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This Report has been prepared solely for use by the party which commissioned it (the 'Client') in connection with the 
captioned project. It should not be used for any other purpose. No person other than the Client or any party who has 
expressly agreed terms of reliance with us (the 'Recipient(s)') may rely on the content, information or any views 
expressed in the Report. This Report is confidential and contains proprietary intellectual property and we accept no 
duty of care, responsibility or liability to any other recipient of this Report. No representation, warranty or undertaking, 
express or implied, is made and no responsibility or liability is accepted by us to any party other than the Client or 
any Recipient(s), as to the accuracy or completeness of the information contained in this Report. For the avoidance 
of doubt this Report does not in any way purport to include any legal, insurance or financial advice or opinion. 

We disclaim all and any liability whether arising in tort, contract or otherwise which we might otherwise have to any 
party other than the Client or the Recipient(s), in respect of this Report, or any information contained in it. We accept 
no responsibility for any error or omission in the Report which is due to an error or omission in data, information or 
statements supplied to us by other parties including the Client (the 'Data'). We have not independently verified the 
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Data or otherwise examined it to determine the accuracy, completeness, sufficiency for any purpose or feasibility for 
any particular outcome including financial. 

Forecasts presented in this document were prepared using the Data and the Report is dependent or based on the 
Data. Inevitably, some of the assumptions used to develop the forecasts will not be realised and unanticipated 
events and circumstances may occur. Consequently, we do not guarantee or warrant the conclusions contained in 
the Report as there are likely to be differences between the forecasts and the actual results and those differences 
may be material. While we consider that the information and opinions given in this Report are sound all parties must 
rely on their own skill and judgement when making use of it. 

Information and opinions are current only as of the date of the Report and we accept no responsibility for updating 
such information or opinion. It should, therefore, not be assumed that any such information or opinion continues to be 
accurate subsequent to the date of the Report.  Under no circumstances may this Report or any extract or summary 
thereof be used in connection with any public or private securities offering including any related memorandum or 
prospectus for any securities offering or stock exchange listing or announcement. 

By acceptance of this Report you agree to be bound by this disclaimer. This disclaimer and any issues, disputes or 
claims arising out of or in connection with it (whether contractual or non-contractual in nature such as claims in tort, 
from breach of statute or regulation or otherwise) shall be governed by, and construed in accordance with, the laws 
of England and Wales to the exclusion of all conflict of laws principles and rules. All disputes or claims arising out of 
or relating to this disclaimer shall be subject to the exclusive jurisdiction of the English and Welsh courts to which the 
parties irrevocably submit. 
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Acronyms and Abbreviations 

Abbreviation Description 

A Ampere 

AC Alternating Current 

ac Acres 

AGC Automatic Generator Control 

ARIMA Autoregressive Integrated Moving Average 

BAMCL Barbados Agricultural Management Corporation Limited 

BESS Battery Energy Storage System 

bl Barrel 

BLPC Barbados Light and Power Company 

BNEP Barbados National Energy Policy 

BNEP 2019-2030 Barbados National Energy Policy 2019-2030 

BNOCL Barbados National Oil Company Ltd 

BNSI Barbados National Standards Institute 

BREA Barbados Renewable Energy Agency 

BWA Barbados Water Authority 

CAES Compressed Air Energy Storage 

CARICOM Caribbean Community 

CL Cruise Liner 

CSP Concentrated Solar Power 

CO2 Carbon Dioxide 

DC Direct Current 

DSM  Demand Side Management 

DSR Demand Side Response 

ECREU Energy Conservation and Renewable Energy Unit 

EE Energy efficiency 

EIA Environmental Impact Assessment 

EIA (United States) Energy Information Administration 

ELPA Electric Light and Power Act 2013 

ELPAC Electric Light and Power Act Committee 

EMS Energy Management System 

EPD Environmental Protection Department 

ESIA Environmental and Social Impact Assessment 

EV Electric vehicles 

FCA Fuel Cost Adjustment 

FiT Feed in Tariff 

FSRU Floating Storage Regasification Unit 

FTC Fair Trading Commission 

GDP Gross domestic product 

GEED Government Electrical Engineering Department 

GNI Global Normal Irradiance 

GOB Government of Barbados 
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Abbreviation Description 

GTs Aeroderivative Gas Turbines 

ha Hectares 

HCEV Hydrogen Fuel Cell Electric Vehicle 

HDV Heavy Duty Vehicle 

HFO Heavy Fuel Oil 

HPS Hydro Pumped Storage 

ICE Internal Combustion Engine 

IDB Inter-American Development Bank 

EJ Exajoules 

IEEE Institute of Electrical and Electronic Engineers 

IPP Independent Power Producer 

IRRP Integrated resource and resilience plan 

kW Kilo Watt 

kWh Kilowatt hours 

LAC Latin American and Caribbean 

LCP Least Cost Plan 

LDV Light Duty Vehicle 

LNG Liquid Natural Gas 

LT Long Term 

LOLE Loss of Load Expectation 

LOLP Loss of Load Probability 

LPG Liquid Petroleum Gas 

MAFS Ministry of Agriculture and Food Security 

MCA Multi-criteria assessment 

MENB Ministry of Environment and National Beautification 

METVT Ministry of Education, Technological and Vocational Training 

MESBE Ministry of Energy, Small Business and Entrepreneurship  

MDV Medium Duty Vehicle 

MIST Ministry of Innovation, Science and Smart Technology 

mmBTU Million British Thermal Units 

MOF Ministry of Finance 

MSD Medium Speed Diesel (Engine) 

MW Megawatt 

MWh Mega Watt hours 

MTWM Ministry of Transport Works and Maintenance 

NPC National Petroleum Corporation 

NPV Net present value 

OCGT Open Cycle Gas Turbine 

OHL Overhead Line 

ORC Organic Rankine Cycle 

OTEC Ocean Thermal Energy Conversion 

PEU Project Execution Unit 

PPA Power Purchase Agreement 

PSMP Power System Masterplan 

PV Photo Voltaic 
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Abbreviation Description 

RB Resiliency Bridge (power plant) 

RE Renewable Energy 

RES Renewable Energy Sources 

RFP Request for Proposal 

RICEs Reciprocating Internal Combustion Engines 

RU Research Unit 

SCADA Supervisory Control and Data Acquisition 

SCO Synchronous Condenser 

ST Short Term 

STs Steam Turbines 

T&D Transmission and Distribution 

TCDPO Town and Country Development Planning Office 

TJ Terajoules 

TOR Terms of Reference 

UGC Underground Cable 

US United States of America 

USD/tCO2 United States Dollars per tonne of Carbon Dioxide 

USA United States of America 

V Voltage 

VRE Variable renewable energy 

WACC Weighted average cost of capital 

W Watt 

WTGs Wind turbine generators 





Mott MacDonald | Confidential | Integrated Resource & Resiliency Plan for Barbados 
Activity B: Draft Report 
 

100418427 | C #: C-BA-T1065-P003  | TC #: ATN/KK-17697-BA |   | 22 June 2021 
SharePoint/Reports/Draft Report 
 

5 

Term Definition 

Power Purchasing Parity This concept is used to calculate an implied exchange rate under 
which power purchasing parities are equalised between two 
currencies. This is often used in economic modelling of exchange 
rates as income effects are considered. 

Real Real is used as opposed to nominal in the context of cashflows 
where real refers to the inflation corrected quantity. In economic 
analysis, financial parameters such as inflation are usually corrected 
for. For example, in the context of 3% annual inflation, an interest 
rate of 8% would equate to a real interest rate of 5%. 

Renewable Energy A wide definition for energy technologies that rely on energy or fuel 
inputs which are considered renewable, which includes Solar PV, 
Wind, but also Biomass and Waste to Energy. 

Short-Term Represents the horizon over which assets are fixed with limited 
realistic foresight to simulate system operation. The Short-Term 
modelling also represents the most realistic representation of real-
world system behaviour. 

Synchronous Generation Synchronous generation (as opposed to asynchronous) are 
generators that have a rotating generator that is synchronised to the 
grid frequency with which the electric phases alternate. Turbine and 
engine technologies are usually synchronous generation. Wind and 
Solar PV are inverter-based and therefore asynchronous.  

Thermal Generation Thermal Generation relies on heat to drive the prime mover that 
rotates the generator. Typically uses a fuel as energy input to 
produce heat. Concentrated Solar Power is an example of thermal 
generation that does not use a fuel to produce heat but relies on the 
sun to heat up a heat exchange fluid that drives a turbine. 

Variable Used in the context of generation technology whose output is 
variable, implying non-firm and not dispatchable; this is the case for 
e.g. solar PV and Wind.  

Variable Renewable Energy A narrow definition of energy technologies that rely on variable 
energy inputs which includes Solar PV and Wind but not Biomass or 
Waste to Energy. 

WACC Weighted Average Cost of Capital is a firm's cost of capital in which 
each category of capital is proportionately weighted. All sources of 
capital, including common stock, preferred stock, bonds, and any 
other long-term debt, are included in a WACC calculation; or in short 
equity and debt. 
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Figure 0.1: IRRP Flowchart  

 
Source: Mott MacDonald 
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Figure 0.2: Projected electricity demand by sector (Base Scenario) 

 
Source: Mott MacDonald 

Resource Supply Options 

A preliminary analysis on the economic feasibility of energy supply options has been conducted 
(screening curve analysis) and technologies were assessed on the basis of their Levelised Cost 
of Energy (LCOE). The results have shown that liquid biofuel options are generally not 
economically feasible due to their expected high cost. Renewable Energy (RE) technologies 
appear to be the most attractive options with solar being the most economical and wind coming 
second. Thermal technologies follow in the merit order; however, their economic viability 
depends on their utilisation profile i.e. whether they are used for peaking i.e. Gas Turbines 
(GTs) or for baseload i.e. Internal Combustion Engines (ICEs). Additional analysis on the RE 
resource has shown great potential for these technologies in terms of resulting annual energy 
yield, but also highlighted the short-term output variability that presents challenges in balancing 
demand and supply.  

Energy Storage Technology Study 

While many storage technologies such as Hydro Pumped Storage (HPS), Compressed Air 
Energy Storage (CAES), and thermal based systems have been developed, many are still 
limited with respect to their response capabilities, siting, and capacity flexibility. Electrochemical 
energy storage is capable of meeting a far wider range of capability than many alternatives and 
this capability is developing rapidly as battery storage is seen as very much the future across a 
range of applications from transportation to electrical grid systems. Battery Energy Storage 
Systems (BESSs) have a long track record of implementation for grid applications and costs 
have recently been in rapid decline while performance and life expectancy continue to increase. 

At the moment, Lithium Ion (Li-Ion) BESSs are the only mature and proven technology which 
can cover the whole range of required storage applications. This may change as technology 
development advances and feasibility studies shed more light on the options available to 
Barbados. Other storage technologies such as HPS and CAES require more detailed geological 
and siting studies before they can be considered feasible energy storage options for Barbados. 
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The results highlight the competitive position of 
RE in Barbados even for the Least Cost Plan 
(LCP) Scenario 1, where carbon emission costs 
are included, and the power system achieves an 
88% reduction in CO2 emissions on 2021 by 
2030. This is because solar PV and onshore wind 
generation are clearly on the least cost 
development path even including the necessary 
BESSs for back-up and grid balancing. This is 
evident from the capacity additions for these 
technologies being very similar across scenarios. 

Scenario 3 achieves the highest emissions 
reduction, down to 5% of current levels by 2030, 
as a result of the additions of the firm renewables 
(waste to energy, landfill gas, and biomass). 
These albeit expensive generation technologies 
allow for additional retirement of existing thermal 
plants, which are otherwise required to remain on 
the system to provide occasional back-up power.  

It is also evident that the cost of carbon emission 
reductions face decreasing marginal returns, 
which is generally a well-known phenomenon. 
None of the scenarios achieved a 100% decarbonisation as set out in the BNEP 2019-2030 and 
it would require increasingly higher premia to achieve this. The Net Present Value (NPV) of 
Scenario 2 and 3 are 3.5% and 14.5% higher than the least-cost plan, Scenario 1. 

The build-out in RE requires significant land take such that by 2030 Scenario 2 and 3 will utilise 
just over 70 000 acres (excluding agricultural land use for fuel crop production). 

The undiscounted cumulative investment over the study horizon needed to achieve Scenario 2 
and Scenario 3 is estimated at Billion BBD 2.27 and 2.59, respectively compared to 1.90 in the 
LCP. As seen, however, against this are significant reductions in fuel imports that are achieved 
by the more aggressive decarbonisation scenarios.  

The LCOE of the system divides total costs (operational and investment related) by total 
generation each year and is an approximation of generation tariffs; it is expected to benefit from 
the energy transition with a decline by 18% to 27% depending on scenario and horizon, with the 
LCP achieving the largest decline. 

Figure 0.3: Net Present Value Overview 

 
Source: Mott MacDonald 
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Figure 0.5: Normalised final criteria scores for the three main generation planning 
scenarios  

 
 
Source: Mott MacDonald 

Four sensitivity analyses were carried out in order to assess how the three scenarios rank under 
weights that place more importance on social and environmental criteria. For one of the 
environmental and social sensitivities, land-use for biomass production is considered to be 
positive. The rationale for this is that there is substantial fallow land due to the decline of the 
sugar industry, and a number of stakeholders commented that revitalising the old farmland and 
putting it under crop cultivation would have significant long-term benefits in terms of land 
preservation and food security. 

The sensitivity results show that the LCP scenario has the highest ranking in all sensitivity cases 
except for Social Sensitivity 2. The FRES Scenario has the highest ranking if job creation is the 
most important criterion to the decision makers, and land use for biofuel crop cultivation is 
viewed as a positive criterion. The CO2 Scenario is never ranked the highest and has the 
second position only in the base case and when the four environmental criteria are given more 
importance than the other three criteria. 

The MCA process has highlighted the importance for policy-makers in Barbados to investigate 
inter-sectoral interactions and dependencies. The ranking of electricity planning scenarios is 
strongly influenced by the weightings of the different cross-sector criteria. Therefore, the 
planning for the electricity sector should not be undertaken in isolation, and its interactions with 
other sectors such as transport (EV), agriculture (biofuel crops), and tourism (cruise liners), 
should be assessed. We therefore recommend a cross-sector working group be established to 
analyse and agree planning criteria and priorities. 
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Conclusions to the analysis are included at the end of each chapter while recommendations 
arising from the IRRP study are captured in its own chapter at the end of the report, i.e. Chapter 
10. 

1.3 IRRP Study Methodology Flowchart 

Figure 1.1 below graphically describes the main steps of the IRRP study which also correspond 
to the scope of work of this assignment. The tasks at the centre of the figure describe 
consecutive steps taken to develop the IRRP where each task builds on the previous one. The 
icons on each side of the scope items provide a schematic representation of the topics 
examined in the particular task e.g. Electric Vehicles (EVs) were studied in the demand forecast 
study, shown to the left of the third scope item in the figure. 

Figure 1.1: IRRP Methodology Flowchart 

 
Source: Mott MacDonald 

The Institutional Assessment and Capacity Building (IA&CB) task (Activity C) is not shown in the 
figure above as an IA&CB study is not normally part of an IRRP but was required in the context 
of the capacity building required for developing the first of its kind IRRP for Barbados. The MEC 
study is not included in the figure above for the same reason. 
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Manufacturing has seen the most marked change with absolute consumption falling by 60% 
between 1990 and 2019, and its share in total final energy use falling from 41% to 12%. This 
reduction in industrial energy use reflects the decline in industrial production and a shift towards 
lower energy intensity activities. 

2.1.4 Energy balance and Sankey diagram  

The energy balance in Barbados for 2019 can be represented in a Sankey diagram as shown in 
Figure 2.4 below. In a single figure, the energy balance provides a narrative of the whole supply 
and demand situation for all the energy types and sectors, including the transformation sectors, 
such as power generation and refining, and losses along the supply chain. 

Clearly, imported oil fuels (large blue bar on the left of the Sankey diagram) dominate energy 
supply. Transport (blue bar on the bottom right) and power generation, and generation losses 
(green bars on the top right) dominate energy demand. 

Figure 2.4: Barbados Energy Balance Sankey Diagram 
 

 
Source: Mott MacDonald from MESBE Energy Balance Data 

The key feature to note from the Sankey diagram above is the absolute dominance of oil in the 
Barbados energy economy. This oil is mainly used in transport (which accounts for almost half 
of final end use) and in power generation, which shares most of the remainder of fuel input with 
bunker or marine oil. Clearly, transport and electricity generation are two of the key target 
decarbonisation areas. Oil products are all imported, with Barbados exporting a small quantity of 
crude oil. Bioenergy, natural gas, and primary electricity (from solar) all play a minor role. 

Transformation losses are a result of the low efficiencies of thermal power plants. With the 
evolution to renewable generation, transformational losses will substantially reduce. 
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Key Function General Components Entities 

Energy Resource 
Protection and 
Management 

Identify and manage 
conventional and RE 
resources. 

Ministry of Energy, Small Business and 
Entrepreneurship (MESBE) Coastal Zone 
Management Unit (CZMU) 

Environmental Protection Department (EPD) 

Ministry of Maritime Affairs and the Blue Economy 
(MMABE) 

Town and Country Planning Office (TCPO) 

Regulation of 
Energy Production 
and Supply 

Technical, economic, and 
environmental regulation. 

Ministry of Energy, Small Business, and 
Entrepreneurship (MESBE) 

Barbados National Standards Institution (BNSI) 

Electric Light and Power Act Advisory Committee 
(ELPAC) 

Environmental Protection Department (EPD) 

Fair Trading Commission (FTC)  

Government Electrical Engineering Department 
(GEED)  

Ministry of Transport, Works, and Maintenance 
(MTWM) 

Energy Production Exploration, production, 
and wholesale trade of 
electricity, natural gas, 
and liquid fuels 

Barbados Light and Power Company Limited (BLPC) 
Ministry of Energy, Small Business, and 
Entrepreneurship (MESBE) 

Independent Power Producers (IPPs) 

Barbados National Oil Company Limited (BNOCL) 

Barbados National Terminal Company Ltd. (BNTCL) 

Barbados Water Authority (BWA) 

BHP Billiton 

Repsol 

Energy Distribution Transmission, 
distribution, and retail 
sale of electricity, natural 
gas, and liquid fuels 

Barbados Light and Power Company Limited (BLPC) 

National Petroleum Corporation (NPC) 

Private fuel retailers 

Energy 
Consumption 

Consumption of 
electricity, natural gas, 
and liquid fuels 

Barbados Water Authority (BWA) 

Government 

Transport 

Private businesses 

Residential users 

Source: [1] 

2.3 Challenges in the current electricity sector and possible solutions 

Based on documentation reviewed, and feedback from stakeholders, we have identified a list of 
challenges facing the energy sector in Barbados which can be split into groups of technical, 
regulatory, economic, socio-economic, and environmental.  

A key narrative that emerges is that as the energy sector suffers from its dependence on 
imported oil which leads to high cost of energy and fiscal challenges which also concentrates 
the market around very few key players. For the future transition towards developing local 
renewable energy resources (RESs), a level playing field based on a transparent and fair 
industry with wider participation and skills development is seen as a key success factor.  

Technical challenges mainly highlight the fact that Barbados will largely be dependent on 
intermittent RESs in the future. Environmentally, the competing uses for land as well as the 
impacts from large-scale renewable generation on the island landscape have been highlighted. 
Key challenges and potential solutions/mitigations are included in Appendix B. 
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Figure 3.2: Current age of island system power plants by fuel type 

 
Source: Mott MacDonald with information from Barbados Plexos Model and GlobalData 

Fuel oil (which includes distillates such as diesel and jet fuel) is the category with the greatest 
number of corresponding power plants. It is also the fuel type for which power plants have the 
greatest range of current age. This is indicative of more diverse use cases in the mid-merit to 
peaking plant range where a longer useful lifespan would usually be attributable to fewer 
running hours for such peaking plant (relative to baseload plant which would operate on Heavy-
Fuel Oil (HFO)).  

The exceptionally old power plant is Queens Park Power Plant in Grenada in the Caribbean: it is 
92 years old according to the available records. However, it was last upgraded in 2015 and may 
have frequently been life-extended throughout its operational period, which could explain such 
an unusually long asset life. 

Figure 3.3 demonstrates the spread of the age data within each fuel category corresponding to 
power plants from other island systems.  
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plant in similar island systems that exceed their expected life also points to the feasibility of life-
extensions for such assets. However, these decisions always require the context and intended 
application to be considered, while the most important drivers to retire or life-extend are the 
plant economics and reliability.  

Unit S1 and S2 are 44 years old and, based on age alone, would be expected to retire within 
the next six years. However, these units show very low reliability and are expensive to operate 
at this point while their technical capabilities are not in line with the requirements for increasing 
renewable penetration. The recommendation would be to retire these units as soon as possible. 

The ICE units (D11-D15) range in age between 15 and 38 years. These units are less reliable 
than would be expected while their efficiency is in line with expectations. It would be expected 
that all of these units, but certainly the younger ones, could still provide one or two decades of 
reliable service. Noting that it is generally possible to convert such units to be fired with liquid 
biofuels, this has been considered as an option in the generation planning study. However, such 
a conversion may introduce risks to the waste-heat recovery units that are attached to these 
units, which may need to be taken out of service at that point. It is recommended that these 
different options are studied further in terms of technical feasibility and their respective 
economic impact if this option is deemed attractive. 

The GTs at Seawell power station are between 18 and 24 years old, and the GTs at Garrison 
and Spring Garden are 30 and 47 years old, respectively. Although with a typical design life of 
25-30 years the Seawall units have another 6-12 years of life remaining, the Garrison units 
demonstrate that they can be kept in service for much longer. These units are not suitable for 
continued operation but ideal for back-up and emergency generation. Unfortunately, these units 
cannot be converted to renewable fuels It is recommended that the option is retained to 
consider these units specifically for back-up use in the generation planning study.  
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Table 4.1: Forecasted electricity demand (GWh) in the Reference, High and Low 
scenarios 

Demand 2021 2025 2030 2035 2040 

Reference 959 1034 1084 1117 1147 

High 988 1203 1300 1367 1424 

Low 921 844 837 835 832 

Source: MESBE- LINDA energy demand model  

4.1.2 Electrification of new sectors 

Following discussions and agreement with MESBE, we have made significant updates to the 
LINDA model in order to provide a more comprehensive view of the future demand evolution. 
We discuss each of the additional updates to the LINDA model in the sections below. 

4.1.2.1 Electric vehicles (EVs) 

The small size of Barbados makes the island a favourable place to roll out EV. The Government 
of Barbados (GoB) is keen to encourage EV uptake and has already approved the deployment 
of a number of charging stations. We have made a simple bottom-up estimate of potential EV 
demand for road vehicles, based on a number of assumptions regarding their deployment and 
use. Our key assumptions are outlined below. 

Our starting assumptions are total fleet size of three key vehicle segments: light, medium, and 
heavy-duty vehicles (LDV, MDV, and HDV), and their respective annual electricity use. LDVs 
comprise predominantly of private cars, while HDV comprises trucks and buses, with MDV 
comprising vans, small trucks, and minivans. The fleet numbers are taken from GoB estimates, 
while the energy use is based on typical values seen elsewhere, adjusted for Barbados 
conditions.  

Table 4.2 shows the average energy use and projected fleet size of EVs in a High case 
scenario. The key features to note are that the fleet sizes fall as one moves to heavier vehicles, 
while average consumption per vehicle increases, such that an HDV uses 16 times the energy 
of an LDV. Note that these figures are for the electricity supplied to a battery electric vehicle. 
The figures in Table 4.2 show a high potential uptake and it would take some time to build up to 
these levels, as new vehicles need to be brought into service since there is no practical case for 
vehicle conversions.  

Table 4.2: Average energy use by EV and projected fleet in an Aggressive Case Scenario 

Type of EV Total fleet no. in 2030 Annual electricity use 
by vehicle (MWh) 

Potential electricity 
use in 2030 (GWh) 

LDV 123,500 2.5 308.8 

MDV 10,000 10 100 

HDV 800 40 32 

Source: Mott MacDonald estimates 

Table D.4 in Appendix D shows our projected penetration of EVs for three growth cases (Base, 
Aggressive, and Low), with EV penetration reaching 60% in 2030 in our Base case, and 30% 
and 100% in our Low and Aggressive cases respectively. For simplicity we assume that all 
vehicle segments would have the same penetration rate, although one might expect a faster 
penetration rate for the HDVs and MDVs as these tend to have higher utilisation and are owned 
by fleet operators and so are often targeted first by policy makers.  

Applying these penetration rates in the three scenarios leads to the projected EV demands 
shown in Figure 4.2. The total annual potential consumption in the Base and Aggressive 
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Figure 4.7: Assumed normalised daily load profile of Cruise liners and Electric Vehicles 

 
Source: Mott MacDonald 

4.3 Results 

The projected annual demand for the three defined scenarios (Base, High, Low) up to 2040, are 
presented in Figure 4.8 and Table D.10. The Base scenario demand initially rises slowly to 
reach 1049 GWh in 2025 and then more rapidly to reach 1277 GWh in 2030 and almost 
1500 GWh by 2040. The High scenario sees demand growth accelerating through 2020s to 
reach 1670 GWh in 2030, before growth decelerates in the 2030s to reach 1776 GWh in 2040. 
The Low scenario sees demand falling slightly before slowly recovering from 2025 onwards to 
reach 899 GWh in 2030 and 1003 GWh in 2040. The spread between the projections is 
significant with the High and the Low scenarios standing at 31% above and 30% below the 
Base scenario in 2030, while in 2040 the corresponding figures are +18% and -33%.  

These demand forecasts relate to final electricity demand and as such we need to add losses in 
the transmission and distribution network to get the final generation requirements figure needed 
for the generation planning analysis. Using the loss rate implicit in the Barbados energy 
balances for 2019 we need to scale the final electricity consumption by 7.2% to give the net 
generation requirements. Note that this loss adjustment is equivalent to a loss rate of 6.7% as 
normally reported by utilities (where losses are expressed as a percentage of sent out energy). 
Table D.10 shows the projected generation requirements for the three scenarios using the 
losses adjuster. This shows generation requirements in 2030 ranging between 963 GWh and 
1791 GWh with 1368 GWh as the Base scenario. In 2040, the corresponding spread is 
1075 GWh to 1904 GWh, with 1607 GWh for the Base scenario.  

Figure 4.8 shows the three scenarios alongside the historical demand and the underlying 
demand scenarios from the LINDA model, with the detailed data presented in Table D.11. By 
2030, it is projected that the Base, High, and Low scenarios will deviate from the underlying 
Reference scenario by 18%, 55%, and -17% respectively. The deviation of the High scenario 
from the underlying Reference demand remains at 55% by 2040, while the Base scenario rises 
to 31% and the Low scenario decreases to -13%. Figure 4.9 shows the demand projections in 



Mott MacDonald | Confidential | Integrated Resource & Resiliency Plan for Barbados 
Activity B: Draft Report 
 

100418427 | C #: C-BA-T1065-P003  | TC #: ATN/KK-17697-BA |   | 22 June 2021 
SharePoint/Reports/Draft Report 
 

48 

the three scenarios by sectors and highlights the impact of the three scenarios of the underlying 
demand and EV demand, particularly from 2030 onwards (see Table D.12,Table D.13, and 
Table D.14). Overall, electricity demand in the Base scenario is forecasted to increase from its 
2019 levels by 35% and 59% in 2030 and 2040 respectively. 

Figure 4.8: Final electricity demand under Base, High, and Low scenarios in the 
underlying LINDA model and updated model.  

 
Source: Mott MacDonald 
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Figure 4.9: Projected electricity demand in the Base, High, and Low scenarios by sector  

 

 
Source: Mott MacDonald 
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Figure 5.1: Levelised Cost of Energy for Solar PV at different utilisation levels 

 
Source: Mott MacDonald 

For thermal technologies, the LCOE is affected by the choice of fuel. For internal combustion 
engines (Figure 5.2) the use of heavy fuel oil is the cheapest resource and results in the lowest 
LCOE values. For Gas Turbines (Figure 5.3) the use of diesel is the most cost effective with 
biodiesel resulting in higher levelized cost values. There is a notable difference in CO2 
emissions production with Biodiesel having the least amount of emissions in both cases of ICEs 
and GTs. However, biodiesel emissions are considered carbon-neutral because they are not of 
fossil origin, even though we count them as local emissions here 
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Figure 5.2: Internal Combustion Engine Levelised Cost of Energy for different fuels and 
associated emissions  

 
Source: Mott MacDonald 

 

Figure 5.3: Gas Turbine Levelised Cost of Energy for different fuels and associated 
emissions  

 
Source: Mott MacDonald 

We can use a similar approach to conduct a comparative analysis of LCOE across all available 
candidate generation technologies, namely those listed in Table E.1. The trade-offs between 
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capital costs, operating costs and utilization levels for various types of generating capacity in the 
system can be consolidated in a single graphical representation as in Figure 5.4 and Figure 5.5. 

Figure 5.4: Levelised cost of energy (2020) at different plant utilisation levels  

 
Source: Mott MacDonald 

In 2020 solar PV appears to be the cheapest available option, especially at high utilisation 
factors (10%-19%), i.e. if no capacity is curtailed. Onshore wind generation is the next cheapest 
available technology, albeit only when it achieves high capacity factors (above 30%).  

For low capacity factors, the second technology in the merit-order appears to be GTs, which are 
cheaper than ICEs, however they become more expensive at higher capacity factors (above 
5%). This is reflective of the higher efficiency of ICE generators which can make up for the 
difference in capital and operational expenditure compared to gas turbines. This means that gas 
generators are more suitable to serve as peaking plants if it is decided to invest early in this 
technology, whereas ICE would be running as baseload. A similar behaviour is observed for 
landfill gas technologies which can only be considered economic at very high capacity factors. 

Even at maximum availability, projects such as biomass, waste and concentrated solar power 
are much less economic with municipal waste being the least attractive option. Specifically, we 
can observe that at 90% availability waste to energy is almost twice as expensive than an ICE 
generator.  

The CSP with 18 hours of energy storage shown is also an expensive option, more expensive 
than biomass in 2020. CSP with shorter durations of storage, e.g. 12 hours, are cheaper but still 
less economic than biomass. 

 



Mott MacDonald | Confidential | Integrated Resource & Resiliency Plan for Barbados 
Activity B: Draft Report 
 

100418427 | C #: C-BA-T1065-P003  | TC #: ATN/KK-17697-BA |   | 22 June 2021 
SharePoint/Reports/Draft Report 
 

56 

Figure 5.5: Levelised cost of energy (2030) at different plant utilisation levels for low-
carbon options 

 
Source: Mott MacDonald 

In 2030, we can already see the effect of renewable technology costs having decayed over 10 
years. In all cases solar PV is projected to be by far the cheapest available option, regardless of 
the availability factor followed by onshore wind with LCOEs . We would expect that generally the 
utilisation factors of renewable technologies such as PV and wind will be maximised and that 
the large differentials in expected cost would also imply storing PV and wind energy will be 
economic.  

The results above further indicate that ICEs running on biodiesel are generally cheaper than 
GTs running on biodiesel for high capacity factors. However, both technologies are not cost 
effective due to the high cost of biodiesel.  

The landscape is very similar for biomass, concentrated solar power, waste, and landfill gas 
which remain not attractive options, with the landfill gas approaching low LCOE values at high 
capacity factors. CSP has seen a cost reduction that drops the cost lower than a biomass 
project making it marginally more competitive to biomass projects even with 18 hours of 
storage. 

5.2.1 Land Use 

While the potential renewable resource on the island of Barbados alone is perhaps several 
multiples of projected electricity demand (excluding off-shore development potential), land use 
is an important factor on a small island as there is competition for land from productive 
agriculture, real estate developments (hotels and tourism establishments, dwellings, 
commercial, and industrial), and recreational space.  
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We do not know where these constraints will arise, but total land use will have to be considered 
in the least-cost generation mix and its negative impact, such as from visual intrusion, will need 
to be avoided or mitigated.  

Figure 5.6 below demonstrates the land requirement per kW of installed peak capacity for 
different technologies (wind, solar PV with different DC/AC ratios, and CSP with different hours 
of storage). 

Figure 5.6: Estimated Land Requirements per Technology 

 
Source: Mott MacDonald 

Onshore wind, due to spacing requirements between turbines in Barbados, has the largest 
footprint per MW with 35 acres per MW (as an average across a range of turbine sizes (1 MW 
and 3 MW) and yields). CSP ranges between 17 and 22 acres per MW (increasing with larger 
thermal energy storage). Solar PV only has a footprint ranging from 5 to 6.5 acres per MW 
(increasing with larger oversizing ratios). 

Stakeholders have fed back during consultation sessions regarding land availability for RE 
development that an estimated 5000 Ac (20 km2) would be available for RE development. At the 
above estimated land requirements, this could equate to ~1 GW of solar PV (~1.752 TWh) or in 
~150 MW of wind (~525 GWh) compared to an estimated demand of 1300 GWh by 2030.  

In practice, there will of course be a mix between resource allocation due to the complimentary 
nature of wind and solar resources as we shall see in the next section below. 

5.2.2 Resource Analysis and Intermittency 

The full solar and wind resource analysis is detailed in Appendix G.3. Key conclusions that can 
be highlighted here are that Barbados has good solar resource availability throughout the year, 
although some minor seasonality exists. Similarly, a good wind resource is also present, 
although the variability across seasons is much stronger than for solar. Wind and solar 
resources appear complementary to a good degree. 
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We note that system planners and operates would be expected to have access to more and 
more detailed data for resource analysis with higher temporal and spatial resolution. Note our 
recommendation in respect of this aspect, in particular in relation to reserve dimensioning for 
the future. 

For the solar resource intermittency, we have analysed five irradiance profiles expressed at 
one-minute intervals and measured by different pyranometers from across the island. Whilst this 
dataset is limited in that it only covers five different, it highlights the smoothing effect that is 
inherent to the geographical dispersion of solar resources across short time horizons. 

This is visible in Figure 5.7, whereby a clear decrease in the magnitude can be observed in the 
resource intermittency when the irradiance profile is aggregated across multiple sites. The 
distance between the sites matters also as can be seen from the comparison of the reduction 
achieved by adding a fourth site to the three-site portfolio, which is nearby, versus the 
significantly greater reduction achieved by adding the fifth site, which is farther away. 

This graph also highlights how increasingly extreme changes in irradiance would be observed 
when measured across increasing different time horizons. Nonetheless, the steepest ramping 
occurs within the first minute, which poses the greatest challenge for system balancing.  

Figure 5.7: 99th percentile of the absolute change in solar irradiance measured across 
different time intervals 

 
Source: BLPC Plexos Model 

5.2.3 Technologies 

As part of the future supply options, technologies that would be compatible with the BNEP 
2019-2030 are considered in this Final Report. While this is not an exhaustive list of potential 
future technologies, it considers a range of applicable and proven technologies over the study 
horizon to 2030. Not all technologies however can be considered for Barbados without further 
studies. 

The discussion on the full list of generation technology options is included in Appendix E. 

5.3 Conclusion 

We have conducted a first-step evaluation of different feasible supply options for the energy 
landscape of Barbados. It is evident from the analysis that renewable energy options in the form 
of solar PV and wind are the two most attractive options in terms of minimising the cost of 
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energy supply to the island, with their projected costs decreasing in the future to decrease 
making them even more economic.  

Further studies of the solar and wind resources have shown that while there is promising 
resource potential, the intermittent nature of the renewable output can be quite significant which 
poses a risk for the balancing of the system.  

Certain consideration needs to be given towards the implications of renewable technology 
uptake, with regards to the associated land uptake. These implications present certain 
externalities that go beyond power system planning, however they are important to be taken into 
account when for their societal and environmental impact.  

For fuel-based technologies, internal combustion engines can be used as a reliable source of 
supply and is the most economic thermal technology when utilised high capacity factors. In 
contrast, usage of gas turbines can be justified for peaking periods as this appears to be the 
most economic use case for this technology.  

Resource options that are based on liquid biofuels are not expected to play a role in a least-cost 
energy mix due to the high costs associated with their imports (e.g. ethanol). Should these costs 
drop significantly in the future, or if the cost of emissions becomes high enough, then these 
technologies could become attractive as alternative, low-emission options for Barbados.  
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6 Energy Storage Technology Study 

This section of the report assesses the feasibility of storage technologies in Barbados. We 
present different technologies across a range of scales, power-energy ratings, and round-trip-
efficiencies. These are assessed based on cost and applicability in Barbados with a view on 
energy security and resilience. 

6.1 Introduction 

With the implementation of the BNEP 2019-2030, the delivery of power across the electrical grid 
is going to radically change; traditional dispatchable thermal generation will be largely phased 
out and replaced by intermittent renewable technologies. Many of the services provided by the 
traditional generators will also disappear with them but are vital to support the integrity of the 
electrical grid.  

The selection of the storage system depends mainly on the application; these range from bulk 
energy storage provision with long-duration energy capacity to stabilization of the transmission 
network which requires large power ratings with short-duration storage. The main function of 
energy storage is to balance demand and supply over different horizons and durations. 

Performance factors such as energy and power density are some of the main technical 
requirements of the energy storage system to meet their objectives, where sizing is typically 
expressed in terms of power ratings (MW discharge and charge) and energy storage capacity 
(MWh of energy held). Often, energy storage capacity is also expressed in duration of discharge 
at rated power capacity. Other performance factors include the round-trip efficiency, expressed 
as percentage of energy out vs energy in (% between 0 and 100), and the useful life in terms of 
cycling age, where one cycle is equivalent to one full charge and discharge (usually on the 
basis of energy throughput rather than actual cycling). Also, response times with which energy 
storage assets can discharge or charge in response to a signal is a crucial factor in determining 
their application. 

In the context of Barbados future energy system, the main objectives of energy storage system 
are summarised below for the specific application in the categories of bulk energy storage and 
distributed storage. 

Table 6.1: Energy Storage Applications in Barbados  

Category Application Energy Storage 
Capacity 

Suitable Technologies 

Bulk energy 
storage (grid 
connected) 

Time shifting of demands and 
resources over horizons of hours, 
days, weeks, or even seasons, 
e.g. to use solar energy during 
the night 

4 hours + (days or 
weeks) 

Lithium-ion Battery Storage Technology 
(for shorter duration storage) 

Pumped Hydro Storage, Compressed 
Air Energy Storage (CAES),  

Flow Battery, Thermal Energy, 
Hydrogen Energy Storage 

Bulk and 
distributed 
energy storage 

Firming and smoothing of 
intermittent supply to maintain 
specific output profile 

60-120 minutes Lithium-ion Battery Storage Technology 

Ramp rate control to mitigate 
ramping of renewables (e.g. 
morning and evening for solar 
PV) 

30-60 minutes Lithium-ion Battery Storage Technology 
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Figure 7.3: NPV and cost of CO2 reduction 

 
Source: Mott MacDonald 

 

7.2.1.4 Reliability 

A key performance metric when comparing power systems and different expansion scenarios is 
the loss of load probability (LOLP) or loss of load expectation (LOLE), measuring the expected 
amount of unserved energy in relation to the load. The results are taken from the generation 
adequacy modelling exercise, i.e. the detailed ST-phase system simulations. 

As shown in Figure 7.4, the Barbados system in 2021 currently violates the reliability target by a 
small margin in Scenarios 2 and 3 whereas in Scenario 1 a LOLE of 14 hours achieved is well 
within the allowable range. This represents the current reliability of the system as it currently is 
(i.e. in 2021 all scenarios are identical with the exception of the carbon price being applied to 
dispatch in Scenarios 2 and 3) noting that the reliability of the system has a stochastic element 
such that three different instances of the same system modelled can result in slightly different 
outcomes. The average across the three scenarios for 2021 results in a LOLE of 22 hours which 
is within the allowable range. 

Over the rest of the planning horizon, all scenarios meet the regulatory requirement of staying 
below 24 hours per year and reliability generally increases over time compared to current levels. 
This is particularly achieved by the phasing out of the least reliable plant present in the system 
now as well as the modularity of the new technologies replacing them resulting overall in higher 
reliability. 

When planning a system that largely relies on variable renewable resources, there is a strong 
inverse relationship between the level of reliability and the capacity curtailed. We explore this 
further in the next section. 
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7.2.2.8 BESS Deployment Delay Risks 

Although possible to deploy sufficient BESS to meet the plans, there may be a risk that the level 
of deployment suggested by the IRRP is not achieved in the given timelines, particularly by 
2024. We have therefore explored the impact of delays or phasing of this deployment over 
several years.  

As seen in section 7.2.1.4 above, the reliability of the system improves rapidly from current 
levels at the margin of what is required to about five hours of LOLE in 2023 and 2024. The 
installed BESSs are also shown to perform fewer cycles (see Figure 7.29 below) than the 365 
cycles they would conservatively be able to perform each year given the assumed lifetime 
(scenario 2 cycles are similar). Note however that the cycling accounts only for energy shifting 
and not for any cycling during response to frequency excursions during reserve provision. In 
practice, also the UFLS utilisation (see section 7.2.2.7 above) could continue beyond 2022. 

Figure 7.29: BESS Cycling (Scenario 3) 

 
Source: Mott MacDonald 

In theory therefore, a delay would not be expected to cause significant issues and is not a 
significant risk. To test the impact of a more gradual phasing of BESS deployment, we have 
assumed that only 2/3 of the battery capacity is installed initially in 2023, with constant yearly 
additions that reach the optimal level of battery capacity by 2028 as suggested by the IRRP 
results. 
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Figure 7.30: Battery Capacity Deployment Alternatives 

 
Source: Mott MacDonald 

The results show that the reliability of the system does not see a material impact, however there 
is an 11.4% increase of total system cost over the horizon of the system in NPV terms. This 
divergence from the least-cost solution would raise the tariffs as can be observed in Figure 7.31 
where the LCOE is higher for all years of the horizon. 

Figure 7.31: Levelised Cost of Energy Comparison 

 
Source: Mott MacDonald 

The results indicate therefore that it is not detrimental to system reliability if the BESS is 
delayed, however it is sub-optimal from a cost point, although still not carrying a large penalty. 
The risks from a potential delay in the deployment of BESS are therefore low.  
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It is also worth noting that the cycling of the BESS in the delayed scenario does not significantly 
change, which confirms that the dispatch of the BESS is driven by the need to provide flexibility 
to balance the system rather than for bulk energy shifting. Further, the need for increasing 
secondary reserve provision is a large driver for BESS in Barbados as it is elsewhere. Noting 
this and the existing caveats around the secondary reserve dimensioning in Barbados (refer to 
discussion in Appendix section G.1.2.5 and analysis in Appendix section G.3), we propose that 
this will need to be further studied and also be reviewed on the basis of operational experience 
in Barbados as the IRRP is being implemented. 

7.2.3 Sensitivity analysis  

We present in this section the results of a typical sensitivity analysis; however, rather than 
quantifying the impact of a set percentage change in an input variable on NPV, these 
sensitivities are better thought of as scenarios of what conceivable high or low case for the 
respective input variables could look like.  

We analysed the sensitivity of each of the three base scenarios by fluctuating the following 
variables: capex, WACC, load, fuel price, and carbon price and assessing the impact on NPV, 
carbon emissions, and planting decisions. As Scenario 1 carbon costs are externalised, we 
have adjusted the NPV to include the cost of carbon emissions (indicated in purple). 

7.2.3.1 NPV 

Figure 7.32 below shows the highest increase in cost would come from a high load growth 
(29%, 31%, and 26% increase from their base scenario for Scenario 1, 2, and 3 respectively). 
This growth in demand would require a ramped-up level of operation and increased investment 
in generation assets throughout the horizon. As capital costs are the most significant, the 
models affect from this sensitivity variable is to be expected. 

The largest reduction in NPV comes from the low fuel price for Scenario 1 (-14%) and low load 
growth for Scenarios 2 (-12%) and 3 (-10%). In terms of Scenario 1, the sensitivity of the fuel 
price could be attributed to the existing liquid fossil fuel plants operating for a longer period of 
time. Conversely, Scenario 2 and 3 do not benefit as much from lower fuel prices due to the 
carbon price being in effect. However, if the load growth is lower than the base scenario, the  
overall costs are reduced. 
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Figure 7.34: Scenario 2 NPV sensitivity 

 
Source: Mott MacDonald 

 

Figure 7.35: Scenario 3 NPV sensitivity 

 
Source: Mott MacDonald 

 

7.2.3.2 Carbon Emissions 

Figure 7.36 below shows the cumulative carbon emissions over the planning horizon for each 
scenario and sensitivity. In all three scenarios low fuel sensitivity and high WACC correlate to 
the most carbon emissions. This is expected as low fuel price incentivises the system to keep 
existing thermal plants in operation. The higher WACC results in the model less likely to build 
more renewables as this would incur a higher capital cost than usual. In all scenarios the low 
load sensitivity has higher carbon emissions than the high load sensitivity. This is due to the 
base and low load demand assuming 50% smart charging and 50% fixed charging profile for 
electric vehicles, while the high demand profile assumes 100% smart charging for electric 
vehicles. In the high load case as EV load is dispatchable, the system is better balanced and 
more EVs can be charged during periods of high renewable generation hence decreasing 
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emissions The NPV and level of carbon emissions can be further explained when comparing the 
capacity additions and retirements in section 7.2.3.3 below. 

Figure 7.36: Total carbon emissions 

 
Source: Mott MacDonald 

7.2.3.3 Capacity additions and retirements sensitivity 

The subsequent figures below show the sensitivity of the builds and retirements in the system 
compared to their respective base cases. This allows us to know the type of generation or 
retirement that is robust and likely to remain the same of similar despite real-world factors. 
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Figure 7.37: Scenario 1 sensitivities capacity additions and retirements 

 
Source: Mott MacDonald 

Figure 7.37 above shows HFO retirements, solar thermal and wind as being the most sensitive 
to the variables tested. Battery capacity remain around 200 MW, building 50 MW of the 3-hour 
battery in every scenario and the remaining capacity always filled by the 4-hour battery. Diesel 
and HFO builds are robust, however in the high load case, an additional OCGT plant (diesel) 
and a few MSD units are built to accommodate high system load. Solar (ground-mounted PV) 
capacity additions are also robust with the only scenario influencing a difference in built capacity 
is the low load scenario where it appears that the system load is low enough to justify the 
retirements of HFO and jet fuel units in addition to building less wind capacity. A noteworthy 
scenario is the low fuel scenario; this is the only scenario that does not build any solar thermal 
plants yet retires a significant number of HFO units. This results in the system having a lower 
capacity of firm generation; therefore, these existing units operate at a higher capacity factor, 
burning more fuel (as it is economical to do so) and consequently emitting the highest carbon 
emissions comparatively. 
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Figure 7.38: Scenario 2 sensitivities capacity additions and retirements 

 
Source: Mott MacDonald 

Figure 7.38 shows the same level of sensitivity of each technology type compared to Scenario 1 
with the exception of CSP which is highly sensitive in Scenario 1, but robust in Scenarios 2 and 
3, indicating that based on economic parameters alone, the decision is marginal but when 
internalising the carbon price, it clearly gains favour. Due to the carbon price being internalised, 
the system builds additional biofuel plants (OCGT and MSD units) to minimise overall costs 
when system load is high, this is compared to Scenario 1 where more diesel and HFO plants 
are built instead. The high uptake in new biofuel plants for the high load scenario explains the 
high NPV  
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deepest decarbonisation is achieved in Scenario 3 as a result of the additions of the firm 
renewables (WTE, landfill gas, and biomass), which albeit expensive generation technologies, 
allow for additional retirement of existing thermal plant which are otherwise required for back-up 
power generation. It is also evident that the cost of carbon emissions reduction faces 
decreasing marginal returns, which is generally a well-known phenomenon, given that the first 
88% of decarbonisation is achieved without intervention while the next 5% of decarbonisation 
(93.3% decarbonisation) results only in a 3.5% NPV premium and Scenario 3 achieves a 95% 
decarbonisation at a 10.7% premium (total premium of 14.5%). None of the scenarios achieved 
a 100% decarbonisation as set out in the BNEP 2019-2030 and that it would require 
increasingly higher premia to achieve this. 

The sensitivity analysis conducted for this study has shown that the NPV of Scenario 1 is most 
sensitive to an increase in demand, a reduction in fuel prices and an increase in WACC. 
Scenario 2 is much more sensitive to WACC and demand but much less to fuel prices (similar 
order to capex). As the effect of the carbon price is to substitute investment in VRE for 
combustion of fuel, this is a very intuitive finding. Scenario 3 is similar to Scenario 2 with the 
sensitivity to capex gaining importance, however, which again is intuitive given the introduction 
of expensive firm RES technologies.  

Cumulative carbon emissions are not very sensitive overall to any of the variable studied but the 
sensitivities still reveal some interesting findings: Fuel prices have a bigger impact on carbon 
emissions than the carbon price sensitivities chosen.  

The technology mix chosen is generally largely robust in the sensitivity analysis with the 
exceptions being the cumulative additions of wind and BESS capacity in conjunction with the 
level of retirements of HFO plant which appear to be somewhat sensitive across all three 
scenarios. CSP is highly sensitive in Scenario 1, but robust in Scenarios 2 and 3, indicating that 
based on economic parameters alone, the decision is marginal but when internalising the 
carbon price, it clearly gains favour. Existing jet engines across all three scenarios are only ever 
retired under the low load sensitivity, although a few units are retired under Scenario 3 base 
also. It should of course be noted that timing of expansions and retirements are more sensitive 
than the cumulative outcome. 

The study has shown that with the expected base case carbon pricing, conversions of existing 
fossil fuel generation plant to biofuel plant would not be cost-effective. Under the high carbon 
price sensitivity, only Scenario 3 converts unit D14.  

The undiscounted cumulative investment over the study horizon needed to achieve Scenario 2 
and 3 is estimated at Billion BBD 2.27 and 2.59, respectively compared to 1.90 in the LCP. As 
seen, however, against this are significant reductions in fuel imports that are achieved by the 
more aggressive decarbonisation scenarios. 

It should also be noted that with high levels of VRE and low levels of synchronous generation, 
the power system will become more difficult to operate requiring more systematic data collection 
and state of the art forecasting of load and renewable resource availability. For system 
planners, it is also significantly more difficult to model the interactions between optimal planting, 
dispatch, and reliability in such a modern system as it pushes the boundaries of software, 
available data, and computation resources, which requires planners to be well equipped and 
experienced in modern IRRP planning methodologies and software. 

The need for operating reserves increases at the same time as more competitive options for the 
provision of these become available in the form of BESS. Also, the complimentary role of EV 
role out in the effort to decarbonise the power system should be noted. If EV charging regimes 
can be smart and flexible (as assumed to be the case in this study), the system cost can 
significantly reduce thanks to EVs taking a role in demand and supply balancing as well as 
providing operating reserves akin to the existing UFLS. 
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Table 8.4: 2030 Mitigation Projects 

No
. 

Description Project 
Date 

Estimated Project 
Cost (Mio USD) 

1 1 x 24.9/11 kV 13.3 MVA transformer, Substation 14 2025 0.420 

2 1 x 1 MVAr Capacitor Bank,  Substation 15 2025 0.020 

3 4 x 10 MVA SCO  Substation 12 2025 8.000 

4 2 x 10 MVAr Capacitor Banks,  Substation 12  2025 0.400 

5 1 x 24.9/11 kV 13.3 MVA transformer, Substation 10 2030 0.420 

6 1 x 24.9/11 kV 13.3 MVA transformer, Substation 11 2030 0.420 

7 1 x 24.9/11 kV 13.3 MVA transformer, Substation 3  2030 0.420 

8 1 x 24.9/11 kV 20 MVA transformer, Substation 12  2030 0.510 

9 1 x 24.9/11 kV 20 MVA transformer, Substation 13 2030 0.510 

10 2 x 10 MVAr Capacitor Banks, Substation 12 2030 0.400 

11 1 x 5 MVAr Capacitor Bank,  Substation 15 2030 0.100 

12 1 x 20 MVAr Capacitor Bank, Substation 4 2030 0.400 

13 1 x 10 MVA SCO Substation 15 2030 2.000 

14 1 x 10 MVA SCO Substation 4 2030 2.000 

15 1 X 3 MVAr Capacitor Bank, Load bus 19 2030 0.060 

Source: Mott MacDonald 

8.4.4 Loss analysis 

The Barbados system losses are recorded and compared for the scenarios before and after the 
integration of the various power plants and transmission infrastructure. The findings are shown 
in Table 8.5 below. 

Table 8.5: System losses for 2021, 2025 and 2030 

Study year Maximum Minimum 
 

Loss (MW) Generation (MW) Loss (%) Loss (MW) Generation (MW) Loss (%) 

2021 4.2 162.2 2.6 1.1 78.1 1.4 

2025 2.5 202.5 1.2 3.3 76.7 4.3 

2030 5.7 322.1 1.8 2.1 94.6 2.2 

Source: Mott MacDonald 

The results from the loss analysis study show that there is an overall increase in system losses 
as the system evolves towards 100% RE penetration. This is due to the growing loads 
distributed across the existing 11 kV substation buses. The load growth results in an increase in 
losses as more power is evacuated through existing lines and transformers. This is particularly 
true at the substations where there is no locally connected generation or where generation is 
connected at the 24.9 kV bus. 

However, when the losses are measured as a percentage of the total system generation, the 
overall system loss percentages fall within normal limits [58]. A more detailed breakdown of the 
system losses recorded for the major system transformers and existing transmission lines is 
shown in Appendix H.5.  

8.4.5 Fault studies 

Three phase faults were applied to the system at system maximum loading with and without 
SCOs. The fault level results were calculated at the 11 kV, 24.9 kV, and 69 kV system buses. 
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Figure 8.3: 2021, 2025 and 2030 Minimum Loading frequency stability results 
2021 Minimum Loading Scenario 2025 Minimum Loading Scenario 2030 Minimum Loading Scenario 
System frequency response System frequency response System frequency response 

   
Battery response Battery response Battery response 

   
 

Source: Mott MacDonald 
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8.4.6.4 2021 Transient Stability Studies 

Transient stability studies were undertaken for 3-phase line fault and line-trip conditions.  

Figure 8.4 below shows two rows of figures. The top row shows the rotor angles of identified 
generators at Substation 12 relative to the Trents Resiliency Bridge generators for the years 
2021, 2025 and 2030 after for a three phase fault and trip of the Substation 20 to Substation 13 
line. The bottom row shows the voltage response at Substation 12 resulting from the three 
phase fault that was applied to the Substation 20 to Substation 13 line. 

In 2021 (top, left-most column), the rotor angles of the Substation 12  generators deviate by ten 
(10) degrees and return to a settling power angle. 

In 2025, (top middle column), the rotor angles of the waste and biomass generators deviate by 
approximately 10 degrees before returning to a settling power angle. 

2030 is similar to 2025 (top, right most column) with a rotor angle deviation of the waste and 
biomass generators before settling.  

The voltage figures in the bottom row show bus voltages approaching zero for the 120ms 
duration of the fault, and the voltage returning to normal line voltage after a small overshoot. 
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Figure 8.4: 2021 Minimum Loading transient stability results 
2021 Minimum Loading Scenario 2025 Minimum Loading Scenario 2030 Minimum Loading Scenario 
Rotor Angle response Rotor Angle response Rotor Angle response 

   
Trents bus voltage Trents bus voltage Trents bus voltage 

   
Source: Mott MacDonald 
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9 Multi-Criteria Assessment Study 

This section of the report discusses quantitative and qualitative criteria beyond the NPV analysis 
undertaken in the previous sections and attempts to find the best scenario for Barbados, taking 
into account a wider set of seven criteria. The impacts of the criteria are calculated, and a 
weighting or importance is given to each criterion for the three main study scenarios. The 
scenarios are then ranked based on the these economic, social, and environmental criteria.  

Scenario 1, the LCP, is the cheapest solution, even when including the cost of carbon emissions 
and results in an 88% decarbonisation by 2030. Scenario 2 is clearly the most cost-effective 
way of reducing carbon emissions further, but the 93% decarbonisation achieved comes at a 
cost premium of 3.5%. For a further 10% premium, Scenario 3 achieves a 95% decarbonisation 
by 2030 will also providing more fuel diversification and potentially more economic spill-overs to 
other sectors of the economy.  

The MCA attempts to contextualise the relative value of each scenario across a number of 
socio-economic and environmental factors, which will certainly create a discussion and also 
provide a basis for further analysis, such as considering the wider economic impact in general 
equilibrium models. 

9.1 Methodology 

An IRRP differs from a Power System Masterplan (PSMP) in that a PSMP attempts to find the 
optimal techno-economic plan over a time period e.g. 10 years, whereas an IRRP is obliged to 
consider a wider set of criteria across multiple vectors and sectors of an economy e.g. job 
creation, land use and bio-physical impact. Multi-Criteria Assessment (MCA) is an analytical 
process that is used to compare and rank electricity generation technologies and scenarios, 
based on applicable technical, economic, social, and environmental criteria.  

Ten criteria were initially identified and discussed with the stakeholders during the diagnostic 
and interim stages of the project. Following several stakeholder interactions and comments, 
seven criteria and their weights were finalised as the key measures to evaluate and rank the 
three generation planning scenarios. The seven criteria are shown in Table 9.1 alongside their 
respective weights, which reflect the importance of each of the criteria. The MCA methodology 
in this report involved the following steps.  

Table 9.1: MCA Criteria and Weights 
No Criteria Weight (%) 

1 Scenario cost 20 

2 Land use 20 

3 Water use 15 

4 Bio-physical impacts 15 

5 Climate resilience 15 

6 Job creation 10 

7 Construction ESIA impacts 5 
Source: Mott MacDonald based on Stakeholders consultation and comments 

9.1.1 Identifying and scoring the different sub-criteria  

Five of the criteria were further broken down into sub-criteria in order to account for specific 
issues that could be impacted by the different generation technologies (see Table 9.1). The 
criteria can be categorised as follows:  
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Table I.3: Climate resilience sub-criteria scoring  

Technology 
Resilience to 

High Wind speed 
(>55mph) 

Resilience to 
Flooding 

Resilience to 
Drought 

Aggregated 
Climate 

Resilience 

Solar Thermal  3 3 2 2.7 

Wind 1 5 5 3.7 

Biomass 4 1 1 2.0 

Waste 5 2 2 3.0 

Landfill Gas 5 2 2 3.0 

 

 While the water use by the thermal plants is relatively low, biomass has the highest water use 
due to the water consumption required for biofuel crop cultivation. The estimated water use of 
the additional capacities between 2025 and 2030 in the LCP, CO2, and FRES scenarios are 
814, 3957, and 35,590 million litres respectively. Clearly the LCP scenario ranks as the best 
scenario with respect to water use only.  

9.2.4 Bio-physical impacts 

This criterion captures the direct impact of the power plants on the ecosystem within their 
proximity. This includes noise, visual intrusion, air pollution, water pollution, wildlife 
conservation, waste accumulation, and land depletion. The operation of biomass, waste, and 
landfill gas power plants, starting from their farming and landfill sites, tends to have a more 
positive impact on the ecosystem in comparison to wind and solar power plants (Table I.2). 
However, despite having these three power plants with low bio-physical impact in its generation 
mix, FRES scenario is estimated to have the highest bio-physical impact. This is due to the 
FRES scenario having similar capacity of solar thermal and wind power plant as the CO2 
scenario. Therefore, LCP scenario ranks as the best scenario with respect to bio-physical 
impact. 

9.2.5 Climate Resilience 

This criterion reflects the resilience of all the associated infrastructures of a power plant to 
extreme climate conditions, such as high wind speed, flooding, and drought. High wind speeds 
(>55mph) will shut down the wind turbine, and could also damage the turbine and Parabolic 
Trough Collector (PTC) of the solar thermal plant at a higher speed (>90mph), while also 
restricting access to the site for repairs. On the other hand, wind and solar thermal are resilient 
to flooding and drought especially in comparison to biomass, waste, and landfill gas 
infrastructures (Table I.3).The FRES scenario ranks as the scenario with the best climate 
resilience due to the high aggregated climate resilience score of both waste and landfill gas 
power plants. 

9.2.6 Job creation  

This criterion captures the positive impact of job creation in Barbados during construction and 
operation of the additional power plants in the three scenarios. From the construction 
perspective, solar thermal has the highest potential to create on-site jobs (Table I.4), with up to 
100 jobs created by site. From an operation perspective, wind, waste, and landfill gas have the 
highest potential of job creation, with each plant having up to 13 full time employees. Overall, 
biomass has the highest positive impact due to the indirect jobs that will be created from 
cultivation and logistics of transporting and processing biofuel crops. The total jobs that could be 
created in the LCP, CO2, and FRES scenarios are 738, 864 and 1330 respectively. Therefore, 
FRES scenario is ranked as the best scenario with respect to job creation.  
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9.2.7 Construction ESIA Impacts 

This criterion captures the environmental and social impact of constructing additional power 
plants in the three scenarios. These impacts are air & water pollution, deforestation, 
resettlement, and social resistance. Based on the aggregated construction ESIA scores for each 
technology, wind and landfill gas plants are ranked as having the highest and lowest socio-
environmental impact during construction (Table I.5). The LCP scenario has the lowest number 
of additional capacities in comparison to all the three scenarios. Therefore, LCP scenario is 
estimated to have the least impact during construction and thus ranks as the best scenario with 
respect to construction ESIA.  

9.3 Results 

9.3.1 MCA final results 

The final score of the scenarios for each criterion is estimated by normalising its criterion values 
and multiplying it by the criterion weight. The final scores are aggregated, and the three 
scenarios are ranked. The MCA final score of the three generation planning scenarios in the 
seven criteria are presented in Figure 9.2. The figure highlights the relationships between the 
economic, social, and environmental criteria in each scenario.  

The LCP scenario has the highest ranking in five criteria, thus highlighting the LCP scenario as 
the least cost scenario with the lowest impact on improving the climate resilience of the 
electricity network and creating jobs. One of the key findings of the MCA is that the CO2 
scenario ranks second for all seven criteria, despite the scenario being the least cost scenario in 
terms of reducing carbon emissions.  

A key trade-off in the FRES scenario is between both job creation and climate resilience, and 
the other five criteria. The biomass, landfill gas, and waste plants in the FRES scenario provide 
the opportunity to create jobs and have a direct positive impact on economic activities, however 
this comes at the expense of the potentially scarce water and land resource on the island. 

Based on the scenario cost and land-use having the highest importance, the overall MCA 
results shows that the LCP scenario has the highest ranking with a score of 0.86, followed by 
the CO2 with a score of 0.67, and finally FRES scenario with a score of 0.61 (see Table 9.2).  

Figure 9.2: Normalised final criteria scores in the three scenarios  

 
Source: Mott MacDonald 
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Table 9.2: Final MCA Results  
 

Criteria  LCP CO2 FRES 

Scenario Cost Scenario Cost (Billion BB$)  13.51   13.99   15.47  

 Normalised Scenario Cost  1.00   0.97   0.87  

 Weight  0.20   0.20   0.20  

 Scenario cost Final Score  0.20   0.19   0.17  

 Ranking  1.00   2.00   3.00  

Water Use Water use (Million Litres)  814.32   3,956.88   35,590.35  

 Normalised Water Use  1.00   0.21   0.02  

 Weight  0.20   0.20   0.20  

 Water use Final Score  0.20   0.04   0.00  

 Ranking  1.00   2.00   3.00  

Land Use Land Use (Acres)  6,543.00   7,158.00   12,182.00  

 Normalised Land Use  1.00   0.91   0.54  

 Weight  0.15   0.15   0.15  

 Land Use Final Score  0.15   0.14   0.08  

 Ranking  1.00   2.00   3.00  

Bio-physical 
Impact 

Bio-physical impact  6.06   7.14   11.70  

 Normalised Bio-Physical 
Impact 

 1.00   0.85   0.52  

 Weight  0.15   0.15   0.15  

 Bio-physical Final Score  0.15   0.13   0.08  

 Ranking  1.00   2.00   3.00  

Climate 
Resilience 

Climate Resilience  5.33   6.33   14.32  

 Normalised Climate Resilience  0.37   0.44   1.00  

 Weight  0.15   0.15   0.15  

 Climate Resilience Final Score  0.06   0.07   0.15  

 Ranking  3.00   2.00   1.00  

Job creation Job Creation  737.76   863.76   1,330.48  

 Normalised Jobs  0.55   0.65   1.00  

 Weight  0.10   0.10   0.10  

 Jobs Creation Final score  0.06   0.06   0.10  

 Ranking  3.00   2.00   1.00  

Construction 
ESIA Impact 

Construction ESIA Impact  7.35   8.75   13.99  

 Normalised Construction ESIA  1.00   0.84   0.53  

 Weight  0.05   0.05   0.05  

 Construction ESIA final score  0.05   0.04   0.03  

 Ranking  1.00   2.00   3.00  

Total MCA 
Scores and 
Ranking 

Total Scores  0.86   0.67   0.61  

 Final Ranking  1   2  3 

Source: Mott MacDonald 
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9.3.2 Sensitivity Analysis 

Four sensitivity analyses were undertaken in order to assess how the three scenarios rank 
under weights that place more importance on social and environmental criteria respectively. 
Two environmental and two social sensitivities were analysed. The detailed results from the 
sensitivity analysis are presented in Table I.6 - Table I.9 in the Appendix I. 

For the environmental criteria sensitivities (columns 3 and 4 in Table 9.3), the weights of all four 
environmental criteria are increased to 20%, the economic and social weights are reduced, 
while the construction weight remains the unchanged. For environmental sensitivity 2, land-use 
for biomass production is considered to be positive. The rationale for this is that there is 
substantial fallow land due to the decline of the sugar industry, and a number of stakeholders 
commented that revitalising the old farmland and putting it under crop cultivation would have 
significant long-term benefits in terms of land preservation and food security. 

For the two social criterion sensitivities (columns 5 and 6 in Table 9.3), the weight of job creation 
is increased from 10% to 25%, the weights of all the environmental criteria are reduced, the 
economic criterion is unchanged, and the construction criterion weighting is increased to 10%. 
As countries seek economic and social recovery after the global COVID-19 pandemic, job 
creation is a key economic and social priority for policy makers. For the social sensitivity 2, land 
use for biomass is also viewed as positive for similar reasons as stated above for the second 
environmental sensitivity. 

For the environmental criterion sensitivities (columns 3 and 4), the weights of all four 
environmental criteria are increased to 20%, the economic and social weights are reduced, 
while the construction weight remains the unchanged. For environmental sensitivity 2, land use 
for biomass is also viewed as positive for similar reasons as stated above for the second social 
sensitivity. 

Table 9.3: Weights in the stakeholders and sensitivity analysis  

 Criteria Stakeholders 
weights (%) 

Environmental 
Sensitivity 1 
weights (%) 

 

Environmental 
Sensitivity 26 

weights (%) 

Social 
sensitivity 1 
weights (%) 

Social 
sensitivity 
26 weights 

(%) 

1 Scenario 
cost 

20 10 10 20 20 

2 Land use 20 20 20 10 10 

3 Water use 15 20 20 10 10 

4 Bio-physical 
impacts 

15 20 20 10 10 

5 Climate 
resilience 

15 20 20 15 15 

6 Job creation 10 5 5 25 25 

7 Construction 
ESIA 
impacts 

5 5 5 10 10 

Source: Mott MacDonald 

Table 9.4 below presents the ranking of the base weighing and the four sensitivities. The MCA 
results show that the LCP scenario has the highest ranking in the base and all sensitivity cases 
except for social sensitivity 2. The FRES scenario has the highest ranking if job creation is the 

 
6 The only difference between environmental & social sensitivity 1 and 2 is how land is viewed, particularly fallow land. Land-use for 

biomass production is considered to be positive  
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Figure B.4: Final energy use by sector in TJ: 1990 to 2019 
 

 
Source: UN Energy Statistics [45] and Barbados Statistical Service 

 

Figure B.5: Breakdown of final energy use by sector in %: 1990 to 2019 

 
Source: UN Energy Statistics [45] and Barbados Statistical Service 
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