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Introduction
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Increasing dependence and importation of fossil based fuels, rising fuel costs, high tariffs on electrical energy 

consumption are  having an adverse impact on the fragile economies of the small Caribbean islands 

(Caribbean Renewable Energy Development Programme (CREDP) 2011; World Bank 2010, 2013).

Conventional fossil fuels (primarily oil, coal  and natural gas) are a source of global environmental concern 

largely due to the global warming potential of the greenhouse gases that they emit during combustion. 

The Caribbean island nations through their commitment to the COP21 Paris agreement to reduce green house 

gas emissions must undertake a shift in their energy supply towards much less carbon-intensive sources. 

Renewable energy sources, such as wind is central to this ambition.

The electricity generated by a wind turbine reduces the need to generate electricity from other sources.

According to the UK Department for Environment Food and Rural Affairs (DEFRA) 2003, electricity 

generated by a diesel-based plant results in average emissions of 430 gCO2e/kWh of power produced per 

annum.

Clean wind energy avoids significant CO2 emissions annually by displacing generation from fossil fuel 

power plants. 

Turning to renewables, such as wind power, to help mitigate climate change is an excellent approach which 

needs to be sustainable in order to meet growing energy demands in the future.

The projected changes in the wind speeds across Barbados and most of the Eastern Caribbean throughout all 

future climate periods for the A2 emission scenario varies between ± 10% of the current mean wind climate 

(2000 – 2016) values.

With an annual mean wind speed of 5.997 ms-1 at the Caribbean Institute for Meteorology and Hydrology 

(CIMH) Barbados, the projected wind speed changes translate to approximately ± 0.6 ms-1. It means that 

wind speeds at CIMH are projected to fluctuate between 5.397 ms-1 and 6.597 ms-1. 

Applying these projected wind speed changes to economic sensitivity analyses for a selected wind turbine, it 

is seen that both the Net Present Value (NPV) and Internal Rate of Return (IRR) remain positive for the 

duration of proposed wind energy project’s life span.  The Levelized Cost Of Energy (LCOE) would 

fluctuate between $0.08 US and $0.13 US per kWh. When compared to the average $0.34 US per kWh  from 

the diesel based electricity in the Caribbean, wind energy maintains good cost competitiveness.

Avoided emissions averaging 8600 tons of CO2e per 3 MW of electricity generated annually under the IPCC 

A2 emission scenario is projected. The annual energy output of a typical modern wind turbine (equivalent to 

the Vestas V112-3.0) was estimated, assuming that 1 turbine is installed at each grid point.

A wind-based 3 MW power plant generating 20,000,000 kWh of “clean energy”, will result in the reduction 

of Greenhouse Gas (GHG) emissions  by (20,000,000 x 430)/1,000,000 or 8600 tons of CO2e per 3 MW of 

electricity generated, annually. 

Assuming a carbon price of $25. US dollars per ton of CO2 (Kaufman et al. 2016), a 3 MW wind generating 

system would avoid $ 79, 140. US dollars annually; by 2030 could avoid over 1 million US dollars in CO2

emissions.

According to the European Wind Energy Association (EWEA) 2009, wind power will avoid fuel costs worth 

$ 28.72 million US for each TWh of wind power produced. For a 3 MW wind generating system, this 

translates to $ 191, 854 US of avoided fuel costs annually; by 2030 could realize almost $ 2.5 million US in 

savings, which can be used to finance additional infrastructure for green electricity generation, sanitation and 

water conservation.

Figure 3: Sensitivity of cost of energy to Mean Wind Speeds
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Figure 2: Potential avoided CO2 emissions across the Caribbean per annum (tonnes of CO2e per 3

MW of electricity generation) at every grid point (A2 scenario); a) 2000-2016 b) 2017-2030 c)

2031-2050 d) 2051-2074.

Figure 1: Projected wind speeds at 80 m hub heights for different climate periods under the

A2 scenario expressed as percentage difference relative to current wind climatology (2000-

2016 panel a); b) 2017-2030 c) 2031-2050 d) 2051-2074. Areas enclosed by dashed green

contours are significant at the 95 % level.
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Purpose  

The purpose of the study was to evaluate the potential, viability and co-benefits of developing wind power as 

a reliable and sustainable energy source in the Caribbean, under a changing climate in the near to medium 

term. Wind speed projections under the IPCC A2 emission scenario were analyzed, using a regional climate 

model, for three future climate periods: the near-term (2018-2030), the medium-term (2031-2050) and long-

term (2051-2074).

Results and Discussion 
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Figure 4: Sensitivity of NPV (top panel) and IRR (bottom panel) to mean wind speeds


