased to have contributed to the growing 
awareness of Caribbean research in environment, climate, and 
energy. I hope that you, the readers, continue to engage with CESaRE 
as a leading voice for the Caribbean as we move through the coming 
decade.

Daniel Perreira
CESaRE Editorial Intern

Editor’s Note
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Editor’s Note Human System Adaptations 
to Climate Change in 
the Caribbean
Written by Sheldon Marshall

CESaRE Impacts Magazine 2021

C limate change is a global issue, but is 
of particular concern for the govern-
ments and citizens of small island 

states. The islands in the Caribbean are 
among the most vulnerable to the shocks of 
climate change. Robinson & Wren (2020) 
aim to highlight how the impacts of climate 
change can affect human systems within 
the Caribbean. The region is increasingly 
impacted by exacerbated natural events 
and negative environmental changes, such 
as frequent and more intense hurricanes, 
sea-level rise, ocean acidification, and the 
warming of the air and water. However, it 
is at the community level that most suscep-
tible people feel the impacts, as these 
changes affect their livelihoods and 
well-being.

In this research paper, two questions were 
posed which drove the focus of the study - 
How are human systems at the local level 
adapting to climate change in the Caribbe-
an? What challenges exist for local-level 
climate adaptations in human systems that 
seek to protect vulnerable Caribbean 
communities?

The study identified and examined thirteen 
peer-reviewed journal articles published on 
the Caribbean between 2014 and 2019, 
using such terms as ‘Caribbean’, ‘climate 
change’, ‘adapt*’, ‘social’, ‘human’, ‘vulner-
able’ and ‘resilience’ within two databases: 
EBSCOHost® and Scopus®. The number of 
articles found suggests that there is an 
interest in examining climate change 

vulnerability within the Caribbean. The 
articles, however, varied in scope and 
perspective in their approach to this issue. 
Most of the articles assessed vulnerability, 
adaptive capacity, and human resiliency 
within local communities. On the other 
hand,  fewer of the articles narrowed their 
scope and addressed the vulnerability and 
resilience of the livelihoods of the people, 
with a focus on fisheries and agriculture. It 
is in these sectors that the resiliency is 
proportionate to the scale of livelihood, as 
was noted by Adger (2006), “Vulnerability 
manifests differently at different scales”.

Upon evaluation of the literature, Robinson 
& Wren found that there were several 
challenges to local-level adaptation to 
climate change within human systems, 
namely: equity of adaptations, the vulnera-
bility of rural farming and fishing commu-
nities, and institutional capacity and coop-
eration. By identifying these barriers, they 
were then able to make recommendations 
to overcome those challenges.

One such recommendation was the inclu-
sion of the local-level organisations and 
farming communities in the discussion, 
policy development, and implementation 
to ensure the equity of all stakeholders. 
Additionally, improving access to water 
and diversifying incomes for vulnerable 
farming and fishing communities will 
positively reduce the vulnerability of those 
local groups.
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Finally, forming partnerships between local 
governments and national and regional govern-
ments, with increased financial support and 
interventions, will serve to enhance the resilien-
cy of these affected local communities. 

The study highlighted that the policy and 
decision-making on adaptation measures for 
climate change occur at a high level, while the 
impacts are disproportionately felt at the low 
level, particularly in vulnerable local communi-
ties. Therefore, further vulnerability analyses 
are crucial and important to equip the local 
decision-makers with the information neces-
sary to improve resilience in their communities. 
This is only possible when the challenges faced 
by local communities are identified and under-
stood, and strategies are implemented to foster 
climate justice for all.

Sheldon Marshall is a Sustainable Energy Intern within the 
Renewable Energy and Energy Efficiency Unit at the Caribbean 
Development Bank, through the CARICOM Regional Energy 
Apprenticeship Programme. He is currently completing an MSc in 
Renewable Energy Management at the University of the West Indies 
Mona campus. He is a certified Photovoltaic Associate through the 
North American Board of Certified Energy Practitioners and has been 
awarded a professional development scholarship with the 
Organisation of American States for the course “Grid Connected and 
Stand-alone photovoltaic systems” at the Polytechnic University of 
Valencia, thus solidifying his keen interest in renewables.
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Sustaining 
Caribbean Coral Reefs 
in a High CO2 World
Written by Anastasia Gordon 



CESaRE Impacts Magazine 2021

T  he Caribbean possesses some of the 
most unique coral reefs in the world. 
Many Caribbean nations depend on 

these ecosystems for food and tourism, 
important mainstays of the regional econo-
my. Reefs also act as natural barriers which 
protect the largely coastal populations of the 
region. The ecosystem services and human 
benefits coral reefs provide are tremendous. 
In Puerto Rico, for example, the economic 
benefits from coral reefs amount to US $1.09 
billion every year!  However, the extent to 
which we benefit from these marine ecosys-
tems is dependent on their health. Yet the 
Caribbean region has lost 60-80% of its coral 
reefs since the 1970s.

In a recent study, Andersson et al. (2019) 
identified drivers behind the rapid decline 
of Caribbean reefs over the last few decades. 
Physical isolation, low variety, and ecologi-
cal redundancy of marine life - the ability for 
species to serve the same function when 
other species are lost - make Caribbean reefs 
vulnerable to local pressures. These reefs are 
particularly impacted by water pollution, 
disease outbreaks, and overfishing. Local 
pressures coincide with the effects of global 
climate change such as intense storms, 
ocean warming, and ocean acidification.

Ocean warming and acidification were the 
main focus of the Andersson et al. (2019) 
study. Increases in climate-warming carbon 
dioxide (CO2) gas in the air, caused by the 
combustion of fossil fuels like oil and natu-
ral gas, are raising average sea surface 
temperatures. 40% of this CO2 is absorbed 
by oceans, which lower the pH (ocean acidi-
fication). Warming, acidifying waters 
thermally stress corals and dissolve the 
calcium carbonate skeleton which consti-
tutes these organisms. Caribbean reefs are 
then less able to recover in the face of future 
threats

To reverse the trajectory of our reefs, 
Andersson et al. (2019) present strategic, 
aggressive interventions to address drivers 
of decline and increase reef resilience in a 

warming, high CO2 world. They recom-
mend a series of practices to safeguard coral 
reef habitats including: reducing land-based 
pollution sources such as nutrients, waste-
water, and run-off of agricultural pesticides, 
regulating toxic contaminants used on 
ships, diverting pollutants to treatment 
facilities, and introducing and maintaining 
natural filters such as mangroves.

Overharvesting fish and other marine 
species that feed on seaweed (or herbi-
vores), like sea urchins, results in the 
over-abundance of algae at the expense of 
coral reefs. Therefore, the researchers also 
propose addressing bad fishing practices in 
the Caribbean by establishing marine man-
agement areas, including marine protection 
areas. In these areas, zones are designated to 
protect nursery areas and key habitats for 
spawning, and for sustainable harvesting, 
utilising techniques that avoid reef damage. 
In Cabo Pulmo National Park, no-take zones 
and protected coral reefs have increased fish 
and other marine populations in the reserve 
over 10 years. 

Marine management and protected areas 
are an outcome of marine spatial planning. 
This involves maintaining key ecosystem 
services and minimising conflicting uses of 
marine resources. Marine spatial planning 
that prioritises connectivity between habi-
tats and restoration initiatives maximises 
genetic variety and thereby ensures the 
long-term sustainability of coral reefs.

Another recommended intervention is the 
exploration and testing of new ecological 
approaches to enhance reef restoration 
efforts, specifically coral gardening and 
selective harvesting. Coral gardening 
involves taking fragments of corals, grow-
ing colonies in land-based nurseries, and 
then replanting them onto degraded Carib-
bean reefs. Incorporating sexual breeding 
techniques to increase genetic diversity and 
resistance of corals to environmental change 
has the advantage of restoring our reefs 
faster than they would recover naturally.
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Selective harvesting encompasses utilis-
ing specific fishing practices that 
promote reef resilience. These include 
targeting fish and invertebrates that 
breakdown corals or harvesting preda-
tors to increase herbivore populations, 
which can reduce excessive algae cover 
in our reefs. Both coral gardening and 
selective harvesting may have unin-
tended consequences and require 
further investigation before they can be 
applied to coral reef restoration. 

Andersson et al. (2019) also provide 
complementary socio-economic and 
governance solutions that support and 
maximise the impact of their proposed 
ecological interventions. One of these 
solutions includes setting up a secretari-
at or body within existing regional 
institutions like CARICOM for 
increased coordination of investments 
and knowledge sharing on protecting 
and restoring Caribbean reefs. Addi-
tionally, the authors endorse the devel-
opment of regional coral reef-specific 
plans for the blue economy (i.e. the 
economic uses of the ocean and coastal 
resources) to increase investments in 
management and restoration activities 
that sustain the ecosystem services of 
our reefs. Lastly, they recommend 
initiating reef stewardship programs, 
like the Blue Flag eco-label, to provide 
positive rewards for businesses that 
depend on and impact coral reefs' 

health. Businesses, including hotels, 
restaurants, and dive shops, can imple-
ment concrete, sustainable practices 
that enhance coral reef health and 
support restoration efforts in the region.

Altogether, the proposed ecological and 
governance actions outlined by Anders-
son et al. (2019) ensure the recovery of 
the declining health of our local coral 
reefs over the short- to medium-term. In 
conjunction with international efforts to 
stabilise rising CO2 levels, these inter-
ventions will secure the future and 
long-term survival of Caribbean, as well 
as, global coral reef ecosystems threat-
ened by the impacts of ocean warming 
and acidification.

Anastasia Gordon is currently a Clean Energy 
Policy Fellow with the Alliance for Clean Energy 
NY. She has worked in the Government of 
Trinidad and Tobago strategically planning and 
implementing national environmental policies 
and multilateral environmental agreements for 
over 5 years. Anastasia holds an MPA in 
Environmental Science and Policy (Columbia 
University) and an MPhil in Conservation 
Leadership (University of Cambridge).
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T he Novel Coronavirus (COVID-19) 
has led to severe socio-economic 
effects worldwide. The virus, 

which has led to the deaths of 3 million 
persons worldwide, has spread to 224 
countries, territories, and areas as of 21st 
April  2021 (WHO, 2021). In the 35 coun-
tries and territories of the Caribbean, there 
have been 675,275 confirmed cases and 
9,038 deaths (CARPHA, 2021). The inter-
connected nature of global travel facilitat-
ed the quick spread of the virus that first 
appeared in China in late 2019. The World 
Health Organization declared the virus a 
pandemic in March 2020, leading to 
numerous border closures and decreased 
travel worldwide to curb the spread of the 
virus. Over the period July to October 
2020, international tourist arrivals fell by 
72%, equivalent to a USD 935 billion loss 
in export revenues from international 
tourism, ten times the loss experienced 
with the 2009 global economic crisis 
(UNWTO, 2020). It is estimated that for 
2020 this fall in international tourism 
could lead to an estimated economic loss 
of over USD 2 trillion in global GDP, more 
than 2% of global GDP in 2019 (UNWTO, 
2020).

The pandemic is expected to cause the 
most severe contraction in economic activ-
ity in the Caribbean region (ECLAC, 2020). 
The Caribbean, which has some of the 
most tourism-dependent economies in the 
world, has been severely affected due to 
the drastic drop in tourism numbers. It 
was estimated that by November 2020, the 
travel and tourism sector in the Caribbean 
lost 1.7 million jobs, a 61% decrease, and a 
62% reduction in GDP equivalent to 36 
billion USD (WTTC, 2020). The regular 
income-earning activities for many jobs 
were therefore affected, including a wide 
range of livelihoods that depend on 
tourism comprising persons in accommo-
dation, tours, transport, restaurants, craft, 
and attractions. Additionally, other sectors 

that indirectly benefit from tourism 
including agriculture, manufacturing, and 
construction, have faced similar challeng-
es. Tourism emerged as the most viable 
sustainable economic activity and devel-
opment tool for less developed countries. 
In particular, Small Island Developing 
States with a limited natural resource base 
have developed a dependency on this 
service sector for generating economic 
security and finances (Hall and Page 1996, 
Ricupero 2001 both quoted by Meheux 
and Parker 2006). The sector, however, is 
vulnerable to a multitude of external 
shocks including extreme weather events 
like hurricanes, terrorism, global health 
pandemics, and climate change. Most of 
the businesses within the tourism industry 
are small and medium-sized businesses 
that have the potential to be severely 
affected by external disruptions since they 
have less resources, knowledge, and 
risk-reducing schemes (Cioccio & Michael, 
2007; UNISDR, 2013; Wang & Ritchie, 
2012). 

While the region’s tourism sector has 
exhibited resilience in the past, taking an 
average of 9 months to recover from previ-
ous shocks (Mulder, 2020), it is expected 
that the return of international tourist 
arrivals to pre-crisis levels will occur grad-
ually over the next three years (MacDon-
ald, 2020). Tourism directly accounts for 
13.3% of GDP in the Caribbean and an 
additional 20.2% indirectly, however, the 
total contribution is higher, up to 40% in 
islands like Grenada, St. Lucia, and the 
Bahamas and up to 70% in The British 
Virgin Islands and Aruba (ILO, 2020). The 
slump in tourism is therefore expected to 
be wide-reaching, affecting exports, GDP, 
and employment. In order to manage the 
effects of the pandemic, many govern-
ments across the region have sought debt 
relief, taken emergency loans, and provid-
ed COVID-19 relief measures to tourism 
businesses and workers (ILO, 2020; 
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External shocks like this pandemic, however, highlight 
the economic over-dependence on tourism that plagues 
many Caribbean states. It brings into focus the issue of 
diversification. While various islands in the Caribbean 
have made efforts and developed policies and national 
development plans that speak about the issue of diversi-
fication, many remain highly dependent on tourism 
activity. The COVID-19 crisis is an opportunity for 
governments to re-examine and place greater commit-
ments towards diversification. This will require financial 
investments, policies focused on developing new indus-
tries and educating the labour force, and incentives that 
foster greater investment by the private sector into new 
industries (ECLAC, 2017). Tourism will remain a lucra-
tive economic activity that brings benefits to the Carib-
bean region for the foreseeable future. However, as a 
climate-sensitive sector that is also vulnerable to exter-
nal shocks such as pandemics and global recessions, 
islands must push diversification to the forefront of 
developmental initiatives. This will help them to reduce 
their volatility and increase economic resilience across 
the region.

Thalia Balkaran recently completed her PhD in 
Environmental Management at The University of the 
West Indies. Her research was facilitated through the 
Centre for Environmental Management, part of The 
Institute for Sustainable Development at the Mona 
Campus. Her research focused on the vulnerability of 
Micro, Small and Medium Tourism Enterprises to 
tropical cyclones in two Small Island Developing 
States within the Caribbean region. She is a former 
scholarship recipient from the Caribbean Catastrophe 
Risk Insurance Facility (CCRIF-SPC) as well as the 
Enhancing Knowledge and Application of 
Comprehensive Disaster Management (EKACDM) 
Initiative. Her research interests include Disaster Risk 
Reduction, Small Islands and Sustainable Livelihoods. 
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People, Planet, and Profit:
The Future of Caribbean Finance
Written by Stephen Snider

G lobal finance is being disrupted by a meteoric 
rise in interest in sustainable investing. This 
interest is driven by the need for systematic 

change to address both climate change and global inequi-
ties. As the global awareness of climate change, biodiver-
sity loss, and social inequality expands, it is no longer 
enough to consider only the risk and return of invest-
ments, but also a third dimension called Impact (with a 
capital I). Investors are adjusting their models to maxi-
mise return within an acceptable level of risk while mini-
mizing or eliminating their investment’s environmental 
and social Impacts. 

Several attempts to define the space have led to various 
frameworks and reporting standards. A consensus is 
forming around the Sustainability Accounting Standards 
Board (SASB) definitions that incorporate the recommen-
dations of the Task Force for Climate-related Financial 
Disclosures (TCFD), the Carbon Disclosure Project 
(CDP), and the United Nations’ Principles of Responsible 
Investing (UN PRI). The Caribbean can expect changes in 
reporting standards and expectations from investors and 

donor agencies alike. The adoption of sustainability into 
financing and investing will lead to a focus on resilience 
and development. The Caribbean is being presented with 
the opportunity to attract climate-smart funding to facili-
tate adaptation to the challenges of climate change.

The Caribbean finance sector stands to benefit from the 
adoption of a ‘People, Planet, and Profit’ approach 
through sustainable finance. Companies that incorporate 
this approach will see improvements to their bottom 
lines, improved risk management, and the development 
of the communities they serve. A wealth of information 
and research is available to businesses and individuals 
interested in learning more about the field. However, an 
overabundance of buzzwords and acronyms can make 
this learning process confusing. Popular terms include 
CSR (corporate social responsibility), ESG (environmen-
tal, social, and governance), and SRI (socially responsible 
investing). These can be thought of as themes or vehicles 
for long-term risk management and value creation.  
While there is a lot to learn, Impact should be thought of 
as the ultimate goal.  
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What is Sustainable Finance?
Sustainable finance can be defined as the inclusion of 
environmental, social, and governance (ESG) consid-
erations in investment and business decisions. The 
concept may have started as far back as the 16th 
century with Italian banks including religious ethics 
as part of their mandate. The early Methodist Church 
and the Quakers both established principles of 
investing that excluded sectors abhorrent to their 
beliefs (for example, slave trading). These approach-
es are contrary to Milton Friedman, often referred to 
as the ‘Father of Modern Finance.’ Friedman famous-
ly asserted that “the only social responsibility of 
corporations is to make money.” Sustainable finance, 
however, argues that the consideration of wider 
social issues makes corporations better insulated 
from risk, and more prepared for opportunities. 
Friedman’s assertion of a winner-take-all approach 
doesn’t account for shared value. 

History has proven that the direction of financial 
flows and the actions of private corporations have 
tremendous power for positive change. For example, 
South Africa’s apartheid ended in part because of the 
divestment movement. Likewise, corporations have 
recently shifted from philanthropy to direct invest-
ment in social and environmental causes. Larry Fink, 
the CEO of BlackRock, the world’s largest asset man-
ager, has argued in his last three annual letters to 
investors that climate change and sustainability need 
to be central aspects of any business model. Billion-
aire investors are laying claim to cutting-edge 
technology that will revolutionise how we address 
global issues, from the electrification of personal 
vehicles (Tesla) to the capture of emissions like 
carbon and methane from the atmosphere (Flour), 
and plant-based alternatives to meat products 
(Beyond Meat). This potential for positive and trans-
formative change has attracted the attention of all 
types of investors. 

Sustainability is Good for Business
The sustainability movement is changing the way the 
business sector invests. The only way to move 
towards these investment and business practices is if 
regulators accelerate the adoption of sustainable 
investing and from changing preferences. In Europe, 
new rules force companies and financial advisors to 
include their business’s environmental and social 
Impact in regulatory reporting and disclosures. In 
the United States, fiduciary duty is being challenged, 

with the Department of Labor changing rules to 
allow retirement funds to consider more than just 
profit-making. Acceleration of sustainable invest-
ment is also being driven by changes in market 
demand. With a wave of capital and wealth expected 
to shift hands from the Boomer generation to Millen-
nials and the expansion of young, middle-class 
investors, the mandate is changing. The societal 
expectation is that investing should be good for the 
planet, not just the pocketbook.

Maybe at this point, you are wondering if it all really 
matters. Does considering ESG or sustainably invest-
ing really affect the business bottom line and make 
sense financially? Many studies have found positive 
links between sustainability and a company's perfor-
mance. Here are a few examples, but there are many 
more:

●     Investments in sustainability issues enhance  
        shareholder value. A positive connection   
        between sustainability disclosures, profit-  
        ability, and data exists (Amel-Zadeh &   
        Serafeim, 2020).

●     A sample of ESG portfolios fared better   
       during the pandemic and bounced back   
       quicker than the market overall (Marsh,   
       2020).

●     Adoption of sustainability reporting reduces  
       volatility in company value. Disclosure 
       lowers a company’s stock price synchronici-  
       ty (Grewal et al., 2017, 2020).

●     Sustainability is a leading indicator of finan-  
       cial performance. A sample of companies   
       that were rated well on material sustainabili-  
       ty issues outperformed peers. (Khan et al.,   
       2016).

●     A review of 2,200 individual studies found a  
       non-negative relationship between corpo-  
       rate financial performance (CFP) and the   
       adoption of ESG principles (Friede et al.,   
       2015).

●     A sample of companies adopting sustainabil- 
       ity policies provided an average 4.8% better   
       return than their counterparts over the   
       long-term (Eccles et al., 2014).
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The devil is in the details, though, and greenwashing is a 
common practice. Reporting and disclosures around 
sustainability practices are limited by materiality and trans-
parency. An investment's sustainability may not capture a 
company’s real competitive advantage. ESG provides a 
valuable tool to analyse the implementation of a company’s 
strategy to create shared value (Porter et al., 2019). And at 
the end of the day, attempts at sustainability, resilience, and 
development are about creating improved conditions in our 
communities. Measuring the Impact of Caribbean business-
es will demonstrate this value creation. 

Where does the Caribbean start? 
The starting point is the inclusion of sustainability principles 
at all levels of business. There are encouraging signs that 
these concepts are already being adopted within the Carib-
bean markets. For example, the Jamaican Stock Exchange 
(JSE) has seen record performance resulting from good 
governance, transparency, and modernisation (Wig-
glesworth, 2019). The JSE is currently exploring green 
financing products like green bonds and participating in the 
United Nations' Sustainable Stock Exchanges initiative. 
Similar conversations are happening across the region.

The path forward will focus on the blue economy and 
connections between sustainable development and 
long-term resource management. Likewise, practices like 
debt conversions for environmental conservation, and social 
funding programs illustrate that mechanisms for action 
already exist. Research suggests that $1 invested in 

preparedness saves $4 in recovery (Ruggeri, 2020). These 
investments can be achieved by making resilience bonds or 
similar products available to local businesses that are willing 
to adapt and prepare now. Renewable energy, recycling 
projects, and disaster prevention are just a few areas gaining 
steam that stand to benefit from the growth in sustainable 
finance.  

Given sustainability’s increasing importance and the grow-
ing reporting requirements and regulations, the Caribbean 
should focus on the early adoption of climate-smart policies. 
Climate-aware companies will respond to and reduce the 
impacts of climate change while taking action to change 
their business model now. Disclosure around these issues 
will help investors to accurately evaluate companies for 
climate change risks. These risks generally fall into two 
areas:
 
 ●   Transition Risks: the loss in value of assets   
       (stranded assets) as the globe moves to a   
       low-carbon economy. This new reality may   
       mean reduced demand, increased costs, policy  
       action, and reputational risk from inaction.

 ●   Physical Risks: direct impacts from storms   
      and sea-level rise may damage assets, disrupt  
      supply chains, reduce the availability of inputs  
      (like water), lead to food insecurity, or the   
      degradation of coastal and marine resources.

CESaRE Impacts Magazine 2021
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While most approaches and frameworks have been 
focused on developed markets, there are unique examples 
relevant to the context of the Global South. In Vietnam, 
the United Nations Development Program (UNDP) has 
partnered with the public and private sectors to develop a 
Climate Business Index (CBI) which is a unique platform 
to assess businesses' susceptibility to climate change. It 
encourages and supports adaptation and mitigation activ-
ities through transparency and the identification of best 
practices. In Jamaica, the Leap Company has developed a 
Climate Resilience Index which assesses businesses on 
indicators of resilience. These indicators range from iden-
tification, assessment, and management of risks and 
opportunities, to governance and stakeholder engage-
ment. It demonstrates to customers, investors, and 
business partners a commitment to climate resilience and 
good governance regarding accountability and risk 
disclosure.

Tools like these provide businesses, investors, and stake-
holders with metrics and information to assess financial 
performance through a climate change lens. Sustainable 
finance will support the intended outcome of Impact and 
sustainable development. The Caribbean stands to benefit 
when sustainable finance is deployed as part of a 
well-thought-out climate change strategy. This strategy 
should involve the identification, measurement, and 
disclosure of business-relevant climate change risks and 
opportunities. The investment gap to achieving the 

United Nations’ Sustainable Development Goals (SDGs) is 
estimated to be about $2.5 trillion for developing countries. To 
bridge this gap, ESG and sustainable finance can facilitate 
investment in resilience and business adaptation.

Stephen Snider is a sustainable finance practitioner and Caribbean 
environmental advocate. He was born and raised in Jamaica and 
moved to the US for college. Stephen has eight years of experience 
working in corporate banking in Boston, MA. In the summer of 
2018, he quit his corporate life to start a Master’s in Global Devel-
opment Practices at Harvard University. Stephen now works for 
sustainable investing startups and empowers investors to consider 
the environment and society in their investment decisions. He is a 
research analyst for the Leap Company Ltd and contributes to their 
impact investing advisory services. Stephen has presented interna-
tionally at various conferences on sustainability and finance. 
Connect with him on Instagram (@sustainabilityaroundtheglobe) 
or his Blog (medium.com/@kstephensnider).
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Figure 1: Assessment of Energy Generation Technologies (Source: Rogers et al., 2019, p. 126) 

However, the development of a suitable wind farm for C-SIDS is complex and requires 
a strategic and systematic approach. Rogers et al. (2019) used Barbados as a case study 
to outline the steps involved in a Caribbean Onshore Wind Energy project. The authors 
emphasised the following steps:

 ●    Prefeasibility assessment to determine technical wind potential.

 ●     A detailed wind measurement campaign.

 ●    Collection of quality wind data that enables investors, grid operators,
                     regulators, and system planners to understand the impact of the wind on 
        their operations.

 ●    Transportation surveys and an electrical integration study.

 ●    Physical development plans which incorporate wind farm zoning.

Caribbean Onshore Wind 
Energy: An Approach to 
Sustainable Energy using 
Industry 4.0 Key Concepts
Written by Jason Robert Rameshwar

R eliable and cost-effective energy generation and distribution is a fundamental 
factor in the economic competitiveness of Caribbean Small Island Developing 
States (C-SIDS).  Energy prices affect the costs of goods manufactured and sold. As  

illustrated in Figure 1, focusing on utility-scale wind energy provides a competitive 
advantage through the lowered cost of energy. 
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C-SIDS are geographically small (compared to conti-
nental landmasses) and disconnected from neighbour-
ing islands (separated via inter-island oceans), causing 
them to have “higher transportation costs, a small finite 
market size, and additional costs for importing cranes.” 
On account of these factors, C-SIDS have an average 
increase of 25% in capital and operating expenditure 
(Hohmeyer, 2017).  

Industry 4.0 (I4.0) key concepts – evolution, connected 
systems, decentralised intelligence, and integration of 
value chains – can enable C-SIDS to become innovative, 
become agile and create new value, making them 
competitive and sustainable in the global market (King, 
Rameshwar, and Syan, 2020). The I4.0 concept can read-
ily complement efforts to transform Caribbean energy 
systems. Thus, incorporating the lessons from Rogers et 
al. (2019) with I4.0 key concepts and I4.0 enabling tech-

14

●    Connected systems: Interconnecting wind   
       systems with other renewable generators      
      (using micro-grids to create a larger electrical   
       grid) (Gabbar and Abdelsalam, 2014)

●    Decentralised: Singular wind energy turbines     
      can provide smaller quantities of  power to     
      remote community areas where it is difficult for  
      the local electrical network to penetrate   
      (Hiremath et al., 2009)

●    Intelligence: Wind turbines would be able to      
      adjust their orientations and performance   
      characteristics, based on wind properties, to   
      meet dynamic energy needs  (Fang et al., 2012)

●    Integration of value chains: Specific Key   
      Performance Indicators of the electrical network  
      will be incorporated into the interconnected     
      grid system that can be maximised to strength- 
      en the energy value chain  (Alrashed,  2020). 

●   Evolution: Design improvements in wind     
     turbines (such as size, weight, blade shape,    
     wind-to-energy conversion efficiency) that meet  
     island requirements (Rogers et al., 2019, p. 122)

●   Community involvement in the wind energy   
      project.

●   Communication with the supplier/manufac- 
      turer.

●   Upgraded radar systems that can exclude the  
      impact from wind turbine installations.

●   Noise study with adequate detail to guide   
      planners on the effects of turbine operation in  
      the localcon text.

nologies (Rameshwar and King 2020, pp.  575-577) can 
solve many of the onshore wind energy constraints 
such as “isolated electricity systems”, “high popula-
tion densities”, and “tropical cyclones and hurricanes” 
(Rogers et al., 2019, 117), as outlined below:



Jason Robert Rameshwar is an Electrical and Computer 
Engineer and Member of the IET. His career spans industries 
covering Power, Construction, Automation and Process at 
various levels from Field Engineer to Design Engineer to 
Managerial positions. Currently his focus is on small and 
medium industries transitioning into Industry 4.0 and the 
Industrial Internet of Things as a mechanism for developing 
and accelerating innovative systems.
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Microplastic consumption in marine organ-
isms causes a myriad of negative effects, 
according to recent research. Microplastics 

have been implicated in decreased survival, 
decreased reproductive output, abnormal embryonic 
development, reduced feeding behaviour, reduced 
body mass, and tissue damage of many marine 
organisms. In fish, microplastics have been found to 
cause several adverse effects such as decreased 
predation and changes to the digestive tract.

Microplastics are plastic particles that are less than 5 
millimetres in diameter, although plastics can be 
broken down even more, to the nano-size range of 1 
nanometre. These tiny particles are easily ingested by 
organisms such as copepods, urchins, and shrimp.

Microplastics have also been researched as a poten-
tial health threat to consumers of molluscs and 
seafood, as plastics may contain carcinogenic 
substances (Shaw Institute, 2014). These small plastic 
particles become part of the marine food web and 
accumulate in the tissues of organisms.  This is a 
major concern in top predators, especially those that 
are consumed by humans.

Bosker et al. (2018) investigated the level, distribu-
tion, and characteristics of microplastics on twen-
ty-one beaches over the four Lesser Antillean Islands 
of Anguilla, St. Barthelemy, St. Eustatius, and St. 
Martin. They found microplastics at every site 
sampled, the average levels of which were compara-
ble to the levels found in other regions. However, the 
median amount of microplastics per beach was 
considerably higher on Caribbean beaches at 276 
microplastics/kg, compared to 143 microplastics/kg 
on European beaches. The microplastic density was 
consistent on the windward and leeward beaches of 
these islands.

Microplastic 
Pollution
in the Caribbean
Written by Tremaine Bowman
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The two most cited causes of high microplas-
tic levels are tourism and human population 
density. Multiple studies have found a 
correlation between higher microplastic 
levels and higher population densities. This 
may explain the lower levels of microplastic 
recorded on the less populated island of St. 
Eustatius compared to the other three more 
populous islands. A strong relationship 
between tourism and microplastic pollution 
has also been discovered. Several studies 
have found that high densities of microplas-
tics coincided with high numbers of tourists. 
In 2016, the tourist arrivals in St. Eustatius 
and St. Barthelemy were 14,300 and 222,000, 
respectively. In 2014, Anguilla welcomed 
71,000 tourists while St. Martin recorded 
approximately 2.5 million visitors.  Anguilla 
and St. Martin had higher levels of microplas-
tic while St. Barthelemy had slightly lower 
microplastic levels. St. Eustatius had the 
lowest levels of all the islands.

The negative impact of global plastic pollu-
tion is immense. The Caribbean is a hotspot 
for both tourism and biodiversity. Plastic 
pollution is considered an environmental, 
ecological, and health concern, but many 
would argue that it is an economic concern as 
well. The Caribbean depends heavily on its 
marine resources for the provision of liveli-

hoods by way of jobs and recreation. As such, 
ongoing research on microplastic levels and 
distribution throughout the Caribbean is 
imperative to understanding how we can 
create comprehensive, long-term coastal 
management regulations. Equally important 
is encouraging sustainable behavioural prac-
tices among both tourists and locals to 
protect our fragile ecosystems.

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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Considerations for E-mobility
and Vehicle-to-Grid Technology
in SIDS: Barbados as a
Case Study



S mall Island Developing States (SIDS) typically 
depend on fuel imports for power generation 
and transportation. As countries around the 

world aim to reduce their carbon footprints by decar-
bonising transportation, electric vehicles (EVs) of all 
types are gaining popularity. When coupled with 
smart-charging technology, which allows for bi-direc-
tional power flow between the vehicle and the grid, 
plug-in electric vehicles can provide ancillary grid 
services which can facilitate the integration of power 
from renewable energy sources into an island’s national 
electricity grid. Adopting EV technology can therefore 
allow SIDS to do their part in mitigating climate change 
while reducing their dependence on the global fossil 
fuel market.

One such island making strides toward electrified 
transportation is Barbados. A study published by Gay et 
al. (2018) examined the island nation as a case study for 
the implementation of EVs in SIDS. Barbados, like 
many other Caribbean nations, has ratified the Paris 
Agreement and by 2030 aims to reduce its greenhouse 
gas (GHG) emissions by 40%. Additionally, in 2018, the 
country’s initial goal of 65% power generation by 
renewables by 2030 was shifted to 100%.  The study 
alluded to an analysis performed by the International 
Renewable Energy Association (IRENA), which 
showed that a least-cost pathway to the attainment of 
the 65% goal involved widespread adoption of EVs 
(Taibi & de Valle, 2017).  EVs were included in this path-
way because of their potential to address the issues of 
storage and demand response which are inherent to 
intermittent renewable energy sources like wind and 
solar.

Without storage, it is difficult to use renewable energy 
sources effectively, as they produce variable supply - 
high supply at times with low demand or vice-versa. 
The former scenario can result in curtailment, where 
electricity production is halted due to an excess of 
power generation which the grid infrastructure is 
unable to support. Both scenarios can result in a wasted 
investment as the power system is not used as planned 
and the expected revenue is not forthcoming. A strategy 
known as coordinated charging can be used to align 
peak electricity supply times with peak demand times 
through incentives such as time-of-use rates, where 
electricity prices are made more preferential at those 
times of day when the energy sources are in high 
supply; for example, during the daytime for solar 
power.
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C-SIDS are geographically small (compared to conti-
nental landmasses) and disconnected from neighbour-
ing islands (separated via inter-island oceans), causing 
them to have “higher transportation costs, a small finite 
market size, and additional costs for importing cranes.” 
On account of these factors, C-SIDS have an average 
increase of 25% in capital and operating expenditure 
(Hohmeyer, 2017).  

Industry 4.0 (I4.0) key concepts – evolution, connected 
systems, decentralised intelligence, and integration of 
value chains – can enable C-SIDS to become innovative, 
become agile and create new value, making them 
competitive and sustainable in the global market (King, 
Rameshwar, and Syan, 2020). The I4.0 concept can read-
ily complement efforts to transform Caribbean energy 
systems. Thus, incorporating the lessons from Rogers et 
al. (2019) with I4.0 key concepts and I4.0 enabling tech-

Gay et al. (2018) note that in Barbados, coordinated 
charging may be most easily initiated within the 
public service transportation sector because the 
routine operation of the vehicles simplifies the 
challenge of matching their charging times to peak 
supply times. The fixed routes and terminals of a 
public transport system also make the optimal place-
ment of the charging infrastructure an easier task. 
Public service fleets are also prime candidates for 
early adoption of EV technology as it is simpler for 
the government to create regulations and legislation 
to support the transition of public, rather than 
private, vehicles. Nevertheless, a local company 
called Megapower Ltd has aided the growth of the 
EV market in the private sector through vehicle 
importation and support of charging infrastructure 
projects. 

The researchers suggested that persons in affluent 
neighbourhoods and commercial fleet owners will be 
the early adopters of EVs in Barbados due to the high 
vehicle costs during the early stages of implementa-
tion. This limited geographical spread during the 
low penetration phase may lead to issues such as 
localised overloading of transformers since charging 
will likely take place simultaneously, (i.e. overnight) 
in the same places (i.e. certain neighbourhoods or 
business premises). Once proper charge manage-
ment strategies have been implemented, allowing for 
more widespread adoption of EVs, an electrified fleet 
could essentially act as storage for the national grid. 
Using the manufacturer specifications of the Nissan 
Leaf model as a basis, the researchers estimated that 
if all 132,000 registered vehicles in Barbados were 
electrified, a total distributed storage capacity of 0.5 
GWh would be made available. Based on an average

Zsaria Diaz is an avid reader and research enthusiast who's always 
ready to learn and happy to share her knowledge. She is a final-year 
student of the MSc Renewable Energy Technology programme at the 
University of the West Indies, St. Augustine and has a BSc in 
Chemical and Process Engineering from the same institution. Zsaria 
has also written online articles on topics including renewable energy, 
fuel cells and the hydrogen economy. She has also recently joined the 
CESaRE team as our Editor Intern.

usage of 546 kWh per household (Craigwell, 2009), 
that would be enough to power approximately 915 
homes for a month. In addition to the critical role EV 
storage can play in reducing curtailment as 
discussed earlier, the mobility of the storage, albeit 
limited to the battery life, can prove invaluable 
during recovery from natural disasters to which 
SIDS are so often prone.
 
The paper discussed in this article was published in 
2018 and since then, Barbados has continued to 
work towards the adoption of EV technology. In 
2020, the country was the first in the region to 
receive a fleet of battery-electric buses, making it a 
regional leader in transport electrification.
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Seasonal COVID-19: The Next ‘Flu’?
Written by Zadie Neufville

R esearchers from the University of Illinois 
examined how temperature impacts the 
spread of the COVID-19 disease and suggest-
ed that COVID-19 could be here to stay, given 

its similarities with seasonal flu. The study, published 
in January 2021, further indicates that infection rates 
are higher in cold countries and regions, and could 
fluctuate due to climate. It pointed to correlations 
between the prevalence of the disease and environ-
mental temperature and analysed epidemiological 
data from 211 countries.

As the disease "poses a serious ongoing threat to public 
health,” researchers hoped to understand how 
temperature affected several variables, including the 
incidence of the disease mortality, and recovery. The 
SARS-CoV-2 (the virus that causes COVID-19) is 
reportedly sensitive and susceptible to damage by heat 
and UV light.

Their work is not the first on the relationship between 
temperature and COVID-19. Initial research showed 
minimal differences in infection rates and tempera-

tures, but these took place during the early outbreaks. 
However, more recent work has confirmed that 
temperature affects COVID-19 transmission rates. For 
instance, Kassem (2020) investigated data from the 13 
countries that first identified the infection. He noted 
that “the virus transmission is hindered by specific 
humidity above 6 g/kg and mean air temperature 
above 11°Celsius (C)."  

Focusing on data from late March 2020 to early April of 
the same year, Burra’s team found that even with the 
limited temperature ranges of springtime, there were 
significant linkages between the number of infections 
and the temperature. In their analysis of environmental 
temperature, the incidence of disease, mortality and 
recovery rates, and the number of active cases of 
COVID-19, Burra et al. (2020) concluded that there is a 
“significant negative correlation between environmen-
tal temperature and normalised epidemiological data”.

Based on these findings, the influx of tourists to the 
Caribbean and Latin America from colder climates will 
create contradictory yet simultaneous effects.
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The additional arrivals will create growth for the 
tourism sector once countries make the necessary chang-
es to accommodate post-COVID tourism. Caribbean 
countries like Jamaica that are dependent on tourism 
must implement additional controls, like requiring 
COVID-19 passports and routine testing for tourists and 
visitors. Currently, tourists must provide a negative 
COVID-19 test to visit most countries in the region.

Burra et al. (2020) also hypothesised that COVID-19 
epidemiology and genetic makeup will be affected by 
the seasonality phenomenon. They noted that the effect 
of high temperatures and humidity on the SARS-CoV-2 
in some environments was sufficient to support their 
premise. Their results did not produce enough evidence 
to support the "seasonal” hypothesis, despite indicating 
that high environmental temperature and humidity 
could decrease the impact of COVID-19. This premise is, 
however, supported by research from Cairo University’s 
Adly Anis (2020).

Anis evaluated the effect of temperature on transmission 
in Australia and Egypt and found that COVID-19 
spreads faster in countries when temperatures are below 

24 degrees Celsius. The study was carried out on a 
month-by-month basis and concluded that “the most 
appropriate average temperature for the survival trans-
mission of COVID-19 ranges between 13 and 24 degrees 
C.”

These findings imply that weather and temperature 
could influence the prevalence of COVD-19 infections, 
with the disease reemerging during the winter months 
like the seasonal flu. Burra et al. (2020) highlighted the 
factors that slow transmission rates of viral diseases - 
including influenza - during the summertime. They 
noted that studies of other influenza-type viruses show 
patterns of seasonal fluctuations that may be relevant for 
COVID-19 research, as these factors are linked to the 
survival and transmission of the viruses. 

Though these findings could implicate a growth in 
tourism for the Caribbean and Latin America during 
seasons with high COVID infection rates, they could 
also mean a strain on their healthcare systems. As it 
stands, most countries do not have extensive COVID-19 
testing facilities nor advanced healthcare facilities to 
care for those with severe illness, especially those with 
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non-communicable diseases. A seasonal reoccurrence of 
the virus will be a burden to these already struggling 
healthcare systems.

Burra et al. (2020) concluded that some strains of the 
virus are more susceptible to temperature and climate. 
Indications are, however, that temperatures would need 
to reach 56 degrees Celsius to kill the virus. But since 
these temperatures do not occur during the spring, and 
very few countries will reach that temperature during 
the summer, it is reasonable to suggest that SARS-CoV-2 
and its variants are here to stay.  While there was not 
enough evidence to support the premise that high envi-
ronmental temperatures may reduce the survivability 
and infectiousness of the SARS-CoV-2, they suggested 
the need for additional environmental studies. They 
propose that future studies will need to determine if 
correlations are more likely the result of effects associat-
ed with the environment or the innate immunity of the 
hosts.
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Human System Adaptations to Climate Change
in the Caribbean
written by Sheldon Marshall

Rethinking Tourism? COVID-19 and the Way 
Forward for the Caribbean Tourism Industry
written by Thalia Balkaran
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esearchers from the University of Illinois 
examined how temperature impacts the 
spread of the COVID-19 disease and suggest-
ed that COVID-19 could be here to stay, given 

its similarities with seasonal flu. The study, published 
in January 2021, further indicates that infection rates 
are higher in cold countries and regions, and could 
fluctuate due to climate. It pointed to correlations 
between the prevalence of the disease and environ-
mental temperature and analysed epidemiological 
data from 211 countries.

As the disease "poses a serious ongoing threat to public 
health,” researchers hoped to understand how 
temperature affected several variables, including the 
incidence of the disease mortality, and recovery. The 
SARS-CoV-2 (the virus that causes COVID-19) is 
reportedly sensitive and susceptible to damage by heat 
and UV light.

Their work is not the first on the relationship between 
temperature and COVID-19. Initial research showed 
minimal differences in infection rates and tempera-

tures, but these took place during the early outbreaks. 
However, more recent work has confirmed that 
temperature affects COVID-19 transmission rates. For 
instance, Kassem (2020) investigated data from the 13 
countries that first identified the infection. He noted 
that “the virus transmission is hindered by specific 
humidity above 6 g/kg and mean air temperature 
above 11°Celsius (C)."  

Focusing on data from late March 2020 to early April of 
the same year, Burra’s team found that even with the 
limited temperature ranges of springtime, there were 
significant linkages between the number of infections 
and the temperature. In their analysis of environmental 
temperature, the incidence of disease, mortality and 
recovery rates, and the number of active cases of 
COVID-19, Burra et al. (2020) concluded that there is a 
“significant negative correlation between environmen-
tal temperature and normalised epidemiological data”.

Based on these findings, the influx of tourists to the 
Caribbean and Latin America from colder climates will 
create contradictory yet simultaneous effects.
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