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Structure of the Presentation

• The task


• Stable Pricing for RE


• Supply modes for RE


• Market structure and liberalisation


• Pricing RE and stakeholder objectives


• Choice of pricing mechanism


• Suggestion of a tailor made FIT system for Barbados


• Design elements of the new FIT system


• Assumptions


• Suggested first price points


• Possible target scenarios for steering the FIT system


• Discussion
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The Task

• Develop a sustainable market structure for electricity from 
renewable sources for Barbados


• Concerns:


• Pricing of renewable electricity


• Supply modes for renewable electricity


• Electricity market structure


• Appropriate model for electricity market liberalisation

GSEC Ltd. 
Barbados

3



Global Sustainable Energy Consultants Ltd. (GSEC), Barbados

Pricing of Renewable Energy

• Develop a pricing mechanism for renewable energy 
technologies


• The mechanism needs to establish a stable price regime 
for a competitive supply of affordable electricity


• Needs to be part of a sustainable market structure for 
electricity


• Recommend first price points


• Develop mechanisms for price adjustments for current 
technologies

GSEC Ltd. 
Barbados
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Pricing of Renewable Energy

• Needs to discuss RE support mechanisms like:


• Net metering


• Net billing


• Renewable energy rider (RER)


• Feed-in tariff (FIT)


• Auctioning


• Renewable portfolio standards (RPS)


• Needs to analyse the cost situation of RE to derive first 
price points

GSEC Ltd. 
Barbados
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Supply Modes for Renewable Electricity

• Develop a sustainable supply mode for electricity from renewable sources for 
Barbados


• Give recommendations for policies to establish an equitable, safe and affordable 
supply of renewable electricity


• Possible supply modes discussed:


• guaranteed priority market access


• buy-all/sell-all


• net metering or net billing


• wheeling of renewable electricity


• banking of renewable electricity


• renewable electricity certificates


• combinations of some modes and mechanisms

GSEC Ltd. 
Barbados
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Market Structure and Possible Liberalisation

• Does the present market structure need to be liberalised to 
support the increasing number of (RE) electricity suppliers?


• How does the suggested support mechanism for renewable 
electricity connect to the overall market structure?


• What is the stage of liberalisation reached?


• Is a further liberalisation possible?


• Is a further liberalisation needed?


• Give policy recommendations for a sustained liberalised 
electricity market

GSEC Ltd. 
Barbados
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The Results on Market Liberalisation

• The degree of market liberalisation is already high in Barbados


• Seven out of nine steps have already been achieved


• Only legal vertical unbundling of BL&P into ‘BL&P Generation’ and ‘BL&P 
Grid and System Operation’ can be recommended 

GSEC Ltd. 
Barbados
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Figure ES3:	 Possible future electricity system structure for Barbados including the establishment of 

central and decentralised storage 

WORK PACKAGE 19: DISCUSSION OF A POSSIBLE LIBERALISATION OF THE BARBADOS 
POWER MARKET  

Work Package 19 shows that Barbados has already reached a very high level of power market 

liberalisation leaving only two out of nine possible steps not taken as shown in Table ES11.  

Table ES11:	 The nine stages of electricity market liberalisation and the market situation in Barbados 

Consumer 
producer

Transmission Distribution

Conventional 
Generation

System control
- Dispatch 
- Grid stability

Integrated Monopoly with Own
 Renewables and Central Storage

plus IPPs with Renewables
and Consumer Producers

Renewable 
Generation

Power flow

Control flow

Renewable 
Generation

(IPPs)
Consumer

Central Storage
(BL&P or and 

IPPs)

BL&P BL&P

Decentral 
Storage
(IPPs)

Consumer 
producer with 

decentral 
storage
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a retail power market like a spot market as pictured in Figure 99 below, the only reasonable form of 

horizontal (generation) unbundling works through the establishment of IPPs and consumer producers 

operating renewable energy systems under a regulated tariff system (FIT). To avoid cherry picking by 

large renewable energy based IPPs and large commercial customers wheeling of renewable power was 

rejected in WP 16 above. Thus, the single buyer model combined with renewable energy based IPPs and 

consumers operating their own renewable energy system for electricity sales to the grid under 

guaranteed FIT rates seems to be the only reasonable fair market design with limited market power 

(limited by the FIT law) of the single buyer and regulated tariffs. 

Table 50:	 The nine stages of electricity market liberalisation and the market situation in Barbados 

Figure 98:	 Three different models of electricity markets according to Gratwick and Eberhard (2008, p.

3954) 

State of liberalisation Short characterisation
Status in 
Barbados

1 Corporatisation Transformation of the utility into a separate legal entity Achieved

2 Commercialisation Cost recovering prices etc. Achieved

3 Passage of requisite 
legislation

Provides legal framework for restructuring and private 
ownership

Achieved

4 Establishment of 
independent regulator

Aims to introduce transparency, efficiency and fairness 
in the management of the sector

Achieved

5 Independent power 
producers (IPPs)

Introduce new private investment in generation with 
long-term power purchase agreements (PPAs)

Legally 
achieved

6 Restructuring
Involves horizontal and/or vertical unbundling of the 
incumbent (state-owned) utility as preparation for 

privatisation 
Not achieved

7 Divesture of generation 
assets

Divests state ownership of generation assets to the 
private sector

Achieved

8 Divesture of distribution 
assets

Divests state ownership of distribution assets to the 
private sector

Achieved

9 Competition Introduces wholesale and retail markets for electricity Not achieved Source: GSEC Ltd. 2017, p. 140 
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Barbados’ Present Legal Market Structure

• Barbados has all legal provisions for independent power 
producers of conventional and renewable electricity

GSEC Ltd. 
Barbados
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In the case of conventional power generation it is very unlikely that an IPP can successfully operate an 

additional conventional power plant in Barbados. As shown in Figure 80 to 83 it will not be possible to 

Figure 78:	 Present theoretical structure of Barbados power supply system (own graphical 

representation) 

Figure 79:	 Present factual structure of Barbados power supply system (own graphical representation) 

actually generate sufficient returns for such new conventional system due to the limited number of 

competitive generators in a power system of the relatively small size of Barbados. 

Source: GSEC Ltd. 2017, p. 140 
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Barbados’ Present Factual Market Structure

• In fact there are no IPPs in conventional or renewable electricity production in 
Barbados


• Conventional power production is not economically attractive for IPPs in 
Barbados due to small market size and high efficiency of existing equipment


• Renewable energy IPPs are confronted with an asymmetric bargaining situation 
and unclear licensing procedures

GSEC Ltd. 
Barbados
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Source: GSEC Ltd. 2017, p. 140 
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In the case of conventional power generation it is very unlikely that an IPP can successfully operate an 

additional conventional power plant in Barbados. As shown in Figure 80 to 83 it will not be possible to 

Figure 78:	 Present theoretical structure of Barbados power supply system (own graphical 

representation) 

Figure 79:	 Present factual structure of Barbados power supply system (own graphical representation) 

actually generate sufficient returns for such new conventional system due to the limited number of 

competitive generators in a power system of the relatively small size of Barbados. 
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No Market for Conventional Generation IPPs

Conventional power production is not economically attractive for IPPs in 
Barbados due to small market size and high efficiency of existing equipment

GSEC Ltd. 
Barbados
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Source: GSEC Ltd. 2017, p. 140 
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Bohun, Terway and Chander (2001)‚ have emphasised that developing countries with capacities below 
approximately 1,000 MW would not attract sufficient numbers of participants in generation and 
distribution to introduce sustained competition‘ (Wiser 2004, p. 109). By 2004 only five out of 54 SIDS 
had installed capacities over 1,000 MW (Cuba, Dominican Republic, Jamaica, Trinidad and Tobago and 
Singapore) (see Wiser 2004, p. 110). The minimum market size of 1,000 MW compares to just about 
150 MW of peak load in Barbados.  

Why is it impossible to have sufficient competition in conventional power generation in a system of 150 
MW maximum load? This question can be answered by looking at the technically determined cost 
structure of the present conventional power supply for Barbados (see Figure 80). In a competitive market 
the use of power generation units is determined by their variable costs. Ordering the capacities of all 
units available to the market according to their variable costs results in the so called merit order. At any 
given point in time the electricity demand on the system determines the capacity necessary for the 
electricity generation. The units are operated in their order of merit (variable costs). The last unit 
necessary to cover the market demand, the marginal unit, determines the market price. All units which 
want to economically survive have to operate a substantial part of the year at market prices well above 
their marginal costs in order to recover their investment costs. For the overall system a reserve capacity 
is needed for all those periods when some of the low cost units are not in operation due to regular 
maintenance or downtime for unscheduled repair. Thus, all larger power suppliers need to run reserve 
units as well, which are mostly paid for from the earnings of the most cost effective units. 

Figure 80:	 Merit order and system load of Barbados’ power supply in 2016 (based on heat rates of 
generators, used fuels and international fuel prices in April 2017) 

Prof. Dr. Olav Hohmeyer Draft final report Page �  of �142 264

Figure 80 shows that only eight out of thirteen generators are necessary to supply the maximum load of 
150 MW in the grid. The five other units are necessary as back-up, but it can not be expected that they 
will earn more than their variable costs in operation. At night time and minimum system load of around 
80 MW only the five most efficient units with the lowest variable costs are necessary to service the load. 
For any further considerations on introducing competition at the generation level it has to be taken into 
account that the nine most efficient units are all located in the Spring Garden plant of Barbados Light and 
Power. Thus, it is not feasible to split the relevant existing production capacity into different companies 
each operating competitive units. Competition on the generation level can only be introduced by building 
independent new capacity. As will be shown below, this is not attractive to independent investors due to 
inherent restrictions of the relatively small power system of Barbados. 

It can be seen from Figure 80 that the six lowest cost units can make substantial earnings during peak 
load hours, when the price is set by the next group of generators with substantially higher costs, while 
only the two most efficient units can make some small earnings during low load times (up to 110 MW). In 
case one or two of the most efficient units with 30 MW each are not in operation prices will increase 
substantially during higher load hours and may increase (if both units are not working) during the low load 
hours. 

If we imagine that at least two additional competitors with competitive equipment are necessary to start 
liberalising the power market in Barbados (it actually takes more than that, but for the sake of a simple 
argument, we assume this), then two new 30 MW low speed diesel generators using HFO (heavy fuel oil 
is by far the cheapest fuel) will need to be added to the merit order. Lets assume they are slightly more 
efficient than the two best units of BL&P and they enter into the merit order all the way to the left hand 
side. This situation is pictured in Figure 81 below. 

Figure 81:	 Barbados’ merit order with two additional IPP generators of 30 MW each  

In this case the new units would run all year, but the price during low load phases and even during high 
load phases will be reduced so far that these new generation units will never be able to recover their 

No sufficient margin  
to finance investment 
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WORK PACKAGE 20: SUGGESTION OF A SUITABLE 
LIBERALISATION STRATEGY FOR BARBADOS’ POWER MARKET 

As Barbados has already reached a high level of electricity market liberalisation measured by international 

standards for small countries there are only two further steps to be taken to the maximum reasonable 

liberalisation of Barbados’s power market (see WP 19). The first step, the diversification of electricity 

producers, will automatically be achieved by the suggested Feed-in Tariff system, as this will guarantee 

priority grid access for all electricity produced by IPPs and consumers from renewable energy sources. 

This will actually reallocate a far higher share of generation than any unbundling of the conventional 

generation could achieve. The second step can be the legal vertical unbundling of BL&P into two 

separate companies: ‚Barbados Light and Power System and Grid‘ and ‚Barbados Light and Power 

Generation‘. Which still can be owned by the same holding company. Such unbundling would allow a 

neutral position of the ‚System and Grid‘ company as the single buyer in Barbados’ future electricity 

market.  

In the future the ownership of central storage plants can either be with Barbados Light and Power 

Generation, independent storage operators or with a joint venture between Light and Power Generation 

and independent investors. As pointed out before, it will be essential that the system operator will have 

full control over the operation of central storage facilities to make optimal use of them. Storage will most 

likely be paid for in two different ways. A basic payment for firm storage capacity available, based on the 

capital cost of the storage and a fair return on equity, and a payment per kilowatt hour for the production 

from storage, based on the variable costs of storage taking into account that excess renewable 

electricity production from wind and solar installations will be provided to storage operators by the single 

buyer free of charge, as this electricity would have to be down regulated otherwise.  

Decentralised storage can be operated by every consumer or IPP as long as the system operator has full 

control of the devices. Again the payment for such storage will need to consist of the same two 

components as for central storage and should not be higher in order not to set incentives for expensive 

storage investment at the expense of the Barbados ratepayers. The exact rate setting for storage will 

need to be discussed in the future as too little cost information is available at the moment. 

The market structure resulting from the suggested future strategic development of Barbados’ electricity 

market results in the single buyer based electricity system with a maximum feasible liberalisation level 

pictured in Figure 100 below.   

Figure 100:	 Resulting future electricity market structure of Barbados 

Consumer 
producer

Transmission Distribution

Conventional 
Generation

System control
- Dispatch 
- Grid stability

Integrated Monopoly with Own
 Renewables and Central Storage

plus IPPs with Renewables
and Consumer Producers

Renewable 
Generation

Power flow

Control flow

Renewable 
Generation

(IPPs)

Consumer

Central Storage
(BL&P or and 

IPPs)

BL&P
Gen

BL&P
System 

and Grid

Decentral 
Storage
(IPPs)

Consumer 
producer with 

decentral 
storage

Conventional 
Generation

(IPPs)

Single Buyer

• A legal vertical unbundling of BL&P is suggested for the future into:


• BL&P Generation and


• BL&P Grid and System Operation (acting as single buyer)
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The Results on RE Policy: Objectives

First stakeholders were interviewed on their views on the most important 
objectives for Barbados’ energy policy

GSEC Ltd. 
Barbados
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ANNEX 1: STAKEHOLDER INTERVIEW DATA 

Table A1:	 Numerical values for Figure 1 
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ANNEX 1: STAKEHOLDER INTERVIEW DATA 

Table A1:	 Numerical values for Figure 1 

ANNEX 2: A DETAILED DISCUSSION OF STORAGE 

Objectives Frequency at which the objective 
was mentioned

Average weight attached to 
objective

Relative importance of objective 
(Frequency x average weight)

1 Reliability of power supply 
(loss of load d/a)

12 9.8 117.0

2 Low environmental impact 12 7.6 91.0

3 Low cost of power 12 7.4 89.0

4 High employment generation 11 7.5 83.0

5 Reduktion of imports / hard 
currency

10 7.8 78.0

6 Public acceptance of power 
supply

8 8.4 67.0

7 Reduction of imports / energy 
security

7 8.7 61.0

8 General participation (every 
household)

5 8.6 43.0

9 Hurricane resiliance 4 8.3 33.0

10 Local participation 4 8.0 32.0

11 Domestic ownership 4 6.8 27.0

12 Problems of agriculture need 
to be solved

3 9.0 27.0

13 Stable electricity rates 3 8.0 24.0

14 Fast decisions on licenses etc/ 
streamlined processes

2 10.0 20.0

15 Reliable long term policy 
vision

2 10.0 20.0

16 Storage must be incentivised 2 9.5 19.0

17 Tariff has to guarantee 
repayment (funding)

2 9.5 19.0

18 Wind local benefits need to be 
felt

2 9.0 18.0

19 Achieve 100% RE 2 9.0 18.0

20 Positive welfare effect 2 9.0 18.0

21 Avoid stranded assets 2 7.5 15.0

22 Low water consumption 2 6.0 12.0

23 Establish partnership between 
local stakeholders and 
international investors

2 5.5 11.0

24 Focus on proven technologies 
plus focus on R&D

2 5.5 11.0

25 Low land use 2 5.0 10.0
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13.2 MAIN DESIGN FEATURES OF THE FIT SYSTEM PROPOSED FOR BARBADOS 
For all design and implementation options for fixed FIT systems it has to be discussed, which options 

should be chosen for Barbados to give the best fit to the specific circumstances of a rather small isolated 

island system (150 to 200 MW peak load) and to the most important policy objectives voiced by the 

different stakeholders reproduced in Figure 87 below. In the following the different design and 

implementation options are discussed in the sequence given in Table 31 above, which was taken from 

Couture et al. (2010). 

Figure 87:	 Most important renewable energy policy goals mentioned by the interviewed stakeholders 

for Barbados  

13.2.1 Price setting 
For the setting of the price or tariff there are four different possibilities available. By far the most frequently 

used choice is a tariff based on the production cost of a specific renewable energy technology plus 

an fair return on the investment. This approach has been used successfully in many countries and it 

leads to high investor confidence, investment security and low financing cost. Different from the cost 

based approach is the value to the system approach, which is given by the avoided cost of 

conventional production. In some cases these avoided costs have been used as a basis for the tariff 

setting. As experienced with the RER (Renewable Energy Rider) such tariff is subject to extreme 

fluctuations, as it hinges on the price development for conventional fuels used in electricity production. 

Therefore, value based tariffs lead to low investment security and investor and bank confidence. This in 

turn leads to relatively high financing cost due to the necessary risk margins calculated by the investors 

and financing institutions. A third option to set the tariffs is a fixed price incentive, which is set 

independently of the actual cost or the value of the electricity produced. Such fixed incentive, if it is 

successful in inducing renewable energy investments, is most like set too high as compared to the actual 

production cost and will in turn lead to higher cost for the ratepayers and the economy at large. The last 

option are auction based price discovery processes. Such procedure has been used in China, where 

the feed-in tariffs were based on initial auctioning procedures. As with a system fully based on auctions 

and tendering the success of such price setting procedure will depend heavily upon a sufficient number 

of bidders in the auction process. For a relatively small market like Barbados this will most likely only be 

Source: GSEC Ltd. 2017, p.245
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The Match of Pricing Policies and Objectives GSEC Ltd. 
Barbados
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Source: GSEC Ltd. 2017, p.165
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Table 29:	 Summary of the scores of all support mechanisms on thirteen objectives for the renewable 

energy policy of Barbados and two additional criteria 

Possible market structures/support mechanisms have been discussed in 
view of the most important objectives

• Market to small for RPS and 

unstable prices


• Auctioning needs international 

investors


• Original RER is too expensive 

and has unstable prices


• Fixed RER too expensive


• Single PPAs don’t function with 

monopoly


• Net metering too expensive


• Feed-in Tariffs fit the country 

best



Global Sustainable Energy Consultants Ltd. (GSEC), Barbados

The Results on RE Pricing

• The total market size of Barbados’ electricity market limits the choices 
substantially


• Renewable portfolio standards and renewable energy certificates can not be introduced due to 
market size


• Auctioning would require substantial international participation in the bidding process and would risk 
low benefits for Barbados’ economy


• Unlimited net metering would risk a non equitable distribution of electricity 
system costs at the expense of the poorest ratepayers


• Non dynamic mechanisms don’t capture cost reduction potential of renewable 
energy sources (fixed RER rates)


• Non cost based mechanisms risk highly unstable prices for renewable energy 
sources and electricity costs to consumers (old RER or unlimited net metering)


• The most appropriate market structure/support mechanism for Barbados is a 
differentiated dynamic Feed-in tariff (FIT) system

GSEC Ltd. 
Barbados
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FIT Structure and Price Points Were Developed

• Detailed recommendations for the structure of the FIT system have 
been developed


• Based on an assessment of national and international cost data 
first price points/tariffs for the FIT system have been suggested for:


• Solar PV


• Onshore wind energy


• Bagasse combustion


• King-Grass gasification


• Biogas from manure and agricultural residues


• Waste to energy

GSEC Ltd. 
Barbados
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Design of Suggested FIT System (1) GSEC Ltd. 
Barbados
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Source: GSEC Ltd. 2017, p.173
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Table 32:	 Suggested FIT design for Barbados: 1. FIT payment choices 

for its output calculated for the first ten years. Every other plant will get the high tariff for the same 

number of kilowatt-hours per kilowatt installed capacity as the reference plant. Thus, an installation in a 

very good location may get the high payment only for nine years while an installation in a less favourable 

location may get it for twelve or fifteen years. 
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Table 32:	 Suggested FIT design for Barbados: 1. FIT payment choices 

Design options
Possible choices Choice for Barbados

FIT Payment choices

1 Prices setting 
based on - Cost of generation  

- Value of generation / avoided 
cost 
- Fixed price incentive  
- Auction based price discovery

Cost of generation

2 Payment 
differentiation by Technology Yes (wind, biomass, waste to energy, 

storage)

3 Fuel type (biomass) Yes (biomass: bagasse, syngas from 
gasification)

4 Project size Yes (PV, biomass)

5 Resource quality Yes (wind, PV)

6 Location (roof top, facade, 
ground mounted) Yes (PV: roof top or ground mounted)

7 Ancillary design 
elements 

Pre-established tariff 
degression Yes (wind, PV, biomass)

8 Indexed tariff degression 
(international cost 
development)

Yes (PV, wind, storage)

9 Responsive tariff degression Yes (PV, wind, biomass, storage)

10 Inflation adjustment (O&M and 
fuel costs)

Yes (O&M for wind, PV, storage and 
waste to energy; fuel costs for 
biomass)

11 Front-end loading Yes (PV, wind, biomass, storage)

12 Time of delivery (dispatchable 
production)

Yes, eventually (for biomass and 
waste to energy)

13 Further 
differentiation 
(bonus)

Bonus for community 
ownership Yes (wind, PV)

14 Ownership by impact (proximity 
to wind turbines)

Yes (wind energy, up to 10% of 
investment cost)

15 Payment duration Short, medium and long term Long term (20 years plus x)

16 Payment currency BBD / USD BBD

17 Net metering Yes / No. Capacity limits are 
possible. Limitation to certain 
customer groups is possible.

Yes (PV with a capacity limit of 1 kWp 
and and a limit to 25% of all 
households (lowest income quarter)

• Based on generation costs

• Differentiated by:


• technology

• fuel type

• resource quality

• location


• Dynamic tariff degression

• Indexed tariff degression

• Responsive tariff degression

• Inflation adjustment

• Front-end loading

• Residual load responsive

• Bonus for community ownership

• Ownership by impact

• Long term guaranteed tariff

• Payment in BBD

• Limited net metering
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Table 33:	 Suggested FIT design for Barbados: 2. Implementation options 1 

In the case of Barbados it is suggested to use a pre-set cost digression rate of 2.4%/a for PV 
systems. This rate results from the cost reductions rates calculated by AGORA (2015, p.) for PV until 
2025 (see Figure 89). Over the long run a system cost digression of about 1%/a is foreseen by the same 
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Table 33:	 Suggested FIT design for Barbados: 2. Implementation options 1 

Design options Possible choices Choice for Barbados

Implementation options

18 Eligibility
All technologies, possible 
operators, sizes and locations 
can be eligible or eligibility can 
be restricted.

All RE technologies, all owners, all sizes, all 
locations (based on location specific caps)

19
Purchase 
obligation / 
Interconnection 
guarantee

Yes/No Yes, within the technical limits BL&P has to 
buy

20 Purchasing entity Utility company, grid operator, 
government Grid operator (BL&P)

21 FIT policy 
adjustment

Yes / No. Adjustment of FIT 
payment levels or of FIT 
program

Adjustment of payment levels (every two or 
three years) in addition to automatic 
degression After five years a revision of the 
overall policy should be considered in the 
light of the lessons learned (without 
endangering investor trust in the policy).

22 Caps Capacity cap, project size cap, 
cap to program cost 

Technical caps for every grid section. Grid 
operator has to remove technical limits as 
planned and agreed with the Energy Division. 
In the planning of the transition pathway the 
cost to the ratepayer should be analyzed in 
advance in order to limit rate increases above 
the average rate development under 
conventional electricity production.

23 Interconnection 
priority for RE Yes / No

Yes (within the limits set by the caps, 
otherwise queuing until technical limit has 
been removed)

24 Dispatch priority 
for RE Yes / No Yes, to the extent possible

25
Obligation for 
production 
forecast

Yes / No (for larger installations) No, much cheaper to do for entire system

26
Transmission and 
interconnection 
cost allocation

- Super shallow (no connection 
cost)

- Shallow (connection cost to 
the nearest transmission 
point) 
- Deep (All cost for grid 
connection including 
transmission and substation 
upgrades) 
- Mixed (connection cost plus 
some share of transmission 
and substation upgrade)

Super shallow for systems up to 100kW. (No 
connection cost paid by RE operator.)
and 
shallow for system larger than 100kW. 
(Connection cost to the nearest transmission 
point paid by RE operator.)

Design options• All technologies, sizes, owners and 
locations eligible


• Priority access of RE to grid within 
technical limits


• Grid operator purchases all

• Automatic tariff adjustments

• FIT policy review every four years

• Caps per grid section due to 

technical limits

• Plans and timelines for removing 

technical limits published with caps

• Priority dispatch of RE within 

technical limits

• Super shallow interconnection cost 

allocation

Design of Suggested FIT System (2)
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Source: GSEC Ltd. 2017, p.190
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Table 34:	 Suggested FIT design for Barbados: 2. Implementation options 2 

13.2.18 Transparency 
The general acceptance of FIT policies depends critically upon transparent processes. Ratepayers will 

only accept a substantial FIT levy if they are informed about the overall impacts of the expansion of 

renewable energy use on their electricity rates and if they have the feeling that the payments under the 

FIT system are fair and well justified. At the same time investors need a very high degree of transparency 

in the rate setting and the setting and administration of the local capacity caps to secure the highest 

possible degree of investor confidence. Internationally different degrees of transparency are used in the 

setting of FIT rates, while high transparency in the publication of installed capacities and grid bottlenecks 

are international standard. 

As already discussed in the case of capacity caps for Barbados it is suggested that the highest possible 

level of transparency should be applied in the Barbados FIT system. This includes transparent rate 

setting as well as maximum information on planned RE targets and a clear RE expansion timeline, grid 

bottlenecks, local caps, installed capacities, queues, and plans for grid capacity expansion. All 

information needs to be made available on line on a daily basis. 

13.2.19 Agriculture Friendly 
As discussed before, Barbados faces a serious agricultural challenge due to the persistent problems of 

the sugar cane industry in the world market. As most of Barbados’ other agriculture has to be performed 

in crop rotation with sugar cane or similar grasses Barbados’ agriculture will only be able to survive if the 

sugar cane industry can be revived or an other type of grass can be economically cropped to supply the 

basis for rotation agriculture. As mentioned before, there seem to be two distinct possibilities to support 

Barbados’ agriculture through the energetic use of bagasse from sugar cane or the energetic use of 

King-Grass as an alternative grass crop. First calculations show that both forms of bioenergy use can be 
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Feed-in tariffs can be funded in three different ways: by the ratepayers, by the taxpayers or by some 

other form of funding like the revenues from emission certificate sales. The international standard is the 

funding of the FIT costs trough a levy put on all ratepayers. Couture et al. (2011, p.102) point out that 

‚This approach provides an equitable strategy for accounting for the benefits of renewable energy, while 

providing an intrinsic and uniform incentive for energy efficiency and conservation.‘ Some countries have 

tried to finance FITs through taxes, but this approach soon runs into financing problems and it shifts 

energy costs away from ratepayers. Thus, it cannot be recommended for any substantial expansion of 

renewable energy capacity. In other instances financing through additional income sources like the 

income from emission certificate sales have been discussed, but again these funds are limited and the 

funding shifts the cost away from the electricity consumers. 

For Barbados it is recommended to use a FIT levy put onto every kilowatt-hour consumed, which 

includes all costs incurred for the production of renewable electricity under the FIT system made up of 

the direct FIT payments and the costs of the necessary system upgrades required as well as all 

information costs to achieve the necessary high level of transparency for all investors and ratepayers. 

13.2.17 Inter Utility cost sharing 
In many countries a fair cost sharing between different utility companies is necessary, as the renewable 

resources are not evenly distributed throughout larger countries. In the case of Barbados inter utility cost 

sharing does not apply, as Barbados Light and Power services the entire country. 

Table 34:	 Suggested FIT design for Barbados: 2. Implementation options 2 

13.2.18 Transparency 

Design options
Possible choices Choice for Barbados

Implementation options

28 Inter-utility cost 
sharing

Yes / No (In the case of more 
than one utility cost increases 
are shared between them)

Does not apply to Barbados

29 Transparency

Different levels of transparency 
in FIT calculations, cap setting, 
actual installed capacities, 
capacities in application.

All relevant information on FIT 
calculations, cap setting, actual 
installed capacities, actual RE output, 
capacities in application procedures, 
planned grid upgrades, available 
capacities under local caps and other 
relevant information needs to be 
made available on a daily basis on 
the internet accessible for every 
potential investor

30 Agriculture friendly 

Yes / No (FIT tariff setting takes 
into account the special 
challenges for the agricultural 
sector and incorporates such 
considerations into the making 
of the FIT structure and rates)

Yes. Special FITs are payed for 
biomass to contribute to the solution 
of the agricultural challenges faced 
by Barbados

• Transparency as key to success

• All information on the internet, updated daily:


• connected capacities

• RE power production

• planned RE capacities by target years

• available RE connection capacities per 

grid area

• caps and actual queues plans on 

increasing connection capacities 

• timelines for relevant technical 

improvements

• all relevant information on FIT calculations 


• Agriculture friendly FIT

• FIT for bagasse

• FIT for King Grass gasification

• FIT for biogas from manure and residues

Design of Suggested FIT System (3)
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Table 36:	 Structure of the proposed Barbados FIT system not including initial price points for FIT 

payments 

13.2.14 Forecast obligation 
In some constituencies RE operators are required to forecast their production for the next 30 hours. In 

Spain every RE project larger than 10 MW has to deliver such a forecast to the regional grid operator. In 

Slovenia and Estonia RE generation owners operating facilities larger than 1 MW are required to supply a 

production forecast (see Couture et al. 2010, p. 85). In contrast the German FIT law requires the grid 

operator to do the forecasting of production from renewable energy sources (see: Mendonca et al. 2010, 

p.45) In small countries like Barbados a production forecast for wind and solar power production is likely 

to be better, if it is made by the system operator for the entire country. If not every RE operator is 

required to supply a production forecast the system operator will need to make his own production 

forecast for the different parts of the island anyhow. In such case the forecast obligation for single RE 
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Mendonca et al. (2010, p.31). In the case of Barbados this interconnection right will only be limited by the  

capacity caps of each grid area and by the overall renewable target of Barbados’ energy policy. The 

purchase obligation requires a priority use or dispatch of renewable energy capacities once they are 

connected to the grid. Thus, conventional capacity will always need to be taken off the grid to allow the 

Table 36:	 Structure of the proposed Barbados FIT system not including initial price points for FIT 

payments 

Technology
Size 

range in 
kW

Initial FIT rates
Guarant

ee 
period

Annual 
reduction

Capacity 
target 

corridor

Increase 
by 

under-
achieve-

ment

Decrease 
by over-
achieve-

mentPhase I Phase II

Duration 
in years 

for 
reference 

site

Duration 
in years 

for 
reference 

site

in years in % in MW/a in % per 
10%

in % per 
10%

PV roof

1-10 10 10 20 2.4 %

5 - 10

1 % 1 %

10-100 10 10 20 2.4 % 1 % 1 %

100-1,000 10 10 20 2.4 % 1 % 1 %

> 1,000 10 10 20 2.4 % 1 % 1 %

PV ground mounted 10 10 20 2.4 % 5 - 10 1 % 1 %

Wind

Investor 
owned

10 10 20 0 %

0 - 20

? ?

Community 
owned

10 10 20 0 % ? ?

Biogas from 
manure

0-75 20 0 20 0 % ? ? ?

75-150 20 0 20 0 % ? ? ?

150-500 20 0 20 0 % ? ? ?

500-5,000 20 0 20 0 % ? ? ?

> 5000 20 0 20 0 % ? ? ?

Biomass gasification 10 10 20 0 % ? ? ?

Solid biomass 
combustion

10 10 20 0 % none none none

Solid waste 
combustion

10 10 20 0 % ? ? ?

Design of Suggested FIT System (4)

• Guaranteed duration 20 years


• Front loaded for 10 years (loan pay-back time)


• Automatic digression (2.4%/a for PV)


• Capacity corridor (needs to be agreed for each 

RE technology)


• Increase of FIT by each 10% underachievement 

of target corridor (to be discussed)


• Decrease of FIT by each 10% overachievement 

of target corridor (to be discussed)
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Source: GSEC Ltd. 2017, p.193
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It is assumed that there will be no substantial license fees under the ELPA for the renewable energy 

installations under the FIT system. 

Table 35:	 General assumptions made for key parameters of the first price point calculations 

The specific assumptions on the different technologies discussed in the following subchapters mainly 

concern the different cost components and the assumed output of a reference plant per kilowatt installed 

capacity per year.  
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It is assumed that there will be no substantial license fees under the ELPA for the renewable energy 
installations under the FIT system. 

Table 35:	 General assumptions made for key parameters of the first price point calculations 

The specific assumptions on the different technologies discussed in the following subchapters mainly 
concern the different cost components and the assumed output of a reference plant per kilowatt installed 
capacity per year.  

Parameter Unit
Assumed 

value
Reason for the assumed value

Duration of loan years 10
Low risk loans are available for at least 
10 years duration in Barbados

Share of loan financing % 60 / 70 / 80 Highest possible share of low interest 
loan allows lowest financing costs

Interest rate on loan %/a 4 / 5 / 6 Low risk loans have been seen in this 
range in Barbados for RE investments

Lenders fee % 3
Taken from international literature 
(NREL). Needs Barbados specific 
adjustment.

Rate of return on equity 
(before income tax) %/a 6 / 8 / 10 Seems to be a reasonable to high range 

for low risk investments in Barbados

Income tax rate % 25 General income tax rate for Barbados

Rate of return on equity 
after tax %/a 4.5 / 6 / 7.5 Is derived from rate before income tax 

minus 25% income tax

Total duration of 
guaranteed FIT payment years 20 Based on most successful international 

FIT practices (e.g. Germany).

Duration of first 
payment period for 
reference plant (front 
loaded FITs)

years 10
Based on available loan duration for 
project financing.

General Assumptions for FIT System

• Share of debt financing:         60% / 70% / 80%


• Interest on debt:                           4% / 5% / 6%


• Return on equity before tax:       6% / 8% / 10%


• Income tax rate applied:                              25%


• Return on equity after tax:         4.5% / 6% / 8%


• Total guarantee period:                          20 years


• Duration of first high FIT:                        10 years
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Source: GSEC Ltd. 2017, p.197

Prof. Dr. Olav Hohmeyer Draft final report Page �  of �197 264

Table 38:	 Assumptions made for the FIT calculations for the PV reference plants for Barbados 
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Table 38:	 Assumptions made for the FIT calculations for the PV reference plants for Barbados 

Parameter Unit Assumed 
value Reason for the assumed value

Solar radiation per year kWh/m2*a 2,196
Average radiation on a horizontal 
surface in Barbados

PV DC to AC system 
efficiency % 80 %

Average operating temperature 
assumed at 62.5°C with output 
reduction of 0.4%/1°C temperature 
increase over 25°C design temperature. 
98% inverter efficiency assumed

Output (AC to grid) per 
year kWh/kWp 1,757

Resulting from solar radiation and AC 
system efficiency 

Capacity factor (AC) % 20.1 % Resulting from AC output

Investment cost per kWp

- roof up to 10 kWp BBD/kWp 7,300
Based on Barbados cost figures for 
2015 and 2016

- roof 10.1 to 100 kWp BBD/kWp 6,497
Based on Barbados cost figures for 
small systems times NREL (2016a) ratio 
for larger size (89%)

- roof 100.1 to 1,000 kWp BBD/kWp 4,672
Based on Barbados cost figures for 
small systems times NREL (2016a) ratio 
for larger size (64%)

- roof larger 1,000 kWp BBD/kWp 3,796
Based on Barbados cost figures for 
small systems times NREL (2016a) ratio 
for larger size (52%)

- ground mounted PV BBD/kWp 3,796
Based on Barbados cost figures for 
small systems times NREL (2016a) ratio 
for larger size (52%)

Operation and 
maintenance cost BBD/kWp*a 34 Based on NREL 2013 (17 USD/kWp*a)

Duration till first partial 
equipment replacement years 10

Assumed replacement of inverter after 
10 years

Cost of first partial 
equipment replacement BBD/kWp 470 BBD

Assumed cost for inverter replacement 
based on NREL 2016a (235 USD/kWp)

Duration till second 
partial equipment 
replacement

years 20
Assumed second inverter replacement 
after 20 years

Cost of second partial 
equipment replacement BBD/kWp 470 BBD

Assumed cost for inverter replacement 
based on NREL 2013 (235 USD/kWp)

Useful life of project
years 25 - 40 

International experience with lifetime of 
PV plants operating (NREL 2017)

• Solar radiation:                    2,196kWh/m2

• DC to AC efficiency:                           80%

• AC output per year:          1,757 kWh/kWp

• Investment per kWp (roof):


• 1 to 10 kWp                  6,000 BBD/kWp

• 10 to 100 kWp              5,332 BBD/kWp

• 100 to 1,000 kWp         3,838 BBD/kWp

• larger 1,000 kWp          3,118 BBD/kWp

• ground mounted          3,118 BBD/kWp


• O & M cost                    34 BBD/kWp*a

• Inverter replacement:              10 years

• Inverter cost:                  470 BBD/kWp

• Useful project life:              25-40 years
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Source: GSEC Ltd. 2017, p.198 (modified figures)

System
Average FIT 

rate over 
the entire 

period

FIT rate 
period 1 

(year 1-10) 
in BBD/

kWh

FIT rate 
period 2 
(63% of 

period 1 for 
year 11-20)

Assumed 
investment 

cost in 
BBD/kWp

Share of 
equity 

assumed 

Assumed 
interest 
on debt 

financing

Interest 
earned on 
equity in %

PV rooftop

1-10 kWp 0.4014 0.4925 0.3103 6.000 BBD 20 % 5.0 % 8.0 %

10.1-100 kWp 0.3615 0.4435 0.2794 5.340 BBD 20 % 5.0 % 8.0 %

100.1-1,000 kWp 0.2722 0.3340 0.2104 3.840 BBD 20 % 5.0 % 8.0 %

over 1,000 kWp 0.2813 0.3630 0.1997 3.120 BBD 20 % 5.0 % 8.0 %

PV ground mounted 0.2298 0.2820 0.1777 3.120 BBD 20 % 5.0 % 8.0 %

Impact of varied 
assumptions Rooftop PV system 10.1 - 100 kWp

4% interest rate on 
debt financing

0.3615 0.4435 0.2794 5.340 BBD 20 % 4 % 8.31 %

6% interest rate on 
debt financing

0.3615 0.4435 0.2794 5.340 BBD 20 % 6 % 7.77 %

70% share of debt 
financing

0.3615 0.4435 0.2794 5.340 BBD 30 % 5 % 6.00 %

60% share of debt 
financing

0.3615 0.4435 0.2794 5.340 BBD 40 % 5 % 4.60 %

System
Average FIT 

rate over 
the entire 

period

FIT rate 
period 1 

(year 1-10) 
in BBD/

kWh

FIT rate 
period 2 
(63% of 

period 1 for 
year 11-20)

Assumed 
investment 

cost in 
BBD/kWp

Share of 
equity 

assumed 

Assumed 
interest 
on debt 

financing

Interest 
earned on 
equity in %

Impact of varied 
assumptions

Basic wind turbine 0.1860 0.2400 0.1320 4372 20 % 5 % 8.00 %

4% interest rate on 
debt financing

0.1860 0.2400 0.1320 4372 20 % 4 % 8.26 %

6% interest rate on 
debt financing

0.1860 0.2400 0.1320 4372 20 % 6 % 7.71 %

70% share of debt 
financing

0.1860 0.2400 0.1320 4372 30 % 5 % 5.95 %

60% share of debt 
financing

0.1860 0.2400 0.1320 4372 40 % 5 % 4.56 %

�1
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Source: GSEC Ltd. 2017, p.198 (modified figures)

System
Average FIT 

rate over 
the entire 

period

FIT rate 
period 1 

(year 1-10) 
in BBD/

kWh

FIT rate 
period 2 
(63% of 

period 1 for 
year 11-20)

Assumed 
investment 

cost in 
BBD/kWp

Share of 
equity 

assumed 

Assumed 
interest 
on debt 

financing

Interest 
earned on 
equity in %

PV rooftop

1-10 kWp 0.4014 0.4925 0.3103 6.000 BBD 20 % 5.0 % 8.0 %

10.1-100 kWp 0.3615 0.4435 0.2794 5.340 BBD 20 % 5.0 % 8.0 %

100.1-1,000 kWp 0.2722 0.3340 0.2104 3.840 BBD 20 % 5.0 % 8.0 %

over 1,000 kWp 0.2813 0.3630 0.1997 3.120 BBD 20 % 5.0 % 8.0 %

PV ground mounted 0.2298 0.2820 0.1777 3.120 BBD 20 % 5.0 % 8.0 %

Impact of varied 
assumptions Rooftop PV system 10.1 - 100 kWp

4% interest rate on 
debt financing

0.3615 0.4435 0.2794 5.340 BBD 20 % 4 % 8.31 %

6% interest rate on 
debt financing

0.3615 0.4435 0.2794 5.340 BBD 20 % 6 % 7.77 %

70% share of debt 
financing

0.3615 0.4435 0.2794 5.340 BBD 30 % 5 % 6.00 %

60% share of debt 
financing

0.3615 0.4435 0.2794 5.340 BBD 40 % 5 % 4.60 %

System
Average FIT 

rate over 
the entire 

period

FIT rate 
period 1 

(year 1-10) 
in BBD/

kWh

FIT rate 
period 2 
(63% of 

period 1 for 
year 11-20)

Assumed 
investment 

cost in 
BBD/kWp

Share of 
equity 

assumed 

Assumed 
interest 
on debt 

financing

Interest 
earned on 
equity in %

Impact of varied 
assumptions

Basic wind turbine 0.1860 0.2400 0.1320 4372 20 % 5 % 8.00 %

4% interest rate on 
debt financing

0.1860 0.2400 0.1320 4372 20 % 4 % 8.26 %

6% interest rate on 
debt financing

0.1860 0.2400 0.1320 4372 20 % 6 % 7.71 %

70% share of debt 
financing

0.1860 0.2400 0.1320 4372 30 % 5 % 5.95 %

60% share of debt 
financing

0.1860 0.2400 0.1320 4372 40 % 5 % 4.56 %

�1
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Table 41:	 Assumptions made for the FIT calculations for the wind energy reference plant for Barbados 

Based on the operation and maintenance cost figure used by NREL for its most recent calculations 

(NREL 2016) of 51 USD2014/kW*a the operation and maintenance costs for Barbados are derived by 

adding 25% for possibly higher operation and maintenance costs in Barbados. Thus, operation and 

maintenance costs of 129 BBD2016/kW*a are assumed for the first price point calculations for the FIT 

rates for Barbados. 

It is assumed that the construction of a wind park will take six month requiring external financing of a 

substantial share of the investment during this time. The interest rate assumed for this financing of the 
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Table 41:	 Assumptions made for the FIT calculations for the wind energy reference plant for Barbados 

Parameter Unit Assumed 
value Reason for the assumed value

Capacity factor of 
reference site % 39.9

Average capacity factor for Barbados seven 
wind zones according to Rogers 2015

Output (AC to grid) per 
year kWh/kWp 3,496 Output of reference plant with average capacity 

factor (see above)

Investment cost per 
kWp

BBD/kW 4732
Cost according to NREL 2014 and 2016a plus 
25% adder for higher cost in Barbados

- Rotor module BBD/kW 825 Cost according to NREL 2014 and 2016a plus 
25% adder for higher cost in Barbados

- Nacelle module BBD/kW 1942
Cost according to NREL 2014 and 2016a plus 
25% adder for higher cost in Barbados

- Tower module BBD/kW 591 Cost according to NREL 2014 and 2016a plus 
25% adder for higher cost in Barbados

- Balance of system BBD/kW 949 Cost according to NREL 2014 and 2016a plus 
25% adder for higher cost in Barbados

- Financial cost BBD/kW 424 Cost according to NREL 2014 and 2016a plus 
25% adder for higher cost in Barbados

Operation and 
maintenance cost 

BBD/
kW*a 129 Cost according to NREL 2014 and 2016a plus 

25% adder for higher cost in Barbados

Duration of construction 
period Months 6 First guess for duration of construction period 

in Barbados.

Interest rate during 
construction period %/a 5 Based on the interest rate assumed for the 

debt financing of the overall investment.

Duration till first partial 
equipment replacement years 10 Based on international experiences

Cost of first partial 
equipment replacement BBD/kWp 826 BBD New rotor module after 10 years

Duration till second 
partial equipment 
replacement

years 15 Based on international experiences

Cost of second partial 
equipment replacement BBD/kWp 608 BBD New drivetrain after 15 years

Useful life of project years 20
International experience with lifetime of wind 
turbine operation (NREL 2017)

• Capacity factor of reference site:                 39.9%


• Output AC to the grid in kWh/kW:                 3,496


• Investment cost per kW:                       4,732 BBD


• O&M costs per year:                             129 BBD/a


• Duration of construction:                         6 months


• Interest during construction:                          5%/a


• Replacement of rotor module after:          10 years


• Replacement cost of rotor module:    826BBD/kW


• Replacement of drive train after:              15 years


• Replacement cost of drive train:        608 BBD/kW


• Useful project life:                                  20 years +
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Table 42:	 Suggested first price points for wind energy in Barbados 

Table 43:	 Duration of high FIT rate and resulting FIT rates in the different preferential wind areas of 

Barbados 
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Table 42:	 Suggested first price points for wind energy in Barbados 

Table 43:	 Duration of high FIT rate and resulting FIT rates in the different preferential wind areas of 

Barbados 

System
Average 
FIT rate 
over the 
entire 
period

FIT rate 
period 1 

(year 
1-10) in 

BBD/kWh

FIT rate 
period 2 
(55% of 
period 1 
for year 
11-20)

Assumed 
investmen
t cost in 
BBD/kWp

Share 
of 

equity 
assume

d 

Assume
d 

interest 
on debt 
financin

g

Interest 
earned 

on equity 
before 

taxes in 
%/a

Basic wind turbine 
(investor owned)

0.1975 0.2549 0.1402 4732 20 % 5 % 8.00 %

Basic turbine 
(community owned)

0.2118 0.2733 0.1503 5205 20 % 5 % 8.00 %

Basic wind turbine 
investor owned 
plus 10% 
ownership for 
proximity

0.2075 0.2678 0.1473 4732 20 % 5 % 8.80 %

4% interest rate on 
debt financing

0.1975 0.2549 0.1402 4372 20 % 4 % 8.26 %

6% interest rate on 
debt financing

0.1975 0.2549 0.1402 4372 20 % 6 % 7.71 %

70% share of debt 
financing

0.1975 0.2549 0.1402 4372 30 % 5 % 5.95 %

60% share of debt 
financing

0.1975 0.2549 0.1402 4372 40 % 5 % 4.56 %

Area Installed 
capacity 
at 3 MW

Fraction 
of total 

potential

Capacity 
factor

Output in 
kWh/a per 

kW 
installed

Weighted 
capacity 
factor

Duration of 
high FIT 
rate in 

months

Average 
FIT rate in 
BBD/kWh

Total FIT 
payments 

over 20 
years in 
BBD/kW

1 57 0.125 45.3 % 3,968 5.66 % 105.7 0.1918 15,226

2 72 0.158 42.9 % 3,758 6.77 % 111.6 0.1939 14,575

3 72 0.158 41.6 % 3,644 6.57 % 115.1 0.1953 14,237

4 48 0.105 46.7 % 4,091 4.92 % 102.5 0.1909 15,623

5 48 0.105 40.5 % 3,548 4.26 % 118.2 0.1967 13,959

6 120 0.263 34.3 % 3,005 9.03 % 139.6 0.2085 12,531

7 39 0.086 31.5 % 2,759 2.69 % 152.0 0.2168 11,964

Total 456 1.000 3,496 39.90 % 120 0.1975 13,808
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Table 42:	 Suggested first price points for wind energy in Barbados 

Table 43:	 Duration of high FIT rate and resulting FIT rates in the different preferential wind areas of 

Barbados 

System
Average 
FIT rate 
over the 
entire 
period

FIT rate 
period 1 

(year 
1-10) in 

BBD/kWh

FIT rate 
period 2 
(55% of 
period 1 
for year 
11-20)

Assumed 
investmen
t cost in 
BBD/kWp

Share 
of 

equity 
assume

d 

Assume
d 

interest 
on debt 
financin

g

Interest 
earned 

on equity 
before 

taxes in 
%/a

Basic wind turbine 
(investor owned)

0.1975 0.2549 0.1402 4732 20 % 5 % 8.00 %

Basic turbine 
(community owned)

0.2118 0.2733 0.1503 5205 20 % 5 % 8.00 %

Basic wind turbine 
investor owned 
plus 10% 
ownership for 
proximity

0.2075 0.2678 0.1473 4732 20 % 5 % 8.80 %

4% interest rate on 
debt financing

0.1975 0.2549 0.1402 4372 20 % 4 % 8.26 %

6% interest rate on 
debt financing

0.1975 0.2549 0.1402 4372 20 % 6 % 7.71 %

70% share of debt 
financing

0.1975 0.2549 0.1402 4372 30 % 5 % 5.95 %

60% share of debt 
financing

0.1975 0.2549 0.1402 4372 40 % 5 % 4.56 %

Area Installed 
capacity 
at 3 MW

Fraction 
of total 

potential

Capacity 
factor

Output in 
kWh/a per 

kW 
installed

Weighted 
capacity 
factor

Duration of 
high FIT 
rate in 

months

Average 
FIT rate in 
BBD/kWh

Total FIT 
payments 

over 20 
years in 
BBD/kW

1 57 0.125 45.3 % 3,968 5.66 % 105.7 0.1918 15,226

2 72 0.158 42.9 % 3,758 6.77 % 111.6 0.1939 14,575

3 72 0.158 41.6 % 3,644 6.57 % 115.1 0.1953 14,237

4 48 0.105 46.7 % 4,091 4.92 % 102.5 0.1909 15,623

5 48 0.105 40.5 % 3,548 4.26 % 118.2 0.1967 13,959

6 120 0.263 34.3 % 3,005 9.03 % 139.6 0.2085 12,531

7 39 0.086 31.5 % 2,759 2.69 % 152.0 0.2168 11,964

Total 456 1.000 3,496 39.90 % 120 0.1975 13,808
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Table 42:	 Suggested first price points for wind energy in Barbados 

Table 43:	 Duration of high FIT rate and resulting FIT rates in the different preferential wind areas of 

Barbados 
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Table 42:	 Suggested first price points for wind energy in Barbados 

Table 43:	 Duration of high FIT rate and resulting FIT rates in the different preferential wind areas of 

Barbados 

System
Average 
FIT rate 
over the 
entire 
period

FIT rate 
period 1 

(year 
1-10) in 

BBD/kWh

FIT rate 
period 2 
(55% of 
period 1 
for year 
11-20)

Assumed 
investmen
t cost in 
BBD/kWp

Share 
of 

equity 
assume

d 

Assume
d 

interest 
on debt 
financin

g

Interest 
earned 

on equity 
before 

taxes in 
%/a

Basic wind turbine 
(investor owned)

0.1975 0.2549 0.1402 4732 20 % 5 % 8.00 %

Basic turbine 
(community owned)

0.2118 0.2733 0.1503 5205 20 % 5 % 8.00 %

Basic wind turbine 
investor owned 
plus 10% 
ownership for 
proximity

0.2075 0.2678 0.1473 4732 20 % 5 % 8.80 %

4% interest rate on 
debt financing

0.1975 0.2549 0.1402 4372 20 % 4 % 8.26 %

6% interest rate on 
debt financing

0.1975 0.2549 0.1402 4372 20 % 6 % 7.71 %

70% share of debt 
financing

0.1975 0.2549 0.1402 4372 30 % 5 % 5.95 %

60% share of debt 
financing

0.1975 0.2549 0.1402 4372 40 % 5 % 4.56 %

Area Installed 
capacity 
at 3 MW

Fraction 
of total 

potential

Capacity 
factor

Output in 
kWh/a per 

kW 
installed

Weighted 
capacity 
factor

Duration of 
high FIT 
rate in 

months

Average 
FIT rate in 
BBD/kWh

Total FIT 
payments 

over 20 
years in 
BBD/kW

1 57 0.125 45.3 % 3,968 5.66 % 105.7 0.1918 15,226

2 72 0.158 42.9 % 3,758 6.77 % 111.6 0.1939 14,575

3 72 0.158 41.6 % 3,644 6.57 % 115.1 0.1953 14,237

4 48 0.105 46.7 % 4,091 4.92 % 102.5 0.1909 15,623

5 48 0.105 40.5 % 3,548 4.26 % 118.2 0.1967 13,959

6 120 0.263 34.3 % 3,005 9.03 % 139.6 0.2085 12,531

7 39 0.086 31.5 % 2,759 2.69 % 152.0 0.2168 11,964

Total 456 1.000 3,496 39.90 % 120 0.1975 13,808
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Table 42:	 Suggested first price points for wind energy in Barbados 

Table 43:	 Duration of high FIT rate and resulting FIT rates in the different preferential wind areas of 

Barbados 

System
Average 
FIT rate 
over the 
entire 
period

FIT rate 
period 1 

(year 
1-10) in 

BBD/kWh

FIT rate 
period 2 
(55% of 
period 1 
for year 
11-20)

Assumed 
investmen
t cost in 
BBD/kWp

Share 
of 

equity 
assume

d 

Assume
d 

interest 
on debt 
financin

g

Interest 
earned 

on equity 
before 

taxes in 
%/a

Basic wind turbine 
(investor owned)

0.1975 0.2549 0.1402 4732 20 % 5 % 8.00 %

Basic turbine 
(community owned)

0.2118 0.2733 0.1503 5205 20 % 5 % 8.00 %

Basic wind turbine 
investor owned 
plus 10% 
ownership for 
proximity

0.2075 0.2678 0.1473 4732 20 % 5 % 8.80 %

4% interest rate on 
debt financing

0.1975 0.2549 0.1402 4372 20 % 4 % 8.26 %

6% interest rate on 
debt financing

0.1975 0.2549 0.1402 4372 20 % 6 % 7.71 %

70% share of debt 
financing

0.1975 0.2549 0.1402 4372 30 % 5 % 5.95 %

60% share of debt 
financing

0.1975 0.2549 0.1402 4372 40 % 5 % 4.56 %

Area Installed 
capacity 
at 3 MW

Fraction 
of total 

potential

Capacity 
factor

Output in 
kWh/a per 

kW 
installed

Weighted 
capacity 
factor

Duration of 
high FIT 
rate in 

months

Average 
FIT rate in 
BBD/kWh

Total FIT 
payments 

over 20 
years in 
BBD/kW

1 57 0.125 45.3 % 3,968 5.66 % 105.7 0.1918 15,226

2 72 0.158 42.9 % 3,758 6.77 % 111.6 0.1939 14,575

3 72 0.158 41.6 % 3,644 6.57 % 115.1 0.1953 14,237

4 48 0.105 46.7 % 4,091 4.92 % 102.5 0.1909 15,623

5 48 0.105 40.5 % 3,548 4.26 % 118.2 0.1967 13,959

6 120 0.263 34.3 % 3,005 9.03 % 139.6 0.2085 12,531

7 39 0.086 31.5 % 2,759 2.69 % 152.0 0.2168 11,964

Total 456 1.000 3,496 39.90 % 120 0.1975 13,808

Source: GSEC Ltd. 2017, p.202
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14.4 BAGASSE COMBUSTION 
In the case of the bagasse combustion plant planned by the Barbados Cane Industry Association it is 

suggested to assume the values calculated by the project (see Table 44) and to pay a FIT rate of 0.28 
BBD/kWh, which is the cost calculated by the Cane Industry association (personal communication with 

Mr. Charles Simpson, head of the project). As these costs are average costs over the lifetime of the 

power plant it is suggested to pay this FIT rate without front-end loading or a differentiation into a first 

and second phase of the tariff. As the basis for the calculations has been an operational lifetime of 25 for 

the plant, it is suggested to pay the FIT rate for the entire period of 25 years. Most values in Table 44 are 

based on figures given by the head of the project.  

In the case of bagasse combustion a considerably higher share of the total electricity cost is made up by 

operation, maintenance and fuel costs. Therefore, a far higher share of the FIT rate will need to be 

adjusted for inflation in future years. 

  

Table 44:	 Key assumptions made for combined bagasse and river tamarind combustion  
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14.4 BAGASSE COMBUSTION 
In the case of the bagasse combustion plant planned by the Barbados Cane Industry Association it is 

suggested to assume the values calculated by the project (see Table 44) and to pay a FIT rate of 0.28 
BBD/kWh, which is the cost calculated by the Cane Industry association (personal communication with 

Mr. Charles Simpson, head of the project). As these costs are average costs over the lifetime of the 

power plant it is suggested to pay this FIT rate without front-end loading or a differentiation into a first 

and second phase of the tariff. As the basis for the calculations has been an operational lifetime of 25 for 

the plant, it is suggested to pay the FIT rate for the entire period of 25 years. Most values in Table 44 are 

based on figures given by the head of the project.  

In the case of bagasse combustion a considerably higher share of the total electricity cost is made up by 

operation, maintenance and fuel costs. Therefore, a far higher share of the FIT rate will need to be 

adjusted for inflation in future years. 

  

Table 44:	 Key assumptions made for combined bagasse and river tamarind combustion  

Parameter Unit
Assumed 

value Reason for the assumed value

Expected operational life Years 25
Personal communication Mr. Charles 
Simpson Barbados Cane Industry 
Association

Installed capacity MW 22.3
Personal communication Mr. Charles 
Simpson Barbados Cane Industry 
Association

Capacity available during 
cane season MW 18.5

Personal communication Mr. Charles 
Simpson

Capacity factor during 
cane season % 83 % Personal communication Mr. Charles 

Simpson

Capacity factor during rest 
of season % 90 % Barbados Draft NAMA Strategy 2013

Total investment cost Million BBD 460
Personal communication Mr. Charles 
Simpson

Output per year GWh/a 169
Personal communication Mr. Charles 
Simpson

Fuel costs bagasse BBD/GJ 5.0-5.6
Personal communication Mr. Charles 
Simpson

Fuel costs for river 
tamarind BBD/GJ 7.49

Personal communication Mr. Charles 
Simpson

Share of energy from 
bagasse % 29 % Personal communication Mr. Charles 

Simpson

Share of energy from river 
tamarind % 71 % Personal communication Mr. Charles 

Simpson

Estimated cost per kWh BBD/kWh 0.28
Personal communication Mr. Charles 
Simpson

Acreage required for river 
tamarind production km2 29 Barbados Draft NAMA Strategy 2013

• Installed capacity:                                         25 MW

• Capacity during cane season:                   18.6 MW            

• Capacity out of cane season:                    22.4 MW 

• Capacity factor cane season:                        69.7%

• Capacity factor out of cane season:              90.4%

• Total investment cost (all invest.):        460 mill.BBD

• Investment power generation:             175 mill.BBD

• Output per year:                                     169 GWh/a

• Fuel cost bagasse:                              5.77 BBD/GJ

• Fuel cost river tamarind:                      5.49 BBD/GJ

• Share of electricity from bagasse:                 24.5% 

• Share of electricity from river tamarind:         75.5%

• Acreage for river tamarind:                            29 km2

• Estimated LCOE:                             0.315BBD/kWh

• Useful project life:                                       25 years      
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Source: GSEC Ltd. 2017, p.203
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14.4 BAGASSE COMBUSTION 
In the case of the bagasse combustion plant planned by the Barbados Cane Industry Association it is 

suggested to assume the values calculated by the project (see Table 44) and to pay a FIT rate of 0.28 
BBD/kWh, which is the cost calculated by the Cane Industry association (personal communication with 

Mr. Charles Simpson, head of the project). As these costs are average costs over the lifetime of the 

power plant it is suggested to pay this FIT rate without front-end loading or a differentiation into a first 

and second phase of the tariff. As the basis for the calculations has been an operational lifetime of 25 for 

the plant, it is suggested to pay the FIT rate for the entire period of 25 years. Most values in Table 44 are 

based on figures given by the head of the project.  

In the case of bagasse combustion a considerably higher share of the total electricity cost is made up by 

operation, maintenance and fuel costs. Therefore, a far higher share of the FIT rate will need to be 

adjusted for inflation in future years. 

  

Table 44:	 Key assumptions made for combined bagasse and river tamarind combustion  
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value Reason for the assumed value

Expected operational life Years 25
Personal communication Mr. Charles 
Simpson Barbados Cane Industry 
Association

Installed capacity MW 22.3
Personal communication Mr. Charles 
Simpson Barbados Cane Industry 
Association

Capacity available during 
cane season MW 18.5

Personal communication Mr. Charles 
Simpson

Capacity factor during 
cane season % 83 % Personal communication Mr. Charles 
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Capacity factor during rest 
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Total investment cost Million BBD 460
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Fuel costs bagasse BBD/GJ 5.0-5.6
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Share of energy from 
bagasse % 29 % Personal communication Mr. Charles 
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Share of energy from river 
tamarind % 71 % Personal communication Mr. Charles 
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Estimated cost per kWh BBD/kWh 0.28
Personal communication Mr. Charles 
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Acreage required for river 
tamarind production km2 29 Barbados Draft NAMA Strategy 2013
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Source: GSEC Ltd. 2017, p.204 plus new figures 

• Investment costs per plant:             7.4-24 mill.BBD


• Capacity per pl                    500, 600 and 1,000 kW


• Investment cost per kW:         11,000 - 40,000 BBD


• Power production per kW:                    7000 kWh/a


• Debt pay-back time:                                   10 years


• Interest on debt:                                               5%/a


• Share of debt financing:                                    80%


• Interest on equity before taxes:                          8%


• Capital cost:                           1,466-5,330 BBD/kW


• Fuel cost King Grass:                  6.67-8.12 BBD/GJ


• Total biomass required kW and year:      123.1GJ/a


• Cost of biomass per kW*a:     820-1,000BBD/kW*a


• Useful project life:                                       20 years

Parameter Unit
New data ARMAG Farms Assumed values

Source of assumed value
500 kWel 1 MWel Low Medium High

Expected operational life Years 20 20 20 20 20 Own assumption

Investment cost Million BBD 7.4 11 10 17 24 Fichtner 2016 /ARMAG Farms

Capacity kWel 500 1,000 600 600 600 Fichtner 2016 /ARMAG Farms

Investment cost BBD/kW 14,800.0 11,000.0 16,666.7 28,333.3 40,000.0 Fichtner 2016 /ARMAG Farms

Total el production kWh/a 3,503,333 7,006,667 4,204,000 4,204,000 4,204,000 Fichtner 2016 /ARMAG Farms

Power production per kW kWh/kW*a 7,007 7,006.7 7,006.7 7,006.7 7,006.7 Fichtner 2016 /ARMAG Farms

Debt pay-back period Years 10 10 10 10 10 Own assumption (see Table 35)

Interest on Debt in % % 5.0 % 5.0 % 5.0 % 5.0 % 5.0 % Own assumption (see Table 35)

Share of debt financing Fraction of 1 0.8 0.8 0.8 0.8 0.8 Own assumption (see Table 35)

Interest on equity % 8.0 % 8.0 % 8.0 % 8.0 % 8.0 % Own assumption (see Table 35)

Compound interest in % % 5.6 % 5.6 % 5.6 % 5.6 % 5.6 % Own assumption (see Table 35)

Annuity per kW BBD/kW 1,770.08 1,315.60 1,993.33 3,388.67 4,784.00 Resulting calculations

Capital cost per kWh BBD/kWh 0.2526 0.1878 0.2845 0.4836 0.6828 Resulting calculations

Fuel cost per t dry biomass BBD/t 146 BBD 146 BBD 120.00 120.00 120.00 Fichtner 2016 /ARMAG Farms

Fuel cost per GJ BBD/GJ 8,12 BBD 8,12 BBD 6,67 BBD 6,67 BBD 6,67 BBD Fichtner 2016 /ARMAG Farms

Total biomass required per 
year

Dry t/a 4,104 4,104 4,104 4,104 4,104 Fichtner 2016

GJ/t dry biomass GJ/t dry biomass 18 18 18 18 18 Fichtner 2016

Total biomass required per 
year in GJ

GJ 61,560 123,120 73,872 73,872 73,872 Fichtner 2016 /ARMAG Farms

Total cost of biomass per a BBD/a 500,000 1,000,000 492,480 492,480 492,480 Fichtner 2016 /ARMAG Farms

Cost of biomass per kW 
and year

BBD/kW*a 1,000.0 1,000.0 820.8 820.8 820.8 Resulting calculations

Operation and 
maintenance cost per kW 
and year

BBD/kW*a 1000 700 1,666.7 2,833.3 4,000.0 Resulting calculations

Parameter Unit
New data ARMAG Farms Assumed values

Source of assumed value
500 kWel 1 MWel Low Medium High

Capital cost per kWh BBD/kWh 0.2526 0.1878 0.2845 0.4836 0.6828 Resulting calculations

Cost of biomass per kWh BBD/kWh 0.1427 0.1427 0.1171 0.1171 0.1171 Resulting calculations

O&M costs per kWh BBD/kWh 0.1427 0.09990 0.23787 0.40438 0.57088 Resulting calculations

Possible resulting FIT rates of first rough calculations

FIT rate year 1 to 10 BBD/kWh 0.5381 0.4304 0.6395 1.0052 1.3708 Resulting calculations

FIT rate year 11 to 20 (25% 
investment cost after 10 
years for replacements)

BBD/kWh 0.3486 0.2896 0.3550 0.5215 0.6880 Resulting calculations

Average FIT rate BBD/kWh 0.4433 0.3600 0.4973 0.7633 1.0294 Resulting calculations
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Parameter Unit
New data ARMAG Farms Assumed values

Source of assumed value
500 kWel 1 MWel Low Medium High

Expected operational life Years 20 20 20 20 20 Own assumption

Investment cost Million BBD 7.4 11 10 17 24 Fichtner 2016 /ARMAG Farms

Capacity kWel 500 1,000 600 600 600 Fichtner 2016 /ARMAG Farms

Investment cost BBD/kW 14,800.0 11,000.0 16,666.7 28,333.3 40,000.0 Fichtner 2016 /ARMAG Farms

Total el production kWh/a 3,503,333 7,006,667 4,204,000 4,204,000 4,204,000 Fichtner 2016 /ARMAG Farms

Power production per kW kWh/kW*a 7,007 7,006.7 7,006.7 7,006.7 7,006.7 Fichtner 2016 /ARMAG Farms

Debt pay-back period Years 10 10 10 10 10 Own assumption (see Table 35)

Interest on Debt in % % 5.0 % 5.0 % 5.0 % 5.0 % 5.0 % Own assumption (see Table 35)

Share of debt financing Fraction of 1 0.8 0.8 0.8 0.8 0.8 Own assumption (see Table 35)

Interest on equity % 8.0 % 8.0 % 8.0 % 8.0 % 8.0 % Own assumption (see Table 35)

Compound interest in % % 5.6 % 5.6 % 5.6 % 5.6 % 5.6 % Own assumption (see Table 35)

Annuity per kW BBD/kW 1,770.08 1,315.60 1,993.33 3,388.67 4,784.00 Resulting calculations

Capital cost per kWh BBD/kWh 0.2526 0.1878 0.2845 0.4836 0.6828 Resulting calculations

Fuel cost per t dry biomass BBD/t 146 BBD 146 BBD 120.00 120.00 120.00 Fichtner 2016 /ARMAG Farms

Fuel cost per GJ BBD/GJ 8,12 BBD 8,12 BBD 6,67 BBD 6,67 BBD 6,67 BBD Fichtner 2016 /ARMAG Farms

Total biomass required per 
year

Dry t/a 4,104 4,104 4,104 4,104 4,104 Fichtner 2016

GJ/t dry biomass GJ/t dry biomass 18 18 18 18 18 Fichtner 2016

Total biomass required per 
year in GJ

GJ 61,560 123,120 73,872 73,872 73,872 Fichtner 2016 /ARMAG Farms

Total cost of biomass per a BBD/a 500,000 1,000,000 492,480 492,480 492,480 Fichtner 2016 /ARMAG Farms

Cost of biomass per kW 
and year

BBD/kW*a 1,000.0 1,000.0 820.8 820.8 820.8 Resulting calculations

Operation and 
maintenance cost per kW 
and year

BBD/kW*a 1000 700 1,666.7 2,833.3 4,000.0 Resulting calculations

Parameter Unit
New data ARMAG Farms Assumed values

Source of assumed value
500 kWel 1 MWel Low Medium High

Capital cost per kWh BBD/kWh 0.2526 0.1878 0.2845 0.4836 0.6828 Resulting calculations

Cost of biomass per kWh BBD/kWh 0.1427 0.1427 0.1171 0.1171 0.1171 Resulting calculations

O&M costs per kWh BBD/kWh 0.1427 0.09990 0.23787 0.40438 0.57088 Resulting calculations

Possible resulting FIT rates of first rough calculations

FIT rate year 1 to 10 BBD/kWh 0.5381 0.4304 0.6395 1.0052 1.3708 Resulting calculations

FIT rate year 11 to 20 (25% 
investment cost after 10 
years for replacements)

BBD/kWh 0.3486 0.2896 0.3550 0.5215 0.6880 Resulting calculations

Average FIT rate BBD/kWh 0.4433 0.3600 0.4973 0.7633 1.0294 Resulting calculations
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Source: GSEC Ltd. 2017, p.205 plus new numbers ARMAG Farms

Parameter Unit
New data ARMAG Farms Assumed values

Source of assumed value
500 kWel 1 MWel Low Medium High

Expected operational life Years 20 20 20 20 20 Own assumption

Investment cost Million BBD 7.4 11 10 17 24 Fichtner 2016 /ARMAG Farms

Capacity kWel 500 1,000 600 600 600 Fichtner 2016 /ARMAG Farms

Investment cost BBD/kW 14,800.0 11,000.0 16,666.7 28,333.3 40,000.0 Fichtner 2016 /ARMAG Farms

Total el production kWh/a 3,503,333 7,006,667 4,204,000 4,204,000 4,204,000 Fichtner 2016 /ARMAG Farms

Power production per kW kWh/kW*a 7,007 7,006.7 7,006.7 7,006.7 7,006.7 Fichtner 2016 /ARMAG Farms

Debt pay-back period Years 10 10 10 10 10 Own assumption (see Table 35)

Interest on Debt in % % 5.0 % 5.0 % 5.0 % 5.0 % 5.0 % Own assumption (see Table 35)

Share of debt financing Fraction of 1 0.8 0.8 0.8 0.8 0.8 Own assumption (see Table 35)

Interest on equity % 8.0 % 8.0 % 8.0 % 8.0 % 8.0 % Own assumption (see Table 35)

Compound interest in % % 5.6 % 5.6 % 5.6 % 5.6 % 5.6 % Own assumption (see Table 35)

Annuity per kW BBD/kW 1,770.08 1,315.60 1,993.33 3,388.67 4,784.00 Resulting calculations

Capital cost per kWh BBD/kWh 0.2526 0.1878 0.2845 0.4836 0.6828 Resulting calculations

Fuel cost per t dry biomass BBD/t 146 BBD 146 BBD 120.00 120.00 120.00 Fichtner 2016 /ARMAG Farms

Fuel cost per GJ BBD/GJ 8,12 BBD 8,12 BBD 6,67 BBD 6,67 BBD 6,67 BBD Fichtner 2016 /ARMAG Farms

Total biomass required per 
year

Dry t/a 4,104 4,104 4,104 4,104 4,104 Fichtner 2016

GJ/t dry biomass GJ/t dry biomass 18 18 18 18 18 Fichtner 2016

Total biomass required per 
year in GJ

GJ 61,560 123,120 73,872 73,872 73,872 Fichtner 2016 /ARMAG Farms

Total cost of biomass per a BBD/a 500,000 1,000,000 492,480 492,480 492,480 Fichtner 2016 /ARMAG Farms

Cost of biomass per kW 
and year

BBD/kW*a 1,000.0 1,000.0 820.8 820.8 820.8 Resulting calculations

Operation and 
maintenance cost per kW 
and year

BBD/kW*a 1000 700 1,666.7 2,833.3 4,000.0 Resulting calculations

Parameter Unit
New data ARMAG Farms Assumed values

Source of assumed value
500 kWel 1 MWel Low Medium High

Capital cost per kWh BBD/kWh 0.2526 0.1878 0.2845 0.4836 0.6828 Resulting calculations

Cost of biomass per kWh BBD/kWh 0.1427 0.1427 0.1171 0.1171 0.1171 Resulting calculations

O&M costs per kWh BBD/kWh 0.1427 0.09990 0.23787 0.40438 0.57088 Resulting calculations

Possible resulting FIT rates of first rough calculations

FIT rate year 1 to 10 BBD/kWh 0.5381 0.4304 0.6395 1.0052 1.3708 Resulting calculations

FIT rate year 11 to 20 (25% 
investment cost after 10 
years for replacements)

BBD/kWh 0.3486 0.2896 0.3550 0.5215 0.6880 Resulting calculations

Average FIT rate BBD/kWh 0.4433 0.3600 0.4973 0.7633 1.0294 Resulting calculations
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shown in the lower part of Table 46. Although this procedure might give a decent starting point for FIT 

rates for Barbados, it will be necessary to closely monitor the cost of such systems and their operation in 

Barbados. This would allow to switch to Barbados specific FIT rates based on actual costs and fair rates 

of return as soon as possible. 

Table 46:	 Early FIT rates for biomass in the UK (2001-2012) and in Germany (2004-2009 and 

2012-2014) 

14.5 WASTE TO ENERGY 
Feed-in Tariffs for the combustion of municipal solid waste are in use in a number of developing 

countries, while they don’t exist in the major industrialized countries like Germany, the UK or the US, 
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If Barbados is going to introduce a first FIT value for electricity production from manure and agricultural 
residues it is suggested to adapt the FIT values used in Germany and to apply an adder for higher 
specific costs in Barbados of 25%, as suggested in the case of wind energy. The resulting FIT rates are 
shown in the lower part of Table 46. Although this procedure might give a decent starting point for FIT 
rates for Barbados, it will be necessary to closely monitor the cost of such systems and their operation in 
Barbados. This would allow to switch to Barbados specific FIT rates based on actual costs and fair rates 
of return as soon as possible. 

Table 46:	 Early FIT rates for biomass in the UK (2001-2012) and in Germany (2004-2009 and 
2012-2014) 

Size of 
installation

FIT in BBD/kWh Source

Early FIT rates for Biomass in the UK (2011-2012)

0-250 kW 0.513 Ofgem 2017

250-500 kW 0.474 Ofgem 2017

500-5,000 kW 0.346 Ofgem 2017

Early FIT rates for Biomass in Germany (2004-2009)

0-150 kW 0.542 EEG 2004

150-500 kW 0.498 EEG 2004

500-5,000 kW 0.415 EEG 2004

Larger than 5,000 
kW 0.298 EEG 2004

Special tariff for anaerobic digestion of manure in Germany  
2012-2014

0-75 kW 0.661 EEG 2012

First suggested FIT rates for Barbados

0-75 kW 0.826 German FIT rates times 1.25

75-150 kW 0.678 German FIT rates times 1.25

150-500 kW 0.623 German FIT rates times 1.25

500-5,000 kW 0.519 German FIT rates times 1.25

Larger than 5,000 
kW 0.373 German FIT rates times 1.25
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Parameter Unit
New data Biogen BB

Source of assumed value
100 kWel 250 kWel 1 MWel

Expected operational life Years 20 20 20 Own assumption

Investment cost Million BBD 0.56 1.25 3 Biogen Barbados

Capacity kWel 100 250 1,000 Biogen Barbados

Investment cost BBD/kW 5,600.0 5,000.0 3,000.0 Biogen Barbados

Total el production kWh/a 780,000 1,950,000 7,800,000 Biogen Barbados

Power production per kW kWh/kW*a 7,800 7,800.0 7,800.0 Biogen Barbados

Debt pay-back period Years 10 10 10 Biogen Barbados

Interest on Debt in % % 5.0 % 5.0 % 5.0 % Biogen Barbados

Share of debt financing Fraction of 1 0.8 0.8 0.8 Biogen Barbados

Interest on equity % 8.0 % 8.0 % 8.0 % Biogen Barbados

Compound interest in % % 5.6 % 5.6 % 5.6 % Biogen Barbados

Annuity per kW BBD/kW 669.76 598.00 358.80 Resulting calculations

Capital cost per kWh BBD/kWh 0.0859 0.0767 0.0460 Resulting calculations

Fuel cost per t dry biomass BBD/t 146 BBD 146 BBD 146 BBD ARMAG Farms

Fuel cost per GJ BBD/GJ 8,11 BBD 8,11 BBD 8,11 BBD Resulting calculations

Gas (CH4)/t biomass) m3/t dry matter 301 301 301 Biogen Barbados

Gas in GJ/t dry biomass GJ/t dry biomass 9.7524 9.7524 9.7524 Resulting calculations

Total biomass required per 
year

Dry t/a 599.9 1,499.6 5,998.5 Resulting calculations

GJ/t dry biomass GJ/t dry biomass 18 18 18 Fichtner 2016 /ARMAG Farms

Total biomass required per 
year in GJ

GJ 10,797 26,993 107,973 Resulting calculations

Total cost of biomass per a BBD/a 87,578 218,946 875,784 Resulting calculations

Cost of biomass per kW 
and year

BBD/kW*a 875.8 875.8 875.8 Resulting calculations

Operation and 
maintenance cost per kW 
and year

BBD/kW*a 468 468 468 Resulting calculations

Parameter Unit
New data ARMAG Farms

Source of assumed value
500 kWel 1 MWel

Capital cost per kWh BBD/kWh 0.0859 0.0767 0.0460 Resulting calculations

Cost of biomass per kWh BBD/kWh 0.1123 0.1123 0.1123 Resulting calculations

O&M costs per kWh BBD/kWh 0.0600 0.06000 0.06000 Resulting calculations

Possible resulting FIT rates of first rough calculations

FIT rate year 1 to 10 BBD/kWh 0.2581 0.2489 0.2183 Resulting calculations

FIT rate year 11 to 20 (25% 
investment cost after 10 
years for replacements)

BBD/kWh 0.1937 0.1914 0.1838 Resulting calculations

Average FIT rate BBD/kWh 0.2259 0.2202 0.2010 Resulting calculations

�1
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Parameter Unit
New data Biogen BB

Source of assumed value
100 kWel 250 kWel 1 MWel

Expected operational life Years 20 20 20 Own assumption

Investment cost Million BBD 0.56 1.25 3 Biogen Barbados

Capacity kWel 100 250 1,000 Biogen Barbados

Investment cost BBD/kW 5,600.0 5,000.0 3,000.0 Biogen Barbados

Total el production kWh/a 780,000 1,950,000 7,800,000 Biogen Barbados

Power production per kW kWh/kW*a 7,800 7,800.0 7,800.0 Biogen Barbados

Debt pay-back period Years 10 10 10 Biogen Barbados

Interest on Debt in % % 5.0 % 5.0 % 5.0 % Biogen Barbados

Share of debt financing Fraction of 1 0.8 0.8 0.8 Biogen Barbados

Interest on equity % 8.0 % 8.0 % 8.0 % Biogen Barbados

Compound interest in % % 5.6 % 5.6 % 5.6 % Biogen Barbados

Annuity per kW BBD/kW 669.76 598.00 358.80 Resulting calculations

Capital cost per kWh BBD/kWh 0.0859 0.0767 0.0460 Resulting calculations

Fuel cost per t dry biomass BBD/t 146 BBD 146 BBD 146 BBD ARMAG Farms

Fuel cost per GJ BBD/GJ 8,11 BBD 8,11 BBD 8,11 BBD Resulting calculations

Gas (CH4)/t biomass) m3/t dry matter 301 301 301 Biogen Barbados

Gas in GJ/t dry biomass GJ/t dry biomass 9.7524 9.7524 9.7524 Resulting calculations

Total biomass required per 
year

Dry t/a 599.9 1,499.6 5,998.5 Resulting calculations

GJ/t dry biomass GJ/t dry biomass 18 18 18 Fichtner 2016 /ARMAG Farms

Total biomass required per 
year in GJ

GJ 10,797 26,993 107,973 Resulting calculations

Total cost of biomass per a BBD/a 87,578 218,946 875,784 Resulting calculations

Cost of biomass per kW 
and year

BBD/kW*a 875.8 875.8 875.8 Resulting calculations

Operation and 
maintenance cost per kW 
and year

BBD/kW*a 468 468 468 Resulting calculations

Parameter Unit
New data Biogen BB

Source of assumed value
100 kWel 250 kWel 1 MWel

Capital cost per kWh BBD/kWh 0.0859 0.0767 0.0460 Resulting calculations

Cost of biomass per kWh BBD/kWh 0.1123 0.1123 0.1123 Resulting calculations

O&M costs per kWh BBD/kWh 0.0600 0.06000 0.06000 Resulting calculations

Possible resulting FIT rates of first rough calculations

FIT rate year 1 to 10 BBD/kWh 0.2581 0.2489 0.2183 Resulting calculations

FIT rate year 11 to 20 (25% 
investment cost after 10 
years for replacements)

BBD/kWh 0.1937 0.1914 0.1838 Resulting calculations

Average FIT rate BBD/kWh 0.2259 0.2202 0.2010 Resulting calculations

�1
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0 0,1 0,2 0,3 0,4 0,5 0,6

100% RE / Wind / PV / Solid waste combustion
100% RE Wind and PV plus storage

100% RE / Wind / PV / King Grass low cost / WTE combustion
100% RE Wind and storage alone

100% RE / Wind / PV / King Grass / Bagasse / WTE combustion
100% RE / Wind / PV / Bagasse / WTE combustion

100% RE / Wind / PV / King Grass / WTE gas
100% RE / Wind / PV / King Grass

100% RE / Wind / PV / Bagasse 
100% RE / Wind / PV / WTE gas 

100% RE / Wind / PV / King Grass / Bagasse / WTE gasification …
100% RE / Wind / PV / King Grass max / WTE combustion

New diesel only (base line)
100% RE / Wind / PV / King Grass / Bagasse / WTE gasification

100% RE / Wind / PV / Bagasse / WTE gas
Bagasse and river tamarind only

King grass gasification only
100% RE PV and storage alone

Waste to energy gasification only

11
7

13
6

17
14

12
8

9
10

18
13

a
1

16
15

2
3

5
4

Avarage LCOE of 100% RE Target Scenarios (in BBD/kWh) 
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Table 10:	 Scenarios ordered by cost per kilowatt-hour 

Finally the scenario assumptions of the IRENA reference scenario for 2030 were put into the model to 

see how this scenario performs in comparison to the 100% scenarios analysed. There are two main 

differences between the scenario assumptions used by IRENA and the ones used in this analysis. First, 

IRENA denies the possibility of pump storage for Barbados (without any evidence) and second IRENA 

has a far lower electricity demand, namely 1,002.6 GWh/a in 2030. Using the assumed capacities of 155 

MW wind, 155 MW PV and 18 MW of solid biomass combustion the scenario was run with all other 

assumptions as set for the 19 scenarios above.  

The first result of the calculation is that the IRENA scenario has lower costs than all the other scenarios, 

but this is mostly due to the fact that only 1,002 and not 1,350 GWh/a need to be produced.  

Scenario
LCOE

No. Name BBD/
kWh

11 100% RE / Wind / PV / Solid waste combustion 0.3883

7 100% RE Wind and PV plus storage 0.3999

13 100% RE / Wind / PV / King Grass / WTE combustion 0.4004

6 100% RE Wind and storage alone 0.4013

17 100% RE / Wind / PV / King Grass / Bagasse / WTE combustion 0.4128

14 100% RE / Wind / PV / Bagasse / WTE combustion 0.4143

12 100% RE / Wind / PV / King Grass / WTE gas 0.4209

8 100% RE / Wind / PV / King Grass 0.4212

9 100% RE / Wind / PV / Bagasse 0.4233

10 100% RE / Wind / PV / WTE gas 0.4356

18 100% RE / Wind / PV / King Grass / Bagasse / WTE gasification /
WTE combustion

0.4361

13a 100% RE / Wind / PV / King Grass / WTE combustion 0.4386

1 New diesel only (base line) 0.4495

16 100% RE / Wind / PV / King Grass / Bagasse / WTE gasification 0.4584

15 100% RE / Wind / PV / Bagasse / WTE gas 0.4614

2 Bagasse and river tamarind only 0.4810

3 King grass gasification only 0.4886

5 100% RE PV and storage alone 0.5100

4 Waste to energy gasification only 0.5126



Global Sustainable Energy Consultants Ltd. (GSEC), Barbados

GSEC Ltd. 
Barbados

Transition Pathways to Four Favourable  
100% Target Scenarios (Capacities in MW) 

38

Source: GSEC Ltd. 2017, p. 89 

0

50

100

150

200

250

300

350

Wind PV King  Grass Bagasse Solid Waste Storage, 
Generation

Storage, Pumps Diesel Back-up

Scenario 11 (Wind/PV/WTE)
Installed capacities in MW

2015 2020 2025 2030 2035

0

50

100

150

200

250

300

350

Wind PV King  Grass Bagasse Solid Waste Storage, 
Generation

Storage, Pumps Diesel Back-up

Scenario 13

Scenario 13 (Wind/PV/WTE/King Grass low cost)
Installed capacities in MW

2015 2020 2025 2030 2035

0

50

100

150

200

250

300

350

Wind PV King  Grass Bagasse Solid Waste Storage, 
Generation

Storage, Pumps Diesel Back-up

Scenario 13a

Scenario 13a (Wind/PV/WTE/King Grass max)
Installed capacities in MW

2015 2020 2025 2030 2035



Global Sustainable Energy Consultants Ltd. (GSEC), Barbados

GSEC Ltd. 
Barbados

Transition Pathways to Four Favourable  
100% Target Scenarios (Production in GWh/a) 

39Source: GSEC Ltd. 2017, p. 89 

0

200

400

600

800

1000

1200

1400

Wind PV King  Grass Bagasse Solid Waste Storage, 
Generation

Storage, Pumps Diesel Back-up

Scenario 13

Scenario 13 (Wind/PV/WTE/King Grass low cost)
Electricity produced in GWh/a

2015 2020 2025 2030 2035

0

200

400

600

800

1000

1200

1400

Wind PV King  Grass Bagasse Solid Waste Storage, 
Generation

Storage, Pumps Diesel Back-up

Scenario 14

Scenario 14 (Wind/PV/WTE/Bagasse)
Electricity produced in GWh/a

2015 2020 2025 2030 2035

0

200

400

600

800

1000

1200

1400

Wind PV King  Grass Bagasse Solid Waste Storage, 
Generation

Storage, Pumps Diesel Back-up

Scenario 11

Scenario 11 (Wind/PV/WTE)
Electricity produced in GWh/a

2015 2020 2025 2030 2035



Global Sustainable Energy Consultants Ltd. (GSEC), Barbados

GSEC Ltd. 
Barbados

Thank You for Your Attention 

Time for Questions 
 and for 

Discussion of Assumptions…

40



Global Sustainable Energy Consultants Ltd. (GSEC), Barbados

GSEC Ltd. 
Barbados

Back-up

41



Global Sustainable Energy Consultants Ltd. (GSEC), Barbados

GSEC Ltd. 
Barbados

Transition Pathways to Four Favourable  
100% Target Scenarios (Target Year 2035) 

42

Source: GSEC Ltd. 2017, p. 89 

Prof. Dr. Olav Hohmeyer Draft final report Page �  of �89 264

Table 13:	 Four target scenarios for 100% RE power supply in 2035 and transition pathways to these 

target scenarios 
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Table 13:	Four target scenarios for 100% RE power supply in 2035 and transition pathways to these 

target scenarios 

Scenario / Wind 
year 2011

Installed capacities and annual generation

Year
Annual 
power 

demand
LCOE Wind PV King Grass

Bagasse 
and river 
tamarind 

combustion

Solid wate 
combustion

No
.

Name BBD/
kWh

MW GWh/
a

MW GWh/
a

MW GWh/
a

MW GWh/
a

MW GWh/a

11
100% RE / 
Wind / PV / 

WTE 
combustion

2015 950 0 10 19 0

2020 1050 0.3664 25 114 55 113 5 34

2025 1150 0.3002 105 481 125 258 11 74

2030 1250 0.3123 185 847 195 403 11 74

2035 1350 0.3883 265 1213 265 547 11 74

13

100% RE / 
Wind / PV / 

King Grass / 
WTE 

combustion

2015 950 0 0 10 19 0 0 0 0

2020 1050 0.3696 20 92 65 134 2 5 5 34

2025 1150 0.3253 90 412 120 248 10 30 11 74

2030 1250 0.3161 160 733 175 361 18 75 11 74

2035 1350 0.4004 232 1062 232 479 26 120 11 74

13
a

100% RE / 
Wind / PV / 

King Grass / 
WTE 

combustion

2015 950 0 10 19 0 0 0

2020 1050 0.3749 20 92 50 103 2 5 5 34

2025 1150 0.3354 80 366 100 206 14 45 11 74

2030 1250 0.3451 140 641 150 310 27 150 11 74

2035 1350 0.4331 200 916 200 413 40 300 11 74

14

100% RE / 
Wind / PV / 
Bagasse / WTE 
combustion

2015 950 0 0 10 19 0 0 0 0

2020 1050 0.3807 20 92 65 134 25 169 5 34

2025 1150 0.3452 85 389 120 248 25 169 11 74

2030 1250 0.3609 170 778 175 361 25 169 11 74

2035 1350 0.4143 219 1003 219 452 25 169 11 74
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Table 14:	 Four target scenarios for 100% RE power supply in 2035 and transition pathways to these 

target scenarios. The development of the need for storage during the transition period. 
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Table 14:	 Four target scenarios for 100% RE power supply in 2035 and transition pathways to these 

target scenarios. The development of the need for storage during the transition period. 

Scenario / Wind year 2011

Installed capacities and annual generation

Year
Annual 
power 

demand
LCOE Diesel/

Biodiesel

Stora
ge 

volu
me

Storage 
generation

Storage 
pumping

Total 
overproduc

tion

No
.

Name BBD/
kWh

MW GWh/
a

MWh MW GWh/
a

MW GWh/
a

GWh/a

11 100% RE / Wind / PV / 
WTE combustion

2015 950 239 950

2020 1050 0.3664 140.9 789 0

2025 1150 0.3002 148.8 354 3000 150.5 60 90 80 17

2030 1250 0.3123 162.2 118 5000 186.3 176 220.7 202 192

2035 1350 0.3883 166.7 50 5000 196.8 205 307 238 400

13
100% RE / Wind / PV / 

King Grass / WTE 
combustion

2015 950 239 950 0 0 0 0 0 0

2020 1050 0.3696 140.2 785 0

2025 1150 0.3253 148 422     36

2030 1250 0.3161 155.6 164.4 5000 178 142 162.8 163 157.4

2035 1350 0.4004 144.8 50 5000 172.9 163 253.4 190 435

13
a

100% RE / Wind / PV / 
King Grass / WTE 

combustion

2015 950 239 950

2020 1050 0.3749 140.2 816 0

2025 1150 0.3354 140.5 469 10

2030 1250 0.3451 135.3 168 5000 156 97 131.5 110 93

2035 1350 0.4331 131.6 50 5000 156.8 129 199.8 151 403

14

100% RE / Wind / PV / 
Bagasse / WTE 
combustion

2015 950 239 950 0 0 0 0 0 0

2020 1050 0.3807 121.7 621 0

2025 1150 0.3452 129.9 286 5000 138.4 56 85.3 75 16

2030 1250 0.3609 139.4 133 5000 165 157 181.4 181 265

2035 1350 0.4143 151.9 50 5000 180.6 176 248.3 205 398
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gasification at the level of 120 GWh/a or 6,000 acres. The most expensive option is waste to energy 

plasma gasification. 

Table 8:	 Composition and electricity costs of 19 basic scenarios analysed (pleas note that in this 

table the comma is used as decimal point  

Scenario

Installed capacities and annual generation

LCOE Wind PV King Grass
Bagasse 
and river 
tamarind 

combustion

Wast 
gasification

Solid wate 
combustion

No. Name BBD/
kWh

MW GW
h/a

MW GW
h/a

MW GW
h/a

MW GW
h/a

MW GW
h/a

MW GW
h/a

1 New diesel only (base 
line)

0.4495

2 Bagasse and river 
tamarind only

0.4810 25 169

3 King grass gasification 
only

0.4886 40 300

4 Waste to energy 
gasification only

0.5126 25 200

5 100% RE PV and 
storage alone

0.5100 755 1559

6 100% RE Wind and 
storage alone

0.4013 505 2312

7 100% RE Wind and PV 
plus storage

0.3999 286 1309 286 589

8 100% RE / Wind / PV / 
King Grass

0.4212 224 1026 224 463 26 200

9 100% RE / Wind / PV / 
Bagasse

0.4233 240 1099 237 485 25 169

10 100% RE / Wind / PV / 
WTE gas

0.4356 265 1213 265 547 13 100

11 100% RE / Wind / PV / 
Solid waste combustion

0.3883 265 1213 265 547 11 74

12 100% RE / Wind / PV / 
King Grass / WTE gas

0.4209 234 1071 234 483 25 110 10 67.6

13 100% RE / Wind / PV / 
King Grass / WTE 
combustion

0.4004 232 1062 232 479 26 120 11 74

13a 100% RE / Wind / PV / 
King Grass / WTE 
combustion

0.4386 200 916 200 413 40 300 11 74

14 100% RE / Wind / PV / 
Bagasse / WTE 
combustion

0.4143 219 1002 219 425 25 169 11 74

15 100% RE / Wind / PV / 
Bagasse / WTE gas

0.4614 219 1002 219 425 25 169 13 100

16 100% RE / Wind / PV / 
King Grass / Bagasse / 
WTE gasification

0.4584 212 971 212 438 25 120 10 68 13 100

17 100% RE / Wind / PV / 
King Grass / Bagasse / 
WTE combustion

0.4128 213 975 213 440 25 120 10 68 11 74

18 100% RE / Wind / PV / 
King Grass / Bagasse / 
WTE gasification /WTE 
combustion

0.4361 213 975 213 440 25 120 10 68 6.5 50 5.5 37
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Table 9:	 Cost, conventional power production, storage and overproduction in 19 basic scenarios 

analysed 

Scenario

Installed capacities and annual generation

LCOE Diesel/Biodiesel Storage 
volume

Storage 
generation Storage pumping

Total 
overpr
oducti

on

No. Name BBD/
kWh

MW GWh/a MWh MW GWh/a MW GWh/a GWh/a

1 New diesel only (base line) 0.4495 196.8 1350 0

2 Bagasse and river tamarind only 0.4810 177.5 1181 0

3 King grass gasification only 0.4886 156.8 1050 0

4 Waste to energy gasification only 0.5126 171.8 1154 0

5 100% RE PV and storage alone 0.5100 177.9 50 10000 196.8 661 558.8 758 259

6 100% RE Wind and storage alone 0.4013 177.3 50 10000 196.8 197 320.1 197 1012

7 100% RE Wind and PV plus 
storage

0.3999 175.1 50 5000 196.8 218 335.6 252 598

8 100% RE / Wind / PV / King Grass 0.4212 152.4 50 5000 182.7 184 232.7 217 389

9 100% RE / Wind / PV / Bagasse 0.4233 159.8 50 5000 190.4 188 272.2 218 453

10 100% RE / Wind / PV / WTE gas 0.4356 165.5 50 5000 196.8 193 299.7 225 560

11 100% RE / Wind / PV / Solid waste 
combustion

0.3883 166.7 50 5000 196.8 205 307 238 400

12 100% RE / Wind / PV / King Grass 
/ WTE gas

0.4209 146.6 50 5000 174.9 165 256.1 192 431.6

13 100% RE / Wind / PV / King Grass 
/ WTE combustion

0.4004 144.8 50 5000 172.9 163 253.4 190 435

13a 100% RE / Wind / PV / King Grass 
/ WTE combustion

0.4386 131.6 50 5000 156.8 129 199.8 151 403

14 100% RE / Wind / PV / Bagasse / 
WTE combustion

0.4143 151.9 50 5000 180.6 176 248.3 205 370

15 100% RE / Wind / PV / Bagasse / 
WTE gas

0.4614 147.3 50 5000 175.4 164 241.0 191 396

16 100% RE / Wind / PV / King Grass 
/ Bagasse / WTE gasification

0.4584 134.1 50 5000 160.0 139 219.3 162 397

17 100% RE / Wind / PV / King Grass 
/ Bagasse / WTE combustion

0.4128 138.6 50 5000 165.2 151 228.3 176 377

18 100% RE / Wind / PV / King Grass 
/ Bagasse / WTE gasification /
WTE combustion

0.4361 136.3 50 5000 162.6 145 224.6 169 390
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The most interesting result is that the inclusion of realistic data on pump storage, easily allowing 3,000 

MWh of storage, 20 times as much as the 150 MWh battery capacity used in the IRENA road map, 

allows a far better utilisation of the renewable energy produced. This leads to an increase of the RE 

power share from 84 to 94% without any additional generating capacity. If the back-up is covered by bio 

diesel this scenario can easily qualify as a 100% RE scenario for Barbados. As the use of large storage 

capacities in the form of pump storage reduces the conventional generation by 100 GWh/a it allows to 

reduce the cost per kWh from 0.31 to 0.29 BBD/kWh using the assumptions applied to all other 

scenarios and using, as in all other calculations the low wind speeds of 2011. The results point to the 

fact that a substantial increase in energy efficiency could help reduce specific electricity cost. At the 

same time the results produced with the specific wind energy data for 2011 point to the fact that IRENA 

may have been using rather low wind speeds for Barbados as suspected by Dr. Rogers in a personal 

communication before. 
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The most interesting result is that the inclusion of realistic data on pump storage, easily allowing 3,000 

MWh of storage, 20 times as much as the 150 MWh battery capacity used in the IRENA road map, 

allows a far better utilisation of the renewable energy produced. This leads to an increase of the RE 

power share from 84 to 94% without any additional generating capacity. If the back-up is covered by bio 

diesel this scenario can easily qualify as a 100% RE scenario for Barbados. As the use of large storage 

capacities in the form of pump storage reduces the conventional generation by 100 GWh/a it allows to 

reduce the cost per kWh from 0.31 to 0.29 BBD/kWh using the assumptions applied to all other 

scenarios and using, as in all other calculations the low wind speeds of 2011. The results point to the 

fact that a substantial increase in energy efficiency could help reduce specific electricity cost. At the 

same time the results produced with the specific wind energy data for 2011 point to the fact that IRENA 

may have been using rather low wind speeds for Barbados as suspected by Dr. Rogers in a personal 

communication before. 

Table 11:	 	 Scenarios based on IRENA road map for Barbados 

Scenario

Installed capacities and annual generation

LCOE Wind PV
Bagasse and 

river 
tamarind 

combustion

Diesel/
Biodiesel

Stora
ge 

volu
me

Storage 
generation RE

No. Name BBD/
kWh

MW GWh/
a

MW GWh/
a

MW GWh/
a

MW GWh/
a

MWh MW GWh/
a

%

IRENA 2030 85% RE / 
Wind / PV / 
Solid 
biomass / 
150 MWh 
battery 
storage

0.3057 155 710 155 320 18 122 123.0 156 150 126.4 51 84.4 %

IRENA 2030 
mit 3 GWh 
PSH

95% RE / 
Wind / PV / 
Solid 
biomass / 3 
GWh PSH

0.2884 155 710 155 320 18 122 119.7 56 3000 142 143 94.4 %


