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Fuel CO2 Policies and 
Refuelling Infrastructure 

 
 
Introduction 
 
This record of evidence forms part of the work undertaken by UKERC’s Technology and 
Policy Assessment team relating to its project on policy strategy for carbon emissions 
reduction in the passenger transport sector. The material was produced alongside the project’s 
main report and since it supports that report, it was judged appropriate to make this material 
available to a wider audience. The main report itself ‘What Policies are Effective at Reducing 
Carbon Emissions from Surface Passenger Transport?’, and the supporting evidence can be 
found at: 
 
http://www.ukerc.ac.uk/ResearchProgrammes/TechnologyandPolicyAssessment/TPAProjects
.aspx 
 
 
Explanation of Content 
 
Evidence on this policy measure has been collected by the TPA team on the basis that it has, 
or may have, the potential to result in carbon dioxide emissions reductions in the passenger 
transport sector. This evidence document begins with a summarised description of the policy 
measure. The evidence itself follows the summary and is presented in table form.  
 
Each piece of evidence has been assigned a separate row and tabulated using four columns: 

 Year of publication, arranged chronologically, beginning with the most recent year 
 Name of author, including where applicable additional cited authors (and year); and a 

Reference ID number. 
 Type of evidence: 

o Evidence containing quantitative information is denoted by the letter ‘Q’ 
o Qualitative evidence is denoted by the letter ‘C’ for ‘comment’ 

 The evidence itself 
 

The evidence was originally gathered and assessed using several sub-headings. The purpose 
of this was primarily internal i.e. to facilitate the handling of evidence and the production of 
the main report. These sub-headings have been retained here as follows: 
 

 Policy Measures and Carbon Savings 
 Other potential CO2 Impacts i.e. outside of the immediate policy influence 
 Other Benefits e.g. air quality improvement or traffic congestion reduction 
 Policy Costs and/or Revenues i.e. to local or national government 
 Business and Consumer Costs 
 Unintended Consequences e.g. rebound effect 
 Reasons/Arguments for Carbon Savings Achievement or Failure 
 Policy Suitability for the UK 

 
A list of references follows the evidence tables. Note that the Reference ID numbers are 
allocated by Reference Manager, the referencing software used by the TPA team.  
 
Any charts, figures and tables referenced in the evidence are not reproduced here but can be 
found in the original publication or evidence material. 
 
Where no relevant evidence was found for a particular sub-heading, this has been noted. 
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Policy Description 
 
The evidence recorded here covers policies to encourage the use of lower CO2 fuels (for 
example, the Renewable Transport Fuel Obligation) including fuel tax policy when 
differentiated by CO2 emissions. It also includes any evidence regarding policies promoting or 
facilitating refuelling infrastructure for alternative fuels. 
 
 
Evidence Tables 
 
Carbon Savings and Policy Measures 
 
Year Author Type Evidence 
 LPG 
2003 EST (ref 

11333) 
Q Carbon content of LPG is 16.4kgC/GJ (19% lower than 

petrol and 13% lower than diesel). 
 
Well to tank benefits are approx. 8% and 4% for petrol 
and diesel respectively. 
 
Taking into account fuel carbon content and upstream 
energy use, well to wheel carbon emissions from LPG 
vehicles are approx 18% lower than petrol vehicles and 
approx the same a diesel vehicles (dedicated LPG vehicles 
would be 25-30% better than petrol and 10% better than 
diesel). 

 CNG 
2003 EST (ref 

11333) 
Q The primary benefit of CNG over diesel is air quality 

(~90% reduced particulate matter for a mono-fuel CNG 
engine vs. Euro III Diesel).  CO2 emissions are roughly 
the same, although they can be reduced up to 10% if the 
combustion system is fully developed. 
   
The air quality benefits of a mono-fuel CNG engine over a 
petrol engine are less marked, but the CO2 reduction 
increases to 30% vs petrol.   
  
Dual-fuel engines and mono-fuel lean burn engines 
sacrifice some of the air quality savings achieved by 
mono-stoichiometric engines (half the NOx savings) to 
improve CO2 savings to 20% vs Euro III diesel.  

 RTFO 
2008;  
 
2007 

BERR (ref 
11483); 
DEFRA 
(ref 11255) 

Q DEFRA (2007) and BERR (2008) estimate RTFO carbon 
savings and costs as follows: 
Carbon saved per annum (MtCe) in 2010 = 1.6 
Carbon saved per annum (MtCe) in 2020 = 1.6 
Total net benefit (£m present value over lifetime) = -2,700 
Cost-effectiveness (benefit, £/tCe saved) = -135 

2007 Anable and 
Bristow 
(ref 12297) 
citing DTI, 
2007 

Q Anable and Bristow (2007) summarise the estimates of 
carbon savings resulting from the RTFO (citing DTI, 2007 
– Updated Energy and Carbon Emissions Projections): 
 
5% target was 1.2 MtC in 2010, 1.5 in 2015 and 1.6 MtC 
in 2020. The 1.6 MtC figure does not include upstream 
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Year Author Type Evidence 
emissions from biofuels when these emissions occur in 
other countries. 
For the extension to 10%, additional savings would be 
0.01 MtC in 2010, 1.32 MtC in 2015 and 1.18 MtC in 
2020. 

2007 HM Gov’t 
(ref 11256) 

Q HM Government (2006) estimate that the RTFO will lead 
to a 1.6MtC reduction in emissions.  
(This figure follows the internationally agreed 
methodology for allocating emissions to individual states, 
which prevents global double counting of emissions. As 
such it does not take into account the carbon emitted 
during the production of biofuels which are produced 
abroad and used in the UK. When this is taken into 
consideration the net global reduction in carbon dioxide 
emissions is around 1MtC, equivalent to taking one 
million cars off the road, without stopping people from 
travelling).  

2006 DfT (ref 
11266) 

Q DfT (2006) estimates a 1MtC reduction due to the RTFO  
by 2010 - slightly lower than DTI estimates (1.2MtC by  
2010).   
 
Including upstream emissions, the DfT estimates 0.7 – 0.8 
MtC from meeting the 5% RTFO target (a carbon saving 
from road transport of 2.5%).

2006 DfT (ref 
11266) 

Q The current 20p per litre duty incentive for biofuels, 
guaranteed until 2008/9 (the anticipated start date for the 
RTFO), has stimulated a modest market in the UK, 
currently around 0.4% of total fuel sales.  

 Biofuels 
2007 Anable and 

Bristow 
(ref 12297) 

C Anable and Bristow (2007) includes various estimates of 
the cost effectiveness of different biofuel technologies. 

2007 World 
Energy 
Council 
Annex 1 
(ref 11481) 

Q Since 1976 Brazilian ethanol production has led to a 
replacement of 1,09 billion boe (barrel oil equivalent) of 
petrol fuel and by this Brazil prevented the emission of 
615 million tons of CO2  (Assuming one ton of sugar cane 
from Brazil has the same energy as 1,2 barrel of crude oil. 
It yields 89 litres of ethanol and it contains 280 kg of 
bagasse). See Figure 1: Fuel demand for otto-cycle 
vehicles in Brazil. 
 
Brazilian ethanol refineries generate their own process 
heat and electricity from the bagasse, with many refineries 
selling the surplus electricity to the grid. Ethanol from 
sugar cane has a highly positive energy balance with a 
Fossil Energy Balance of 8 (compared to ethanol from 
corn or biodiesel from Rapeseed).  

2007 Gallagher 
(ref 11461) 

C Policy proposals aimed at increasing the availability and  
use of alternative fuels may fail to provide safeguards to  
prevent alternative fuels from resulting in a net increase  
in GHG emissions. Use of coal-to-liquids without carbon  
sequestration, for example, would displace oil  
consumption, but would cause a big net increase in GHG  
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Year Author Type Evidence 
emissions.

2007 Buchan 
(ref 11452) 

C It may be better to plant for carbon capture rather than 
grow plants for biofuels because the associated GHG 
emitting processes to produce the biofuel from the crop, 
and then transport it, can more than compensate for the 
slightly slower rate of carbon absorption of trees.  Much 
of this is captured in the soil and thus even grasslands can 
sequester carbon.  At the very least, the benefit of using of 
land for biofuel should be compared to using it for carbon 
capture, which would radically alter the savings claimed.  

2007 Buchan 
(ref 11452) 

Q Buchan (2007) highlights a project at the University of 
Strathclyde. This estimated that using all the setaside land 
in the UK could produce about 3-4% of vehicle fuel 
consumption. Producing the whole amount of fuel 
required nationally would take virtually all of the land 
area of the UK, according to their assessment. This is in 
line with other estimates for current biofuels, although 
next generation fuels using more woody crops could be 
more productive, probably 2 to 3 times better than sugar 
cane, the current most effective option for bioethanol.   

2006 Smokers 
(ref 11268) 

Q Smokers (2006) models emissions savings from biofuels: 
“the additional replacement of 1% of fossil fuel use (in 
energy terms) by the use of biofuels over and above the 
effects of the Biofuels Directive is estimated to result in an 
overall GHG emission reduction for EU-15 of 3.1 to 4.0 
Mtonne/y.” The range depends on the fuel mix and fuel 
origin assumed. 

2003 Anderson 
(ref 11240) 

Q The use of alternative fuels within the UK car market has 
the potential to decrease CO2 (eq.) emissions by 1.08% by 
2010 (and 42.22% by 2050) (baseline data in Anderson, 
2003). It can be seen that the short term reductions are 
limited in comparison to the other tools investigated – 
especially in relation to the demand reduction measures 
(8.91% by 2010) and Road Fuel Price Increase of 10% 
(4.05% reduction by 2010).  

2003 Harmsen 
(ref 
11449); 
and citing 
EU, 
2001a,b,c 

Q In the EU, six countries use relatively large quantities of 
biofuels. These countries are France, Germany, Italy, 
Spain, Sweden and Austria. Compared to the consumption 
of gasoline and diesel, the market share of biofuels in the 
EU is currently 0.3%. This is equivalent to 2 Mton of CO2 
reduction (if biofuel is regarded as CO2 free). 
  
The potential market share of biofuel produced in the EU 
is 8% (citing EU, 2001a,b,c). The potential is limited due 
to the availability of agricultural area. In September 2002, 
the EU Commission proposed a target for a minimal 
market share of biofuels of 2% in 2005 and 5.75% in 2010 
(approximately 50 Mton CO2 reduction). This results in a 
large reduction potential.  

 Tax credit 
1999 Leiby (ref 

11157) 
citing 

Q One of the interesting policies suggested for reducing 
GHG emissions from the transportation sector, is to offer a 
tax credit for low GHG emission fuels equal to that 
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Year Author Type Evidence 
DOE, 1996 currently available to ethanol, namely $0.54 per physical 

gallon, or about $0.80 per GGE. The tax credit is 
structured such that a zero GHG emission fuel (pure 
ethanol from biomass) would gain the full $.80 per GGE 
credit and gasoline would receive a credit of zero. Other 
fuels would receive a prorated credit or tax depending on 
whether their GHG emissions are less or greater than 
those of gasoline. Shown in Figure 15 are the “lifecycle” 
GHG emissions of each fuel based on estimates by the US 
DOE (1996). Additionally shown are the GHG emissions 
from fuel production and use only; excluding emissions 
from vehicle production. Lastly shown are the cents per 
gasoline gallon equivalent (GGE) credits or taxes based on 
the GHG emissions from fuel production and use. 

 
 
Other CO2 Impacts 
 
Year Author Type Evidence 
2007 Anable and 

Bristow 
(ref 12297) 

C Biofuels may lead to direct deforestation to clear land for 
crops or indirectly by using existing farmland for bio-fuel 
production and displacing other users towards forest. As 
deforestation is one of the main contributors to greenhouse 
gas emissions globally, this is a very serious issue. 

2007;  
 
 
 
 
2006 

Anable and 
Bristow 
(ref 12297) 
citing Azar 
et al., 2003; 
Kampman 
(ref 11466) 

C Using biomass in the transport sectors results in lost 
opportunity for potentially more cost-effective carbon 
saving in the electricity and heat sectors (citing Azar et al, 
2003; Kampman, 2006,).   

 
 
Other Benefits 
 
Year Author Type Evidence 
2005 Litman (ref 

3344); and 
citing 
Bricker, 
1997 

C Alternative fuel vehicles have mixed impacts on safety, 
reducing some risks and increasing others.  For example, 
electric vehicles reduce risks associated with petroleum 
fires, and increase risks associated with battery chemicals, 
electrical shocks, and crash risk to pedestrians and cyclists 
(because electric vehicles are quiet at lower speeds).  
 
Impacts on conventional air pollutants vary.  For example, 
diesel fuel increases particulates and sulfur emissions. 
Methanol and ethanol increase emissions of some toxics. 
Electric vehicles eliminate tailpipe emissions but their 
overall emission impacts depend on the marginal electrical 
generation fuel.  
 
Consumer impacts are mixed-most alternative fuel 
vehicles have higher purchase costs and lower operating 
costs, and some have reduced performance attributes, such 
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Year Author Type Evidence 
as speed, range and carrying capacity.   

2003 EST (ref 
11333) 

C High quality LPG conversions will continue to offer air 
quality benefits as long as they are replacing existing 
polluting vehicles, and not new, more fuel efficient petrol 
and diesel vehicles.  This benefit is of particular interest to 
polluted urban areas. 

2003 Harmsen 
(ref 11449) 

C Biofuel use reduces oil dependence. 

 
 
Policy Costs and/or Revenues 
 
Year Author Type Evidence 
   RTFO 
2007 Anable and 

Bristow 
(ref 12297) 
citing 
Defra, 
2006c; 
DTI, 2006; 
DTI, 2007 

Q Several references provide data on cost per tonne of 
Carbon abated for the RTFO: 

 £127/t (for meeting 5% RTFO by 2015 – resulting 
in 1.6MtC/yr) (citing Defra, 2006c – UK CCP 
Final RIA). 

 Increasing the RTFO to 10% by 2015 (baseline 
5%) ranges between £86/t (low oil price) and 
£290/t (high oil price) with a central estimate of 
£174/t.  (citing DTI, 2006 - Synthesis of Cost 
Benefit Analysis, supporting documentation to the 
Energy Review).  

 An update of the projected RTFO cost, in 2007, 
produced slightly revised carbon saving estimates: 
the cost estimate under the ‘central oil price’ 
scenario hardly changed (£175/t) but the cost 
range widened to be between £54 (low oil price) 
and £311 (high oil price) (citing DTI, 2007 - 
Synthesis of the analysis of the energy white 
paper. URN 07/971. May 2007).  

2006;  
 
 
2003 

Kampman 
(ref 
11466); 
Harmsen 
(ref 11449) 

Q Estimates of CO2 reduction costs of the use of biofuels 
vary (depending on specific biofuels used, location 
considered, and the boundaries of the study): 
 

 Harmsen (2003) includes survey results on five 
different schemes throughout Europe, with CO2 
reduction costs ranging from €80/tCO2 to 
€648/tCO2 (varying calculation methods and 
boundaries). 

 In the opinion of Harmsen (2003) and Kampman 
(2006), cost effectiveness analysis should only be 
based on society costs, resulting in €100-€200/ton 
CO2 (Harmsen, 2003). If a well-to-wheel 
approach is used, taking into account the CO2 
emissions in other sectors (agricultural, fuel 
processing) CO2 reduction costs for bio-diesel 
may increase to €200-€400/ton CO2. For bio-
ethanol the costs per ton CO2 are even higher.   

2003 Harmsen 
(ref 11449) 

C Government costs of increasing biofuels use could 
increase due to the loss of (fuel) tax income and the costs 
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Year Author Type Evidence 
citing Atlas 
project, 
1997 

of other subsidies needed to encourage market penetration. 

 
 
Business and Consumer Costs 
 
Year Author Type Evidence 
   RTFO 
2006 DfT (ref 

11266) 
Q Two tables from DfT – Table 1 and 6 – provide data on 

fuel costs to consumers 
(http://www.dft.gov.uk/pgr/roads/environment/rtfo/secrtfo
progdocs/partialregulatoryimpactasses3848?page=5). 

   Alternative Fuels (General) 
2005 Litman (ref 

3344) 
C Some alternative fuels reduce per-km vehicle operating 

costs (often due to favourable tax treatment and 
production subsidies) and so increase vehicle travel. 

2003 Leiby (ref 
3086) 

Q Leiby’s (2003) modelling (Figure 5) illustrates that: 
A subsidy to alternative fuels on the basis of their reduced 
greenhouse gas (GHG) content could displace gasoline 
with a social surplus cost ($/Gal Gasoline Equivalent) of 
about $0.70/gallon. 

   LPG 
2003 EST (ref 

11333) 
C LPG’s cost advantage over diesel is minimal, but could be 

improved with the use of mono-fuel LPG vehicles. 
2003 EST (ref 

11333) 
Q In the UK, LPG was, in 2003, about 38p/l, which is about 

half the price of petrol or diesel.  However, this is offset 
somewhat by: 

 reduced fuel economy (1litre of LPG takes you a 
shorter distance than 1litre of petrol) 

 Increased vehicle price - either new or LPG 
conversion costs more than petrol or diesel (in 
2003, new cars and vans (LPG) were £1,500 - 
£2,000 more expensive than an equivalent 
conventional vehicle).   

   Natural Gas Vehicles 
2006 Smokers 

(ref 11268) 
C “Natural gas is a relatively expensive option for reducing 

CO2-emissions from passenger cars. Abatement costs are 
generally higher than for efficiency improvement of 
conventional cars.” 
 
If cost reductions were possible beyond the cost value 
used for Smokers’ assessment, then conversion to natural 
gas could compete with the expensive technologies that 
need to be applied to passenger cars for reaching 2012 
targets of 125 or 120 g/km in scenarios with a high oil 
price.   

2003 EST (ref 
11333) 

Q NGV Running Costs are marginally better than 
conventional vehicles: 

 Fuel costs for a small NGV are < 6 pence per mile 
(compared to 10 pence per mile for petrol).  

 Tests on dual-fuel vehicles have demonstrated 
fuel savings of between 6-15%.  
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Year Author Type Evidence 
 Up to 30% savings on fuel costs can be obtained 

for large commercial vehicles compared to diesel.  
2003 EST (ref 

11333) 
C The capital cost of NGVs is significantly more than 

equivalent conventional vehicles: 
 A large commercial Natural Gas Vehicle (NGV) 

such as a truck is £20,000 - £40,000 more 
expensive. 

 For NGV vans the premium is about £4,000-
6,000.   

   Biofuels 
2006 Kampman 

(ref 11466) 
C Kampman (2006) argues that, at least in the next 5-10 

years, fuel efficiency measures in vehicles will be more 
cost-effective than biofuels.  
 
The only exception might be biofuels produced in tropical 
regions: Brazilian ethanol can already compete with petrol 
at oil prices of approximately $ 50-55 per barrel (without 
import tariffs).  

2005 Stern (ref 
11308) 
citing 
Bauen 
(2005)  

Q Biofuels start to become competitive when the oil price is  
over $65/barrel (see Table 4 – Comparison of price 
difference between biofuel and fossil fuel).  

2005 Ryan (ref 
3012) 

Q The cost to government due to an excise duty rebate on 
biofuels from various sources is shown in Table 5. 

2004 IEA (ref 
11348) 

C Low-cost ethanol is already being produced in large 
quantities by Brazil using sugar cane as a feedstock. As of 
mid-2004, Brazilian ethanol prices were below those of 
Brazilian gasoline, even when adjusted for energy content 
and excluding taxes (Figure 5). Other developing 
countries are ramping up production capacity for the same 
(sugarcane-to-ethanol) fuel chain. If they can achieve 
similar low costs, which appears likely, the opportunities 
for global trade in inexpensive, low-CO2-emissions 
biofuels should expand rapidly. The cost of the rapid 
reductions in oil use offered by these fuels would fall 
accordingly.  

 
 
Unintended Consequences 
 
Year Author Type Evidence 
2007 Anable and 

Bristow 
(ref 12297) 

C The costs of subsidies to support bio-fuel development are 
substantial. 

2007 World 
Energy 
Council 
Annex 1 
(ref 11481) 

Q The Brazilian ethanol program has led to widespread 
replacement of small firms and varied agriculture by vast 
fields of sugarcane monoculture. This resulted in a 
decrease in biodiversity and further shrinkage of the 
residual native forest – not only from deforestation but 
also through fires caused by the burning of adjoining 
fields. The achievements of reducing CO2 emissions via 
ethanol must be put into the perspective that about 80% of 
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Year Author Type Evidence 
Brazil’s greenhouse gas emissions officially come from 
deforestation. One hectare of land in Brazil can grow 
sugar cane for ethanol which saves 13t of CO2 a year. 
Natural forest on the same hectare of land would absorb 
20t of CO a year. 

2007 Gallagher 
(ref 11461) 

C Concerns exist that a sharp increase in the production of 
first generation ethanol may increased pollution from 
fertilizers and pesticides, soil erosion from over-reliance 
on one crop, and conversion of natural lands into biofuel 
production. 
 
Second-generation ethanol – so called “cellulosic” ethanol 
– is still in the R&D stage, and while it offers the promise 
of greatly expanded potential for ethanol production from 
a much wider array of feedstocks, the costs are still very 
high and the biodiversity and ecological implications 
remain unclear. 

2005 Bauen (ref 
11326) 

C The effects of intensification and expansion of agricultural 
activities associated with energy crops could lead to 
negative environmental impacts on biodiversity, water 
resources, soil quality, air quality and landscape character.  
Social impacts, particularly in developing countries must 
also be considered (e.g. child labour, forced labour, poor 
working conditions and health and safety risks). 

2003 Harmsen 
(ref 11449) 

C In the public opinion, there are some comments on the 
(possible) decline in food production and the land use 
competition with nature. In our opinion, biomass for 
energy in Europe, as proposed by the EU commission, 
will not have a negative effect on world food production. 

 
 
Reasons/Arguments for Carbon Saving Achievement or Failure 
 
Year Author Type Evidence 
   General 
2003 Anderson 

(ref 11240) 
C The real emission benefits of alternative fuels will take 

place over a far longer time frame. This long lag time is a 
consequence of a number of factors:  
 

 The LPG tax freeze (2000-2003) reduced 
confidence in the AF market as fleet managers are 
reluctant to introduce such fuels due to concerns 
about future rises in tax levels. A longer-term (10 
year) view of fuel taxation would ensure that fleet 
managers have higher confidence in the 
alternative fuels market and can plan ahead more 
effectively. 

 The gaseous AFs (e.g. CNG) need extensive 
refuelling infrastructure construction. However, 
the total amount of gaseous refuelling stations will 
be influenced by the quantity of stations that have 
the required separation distances needed for safe 
installation of gaseous fuel storage tanks. 
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Year Author Type Evidence 
2003 Anderson 

(ref 11240) 
C No matter what changes are made to assist the penetration 

of alternative fuels into the market, it should be recognised 
that the only alternative fuel that can deliver real long-
term emission benefits is hydrogen. However, this relies 
heavily on hydrogen being produced via renewable energy 
sources. 

   LPG and CNG 
2007 ECMT (ref 

11272) 
C ECMT (2007) notes the following barriers:  

 The relatively low cost of petrol and diesel, 
notwithstanding the increase in oil prices in 2005. 

 The lack of an existing market for some 
alternatives (therefore making investment more 
risky). 

 The lack of a distribution infrastructure for 
gaseous fuels. 

2003 Leiby (ref 
3086) 

Q Leiby’s (2003) modelling results (Figure 4) show that 
even if oil prices do rise, some additional policy will be 
needed to overcome the transitional barriers of low 
production scale and limited fuel availability to induce 
substantial alternative fuel use by 2010. This is confirmed 
by the base case (i.e., no new policy) outcome in Figure 4, 
in which essentially no alternative fuel is used, even with 
dramatically higher oil prices.  

2001 Leiby (ref 
3121) 

C Leiby (2001) argues that the attractiveness of an 
alternative fuel technology will depend on the diversity of 
vehicle models for which it is available.  
  
Offering, for example, methanol fuel technology on only a 
single model will put methanol vehicles at a disadvantage 
compared to gasoline vehicles, all else equal. At the same 
time, offering methanol capability on several different 
models is expensive because it lowers plant scale for any 
overall level of production.    
 
It is therefore advantageous for manufacturers to roll out 
AFV versions of their most popular vehicle lines.  

2001 Leiby (ref 
3121) 

C Leiby (2001) lists the following transitional barriers that 
are at the heart of the AFV debate:  

 vehicle and fuel production scale economies 
 consumer costs of low retail fuel availability 
 limited AFV model choice 
 consumer uncertainty about fuel and vehicle 

performance and reliability 
 the slow turnover of durable capital equipment 

and vintaged vehicle stock.  
2001 Leiby (ref 

3121) 
Q Despite US Gov’t expectations, and announcements of 

large numbers of AFVs being built by major car makers, 
the EPACT targets will not be met (10 % displacement by 
AFs for the year 2000, 30% displacement by 2010). 

1999 Leiby (ref 
11157) 

C Modelling by Leiby (1999) suggests that the costs of 
supplying technological diversity outweigh the benefits 
such that only one or two alternative fuel technologies are 
able to successfully remain in the market, even in cases 
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Year Author Type Evidence 
where there is substantial AFV penetration due to policies 
(e.g., GHG-tax credit case). 

   RTFO 
2005 Bauen (ref 

11326) 
C Linking RTFO certificates to GHG savings has a number 

of important benefits: 
1. A direct link between the policy mechanism and 

the policy objective of GHG reductions, ensures 
that the objective is met 

2. It provides an efficient market based mechanism 
for achieving GHG reductions through the 
introduction of RTFs, resulting in the lowest GHG 
abatement costs in relation to RTFs 

3. It stimulates the development and implementation 
of techniques and technologies that reduce GHG 
emissions and result in additional environmental 
benefits e.g. reduced emissions of other 
pollutants.   

 
It is also important to ensure that there is some assurance 
of the actual carbon emissions reductions that result from 
the use of RTFs in order to: 

1. Ensure EU Biofuels Directive reporting 
requirements are met, and allow the assessment of 
the contribution of RTFs to national GHG 
emissions reductions targets.  

2. Maintain credibility of the RTFO 
3. Incentivise the supply of RTFs with lower GHG 

balances (which may be more expensive than 
those with higher GHG balances) 

4. Ensure minimal GHG abatement costs – the use of 
cheaper but more carbon intensive RTFs may 
actually result in higher overall costs of GHG 
abatement.   

   Biofuels 
2007 Gallagher 

(ref 11461) 
Q There are doubts over the lifecycle energy savings and 

GHG benefits of corn-based ethanol. Production can be 
very energy intensive, depending on how the corn is 
grown and then refined into ethanol (e.g., how much fossil 
fuel is used to create chemical inputs like pesticides and 
fertilizer, and whether natural gas or coal is used during 
the refining process). On a lifecycle basis, however, corn 
ethanol is estimated to reduce energy consumption by 
25% on average. Corn ethanol also averages 12% lower 
net greenhouse-gas emissions on a lifecycle basis than 
gasoline and diesel. Biodiesel has greater energy and 
GHG benefits, but much of the U.S. produced biodiesel 
has been shipped to Europe, where prices are more 
favourable.   

2007 World 
Energy 
Council 
Annex 1 
(ref 11481) 

C The main problems the Brazil Ethanol Program had to 
cope with were commodity price swings. Enthusiasm for 
ethanol is always highest when oil prices are high and 
sugar prices low. In the 1990’s with low oil prices and 
high sugar prices there was little political support to the 
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Year Author Type Evidence 
program. It even led to shortages in ethanol supply and 
ethanol imports. Also public attitudes changed. Public 
support for ethanol fuel collapsed quickly amidst 
shortages in supply.  One essential way to prepare for 
these price swings is a car-fleet with flex-fuel vehicles that 
can use both types of petrol. 

2006 Smokers 
(ref 11268) 

C Current fuel specifications limit the percentage of biofuel 
in mainstream road fuels to 5%, and car warranties limit 
the blends used. Strong engagement for the main vehicle 
and fuel companies is needed to allow higher blends. 

2006;  
 
2005 

Smokers 
(ref 11268) 
Bauen (ref 
11326) 

C For any type of policy to support biofuels, certification is 
needed to prove that particular biofuels both deliver a 
given level of greenhouse gas reductions and are 
‘sustainably’ produced. 

2003 Harmsen 
(ref 11449) 
citing Atlas 
project, 
1997 

C The agricultural sector is enthusiastic about the 
opportunity to export biofuels to where the prices are most 
favourable, but the price of the product should be in line 
with what they can earn with food production. 

   Stationary versus transport use of biofuels 
2006 Kampman 

(ref 11466) 
Q Biomass can be more cost-effectively used in the  

electricity sector to replace coal, than in the transport  
sector as a replacement of petrol or diesel. See Figure 2. 

2006 Kampman 
(ref 11466) 

C In the longer term, the differences in cost effectiveness are 
expected to become smaller.  
 
To achieve this, however, biofuels need to be developed 
that perform much better than current biofuels, both 
regarding GHG reduction and cost. Bio-ethanol and 
Fisher-Tropsch diesel, both from woody crops, are likely 
candidates, but perhaps also other 2nd generation biofuels 
such as HTU diesel can meet these criteria. 

2006 Kampman 
(ref 
11466); 
and citing 
CE, 2005 

Q Figures 3 and 4 show the results of estimates of longer 
term (2010- 2020) cost effectiveness. Although 2nd G 
biofuels and some electricity routes are in R&D stage, it is 
assumed, in the calculations, that the technologies are 
applied in large-scale production facilities. Uncertainty 
ranges are significant, but are not shown for readability 
reasons.  
 
These figures illustrate that bio-based electricity 
generation is likely to remain a more cost effective 
application for biomass in the future (at least until 2020), 
even compared to the more cost effective 2nd generation 
biofuels. However, these future biofuels may achieve 
comparable performance in case of high oil prices, stable 
(i.e., low) coal prices and low biomass prices. 
  
The graphs furthermore show that in both routes, cost 
effectiveness strongly depends on the biomass cost. Future 
biomass costs are currently anticipated at 6 €/GJ for 2010 
and beyond (citing CE, 2005).  

2006 Kampman C Kampman (2006)’s analysis shows that hydrogen can be 
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(ref 
11466); 
and citing 
Concawe, 
2005 

more cost-effectively used to replace fossil-fuelled power 
generation than fossil fuel in transport.  This conclusion is 
in line with a recent report by CONCAWE, EUCAR and 
JRC (citing Concawe, 2005).  

   Alternative/complementary policies 
2006 Kampman 

(ref 11466) 
C Fuel efficiency measures may be more cost-effective than 

biofuels in the short to medium term, and possibly long-
term if environmental policies can be designed to alter 
purchasing behaviour. However, if the scope of 
environmental policies remains limited to technological 
adaptations, costs of fuel economy may substantially rise. 
In that case, costs may approach the level of biofuels.  

2005 Annema 
(ref 11287) 

C One policy strategy to tackle the climate change problem, 
and to reduce oil dependency would be to implement the 
White Paper pricing policy of ‘getting the pricing right’ 
(including a CO2 emission levy) with more force on or 
implementation of an international system of tradable 
CO2 permits including transport. This could be combined 
with a gradual implementation of stricter emission 
standards for air-polluting substances for new vehicles. 
This policy strategy would lead to more flexibility for the 
transport and fuel-producing sectors to choose their own 
optimal (cost effective) solutions: investing in alternative 
fuels (in or outside the transport sector), investing in more 
fuel-efficient vehicle technology, investing in cleaner 
conventional technology improvements or, in the case of 
tradable permits, in buying cheaper emission reductions 
outside the transport sector or investing in all of these 
options. 

   Other 
2001 Leiby (ref 

3121) 
C Other than the AF sales mandate policy, the policies that 

are most effective in inducing the displacement of 
petroleum are a policy to continue the ethanol tax credit 
and a Low-GHG Fuel tax credit policy. Both of these 
policies rely on substantial subsidization of ethanol ($0.54 
per physical gallon), and the second subsidizes other low 
GHG fuels in proportion to their full-cycle GHG 
reduction. Given base case fuel price projections, 
however, these policies are still not sufficient to induce 
noteworthy AF penetration. Given High World Oil Prices 
(HWOP cases), however, these policies can be effective, 
particularly if the tax credits are adjusted for inflation to 
maintain their real value.   

1999 DeCicco 
(ref 1120) 

C By themselves, limited R&D programs, fleet programs 
and marginal pricing changes are unlikely to overcome the 
transition barriers faced by new technologies. Thus, two 
other measures would be a crucial complement to 
strengthened RD&D programmes: 

 Full fuel-cycle (FFC) GHG standards of a FFC 
GHG emissions cap for motor fuels 

 Commercialization incentives for low-GHG 
alternative fuels, alternative fuel vehicles (AFVs), 
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and supporting infrastructure targeted to various 
markets.  

   Alternative Fuels 
2001 Leiby (ref 

3121); and 
citing 
Sperling 
and Kurani, 
1987 

C Most alternative fuels are currently available at only very 
few retail stations. First principles, and evidence from 
surveys of diesel car buyers (citing Sperling and Kurani, 
1987) suggest that fuel availabilities below 10% can 
impose large implicit costs on consumers. There is, 
however, little empirical evidence as to the possible size 
of these costs.  

2001 Leiby (ref 
3121) 
citing 
Greene 
1998 

C Leiby’s approach is to use work by Greene (1998) who 
asked the following question in two national surveys:  
“Suppose your car could use gasoline or a new fuel that 
worked just as well as gasoline. If the new fuel costs 25 
(10, 5) cents LESS per gallon but was sold at just one in 
50 (20, 5) stations, what percent of the time would you 
buy this new fuel?” 

2001 Leiby (ref 
3121) 
citing 
Greene 
1998 

C Greene (1998) cited by Leiby (2001) used a variety of 
function forms to estimate a random utility, binomial logit 
choice model. Besides issues of fit, Leiby chose to use his 
exponential functional form because “intuition tells us that 
at 50% fuel availability (every other gas station) the cost 
penalty ought to be small”.  
 
For the exponential functional form, the cost penalty at 
50% availability is 2¢ per gallon. At 0.1% fuel availability 
the cost per gallon, using the exponential functional form, 
is 35¢, see Figure 4 of Leiby (2001). 

 
 
Policy suitability for UK 
 
Year Author Type Evidence 
2003 Harmsen 

(ref 11449) 
C Harmsen (2003) makes observations which have been 

somewhat superseded by events: According to the German 
response, countries can implement the necessary 
legislation for using biofuels within half a year.  
 
The necessary agricultural switch and fuel use 
implementation will proceed along a slowly rising path, 
but a great share of implementation can take place before 
2010. The possibility of mixing biofuels with common 
motor fuels enables implementation without demand side 
problems. 

2003 Harmsen 
(ref 11449) 

C Biofuel stimulation policy implementation is very 
expensive and requires significant investments. Because 
many (agricultural) jobs are involved, a future policy 
change should include alternative crops. When 
implementing a fuel that needs dedicated cars (such as raw 
rapeseed oil), a flexible policy will hardly be possible 
(Brazil’s experience). 

2003 Harmsen 
(ref 

C Biofuels market stimulation through excise tax exemption 
was shown to be successful in at reducing CO2 in 
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Year Author Type Evidence 
11449); 
and citing 
EU, 2001b 

Germany, but expensive. Biofuels could easily be used in 
other countries with plentiful agricultural area. However, 
current EU legislation (implemented after the German 
system was already in place) prevents other member states 
from using excise tax exemption as a mechanism for 
biofuels stimulation on a large scale. 
 
Harmsen, (citing EU, 2001b) believes the EU legislation 
should therefore be changed to reflect the proposal of 
several NGOs: 
http://www.eeb.org/activities/env_fiscal_reform/FINAL-
edited-290103.pdf). 
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