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1.2 Action Plan for Wind Technology

1.2.1 About the technology

A utility-scale wind turbine primarily consists of a main supporting tower upon which sits a nacelle (the structure 

containing the mechanical to electrical conversion equipment).  Extending from the nacelle is the large rotor (three 

blades attached to a central hub) that acts to turn a main shaft, which in turn drives a gearbox and subsequently 

an electrical generator (see Figure 4). In addition to this there will be a control system, an emergency brake (to 

shut down the turbine in the event of a major fault) and various other ancillary systems that act to maintain or 

monitor the wind turbine.

Modern turbines reach a conversion efficiency of approximately 50 percent, close to the theoretical limit 

(59%) and very close to the practical limit that is imposed by the drag of the blades. Nevertheless there is a 

significant body of on-going global R&D into construction methods/materials for larger turbines, conversion 

efficiency refinements, lower cost components and improved reliability. The energy

used and GHG emissions produced in the direct manufacture, transport, installation, operation and 

decommissioning of wind turbines are small compared to the energy generated and emissions avoided over 

the lifetime of wind power plants: the GHG emissions intensity of wind energy is estimated to range from 8 

to 20 g CO2/kWh in most instances, whereas energy payback times are between 3.4 to 8.5 months (Wiser, 

et al., 2011).

Figure 4. Transverse view of a typical wind turbine (source ZF, 2010).
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1.2.3 Barriers and enabling framework for wind technology diffusion

This section provides a short description of the barriers and an extensive discussion of the enabling framework 

that would help to overcome them. Sections 1.2.3.1 and 1.2.3.2 discuss in brief the financial and non-financial 

barriers, respectively, while section 1.2.3.3 discusses the enabling framework that is required to overcome the 

barriers. Detailed barrier analysis for wind technology can found in section 1.2.2 of RII – Barrier Analysis and 

Enabling Framework Report (Ministry of Environment & Sustainable Development, 2012).

1.2.3.1 Economic and financial barriers for wind technology

Investing in utility-scale wind energy is capital intensive and an investor’s perspective is rather on ROI (defined 

in IRR terms) that is intricately linked with the issue of differential tariff  that would be proposed to prospective 

investors for the sale of electricity to the CEB. The need for financial instruments to address barriers and reduce 

investment risks are already recognized by policy makers (DB Climate Change Advisors, 2011). Further, the 

updated Energy Strategy Action Plan 2011 – 2025 proposes two supporting initiatives, namely: (1) the setting 

of cost-reflective electricity tariffs and financial support schemes for renewables over the 2012-2013 timeframe, 

and (2) introducing preferential FiTs for electricity generation from renewable energy sources for plants above 50 

kW. Lessons learned from the FiT scheme for SSDGs can be used to inform a FiT for utility-scale wind energy.

3 The differential tariff would be compared against the cheapest alternative to provide an equivalent amount of electricity. In the 

case of Mauritius, the cheapest option would be coal. It should be noted that the updated Energy Strategy Action Plan 2011 – 

2025 (http://www.gov.mu/portal/goc/mpu/file/plan2806.doc or Annex 2 of TNA Report) already makes provision for increased 

coal-fired power plant capacity by 100 MW by 2015.

The main issue related to applicability of wind technology in Mauritius is its suitability to operate in cyclonic 

conditions, when wind gusts exceeding 250 km/hr can be experienced. This is a serious issue since wind energy 

demonstration projects in the 1980s were damaged by cyclones (Palanichamy, Sundar Babu, & Nadarajan, 2004). 

Hence, turbines with wind Class II ratings would be needed for weather conditions of Mauritius. One example is 

the newly designed 1 MW GEV HP wind turbine by Vergnet that is proposed to be installed in Mauritius at Plaine 

des Roches that can withstand Category 5 hurricanes (i.e. wind speeds up to 300 km/hr). Suzlon’s Class IIa S95-

2.1MW generator is also expected to be used at Plaine Sophie. The 2-blade rotor is designed such that it can be 

lowered with minimum effort during cyclones.

1.2.2 Target for technology transfer and diffusion

For wind energy, the updated Energy Strategy Action Plan 2011 – 2025 provides a timeline for installed capacity, 

as summarized in Table 5. The target proposed for the diffusion of utility-scale wind energy in this report is 

aligned with that shown in Table 5. It is pointed out here that the TNA project has not discussed the different 

wind farms as stand-alone projects. Instead, the TNA project has considered the cumulative installed wind 

energy capacity to 2025 that is analogous to the programmatic approach for scaling-up emission reductions. 

This programmatic approach may also be seen as a sectoral NAMA for Mauritius.

Table 5. Installed wind capacity to 2025, MW.
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1.2.3.2 Non-financial barriers for wind technology

The main non-financial barriers have been identified as either the lack of or low-level of: (1) a regulatory 

framework; and (2) a detailed wind atlas. It has been argued in RII - Barrier Analysis and Enabling Framework 

Report (Ministry of Environment & Sustainable Development, 2012) that the use of the PPP modality for 

developing wind farms in Mauritius is a useful one to overcome shortcomings in human and institutional 

capacity. Operational barriers are not expected to pose a problem for the diffusion of utility-scale wind energy 

with the proposed increase in base load power generation, and as long as grid stability is closely monitored 

with the increasing penetration of wind energy.

Regulatory framework: Currently, Mauritius lacks a strong, independent regulator. The Utility Regulatory 

Authority Act 2004 (No. 42 of 2004) provides for the establishment and management of a Utility Regulatory 

Authority (URA) that would act as an independent regulator.  Despite the presence of supportive legal and 

policy frameworks, the URA is yet to be set up.

Wind energy resources assessment: The lack of a wind energy resources atlas has two consequences: 

(1) potential investors do not have a good understanding of practical wind-energy development in Mauritius; and 

(2) it makes it difficult to set up a dynamic FiT for wind energy for Mauritius.

1.2.3.3 Enabling framework for overcoming the barriers for wind technology

The enabling framework encompasses the set of resources and conditions within which the technologies and 

target beneficiaries operate. In particular, it is those resources and conditions that are generated by structures and 

institutions that are beyond the immediate control of the beneficiaries that are relevant here. In ideal situations, 

the enabling framework should provide the environment conducive for the transfer and diffusion of mitigation 

technologies. This section discusses the vital elements of the enabling framework that should be improved to 

enhance the diffusion of wind technology. More details can be found in section 1.5.1 of RII - Barrier Analysis and 

Enabling Framework Report (Ministry of Environment & Sustainable Development, 2012). 

Characterization of the technology supply chain shows that wind technology is not anticipated to be manufactured 

in Mauritius, and nor would there be any need for intermediaries in supplying the technology. Utility-scale wind 

technology requires state-of-the-art fabrication technology and know-how that is unlikely to be acquired locally 

by 2025. It is, therefore, assumed that the technology will be imported from major manufacturers, most probably 

through the PPP modality.  Under this modality, the entire suit of engineering solution required for the installation, 

commissioning, operation and maintenance of utility-scale wind farms will be transferred to Mauritius. 

Since the technology would be transferred from overseas, there would be the requirement for business facilitation. 

The BOI, as per its mandate, is identified as the first point of contact for potential investors that can provide this 

business and extension service. In Mauritius, any foreign investor would require a business permit for setting up 

its operations in Mauritius, and this permit is delivered by the BOI. 

4 http://www.ecolex.org/ecolex/ledge/view/RecordDetails;jsessionid=6460735005F01E25DADDE93E5FD35A84?id=LEX-

FAOC062183&index=documents – accessed 10 December 2012.
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Another service provided by the BOI is the marketing of Mauritius as a destination for foreign investment. 

Consequently, the BOI must be fully capacitated to market investment in wind energy in Mauritius, and work in 

close collaboration with the key stakeholders identified in Annex 2 to issue business permits. The latter is not an 

issue since as discussed in section 1.2.2 in RII - Barrier Analysis and Enabling Framework Report (Ministry of 

Environment & Sustainable Development, 2012) two wind farms are already considered under the PPP modality. 

Market information is required in order to lower the transaction costs of wind energy developers to a minimum. 

The type of information that would be required are: (1) wind energy resources potential in Mauritius – i.e. wind atlas 

– that would allow identification of most promising sites for wind energy development and allow potential project 

developers to develop their financial model based on practicable wind electricity generation capacity. This service 

should be provided by the Ministry of energy and Public Utilities, which is the parent ministry for overseeing the 

implementation of the Long-Term Energy Strategy 2009-2025 of Mauritius (Ministry of Renewable Energy & Public 

Utilities, 2009). Other institutions that can be involved in developing a wind atlas are the Mauritius Research Council 

(MRC) and the University of Mauritius (UoM). The geographical spread of wind energy potential is constrained by 

topography, land use plans, interference with civil aviation and other telecommunication systems, and proximity 

to sub-stations and HV transmission lines for grid interconnection. Hence, information about these constraints is 

required to inform the market development of utility-scale wind energy. 

Awareness and information about wind technology would also be targeted at local communities for enhancing the 

social acceptability of this new technology. Such awareness would be crucial at the stage of public consultations 

that are mandatory during the process of obtaining an EIA. Training and capacity building will be targeted mainly 

to provide skilled technician for the maintenance of wind technology. The banking sector is well-developed in 

Mauritius, and commercial banks are expected to provide financial and banking services. This service is not 

anticipated to be an issue once the de-risking policy instrument – i.e. FiT – has been established, and long-

term grid access is provided to developers. Annex 2 shows how different stakeholders can provide business and 

extension services for the development of utility-scale wind energy in Mauritius. 

The main enabling framework for removal of barriers to promote utility-scale wind technology is composed of: (i) 

providing financial incentives to operators, and (ii) contract management for guaranteed access to the national 

grid and other legal and commercial clauses as stipulated in an EPA. These are the two components of a de-

risking methodology that was discussed in section 1.2.3 of RII - Barrier Analysis and Enabling Framework Report 

(Ministry of Environment & Sustainable Development, 2012). The financial incentive is further discussed in section 

4.2.4. Monetary policy will influence both the exchange rate of the local currency relative to major currencies. This 

would be a critical issue in tariff pricing in circumstances when investors would contract loans in foreign currency, 

whereas payments on electricity produced would be paid in LC. Also, monetary policy will influence the inflation 

rate that would affect the long-term pricing of wind-generated electricity. Fiscal policies in terms of corporate tax, 

VAT and import duties will also influence investment and return on investment. Corporate tax is applied at a flat 

rate of 15% in Mauritius and is unlikely to change considering that it is already low. It has been assumed here that 

since utility-scale wind technology will benefit from a FiT, the technology will operate under the existing VAT and 

import duty regime.
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1.2.4 Proposed action plans for Wind Technology

The action plan for the diffusion of utility-scale wind energy is derived from to the measures that are discussed 

in section 1.2.3 of RII - Barrier Analysis and Enabling Framework Report (Ministry of Environment & Sustainable 

Development, 2012). For each action or measure, the following information has been provided: (1) why the 

measure/action is needed; (2) who is responsible for the measure (government agency, private sector etc.); 

(3) timeframe for implementation (0-5 years, 5-10 years, or 10-20 years); (4) cost of the action, and how can it 

be funded (domestic funding, or international funding); and (5) indicators of success, and risks.

The measures that were identified for wind technology are:

1. Financial incentive in the form of FiT that would cover the incremental cost of the preferential tariff;

2. URA is set up as an independent energy regulator and it is fully functional and capacitated to fulfil its   

 mandate ; and

3. Establish a wind energy resources atlas that will provide the multiple benefits of: (i) providing visibility to  

 potential investors; (ii) forming the basis for establishing a dynamic FiT scheme; and (iii) allow the   

 determination of the threshold wind energy potential needed for the technology to be financially viable.

As discussed in section 1.2.2.2 of RII - Barrier Analysis and Enabling Framework Report (Ministry of 

Environment & Sustainable Development, 2012), the regulatory framework for setting up the URA has 

been in place for several years. The setting up of the URA will take place through a political process, 

and it was decided by stakeholders that this was beyond the scope of this study. The representative of 

the Ministry of Energy and Public Utilities highlighted that the Government of India is currently assisting 

the MoEPU to carry out wind energy resources assessment and to develop the wind atlas for Mauritius. 

Hence, the cost of this measure has not been accounted for in order to avoid duplication.

So the action plan for utility-scale wind energy will cover the financial incentive that would be required for 

de-risking the investment environment, which is arguably the most significant barrier for the technology 

diffusion and up-scaling.

1.2.4.1 Why is financial incentive needed for wind technology

A commercially unattractive investment opportunity can be converted into a commercially attractive one 

through two actions: (i) reducing the risk of the activity through say a regulatory policy – e.g. guaranteed 

access to the grid for IPPs; and (ii) increasing the ROI by creating financial incentives – e.g. FiT for renewable 

energy (Glemarec, Rickerson, & Waissbein, 2012). The FiT proposed here will overcome the investment 

barrier for wind energy technology. It is pointed out that the financial implication of a guaranteed access 

to the grid is the cumulative cost of the incentive over the duration of the guaranteed access, and hence it 

does not carry any incremental costs. 

1.2.4.2 Who is responsible for the incentive needed for wind technology

The national electricity is owned and managed by CEB. The contract for the sale of wind electricity will 

be between the wind farm owner and the CEB. Since the mandate of CEB is to offer reliable electricity 

at the lowest cost, it is unlikely that CEB will pay the incremental cost of the FiT, as is the case for SSDG 

installations. The Ministry of Finance and Economic Empowerment will be responsible for paying the 

incremental cost of wind electricity
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1.2.4.3 Timeframe for the implementation of FiT for wind technology

The timeframe used in the TNA project for the energy industries is aligned with the time period of the Long-Term 

Energy Strategy 2009-2025 (Ministry of Renewable Energy & Public Utilities, 2009). Hence, the timeframe for the 

implementation of the FiT scheme is aligned with the targets set in Table 5, and would therefore cover the period 

2013 to 2025.

1.2.4.4 Cost of FiT for wind technology

The detailed benefit-cost analysis of the proposed FiT is given in section 1.2.3.1 of RII - Barrier Analysis and 

Enabling Framework Report (Ministry of Environment & Sustainable Development, 2012). The cost of this measure 

is the incremental cost of the preferential tariff or FiT for a total of 100MW installed capacity by 2023 as shown in 

Table 5. Hence, the cost of the measure is taken as Rs1.5/kWh (i.e. Rs6/kWh – Rs4.5/kWh). Based on a cumulative 

electricity generation between 2013 and 2025 equal to 1,656,621 MWh, and using a discount rate of 14%, the NPV 

of the cost of the measure has been calculated as Rs 937,695,079. This cost excludes the effect of inflation and 

learning curve of wind energy technology that would lead to cost parity over the long-term. It has also assumed 

that a FiT of at least 15 years would be provided to investors, while the period studied here is 13 years. 

Benefit-cost ratio
By considering the benefits of: (1) global environmental benefit from GHG emission reduction using the long-

term price of CO2e; (2) incremental job creation; and (3) reduction in energy bill through import substitution, 

the financial measures gives a benefit-cost ratio equal to 4.84. This shows that the benefits of the financial 

measures far outweigh its direct costs. The benefit-cost ratio can be expected to be higher since it would be 

reasonable to expect that both the price of emission reduction and imported fossil fuels would increase in the 

future, thereby increasing the monetary value of benefits.

Capitalization is of key importance for the financial sustainability of any FiT initiative. So, an integral part of 

the measure should be to identify clearly utility cost-recovery processes (DB Climate Change Advisors, 2011). 

This constitutes an important aspect of providing security, and hence confidence, to investors. In the present 

case, several sources of funding can be considered:

• The FiT scheme can be capitalized using carbon taxation on all fossil fuels as is presently the case for the   

 MID Fund. Where appropriate the taxation level may be increased to increase the revenues to cross-  

 subsidize the FiT scheme;

• The FiT scheme can also be funded as a policy NAMA. In this case, the evidence provided by the TNA  

 project may be used to seek multi-lateral and/or bilateral funding for implementing the FiT scheme(partially  

 or fully) as a supported NAMA. What should also be explored is to set up a performance-based emission   

 reduction finance mechanism for the release of funding. In this case, the programmatic approach   

 adopted here would require a stringent MRV system, the elements of which are discussed in the next section.

   

1.2.4.5 Indicators of success for wind technology and risks

Indicators are required to monitor and evaluate the implementation of the action plan. Although, the measure 

considered above was financial incentive in the form of a FiT, the indicators of success summarised in Table 6 

coves all the aspects of the enabling framework discussed in section 1.2.3. For the MRV system that is linked to 

the performance-based finance instrument, details about emission reductions are required. It is proposed that 

the tried-and-tested methodologies of the CDM for calculating emission reduction be adopted.
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Table 6 also summarizes the risks associated with the wind technology action plan.

Table 6. Indicators of success and risks for wind technology action plan.

Set up contract management for guaranteed 
access to the national grid and other legal and 
commercial clauses as stipulated in an EPA

Market information (mainly in terms of wind 
energy resources potential in Mauritius and 
other constraints)

Provide financial incentives to operators

Enable business permit facilitation (Board of 
Investment)

Provision of financial and banking services 
(commercial banks)

Awareness and information about wind 
technology mostly targeted at local communities

Emission reduction 

• Number of enquiries
• Number of contracts 
• % utilisation of grid by wind power

• Rate of information consultation
• % utilisation of onshore wind energy potential
• Installed capacity
• Monetary value of import substitution of fossil fuel
• Number of jobs created

• Number of enquiries
• Tariff setting indicators (annual value of incentive 
disbursed)
• Amount of MWh produced

• Number of enquiries
• Number of permits allocated

• Services provided by type
• Services provided by scale

• Information campaigns by type
• Number of stakeholders reached by type

• Grid emission factor
• Quantity of CO2 reduced (tCO2)

Project component Objectively Verifiable Indicators

Risks associated with action plan

Regulatory risk: The setting up of the URA may be further delayed that would slow down the 
penetration of wind energy due to lack of transparency in the setting of electricity tariffs and 
contract negotiations;

Financial risk: The FiT scheme is predicated upon the availability of substantial amount of funding, 
and funding on a regular and timely basis. This is important in the context that guaranteed access 
to the grid will be granted for 15 years;

Wind potential risk: There is a risk that wind energy potential assessment is not completed or 
delayed in its implementation that would jeopardize site selection for wind farms;

Social risk: Mauritius is a small island and there is a high likelihood that suitable wind farm 
sites may be close to communities, environmentally sensitive areas, have detrimental impacts 
on bird life; be seen to be aesthetically unpleasant, among others. Wide-scale communication 
campaigns will be necessary and communities must be engaged at the early stage of wind project 
development;

Technical risk: There is a low risk that the technologies adopted by promoters do not respond well 
in the cyclonic conditions that may prevail over Mauritius periodically; and

Operational risk: The penetration of wind energy is predicated upon the increase in base load 
power production in the network. The targets set for the penetration of wind energy to 2025 is 
therefore dependent upon the timely commissioning of other power generation units detailed in 
the Long-Term Energy Strategy 2009-2025.
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1.2.4.6 Summary of wind technology action plan
The action plan for utility-scale wind energy is summarised in Table 7.

Table 7. Summary of action plan for wind technology.

Economic & 
Financial (wind 
technology is 
not financially 
viable)

Indicators of success (selected):
- Installed capacity (MW)
- % penetration of wind in the national grid
- Wind electricity generated annually (MWh/yr)
- Grid emission factor
- Annual emission reduction by wind (tCO2/yr)
- Number of jobs created
- Monetary value of fossil fuel import substitution (Rs/year)
- Annual value of financial incentive disbursed for each project (Rs/yr)

Provide financial incentive 
in the form of cost-reflective 
FiT for de-risking investment 
in wind energy technology.

Cost of measure:
Rs 937,695,079 (NPV)

Cost-benefit ratio of action:
CBR = 4.84

Sources of funding:
• Public financing through 
carbon tax on fossil fuels;
• Multi-lateral or bilateral 
funds for implementing FiT 
as a supported NAMA

Ministry of Finance 
and Economic 
Development; 
CEB, Ministry of 
Energy and Public 
Utilities; Ministry 
of Environment 
and Sustainable 
Development. The 
roles and functions of 
these institutions are 
discussed in Annex 
2.

0-13 yearsHigh Cost 
Capital

Inappropriate 
financial 
incentives

Barrier
Category

Potential measures, 
cost of funding

Concerned
Institutions

Time
Frame

Barriers

1.3 Action Plan for Energy Efficient Boilers

1.3.1 About the technology

An economizer is a gas-water heat exchanger that allows the recovery of part of the heat contained in the boiler’s 

flue gases, heating the water fed to the boiler. The hot waste flue gases give up the heat and are then vented to the 

atmosphere. The economizer consists of a shell, which is installed in the flue line, inside which there is a bundle 

of finned tubes through which the water to be heated circulates, and outside which gases circulate. Thus, the 

temperature of the flue gas is reduced and boiler efficiency is increased. Most boilers, particularly fire-tube boilers, 

are not sold with an economizer, unless the user so requires, which is not generally the case in Mauritius.

Figure 5. Finned-tube boiler economizer (US Department 
of Energy, 2008).


