
1 

 

 

 

Republic of the Philippines: Market Transformation 
through Introduction of Energy-Efficient Electric 
Vehicles Project 

 
 
 

Supplementary Appendix:  
 
Eligibility for CTF Resources  
 
 
 
 
 
 
 
 
7 August 2012



2 

 

Supplementary Appendix 31: Use of CTF Resources to Support Philippines EEEVs 
Project 
 

A. Background  
 
1. The 2005 Gleneagles G-8 Summit in July 2005 stimulated a concerted effort by the 
development community to broaden and accelerate support to developing countries relating to 
energy access and climate change through the Clean Energy Investment Framework (CEIF).1   
The CEIF provides the basis for definition of a range of possible initiatives to be developed 
within each multilateral development bank (MDB). Pursuant to the CEIF, in 2008 the donor 
community committed approximately $6.1 billion to the new Climate Investment Funds (CIFs) to 
be invested through the MDBs.2 About $5.2 billion equivalent was pledged to the Clean 
Technology Fund (CTF) for climate change mitigation in developing countries.3 ADB’s Board of 
Directors approved the use of CTF resources on 5 November 2009.4 The partnership 
agreement was approved on 18 March 2010.  
 
2. The joint MDB mission for Philippines was conducted in July 2009; the CTF Country 
Investment Plan (CIP) was endorsed in December 2009.  The CIP was revised in 2011 and 
2012 to include the proposed EEEVs project; the revised CIP was requested to be endorsed by 
the CTF Trust Fund Committee in June 2012.5 Project and loan documentation includes a 
separate cofinancing agreement for the CTF funds, similar to that for other official cofinancing.6   
 
3. The design of the CTF acknowledges some of the operational problems and limitations 
of the Clean Development Mechanism (CDM) and the Global Environment Facility (GEF), and it 
specifically seeks to leverage donor financing with commercial bank financing and private 
sector-led investments.7 CTF generally targets energy efficiency (EE), renewable energy (RE), 
and cleaner transport opportunities, and includes consideration for non-climate benefits and 
development impacts. CTF is “technology-agnostic.” Newly commercialized technologies may 
be supported, but CTF is not intended to be a substitute for venture capital to support new 
technology development. 

4. The CTF principles and objectives are fully consistent with the ADB Strategy 2020 
emphasis on inclusive and environmentally sustainable growth; private sector development and 
operations; and investment focus on infrastructure, environment (including climate change), and 
financial sector development. CTF is also fully consistent with the ADB Energy Policy 2009 

                                                            
1 ADB’s Energy Efficiency Initiative was launched at approximately the same time. 
2 The participating MDBs are the World Bank Group (including its private sector window the International Finance 
Corporation [IFC]), the African Development Bank, the Asian Development Bank, the European Bank for 
Reconstruction and Development, and the Inter-American Development Bank.  World Bank is the trustee of the CIFs. 
3 Details can be found at www.worldbank.org/cifs 
4 ADB Board Paper R215-09, November 2009. 
5 The revised CIP and the proposed EEEVs project were submitted to the Trust Fund Committee for consideration at 
the same time. 
6 The detailed mechanics of funds transfer are covered in the “Financial Procedures Agreement between Asian 
Development Bank and the International Bank for Reconstruction and Development as Trustee of the Trust Fund for 
the Clean Technology Fund,” dated 18 March 2010. 
7 CDM has been somewhat successful for industrial energy efficiency projects, but has a very poor record of utility 
grid improvement and demand-side management projects; collectively, these categories comprise less than 10% of 
registered projects.  As of 18 October 2011, only 9 transport sector projects have been registered out of 3,534 
projects, representing 0.22% of total projects.  Energy supply projects, including RE, comprise just over 67% of total 
registered projects.  Project information accessed on 18 October 2011 at: 
http://cdm.unfccc.int/Statistics/Registration/RegisteredProjByScopePieChart.html 
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focus on clean energy development, in particular the emphasis on energy efficiency and 
renewable energy; access to energy for all; and energy sector reforms, capacity building, and 
governance.   
 

B. Project Eligibility  
 
5. The Philippines CIP will cofinance renewable energy (RE), energy efficiency (EE), and 
cleaner transport investments in both the public and private sector. The Investment Plan has 
been updated at the request of the Government of the Philippines (GoP); the revised financing 
plan is summarized in Table SA31.1.  The proposed project to support energy efficient electric 
vehicle (EEEVs) deployment is fully consistent with the context and objectives of the CIP, the 
National Climate Change Action Plan (NCCAP), and the broader GoP policy framework for 
climate change, energy security, and environmental management. 
 
Table SA31.1: Philippines Revised CTF Financing Plan 2012($million) 
 

Financing Source 
Renewable 
Energy  
(WBG) 

Urban 
Transport 
(WBG) 

Energy Efficient 
Electric Vehicles  
(ADB) 

Solar Energy 
Development 
(ADB) 

Total 

CTF 75 50 105a 20a 250 
GoP / DBP 180 50 99 20 349 
IBRD Loans 250 260 0 0 510 
IFC Loans 250 0 0 0 250 
ADB Loans 0 0 300 80 380 
Private sector 750 0 (tbd) b (tbd) b 750 
Other cofinancing 0 245 0 0 245 
Total 1,505 605 504 120 2,734 

Source:  MDB teams 
ADB=Asian Development Bank, CTF=Clean Technology Fund, DBP=Development Bank of the Philippines, 
EE=energy efficiency, GoP=Government of the Philippines, IBRD=International Bank for Reconstruction and 
Development, IFC=International Finance Corporation, RE=renewable energy, (tbd)=to be determined, WBG=World 
Bank Group  
Notes:  
a For the EEEVs project, a CTF grant of $1 million is requested for fine-tuning of technology options, technology 
transfer, local industry support and capacity building (implementation support, including monitoring and evaluation 
activities will be financed by the ADB loan). For the Solar Charging Systems component a CTF grant of $4 million is 
requested to ensure its technical viability and whether solar charging could be implemented within the current tariff of 
about $0.20/kWh; see discussion in main text and concept paper in Appendix 2 for further details.  
b Private sector entities will participate in project implementation via supply of goods and services. For the EEEVs 
project, private sector investment is expected during replication and scale-up, and as such no private sector 
cofinancing is shown. Private sector cofinancing for the Solar Energy Development project has yet to be determined. 

 
6. The technical benefits of EEEVs, especially the end-use energy savings and avoided 
street-level tailpipe emissions, are compelling, and the theoretical advantages of electric 
vehicles were recognized more than 100 years ago when Henry Ford was designing the Model-
T.  Regrettably, an EEEVs industry has yet to spring fully borne in the market place anywhere in 
the world. Alternatively stated, market economics have not fostered an “immaculate conception” 
of electrified transport fleets. In the case of the Philippines, the EEEVs project is not about 
buying electric vehicles; rather it is intended to create an indigenous EEEVs industry.  
 
7. The added value of CTF support goes well beyond concessional financing: the proposed 
use of CTF funds facilitate a larger project scope that has allowed the GoP to “Think Big” and 
make significant commitments to initiate and implement the transformations necessary to 
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establish a new complete value chain for locally made electric vehicles. A commitment to 
100,000 locally made electric vehicles by 2016 will remove the perceived technology risks and 
develop necessary public infrastructure for broader adoption of electric vehicles through other 
private initiatives. This is the largest time-bound commitment by any Asian country and is 
comparable to US objective to have 1 million EVs by 2015, France’s commitment for 2 million 
EVs by 2020, Germany’s commitment for 1 million EVs by 2020, Ireland’s commitment for 
350,000 EVs by 2020, Israel’s commitment for 100,000 EVs annually from 2012 (with the 
objective of full fleet electrification as soon as possible), Japan’s target of 20% market share by 
EVs, and the UK’s objective of 1.2 million EVs by 2020.  The proposed project meets the CTF 
eligibility criteria, as summarized in Table SA31.2 and as discussed below.8 
 
Potential for GHG Emissions Savings 
 
8. The estimated emissions reductions from the proposed project are more than 2.5 times 
higher than for the solar concept in the original CIP. The direct investments in the EEEVs will 
result in net avoided fossil fuel emissions about 0.27 million tCO2e per year for the proposed 
EEEVs project.  Emissions reductions will vary as the grid emissions factor changes over time 
and depending on the extent to which new RE-powered charging stations are deployed and 
scaled up.   [See additional notes on emissions estimates at the end of this document.]   

Table SA31.2:  Summary Assessment of CTF Eligibility  
CTF Investment 

Criteria 
Proposed EEEVs Project Eligibility 

Potential for 
GHG Emissions 

Savings 

ADB program will target end-use efficiency improvements which represent permanent 
energy savings via vehicle fleet conversion, RE-based vehicle charging, and avoided fuel 
imports.  Replication and scale-up potential is high for electric vehicles (at least 10:1). 

Cost-
effectiveness 

100,000 vehicles will deliver net reduction of 270,000 tCO2e per year; with 10-year vehicle 
lifetime total GHG reductions are 2.7 MtCO2e.  GHG reductions are estimated to be 3 times 
greater if black carbon is also considered.  Replication and scale-up potential is at least 10 
to 1 and may be as high as 20 to 1.   
 
Cost effectiveness: CTF$105 million / 2.7 million tCO2e = CTF$38 / tCO2e, declining to 
CTF$3.89 / tCO2e with replication and scale-up of 10 to 1.   

Demonstration 
Potential at 

Scale 

Vehicle unit cost reductions of 20% are anticipated with CTF support. 
   
Transformation potential is estimated to be more than 20 for EEEVs a 

Development 
Impact 

The EEEVs project will accelerate growth of the electric vehicle industry in the Philippines 
by demonstrating new technology / systems and business models.   
 
Impacts with respect to energy security and environmental benefits are consistent with the 
CIP.  Impacts on employment are significant given the potential benefits accruing to e-trike 
owner/operators. 

Implementation 
Potential 

The EEEVs project has been developed based on a successful pilot project in the Metro 
Manila region and is at an advanced stage of preparedness.  See Table 9 of revised CIP for 
discussion of implementation risks and mitigation. 

Additional 
Costs and Risk 

Premium 

The proposed project will focus on using CTF for covering additional costs associated with 
introduction of electric vehicle systems and related new business model for vehicle 
ownership and operations. 

a Transformation potential is defined in paragraphs 15 - 17 of the CTF Investment Criteria for Public Sector 
Operations dated 9 February 2009. 
 
 

                                                            
8 See the revised CIP for broader investment context. 
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Cost-effectiveness 

9. Tables SA31.3 and SA31.4 illustrate the cost effectiveness and transformative impacts 
of the EEEVs project assuming a conservative replication and scale-up factor of 10 to 1. Table 
SA31.3 indicates that cost effectiveness is well within expectations as presented in CTF 
investment guidance, even in a pessimistic scenario discounted by 30% for potential “rebound 
effects.” The cost-effectiveness estimates are consistent with other endorsed CTF Investment 
Plans and approved projects. 

Table SA31.3: CTF Cost-effectiveness Scenarios of EEEVs Project  
Net GHG 

Reductions 
(MtCO2e/year) 

Cost Effectiveness 
(CTF$/tCO2e/year) 

Cost Effectiveness 
(CTF $/tCO2e) a 

Scenario / Assumptions 

0.33 306.06 30.06 
National electricity and heat emissions 

factor of 0.6 tCO2e/MWh b 

0.27 374.07 37.41 
ADB base case with grid emissions 

factor of 0.52 tCO2e/MWh c 

0.231 437.23 43.72 
0.33 MtCO2e/year discounted 30% for 

“rebound effect” d 

2.31 43.72 4.37 
Replication and scale-up of 10:1 on case 

assuming “rebound effect” 
Source:  ADB Estimates.   
Notes:  
a Clean Technology Fund, Investment Criteria for Public Sector Operations, 9 February 2009; paragraph 11 notes 
that “...CTF co-financing will ordinarily not be available for investments in which the marginal cost of reducing a ton of 
CO2-equivalent exceeds US$200....“   
b Emissions factor calculated for Philippines electricity and heat consumption by UK Defra.  
c Additional discussion of emissions factors below. 
d Consideration of potential rebound effects is not required by CTF guidance. 
e Adapted from Original CIP, Annex 2. 
 
Table SA31.4: EEEVs Project Cost-Effectiveness vs. Investment Scale  

CTF Allocation and 
Scale Effects 

Small isolated 
grids/ no CTF 

Small 
Project 

Medium 
Project 

Large Project 

Transformational Impact Zero Minimum 
Partial 
transformation 

Full 
transformation 

Net Avoided CO2e (t/y/vehicle) 2.5 2.6 2.6 2.7 
Number of EEEVs 5,000 20,000 50,000 100,000 
EEEV Cost ($/unit) 5,000 4,700 4,500 4,000 
Total Cost ($ Million) 25 94 225 400 
CTF Amount ($ Million) 0 30 70 101 
CTF Cost-effectiveness ($/t/y) n/a 576.92 538.46 374.07 
CTF Lifecycle Cost-effectiveness ($/t) n/a 57.69 53.85 37.41 
Cost-effectiveness with 10x Replication and 
Scale-up ($/t) 

n/a 5.77 5.38 3.74 

   $ = US dollars, CO2e = carbon dioxide equivalent, t = ton carbon dioxide equivalent, y = year 
   Source:  ADB staff estimates 

10. Table SA31.4 illustrates how the cost of avoided CO2 drops significantly with larger 
transformation brought about by the CTF investment, as well as the projected cost reductions 
for EEEVs as investment scale increases. In the small, medium, and large project scenarios, 
CTF cost-effectiveness is well below the upper limit guidance of $200 per ton. E-trikes also will 
generate significant fuel savings and other social co-benefits: about $10,000 over the 10 year 
life, the overall cost of avoided CO2 being about “-$200 per ton” – not uncommon for end-use 
EE projects, which is also reflected in the McKinsey abatement cost curve for “Fuel efficiency in 
vehicles” (Figure 3 in main text of the revised CIP) of about “-€50 per ton” or “-$63 per ton” 
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(based on 8 June 2012 exchange rate). Table SA31.4 also shows estimated vehicle unit cost 
reductions with scale up estimated at 20%.     

11. The GHG reduction estimates shown in Tables SA31.3 and SA31.4 above do not 
include consideration of black carbon (BC), which is recognized today as a significant problem 
but is not one of the 6 GHGs covered by the Kyoto Protocol. BC—which has short-lived climate-
forcing characteristics—is an unwanted byproduct of petroleum-based fuel combustion most 
easily observed in so-called “smoke belcher” buses and trucks; it is also a byproduct of cook 
stoves fueled with wood and other agricultural biomass. The global warming potential of BC 
varies based on longevity in the atmosphere:  20 year GWP is 4,470, and 100 year GWP 
estimates range from 1,055 to 2,240.9  
 
12. A recent study concluded that BC emissions from gasoline combustion may be about 
twice as high as estimated by most previous analyses, i.e., on the order of 75 milligrams BC per 
kilogram of fuel (or 0.075 kg BC per kg of gasoline).10 Assuming gasoline consumption of 5 liters 
fuel per day per vehicle, and gasoline density of 0.719 kg / liter fuel, the BC emissions from 
gasoline are 0.269 kg per day per vehicle (5 x 0.719 x 0.075 = 0.2696).  Assuming 100,000 
EEEVs replacing ICE-powered vehicles, 300 days per year operation, and the low end of the 
100 year global warming potential of BC, the estimated GHG reductions are:  
 
  0.269 kg BC / vehicle / day 
 x  300 days / year 
 x 100,000 vehicles 
 x 1055  
 x 1 Ton / 1000 kg 
 
 =   8,513,850 tons CO2e per year = ~ 8.5 million tCO2e/y 
 
13. For purposes of discussion, discounting this calculation by a factor of 10 (i.e., assuming 
a BC emissions factor of 7.5 mg per kg of fuel11) yields an estimate of 0.85 million tCO2e/y from 
BC reductions, which is more than 3 times the GHG reductions estimated based only on the 
carbon content of gasoline.  Adding this estimate of 0.85 million tCO2e/y to the base case of 
0.27 million tCO2e/y = 1.12 million tCO2e/y.  Assuming only 10-year EEEV lifetime, the CTF cost 
effectiveness before replication and scale up would be:  

 
CTF$105 million / (1.12 million tCO2e/y x 10 years) = CTF $9.37 per ton 

 
14. Discounting the 8.5 million tCO2e/y estimate by 50%, and considering the 0.27 million 
tCO2e/y reduction from carbon content of gasoline (and 10-year EEEV lifetime), the cost-
effectiveness before replication and scale up would be:  
 

CTF$105 million / (4.5 million tCO2e/y x 10 years) = CTF $2.33 per ton 
 

                                                            
9 Various references on the global warming potential can be found at:  http://en.wikipedia.org/wiki/Black_carbon 
10 The study conducted by J. Liggio et al at Environment Canada and the National Research Council of Canada was 
summarized in an article in Chemical and Engineering News in February 2012, which can be found at: 
 http://cen.acs.org/articles/90/web/2012/02/Black-Carbon-Belchers.html 
The original article can be procured online at:  http://pubs.acs.org/doi/abs/10.1021/es2033845 
11 The 7.5 mg/kg factor is consistent with the lowest reported value from various studies summarized in the 
Environment Canada report; see http://www.greencarcongress.com/2012/02/liggio-20120229.html 
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15. BC contributes to the adverse impacts on human health, ecosystems, and visibility 
associated with ambient fine particles (PM2.5).  Short-term and long-term exposures to PM2.5 are 
associated with a broad range of human health impacts, including respiratory and 
cardiovascular effects as well as premature death. In the United States, the average public 
health benefits associated with reducing directly emitted fine particulates (PM2.5) are estimated 
to range from $290,000 to $1.2 million per ton PM2.5 in 2030 (the cost of the controls necessary 
to achieve these reductions is generally far lower).12  Assuming that BC accounts for 10% of 
PM2.5, and taking the estimate of 0.85 million tCO2e/y from BC reductions (discounted by a 
factor of 10 as noted above), the future public health benefits would range from $24 to $102 
billion per year. Considering that health care costs in the US are much higher than most other 
developed countries, this estimate could be discounted by a factor of 10, i.e., the future benefits 
could be about $2 to $10 billion per year in the Philippines. The low end of this estimate is 
consistent with other studies which concluded that poor air quality costs the Philippine economy 
$1.5 billion annually.13 

Demonstration Potential at Scale 

16. Transformational impact is high. The investments in EEEVs and solar charging 
stations will establish linkages between clean energy and sustainable transport, and the 
Philippines will be one of the first countries to begin development of non-tradable 
domestic RE resources as a transport fuel. 16. The project will support creation of the 
complete EEEVs supply chain – an end-to-end infrastructure solution. The replication potential 
for e-trikes and motorbikes alone is at least 20 to 1 based on the current fleet of 3.5 million 
vehicles; however, replication and scale-up is conservatively assumed to be 10 to 1 for 
purposes of calculating total emissions reductions and indirect cost-effectiveness. 

17. More efficient battery technologies are providing a cleaner alternative to pollution-
emitting ICE-powered vehicles. In some cases, conventional motorcycles emit more pollution 
per unit than large sport utility vehicles, because the former are not equipped with equivalent 
emissions-control technology.14 Electric motorcycles and tricycles can immediately eliminate 
tailpipe emissions, significantly reducing urban air pollution. Commercial success of e-trikes can 
be replicated in other types of vehicles, including jeepneys and buses (although technical 
complexity increases with larger vehicles). The SCS component will demonstrate the 
technological viability of RE-based charging systems for e-vehicles and a business model which 
can be replicated and scaled up with private sector investment. The RE development project will 
support the GoP long-term objectives for energy security and economic development, taking 
into account rapid advances and cost reductions in photovoltaic solar power technology.  

18. Large-scale market transformation often requires public sector intervention to take off, 
and concessional financing and/or other financial instruments may be necessary to initiate 
transformation. For example, the RPS and FIT represent advance market commitments 
whereby public policy supports development of new technologies, services, and markets, to 
ensure expansion of the RE sector. These types of instruments, combined with other public 
sector intervention (e.g., government-led and funded prototype projects) are often necessary to 
initiate large-scale market transformation. The proposed EEEVs project is analogous to an 
advanced market commitment as the government will guarantee a market that is large enough 

                                                            
12 http://www.epa.gov/blackcarbon/effects.html 
13 E.g., a presentation from the climate conference in Cancun references various estimates prepared by the World 
Bank; see:  http://www.climate.org/PDF/RRutherford_BC_Symposium.pdf 
14 The Technology Review, published by MIT, 2007, available at:  http://www.technologyreview.com/energy/19069/ 
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for manufacturers and ancillary industries to invest. Sustainable transformation of any industry 
requires innovative which may require new entrants in the business. To attract a number of 
large international players—including the critical battery suppliers—a large market opportunity 
must be presented.  On the specific issue of battery systems, a fleet of 100,000 e-trikes will 
need aggregate battery capacity of 300 megawatt-hours (MWh), which exceeds the aggregate 
240 MWh of batteries in the 10,000 Nissan Leafs currently operating in the US.  This scale of 
EEEV deployment is required for a “no turning back” development trajectory.  

Development Impact 

19. Development impacts and co-benefits are higher than other project alternatives.  
New investment in EEEVs will improve energy security, reduce GHG emissions, and reduce 
local pollutant emissions with substantial public health benefits (as noted above in discussion on 
black carbon). Using CTF to cofinance these types of pioneering projects will help mobilize 
future commercial investments (mainly by private sector entities) for replication and scale-up, 
which will stimulate economic growth and facilitate the long-term transition to low-carbon 
development. The project expected to create up to 10,000 new jobs and will have substantial 
poverty reduction benefits (see the Design and Monitoring Framework in the draft project 
document [“Report and Recommendation of the President”]). In addition to the substantial 
energy security benefits, the EEEVs project will bring environmental and public health co-
benefits equal to or greater than that which would have been realized under the original 
Investment Plan.  

Implementation Potential 

20. Implementation potential for the EEEVs and solar energy projects is high. The 
EEEVs project is scheduled for presentation to ADB’s Board of Directors in 2012. This project 
has strong support at the highest levels of the GoP. The solar energy project is at the 
identification stage, and is expected to be prepared and presented for ADB Board consideration 
in 2013. The EEEVs project is based on a successful pilot project in Mandaluyong City. The 
solar energy development project will be designed in part based on the solar rooftop installation 
at ADB headquarters, which is the largest project of its type in Southeast Asia.  The project is 
fully consistent with the GoP climate change, energy, and transport policy framework.   

21. The Philippines Department of Energy (DOE) will be the executing agency for these 
proposed projects, as DOE is the designated agency for RE development, energy efficiency, 
electric vehicles, and alternative fuels. The scope and implementation arrangements of the 
proposed projects have benefited from a substantial learning curve from the Philippines Energy 
Efficiency Project (PEEP, supported by ADB financial and technical assistance), the EEEVs 
pilot projects in Mandaluyong and Taguig Cities, the Boni Tunnel Lighting installation, and the 
rooftop solar installation at ADB headquarters. A key lesson learned from the EEEVs pilot 
projects is that for transformational impact to be realized, the investments must include the 
complete spectrum of stakeholders including vehicle owner/operators, equipment suppliers, and 
after-market service providers, i.e., the project must facilitate “end-to-end” infrastructure 
development including the development of a credible battery industry with new 
technology (i.e., the full supply chain must be developed).      

 

 



9 

 

Additional Costs and Risk Premium 

22. Additional costs and risk premiums justify use of CTF.  CTF funding is requested 
and justified based on the following: 
 

(i) $1 million grant is requested to support technology transfer, build local knowledge and 
capacity about electric vehicles covering all stakeholders.  This grant support will support 
critical aspects of project sustainability, especially after-sales service.  

 
(ii) The solar charging stations are proposed for inclusion in the project with grant support to 

establish the viability for such charging stations with respect to technology (solar PV and 
advanced battery technologies) and business models (delivering electricity from solar PV 
at approximate grid parity). While the private sector has expressed some interest in 
EEEVs and in solar charging stations, private sector developers/sponsors have not 
come forward with proposals to develop the network, mainly because of off-take risks 
and lack of a demonstration project for solar charging of electric vehicle. Therefore, the 
proposed EEEVs project includes a request for a $4 million grant to: (i) demonstrate 
technical viability of solar charging station with Lithium-ion batteries, (ii) develop a 
mechanism to aggregate individual drivers’ daily electricity demands that support a 
guaranteed Power Purchase Agreement to reduce the off-take risk of private investors. 

 
(iii) Private sector initiative is also an issue with respect to EEEV development and 

renewable fuel development: although there are efforts underway to develop an 
indigenous EEEVs sector, the scale and pace of development is slow.  Likewise, 
indigenous production of renewable fuels has not progressed in accordance with 
mandated targets. Public sector intervention is required to accelerate and deepen the 
pace of EEEV market development in accordance with CTF principles.  

 
23. The EEEVs and prototype solar charging stations have up-front cost barriers and are 
both first-of-a-kind investments in the Philippines. The EEEVs project will be the largest effort in 
the Asia region to begin electrification of the public vehicle fleet. This pioneer project has 
substantial first-mover risk, and presents higher-than-normal end-user costs with respect to 
purchase of new vehicles: the e-trikes cost at least $1000 more per unit than conventional 
gasoline-powered tricycles. Lower operating costs will offset the initial purchase costs, but at 
present there is no mechanism to monetize the life-cycle savings to assist end-users in 
the initial purchase. Further, concessional finance will be used to maintain lower effective 
interest rates for the EEEVs rent-to-own mechanism; the objective is to enable end-user interest 
rates of less than 10% per annum.  
 
24. Conventional supplier credit financing is not available, because there are not yet any 
suppliers to deliver EEEVs with financing. Financing may be available, but at usurious rates 
(e.g., 36% annual interest) that would negate the monetary energy savings benefits of the 
EEEVs. The project will introduce a rent-to-own arrangement whereby interest rates can be 
maintained at less than 10% per annum. The FIRR and EIRR calculations suggest that the 
project is viable without concessional financing; however, such “paper” analyses do not 
acknowledge the cost barrier noted above, and these analyses assume the project will be 
successfully implemented with or without concessional funds.   

25. Also, the FIRR analysis does not capture other risks associated with the status quo, 
including the possibility of the market being flooded with cheap imported lead acid battery-based 
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EVs, which occurred in Vietnam and in the People's Republic of China, among other countries.  
The introduction of large numbers of lead acid battery EVs creates an environmental hazard 
that can be avoided by using more efficient lithium ion batteries.  It is estimated that 44-70% of 
the lead from lead acid batteries in China is released into the environment as waste.  
Groundwater and crop contamination from hazardous chemicals and metals has already caused 
some local health problems throughout the country.  Indeed, these environmental issues and 
other concerns with lead acid batteries prompted the Government of Bangladesh to ban electric 
tricycles. An earlier pilot project in Taguig (Ft. Bonifacio, in the Metro Manila) which began in 
2008 used conventional lead-acid batteries: today only 7 out of 300 units are still operable.  
Lead-acid batteries have to be replaced every 1-2 years; this additional operating cost renders 
the conventional battery-based electric vehicles unattractive with respect to financial viability. 
Although Lead Acid batteries had added additional weight (about 100 kg more) to the weight of 
the e-trikes, the main reason for the ill fate of the Taguig initiative was lack of after sales 
support, technical expertise, availability of spare parts. These market elements, along with 150 
year old battery technology, explains to a large degree why the Taguig project was not scaled 
up.   

26. Concessional financing also allows the project to achieve a scale that will bring down the 
cost of the EEEVs, increase demand, and therefore make conventional credit rates more 
competitive for new entrants.  Table SA31.4 above shows that CTF can add value by increasing 
the scale of the project, which will help establish a trajectory for market transformation. A recent 
study by McKinsey notes that manufacturing scale will be critical to expanding the market for 
electric vehicles.15  

27. Prototype solar charging stations also have initial cost barriers perceived technology 
risks, which have discouraged private sector development. Concessional funds will buy down 
the cost of solar charging stations and remove technology risk enabling use of renewable 
electricity to be sold to EEEV operators at grid parity. The prototype solar charging stations will 
facilitate a new business model, whereby the RE-based charging demand can be aggregated so 
that a power purchase agreement (PPA) can be executed. This type of business model is 
necessary to begin the transition to RE-based vehicle charging at scale. These cost and first-
mover barriers are not being addressed by carbon finance, Global Environment Facility, 
subsidized GOP investments, or other concessional funding sources.    

28. Carbon finance is facing constraints due to post-2012 market uncertainties. Carbon 
finance opportunities are being pursued, but expected revenue will be “on delivery” and will not 
be sufficient to catalyze up-front investment. Also projects from the Philippines not registered by 
December 2012 will not be eligible for carbon financing under the European Emissions Trading 
System. The lack of up-front carbon finance also justifies the use of CTF in accordance with the 
CTF Investment Criteria for Public Sector Operations (2009), paragraph 28.16   
 
29. In the absence of ADB and CTF financing, GoP would have pursued a small scale 
project without any ambitious transformation plan, most likely a slightly larger scale of the 
Taguig project. The scale would be small considering constrained public sector budgetary 
resources and perceived technology risks. As noted in the draft project document, the financial 
internal rate of return (FIRR) is high from the driver/owner perspective, but as discussed above, 
this apparent high FIRR has not fostered market development because the FIRR analysis 
                                                            
15 The article is available at this link: https://www.mckinseyquarterly.com/Energy_Resources_Materials/Electric_Power/Battery_technology_charges_ahead_2997 
16 Likewise, the lack of financial support from the Global Environment Facility justifies the use of CTF resources in 
accordance with the CTF Investment Criteria for Public Sector Operations (2009), paragraph 29. 
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assumes that the e-trikes have: (i) ready access to long life Lithium Ion batteries, (ii) access to 
ready maintenance, warranty and spare parts enabling an e-trikes to operate about 350+ days a 
year, and above all, (iii) access to financing mechanism that allows a “rent-to-own” scheme that 
remove upfront technology risks and ownership through a shared savings arrangement. This 
are elements of transformation that project will deliver with CTF’s support. FIRR analysis, 
without these elements of market transformation will not be meaningful, and could be very low—
the 290 plus e-trikes in Taguig were salvaged for spare parts within a year. Thus, the use of 
CTF is justified in accordance with the CTF Investment Criteria for Public Sector Operations 
(2009), paragraph 25 (d): “Rate of return above normal market threshold, but acceleration of low 
carbon investments has higher opportunity costs.”  Further, the risk profile of the project – 
technical performance risks associated with developing the complete supply chain for EEEVs, 
and commercial financial risks associated with delivering viable scale of deployment – justify the 
use of CTF as described in paragraph 25 (a) and (b) of the Clean Technology Fund Financing 
Products, Terms, and Review Procedures for Public Sector Operations dated 15 December 
2011.   
 
30. Out of $5 million grant requested, $1 million is for capacity building to 
ensure proper technical and other backstopping support, both of which are crucial 
for the successful implementation and sustainability of the project. The 
$4 million is for solar charging stations which have high capital cost due to the pioneering nature 
of the proposed system using solar energy for EEEV charging.  The solar charging stations also 
present a new business model, i.e., aggregating demand for RE-based charging so that a power 
purchase agreement can be executed.  Both of these activities – solar charging stations and 
implementation TA -- are designed taking into consideration feedback from other stakeholders 
[and Trust Fund Committee members] to ensure proper implementation/sustainability and also 
to test RE for charging e-trikes and maximize use of renewable energy. The grant request is 
consistent with paragraph 15 of the Clean Technology Fund Financing Products, Terms, and 
Review Procedures for Public Sector Operations dated 15 December 2011.   
 
31. Additional discussion about CTF eligibility has been presented in the revised CIP. A 
third party technical review, required by CTF procedures, concluded that the Project 
meets the CTF eligibility requirements.   
 

C. Pricing and Loan Terms of CTF projects  
 
32. As noted above, at the project or investment program level, the CTF is used to cover the 
additional costs and/or risks associated with low-carbon investments. For example, fleet-wide 
conversion to electric vehicles presents an upfront cost barrier in the form of new vehicle 
procurement. The additional cost can be readily estimated as the difference between capital 
costs for traditional trikes with internal combustion engine versus the new EEEVs equipped with 
lithium-ion batteries, about $1000 per vehicle. The additional risk is presented by introducing a 
new business model for vehicle ownership and operations, including battery leasing, for the new 
EEEVs.    
 
33. The loan terms for CTF financing are presented in Table SA31.5.  These are the “base” 
terms for public sector projects. The softer pricing terms and conditions are requested for the 
proposed EEEVs Project. 
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Table SA31.5:  Proposed CTF Loan Terms 

CTF Loans Maturity 
Grace 
Period 

Principal 
Repayments 
Year 11-20 

Principal 
Repayments 
Years 20-40 

FY09-10 
MDB Fee a/ 

FY09-10 
Interest 
Rate b/ 

Grant 
Element c/ 

Harder 
Concessional 

20 10 10% N/A 0.18% 0.75% ~45% 

Softer 
Concessional 

40 10 2% 4% 0.18% 0.25% ~72% 

Source:  Climate Investment Funds.  Clean Technology Fund Financing Products, Terms, And Review Procedures 
For Public Sector Operations, (Revised Document) 15 December 2011.  
Notes:   
a/ The borrower will have two options for payment of MDB fees: (a) a fee of 0.18% of the undisbursed balance of the 
loan, in which case the fee payments will accrue semi-annually after loan signing, or (b) a fee equivalent to 0.45% of 
the total loan amount, payable in a single lump sum amount, which may be paid by the borrower out of its own 
resources or capitalized from the loan proceeds following the effectiveness of the loan. The fees are to be retained by 
the MDB for its lending and supervision costs. See Annex C for a description of the MDBs’ expenses related to 
project development and implementation.  
b/ The service charge is charged on the disbursed and outstanding loan balance. Principal and service charge 
payments accrue semi-annually to the CTF trust fund.  
c/  Grant element is calculated using the IDA methodology (assumptions: 6.33% discount rate for harder loans; 6.43% 
discount rate for softer loans; semi-annual repayments; 8-year disbursement period). 

 

 

D. Additional Notes on Battery Technology, Electricity Demand, GHG Calculations, 
and Electric Vehicle Eligibility for CTF 

Choice of Battery Technology and Disposal Implications  

34. ADB’s publication on electric bikes17 identified lead (Pb) pollution as an inherent problem 
with electric vehicles and, as long as electric vehicles use lead acid batteries, the overall 
pollution loads will be several times higher than ICE. According to the United States 
Environmental Protection Agency, Li-ion batteries are not an environmental hazard18, and are 
safe for disposal in the normal municipal waste stream.19 While other types of batteries include 
toxic metals such as cadmium, the metals in Lithium-ion batteries–cobalt, copper, nickel and 
iron–are considered safe for landfills or incinerators. Therefore, the e-Trikes will use Li-ion 
batteries at the outset; the battery leasing business model will allow for more advanced batteries 
to be supplied in the future.   

Net Impact on the Electricity Grid and GHG Reductions 

35. Conversion from ICE to EEEVs will save energy, as the energy losses in ICE vehicles 
are typically 70–80% versus 5–15% in EEEVs. Additional electricity required for the EEEVs 
project will depend on the relative contribution of public charging stations used during peak time 
(6 MW of grid-connected charging stations, plus 1 MW of solar charging stations), and overnight 
home-based chargers (60 MW, off-peak). As both modes of charging will be implemented, and 
considering that overnight charging will provide night-time “valley filling” benefits, the 
incremental demand presented by the EEEVs project is expected to be less than 60 MW. A 
“maximum demand” case of 60 MW represents incremental power demand of about 0.37% of 

                                                            
17  ADB. 2009. Electric bikes in the PRC: Impact on the Environment and Prospects for Growth. Manila. 
18  http://www.ehso.com/ehshome/batteries.php 
19  http://www.epa.gov/osw/hazard/wastetypes/universal/batteries.htm 
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total installed generating capacity of 16,359 MW.20 Total incremental energy demand due to the 
project is estimated at 150 GWh per year (assuming e-trike consumption of 5 kWh per day, 300 
days per year operation, and fleet of 100,000 vehicles), which represents incremental 
consumption of about 0.22% of reported generation output in 2010 and about 18.8 MW of 
equivalent baseload generation capacity. This additional demand on grid-supplied electricity is 
considered to be negligible. Table SA31.6 presents estimated changes in energy balance 
assuming the EEEVs and solar energy development projects are both implemented, along with 
other committed near-term RE  development.   

Table SA31.6: Capacity Balance for Vehicle Charging, Megawatts (MW) 
Capacity Additions MW 

Solar Charging Systems (5 x 200 kW stations ) 1 

New Rooftop PV and/or other solar energy installations 40 

Near-term RE Power Additions (see Table SA31.8) 138.5 

Subtotal 179.5 

Maximum Demand from EEEVs Project 60 

Net Capacity Additions 119.5 

     Source:  ADB staff estimates 

36. In the case of the Philippines, with a large share of RE in the generation mix, the GHG 
reductions and overall end-use EE gains will be quite significant. The GoP plans to establish 
solar charging stations wherever area and site access constraints do not exist, which will make 
the carbon footprint of these vehicles close to zero. Assuming consumption of 5 kWh per day 
and 300 days per year operation, an electric tricycle will use about 1.5 MWh of electricity per 
year, resulting in 780 kg CO2e per year using a grid emission factor of 0.52 tCO2e/MWh,21 
versus an equivalent ICE tricycle, which produces about 3.5 tons of CO2 each for the same 
service delivery – more than a 70% GHG emissions reduction. This estimated GHG reduction is 
consistent with a recent study by MIT, which stated that accounting for the total energy 
consumed from well to wheel,22 electric vehicles can reduce energy consumption by up to 50% 
and greenhouse gas emissions by up to 60% compared to ICE vehicles. The savings is in even 
more in congested urban areas, as the average speed is low (no electricity is used while 
stranded in traffic jams and these vehicles will not use any air conditioning). The energy losses 
in electric motors are less than ICE vehicles, and transmission and distribution of electricity is 
more efficient and cost effective than transportation of liquid fuels to the end user.  

GHG Reduction Estimates 

37. ADB’s carbon fund team has reviewed the proposed EEEVs project for potential CDM 
registration (independently of the ADB project team). As the pilot-tested EEEVs have reduced 
energy consumption as well as higher passenger capacity than conventional trikes, potential 
GHG reductions have been estimated on a per vehicle basis as well as a per passenger-
kilometer basis. The range of estimates and assumptions are shown below in Table SA31.7, 
with  base case reductions on a per vehicle basis applied to 100,000 vehicles yields estimated 
                                                            
20 Installed capacity is spread across 3 regional grids, as illustrated in the original CIP, Figure 11. 
21 The grid emissions factor of 0.52 tCO2e/MWh is consistent with 2010 generation output and various CDM projects, 
and is lower than equivalent emissions from gasoline-powered vehicles which would be 0.807 tCO2e/MWh for an ICE 
with 30% thermodynamic efficiency. 
22  Energy consumed and green house gases (GHGs) emitted from the time a vehicle’s energy source leaves the well 
 to the time it is consumed by the vehicle, details available at: http://web.mit.edu/evt/summary_wtw.pdf 
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GHG reductions of 0.27 million tCO2e per year. Table SA31.7 also shows estimated reductions 
based on scenarios of 100% RE-based electricity and 100% coal-based electricity: net 
reductions are achieved in all scenarios. The grid emissions factor of 0.52 tCO2e/MWh is at the 
mid-range of emissions factors used for several recently registered Clean Development 
Mechanism (CDM) projects in the Philippines.23 

Table SA31.7:  Emissions Reduction Estimates (tCO2e/year) 

Case 
Reduction on Per 
Vehicle basis 

Total 
Reductions 

Reduction on Per 
Passenger Basis 

Total 
Reductions 

Grid Mix 

Optimistic 3.634 363,400 6.361 636,100 100% RE 

Base 2.698 269,800 5.425 542,500 Current mix 

Worst case 1.834 183,400 4.561 456,100 100% coal 

Source:  ADB carbon fund team   
Assumptions: 

Vehicle operation / day  80 km / day   

Passengers in the conventional vehicle  4    

Passengers in Etrike 7    

Vehicle mileage 15  km / lit    

Vehicle operation  300 days / year 

Etrike electricity consumption 6 kWh / day  

Emission factor of grid 0.52 tCO2e / MWh 

Emission factor of petrol 2.271793 kg CO2e / lit 
 
38. The grid emissions scenarios shown in Table SA31.7 are consistent with other analyses 
illustrated in Figure SA31.1 below which shows the potential reductions of electric depending on 
the fuel used for grid-supplied electricity. [Note that Figure SA31.1 is based on analysis of 4-
wheel vehicles (cars and buses) and does not represent the local conditions in the Philippines.] 
Obviously, 100% RE-based vehicle charging provides the largest GHG reductions, and as noted 
above, the EEEVs project includes a component for prototype solar charging stations to 
demonstrate the technological viability and commercial potential of RE-based charging. In 2010, 
grid supplied electricity output was about 27% from geothermal, hydropower and other RE, and 
gas-fired power accounted for another 29% of output: the effective “all Philippines” grid 
emissions factor for 2010 is estimated to be 0.517 tCO2e/MWh, which is roughly equivalent to 
natural gas-fired electricity.  According to the analysis shown in Figure SA31.1, if “brown coal @ 
27% efficiency” is used to provide the incremental power needed to charge the EEEVs, there 
would be no GHG reductions. However, Figure SA31.1 is relevant for cars and buses in Europe, 
but does not provide an “apples to apples” comparison with local conditions in the Philippines.  
The existing 3-wheel vehicles in the Philippines have much higher emissions than that for cars 
and buses referenced in Figure SA31.1.  Also, emissions from EEEV charging are based on the 
Philippines grid mix because it is not possible to know precisely the source of incremental 
electricity used for battery charging.  Because charging times will vary and the marginal capacity 
                                                            
23 E.g., see Project Design Document for “ANAEROBIC DIGESTION SWINE WASTEWATER TREATMENT WITH ON‐SITE POWER 

PROJECT (ADSW RP2024),” registered on 7 January 2011.  The Project Design Document was accessed online on 14 November 

2011 at: 

http://cdm.unfccc.int/filestorage/S/2/Z/S2ZGB9RM5FO7D6W0E4PL3INVQCK8TH/2010.pdf?t=RFR8bHVvMXd5fDDh1GRICO3d4x

wrYQ2HbisL 



15 

 

on the grid changes with season and time of day, and also because the additional amount of 
electric generation required for the proposed EEEVs fleet is minimal (only 0.22% of 2010 
generation output), using the average grid emission factor is the best approximation.  

Figure SA31.1: Relative Greenhouse Gas Emissions for Petroleum vs. Electric Vehicles 

 

Source:  United Nations Environment Programme, Risoe Centre, 2011. Technologies for Climate Change Mitigation, 
Transport Sector.  TNA Guidebook Series.  March 2011.  Available online at:   
http://tech-action.org/Guidebooks/TNA_Guidebook_MitigationTransport.pdf 
Emissions are calculated using vehicle data cited for the Renault Fluence Z.E. and Tindo electric bus combined with 
fuel carbon intensities published in the Australian National Greenhouse Factors, July 2010, available at:  
http://www.climatechange.gov.au/publications/greenhouse-acctg/national-greenhouse-factors.aspx 

Projected Changes in Grid Emissions Factors 

39. The Philippines Department of Energy Power Development Plan 2009-2030 reports that 
near-term generation expansion comprises 1338 MW of committed capacity, of which 1200 MW 
is coal-fired, 70 MW is geothermal, 51 MW is hydropower, and 17.5 MW is biomass (see Table 
SA31.8, below).  Projecting beyond the current commitments is difficult, as the generation mix 
will be affected by the renewable portfolio standard and feed-in tariffs discussed in the main 
text. Table SA31.9 presents grid emission factors for three expansion scenarios assuming (i) 
generation output for 2010 and (ii) current commitments shown in Table SA31.8, (iii) a doubling 
of coal-fired capacity on top of 2010 generation output, and (iv) a 10-fold increase in coal-fired 
capacity on top of 2010 generation output. Of these 3 expansion scenarios, the first is 
considered to be firm, the second is considered to be plausible, and the third is considered to be 
unlikely. As noted in the main text, the incremental demand posed by 100,000 EEEVs is 0.22% 
of 2010 generation output.  Replication and scale up to 2 million EEEVs would represent 4.4% 
of 2010 generation output, but the actual share of future grid output would be lower given the 
programmed capacity additions. 

40. The third scenario presented in Table SA31.9 presents a grid emissions factor which is 
well below the calculated emissions factor for the current fleet of gasoline-powered tricycles 
(see further discussion below at paragraphs 42-46). Alternatively stated, with expansion of coal-
fired power 10 times beyond current level, with no additional RE capacity additions, the grid 
supplied power would still be less carbon-intensive than the gasoline-fired ICE vehicles being 
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replaced. This conclusion is consistent with independent estimates prepared by ADB’s carbon 
fund team shown above in Table SA31.7 (and is based only on consideration of CO2). 

 
Table SA31.8: Near-term Generation Expansion 

 

Source: Philippines Department of Energy, Power Development Plan 2009-2030; Table 4. 
 
 
Table SA31.9:  Grid Emissions Factor Scenarios 

Source Output in GWH % of grid mix Emissions Factor (t/MWh) Total Emissions (t/y) 
Base Case:  generation output in 2010 

Oil-based 7101 10% 0.6 4260600 

Hydro 7803 12% 0 0 

Geothermal 9929 15% 0 0 

Other RE 90 0% 0 0 

Coal 23301 34% 0.9 20970900 

Natural gas 19518 29% 0.5 9759000 

Total 67742 100% 0.517 34990500 

Expansion Scenario 1: Current Generation Expansion shown in Table SA31.8; no other renewable 
energy is added.  Grid factor increases to 0.553 tCO2e/MWh. 
Source Output in GWH % of grid mix Emissions Factor (t/MWh) Total Emissions (t/y) 
Oil-based 7101 9% 0.6 4260600 
Hydro 8026 10% 0 0 
Geothermal 10420 14% 0 0 
Other RE 213 0.3% 0 0 
Coal 31711 41% 0.9 28539900 
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Natural gas 19518 25% 0.5 9759000 
Total 76989 100% 0.553 42559500 
Expansion Scenario 2: Coal output expanded by 2x; all others fixed at 2010 output. Grid emissions 
factor would be slightly higher than gasoline emissions factor @ 40% thermodynamic efficiency of 
0.605 tCO2e/MWh. 
Source Output in GWH % of grid mix Emissions Factor (t/MWh) Total Emissions (t/y) 
Oil-based 7101 8% 0.6 4260600 

Hydro 7803 9% 0 0 

Geothermal 9929 11% 0 0 

Other RE 90 0% 0 0 

Coal 46602 51% 0.9 41941800 

Natural gas 19518 21% 0.5 9759000 

Total 91043 100% 0.615 55961400 

Expansion Scenario 3: Coal output expanded by 10x; all others fixed at 2010 output.  Grid emissions 
factor would approximately equal gasoline emissions factor @ 30% thermodynamic efficiency of 
0.807 tCO2e/MWh. 
Source Output in GWH % of grid mix Emissions Factor (t/MWh) Total Emissions (t/y) 
Oil-based 7101 3% 0.6 4260600 

Hydro 7803 3% 0 0 

Geothermal 9929 4% 0 0 

Other RE 90 0% 0 0 

Coal 233010 84% 0.9 209709000 

Natural gas 19518 7% 0.5 9759000 

Total 277451 100% 0.806 223728600 

Source:  ADB staff estimates, based on Philippine Power Statistics, 2010. 
Note:  Estimates of generation output assume that the additional biomass, coal, and geothermal run at 80% output; 
and that additional hydropower runs at 50% output.  

Comparison of ICE Emissions vs. Grid Emissions Factors 

41. As noted in the main text, conversion from ICE to EEEVs will save energy, as the energy 
losses in ICE vehicles are typically 70–80% versus 5–15% in EEEVs. A brief discussion follows 
to illustrate how current ICE efficiencies compare to the emissions scenarios presented in Table 
SA31.9, and whether improvements in ICE efficiencies and sustainable renewable fuels could 
achieve the same GHG reductions envisioned in the proposed EEEVs project.  

42. The energy and CO2 content of gasoline expressed in terms of carbon intensity, 
analogous to a grid emissions factor, is calculated as follows:  

Gross energy content of gasoline: 34.2 Megajoule (MJ) / liter (L) 

Converted to kWh:   34.2 MJ / L x (1 kWh / 3.6 MJ) = 9.5 kWh / L 

Theoretical Carbon intensity:  (2.3 kg CO2e / L) / (9.5 kWh / L) = 0.2421 kg CO2e / kWh  

43. This theoretical carbon intensity of gasoline, which assumes 100% thermodynamic 
efficiency, is much lower than the grid emissions factor estimated for 2010 generation output 
(the Base Case shown in Table SA31.7 and Table SA31.9). In practice, thermodynamic 
efficiencies of motorcycle/tricycle engines are probably on the order of 20%. Automobiles with 
internal combustion engines have typical efficiencies of about 25%. The Toyota Prius equipped 



18 

 

with an Atkinson cycle engine has efficiency of 34% at peak power output of 52 kW.24 Table 
SA31.10 shows these efficiencies in terms of carbon intensity, compared with the emissions 
scenarios shown in Table SA31.9. 

Table SA31.10:  ICE Efficiencies vs. Grid Emissions Scenarios 

Vehicle / ICE Efficiency Carbon Intensity 
Comparison to Emissions Scenarios in 

Table SA31.9 

3- and 2-wheelers / 20% 
(0.2421 kg CO2e / kWh) / 0.2 = 
1.21 kg CO2e / kWh 

More than 2.3 times as “dirty” as current grid 
mix and about 50% “dirtier” than Scenario 3.  

Light duty vehicle / 25% 
(0.2421 kg CO2e / kWh) / 0.25 = 
0.97 kg CO2e / kWh 

“Dirtier” than Scenario 3.  Roughly equivalent to 
100% coal-fired electricity. 

Toyota Prius / 34% 
(0.2421 kg CO2e / kWh) / 0.34 = 
0.712 kg CO2e / kWh 

The Prius engine is “dirtier” than the 2010 grid 
mix and Scenarios 1 and 2, but cleaner than 
Scenario 3. 

Source:  ADB staff estimates  

44. An ICE would need to achieve 47% efficiency to have an emissions factor equivalent to 
the 2010 grid mix, calculated as follows:  

 (0.2421 kg CO2e / kWh) / (0.517 kg CO2 e / kWh) = 47% 

45. This calculation shows that the current trikes would require upgrading to or replacement 
with ICEs with 47% efficiency to achieve the same emissions reductions expected from the 
proposed EEEVs project. However, after more than 100 years of ICE technology 
development, there is no engine on the market with 47% efficiency that could be 
deployed at scale. Further, the current push by the world’s major automobile manufacturers 
towards EEEVs suggests that there is no expectation of such an efficiency breakthrough in the 
near future. If such a breakthrough does occur, a converted fleet would need to be powered by 
sustainable renewable fuels in order to achieve the GHG reductions and the non-climate 
benefits associated with EEEVs.  

Electric Vehicle Eligibility 

46. CTF guidance acknowledges the realities of building 100% RE-based charging 
infrastructure in advance of electric vehicle (EV) deployment: EVs are being marketed 
worldwide in advance of RE-based charging networks, and there is no country pursuing a 100% 
RE-based charging objective at present. Therefore, CTF guidance does not require that EVs 
be powered with RE. The CTF Investment Criteria for Public Sector Operations, 9 February 
2009; footnote 6 to paragraph 6 (b) (iv) states:  

“Plug-in electric vehicles would be considered only when the energy systems from which 
they draw the power are less carbon intensive than the emissions from a stand-alone 
electric hybrid.”    

47. In this case, the pilot-tested e-trikes are considered to be “plug-in electric vehicles.”  
However, to the best of ADB and GoP knowledge, “stand-alone electric hybrid” trikes or 
motorcycles have not been marketed and pilot-tested, so an “apples-to-apples” comparison is 
not possible. The calculations presented above are intended to demonstrate that the EEEVs 

                                                            
24 Source:  David J.C. MacKay. 2009. Sustainable Energy Without the Hot Air;” page 262.  Available on line at:  
www.withouthotair.com.   
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project meets the CTF eligibility criteria.  Until a stand-alone electric hybrid 3-wheeler appears 
on the market so that an apples-to-apples comparison can be made, the foregoing calculations 
and discussions indicate that the proposed EEEVs project meets the CTF eligibility requirement.   

 




