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1 Introduction 
This document is the concluding document of the accompanying critical review of the study 
“Pilot study on determining the environmental impacts of conventional and alternatively fuelled 
vehicles through Life Cycle Assessment” commissioned by the European Commission (DG 
Climate Action) and performed by a consortium comprising the consultancies and research 
institutions: Ricardo Energy & Environment, E4tech and the ifeu. This critical review was com-
missioned by the practitioners of the Life Cycle Assessment study (Ricardo Energy & Environ-
ment, E4tech and the ifeu). 

2 Review process 
Following ISO 14071, the aim of this review is to verify that: 

• the methods used to carry out the LCA are consistent with the 14044 International 
Standard; 

• the methods used to carry out the LCA are scientifically and technically valid; 
• the data used are appropriate and reasonable in relation to the goal of the study; 
• the interpretations reflect the limitations identified and the goal of the study; and 
• the study report is transparent and consistent. 

The review was performed by a single reviewer (Andrea Del Duce) as an accompanying re-
view. The reviewer participated at: 

• the kick-off meeting on the 18th of July 2018 
• the first stakeholder consultation in Brussels on the 25th of February 2019, in which the 

first findings concerning literature review, methodological options and assumptions 
were presented, 

• the second stakeholder consultation in Brussels on the 16th of January 2020, in which 
the first LCA results were presented, 

and he provided written feedback and comments to: 

• the “Task 1 and Task 2 Report” summarising the results from the literature review, 
methodological options and assumptions 

• the interim report, summarising the proposed methodology 
• the draft final LCA report and appendix, summarising the final proposed methodology 

and the main aspects of the LCI model, the database and the results  
• the final LCA report and appendix. 

Moreover, direct feedback was also given via email and various phone calls. 
The project coordinator from Ricardo Energy & Environment also expressed the possibility of 
analysing specific data and modelling aspects in the calculation tool developed by the consor-
tium. However, considering the documentation presented, this was not deemed necessary. 
Finally, the consortium also implemented substantial changes in response to requests for clar-
ification expressed by the European Commission. 

3 Results of the review process 
While some general indications are summarised in the following sections, a list of comments 
addressing specific statements in the main report is given in section 4. 
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3.1 Consistency with ISO 14044 
The study builds up on the ISO 14040 and 14044 standards (as well as considering other 
relevant guidelines like the ILCD Handbook1 or the PEFCR for high specific energy recharge-
able batteries for mobile applications2), overall appropriately defines the functional unit and the 
goal and scope of the study and consistently developed the study along these. In terms of 
vehicle types, the consortium analysed medium passenger cars, sport utility vehicles (SUV), 
vans, small and large lorries, urban buses and coaches. Since one of the goals of the study is 
to inform the European Commission about future options in mobility, including small/city cars 
in the scope would have been beneficial, since this class of vehicles could play an important 
role in future transport systems. With respect to the allocation methods, due to the extremely 
broad spectrum of the study and the complex data basis behind, there are some situations in 
which the choice for solving multifunctionality situations seems driven by data availability rather 
than strictly following the hierarchy suggested by the ISO standard. Sufficient information is 
given by the authors to identify which allocational choices (and why) were taken within the 
various sub-systems of the study. 

3.2 Methods used to carry out the LCA 
Following the ILCD Handbook and stakeholder consultations, the aim of the consortium was 
to develop a hybrid methodology based on an overall attributional approach with consequential 
adjustments for aspects in which major changes can be expected in the future. Particularly, 
consequential modelling was foreseen for secondary feedstocks in the fuel chains, for part of 
the electricity chains and part of the material chains and processes in battery production. In 
the end, in order to maximise consistency in the modelling, it was decided to compute the final 
results following a complete attributional approach and then to test the impact of consequential 
modelling on secondary fuel chains in the form of additional results and sensitivity analyses, 
in order to understand the impacts of these methodological choices. Due to the broad spectrum 
of the project, it was decided to only include one counterfactual use scenario for each fuel in 
the analysis. The results show high fluctuations highlighting how the choice of the counterfac-
tual has a dominant impact on the LCA of the fuel chains. Hence, using only one counterfactual 
scenario for a feedstock might not be sufficient to grasp the complexity in the assessment of 
secondary feedstocks. However, the authors also perform a sensitivity analysis which high-
lights the impact of the allocation and multi-functionality choices on the final results at the ve-
hicle level. Overall, the methodology proposed together with the sensitivities performed to eval-
uate the impacts of the methodological choices are considered appropriate for the goal and 
scope of the study. 

3.3 Data used in relation to the goal of the study 
In parallel to modelling the vehicle foreground system, the project also modelled a large variety 
of fuel chains and electricity chains. To do so, data from a broad spectrum of sources was 
used in the analysis. Sources include data from the GREET model, from various projects of 
Ricardo Energy & Environment, from the ifeu electricity model or from ecoinvent. For the latter, 
while mostly ecoinvent v3.4 was used, older versions (v2) were used for natural gas production 
and nuclear fuels. Hence, there is a certain heterogeneity in the data basis utilised. There are 
clear indications in the final reports concerning what data sources were used for which topics. 
Moreover, the authors also provide specific indications on the robustness and limitations of the 
data used for each fuel chain considered. Overall, bearing in mind the aspect of taking into 

 
1 https://eplca.jrc.ec.europa.eu/uploads/ILCD-Handbook-General-guide-for-LCA-DETAILED-GUIDANCE-12March2010-

ISBN-fin-v1.0-EN.pdf 
2 https://ec.europa.eu/environment/eussd/smgp/pdf/PEFCR_Batteries.pdf 

https://eplca.jrc.ec.europa.eu/uploads/ILCD-Handbook-General-guide-for-LCA-DETAILED-GUIDANCE-12March2010-ISBN-fin-v1.0-EN.pdf
https://eplca.jrc.ec.europa.eu/uploads/ILCD-Handbook-General-guide-for-LCA-DETAILED-GUIDANCE-12March2010-ISBN-fin-v1.0-EN.pdf
https://ec.europa.eu/environment/eussd/smgp/pdf/PEFCR_Batteries.pdf
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consideration only one counterfactual use for secondary fuels as discussed above, the data 
used is considered appropriate and reasonable for the goal and scope of the study. 

3.4 Interpretation and limitations within the goal of the study 
The authors present a large variety of results addressing various aspects of the study and, 
particularly, the fuel chains, the electricity chains and the results at the vehicle level. The cho-
sen results help to understand the complexity of the system and the derived interpretation. 
Moreover, a sensitivity analysis further investigates the impact of methodological and data 
choices and, therefore, of the overall limitations of the results. The authors then sum-up the 
key methodological and data limitations identified giving a clear overview on aspects and topics 
within the study which need to be taken with particular care. Overall, the interpretation and the 
limitations discussed in the report are considered appropriate for the goal of the study. Since 
the authors have developed a new methodology and data basis, a comparison highlighting the 
impact of their methodological and data choices with key studies from the past, would have 
been helpful to better understand the influence and order of magnitude of these choices.   

3.5 Transparency and consistency of the final report 
The consortium provided an extensive report and annex with a broad and detailed spectrum 
of information concerning the data and methodology used. The main report focuses mostly on 
the project framework and development process, the key aspects of the methodology derived, 
the goal and scope, key aspects of the data used and the results for, both, the electricity and 
fuel chains as well as for the vehicles life cycle impacts. The annex contains details of the 
literature consulted, explanations on methodological choices and details on the final data basis 
used. Overall, the information given in the documentation is considered appropriate for under-
standing the methodology and data basis for most topics. Nevertheless, following aspects for 
optimisation on the reporting side are highlighted: 

• The executive summary gives a good overview of what was done during the project 
and the limitations to consider. Less emphasis was placed on concluding recommen-
dations on the vehicle level. Starting from the hotspots and environmental challenges 
identified in the analysis, more indications on resulting potentials for enhancing the 
sustainability of transports in Europe would have been a valuable addition to the exec-
utive summary considering the relevance of this part for interested stakeholders. 

• The authors decided to split relevant data and modelling information on some specific 
topics in different sections. The idea behind is to provide various levels of detail to make 
sure readers with different level of interest do not have to read parts which do not in-
terest them. While for some topics this works well (e.g. the electricity chains) for other 
topics like vehicle manufacturing or the energy consumption model, the result is less 
effective. 

• A detailed literature review was made at the beginning of the project which identified, 
amongst various things, typical methodological choices in the LCA of vehicles. A critical 
review of choices in past studies linked to the proposed methodology is missing to 
some degree. It would have been helpful to have a more detailed explanation about 
why certain methodological choices were taken as opposed to past best practices. 

• A relevant part of the project addressed the modelling of fuel and electricity chains as 
well as potential developments on future material chains. A considerable part of the 
results chapter is dedicated to these aspects. This shifts the focus away from the vehi-
cle level. Shortening this part to only include results necessary to understand the re-
sults at the vehicle level and moving the remaining discussion to the appendix would 
have further strengthened the readability of the document.  
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4 List of specific comments to statements in the report 
A list of comments, embedded in the draft version of the report and appendix, was forwarded 
to the consortium. Most of these were addressed in the final version of the report. The following 
is the list of remaining open comments: 

Location Comment Response from the au-
thors3 

Additional response 
by the reviewer 

Executive Summary 
– Overall conclu-
sions and recom-
mendations for fu-
ture work 

This part mostly focuses on the 
methodological part. The execu-
tive summary should contain a 
broader discussion addressing 
recommendations from the gen-
eral conclusions at the vehicle 
level. 

N/A. No change; we al-
ready provide a significant 
table of recommendations.  

The table mostly fo-
cuses on methodologi-
cal and data aspects. 
A broader discussion 
and conclusions ad-
dressing future mobil-
ity aspects based on 
the LCA findings 
would have been an 
important addition to 
the executive sum-
mary. 

3.1.2 Functional 
units and reference 
flows 

The authors provide the refer-
ence flows and describe what 
was considered conceptually in 
the definition of the functional 
unit. The exact definition of the 
functional units for the various 
vehicle bodies should be stated. 

Now provided in a new ta-
ble to be more explicit. 

A list of reference 
flows is now provided, 
but not the specific 
definition of the func-
tional units used for 
the various vehicle 
types. 

3.1.4 General LCA 
methodological ap-
proaches 

The authors state “This hybrid 
LCA approach is not only in line 
with the ILCD handbook, but 
was also largely confirmed as 
appropriate by the stakeholder 
consultation.” Based on the 
stakeholder consultation and 
documentation, the impression 
arises that originally the hybrid 
approach was meant to address 
the attributional and consequen-
tial aspects simultaneously. The 
consortium then decided to pro-
vide overall attributional results 
and to add separate consequen-
tial analyses in the sensitivities. 
The sentence above does not 
exactly reflect the process in the 
methodological choice. 

I have added a sentence 
clarifying that the approach 
has been further refined in 
the application stage.  The 
chapter summarises the 
approach developed, and 
clearly indicates this ap-
proach was derived as a 
result of our and stake-
holder views.   

Solved. 

3.1.4 General LCA 
methodological ap-
proaches 

The authors state that conse-
quential aspects were consid-
ered for electricity and material 
chains. For electricity and mate-
rial chains, the documentation 
provided suggests that future 
developments are considered in 

N/A  

 
3 Response written by Nikolas Hill (Ricardo Energy & Environment) on behalf of the project consortium 
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Location Comment Response from the au-
thors3 

Additional response 
by the reviewer 

scenarios, but not a proper con-
sequential approach. 

3.4.1. Scope and 
system boundaries – 
Multifunctionality: 
Substitution 

The authors state that substitu-
tion is used and that an alterna-
tive methodology for multi-func-
tionality is used (energy alloca-
tion). This seems in contrast with 
what is previously stated in the 
“General LCA methodological 
approaches” or in other parts of 
the report where energy alloca-
tion appears to be the default 
scenario. 

I have amended the text 
here to indicated these are 
provided as alternative op-
tions/sensitivities, with the 
energy allocation option 
being the default. 

Solved. 

3.4.1. Scope and 
system boundaries – 
Elements of conse-
quential LCA 

The authors description of the 
consequential modelling for fuel 
chains gives the impression that 
this is the default model. It 
should be stated that this was 
done as an alternative option in 
addition to the energy allocation 
calculation. 

As above, amended. Solved. 

3.4.2 Key LCA meth-
odological choices, 
Table 3.8 

It is specified that for various 
chains the energy allocation was 
calculated as an additional alter-
native. This seems in contrast 
with other indications where it is 
stated that the energy allocation 
models give a consistent refer-
ence and the other approaches 
were analysed to investigate the 
impact of methodological 
choices. 

Amended to better reflect 
the final prioritisation here 
– i.e. indicating the default 
energy allocation with no 
counterfactual, and the al-
ternative analyses. 

Solved. 

4.7.2 Assumptions 
for a selection of key 
vehicle parameters – 
Table 4.8 

Specific indications on the en-
ergy consumption in terms of 
fuel/energy quantity (e.g. 
kWh/km for BEVs or litres/km for 
liquid fuels) for the various 
drivetrain technologies would 
have increased comparability 
with other studies. 

The energy consumption of 
different vehicle power-
trains are calculated dy-
namically in our LCA model 
based on specific input set-
tings. A worked example of 
the methodology is pro-
vided in Appendix 
A3.13.3.1, Table A26. 
The dataset corresponding 
to the different scenarios 
and sensitivities presented 
is therefore very large and 
not easily summarised in 
the report. The baseline 
data/assumptions for 2020 
can be calculated from the 
input data provided in the 
report and standard unit 
conversions, fuel proper-
ties.  

The information pro-
vided in the reply will 
allow the interested 
reader to more easily 
identify the key 
sources for under-
standing the fuel and 
energy consumption 
estimation methodol-
ogy. Still, an extended 
version of Table 4.8 in 
4.7.2 for the various 
drivetrain technolo-
gies, at least for the 
passenger cars dis-
cussed, for example, 
in Figure 5.58, would 
have been a valuable 
addition and important 
for comparisons with 
other studies. 
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Location Comment Response from the au-
thors3 

Additional response 
by the reviewer 

(i) In the body of the report 
is provided the specifica-
tions for the reference 
powertrain, in Section 
4.7.2, Table 4.8.  
(ii) In the Appendix (Table 
A34) we also provide the 
2020 powertrain relative 
energy consumption as-
sumptions by vehicle type, 
defined relative to the rele-
vant reference powertrain 
(=100%).  
(ii) Test-cycle to real-world 
conversion factors are also 
provided in Appendix Table 
A49. 

5.5.1.1 Lifecycle 
GHG emissions, dis-
cussion after Figure 
5.64 

The authors state “This chart il-
lustrates the relatively high im-
pacts of both aluminium and tex-
tiles per unit mass. Whilst alu-
minium is a light-weight struc-
tural material that can offset its 
increased impact through fuel 
savings, this is not the case for 
textiles.  As noted earlier in Sec-
tion 5.2, textile manufacturing is 
highly energy intensive. Actions 
taken by OEMs to use more sus-
tainably sourced /manufactured 
textile materials in vehicles are 
therefore likely to produce nota-
ble benefits.” The partial results 
for the impacts from textiles are 
not shown and even though pre-
viously results on the general im-
pacts of textiles have been 
shown, the amount of textiles in 
the model is not given. The 
reader cannot make an informed 
judgement on this statement. 

  

5.5.1.1 Lifecycle 
GHG emissions, dis-
cussion after Figure 
5.66 

The authors state “Figure 5.66 
provides an illustration of the im-
pacts on the result for different 
fuel blends, electricity mixes and 
for the lowest/highest 2020 
GWP/ fuel/electricity production 
chains.” This figure provides 
useful information on the poten-
tials which may be obtained for 
the various technologies. A 
larger discussion on what it 
would require to exploit these 
potentials or how realistic some 
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Location Comment Response from the au-
thors3 

Additional response 
by the reviewer 

of these scenarios are for a 
mass market would have been 
an important addition. 

5.5.1.2 Other lifecy-
cle impacts 

The authors state “However, it 
should be noted that (a) health 
impacts from most of these pol-
lutants are highly location-spe-
cific (i.e. depending on exposure 
levels – highest in urban areas) 
and (b) some of the lifecycle 
emissions presented here will 
have occurred outside of the EU 
(i.e. mainly from fuel and materi-
als production, battery manufac-
turing), so will not be directly reg-
ulated or accounted for within 
the national/EU inventories.” 
This project looks at potential im-
pacts including its development 
in the future. Such an observa-
tion on the relevance of impacts 
occurring outside the EU could 
have been expanded into a pol-
icy suggestion. 

  

5.6.2 Sensitivity on 
variations in driving 
conditions within the 
EU, Figure 5.78 

The figure highlights the overall 
variations in GWP impact due to 
the combined effect of road mile-
age share, electricity mix and 
ambient temperature in various 
countries. The chosen represen-
tation does not allow to identify 
the weight of the three aspects 
(mileage share, electricity mix 
and ambient temperature) on the 
results. Highlighting this would 
have helped to prioritise areas of 
interventions. 

No action.  

5.6.12 Sensitivity on 
battery production 
and EoL; 5.6.13 Sen-
sitivity on vehicle 
production and EoL 

The GWP results presented 
seem to highlight little differ-
ences from optimising the pro-
duction processes for the battery 
and vehicle and the recycling 
rates. These results are critical 
as they seem to suggest that ef-
forts in optimisation and higher 
recycling might not be effective. 
A broader discussion with the 
analysis of other indicators 
would have been useful to shed 
more light on this relevant topic. 

  

6.1.4 Conclusions for 
the overall findings 
from the vehicle cy-
cle 

The authors develop their results 
under specific decarbonisation 
scenarios which reflect expected 
decarbonisation policies and 

Added to section 6.2.4 
“Key limitations and uncer-
tainties for the analysis”. 

Solved. 
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Location Comment Response from the au-
thors3 

Additional response 
by the reviewer 

trends. Moreover, because of 
these decarbonisation scenar-
ios, a reduction in the spread of 
the results (particularly for GWP) 
can be observed. It would be im-
portant to stress that the ob-
served trends in the results at 
the vehicle level can only be ob-
tained if the decarbonisation tar-
gets in the power and manufac-
turing sector are achieved. 

6.1.4 Conclusions for 
the overall findings 
from the vehicle cy-
cle 

A discussion on the influence of 
size on the environmental im-
pacts of passenger vehicles 
would have been a valuable ad-
dition. 

Added text to the conclu-
sions section – section 
6.2.2.1 (Environmental 
hotspots). The benefits are 
greater for BEVs for Large 
SUVs due to higher lifetime 
mileage. 

A broader discussion, 
and particularly one 
also addressing the 
policy options on the 
size of vehicles would 
have been a valuable 
addition. 

6.1.4 Conclusions for 
the overall findings 
from the vehicle cy-
cle 

A summarising discussion on 
the appropriate and efficient use 
of renewable electricity for e-
fuels, BEVs and FCEVs would 
have been a valuable addition. 
Relevant comments on this topic 
are made in various sections of 
the documentation, but final rec-
ommendations would have been 
helpful.   

Further elaborated more 
clearly now in the conclu-
sions. For example, there 
is discussion of the im-
portance of CED in relation 
to limited renewable re-
sources in Section 6.2.2.1 
(Environmental hotspots). 

The point mentioned in 
the reply is a good ex-
ample of a relevant 
comment on the topic. 
However, a broader, 
summarising discus-
sion and recommen-
dations would have 
been a valuable addi-
tion. 

A.4.3.1 Vehicle 
specification, Table 
A34 

The term “relative power effi-
ciency” is confusing here. With 
this formulation, the numbers 
given suggest, for example, that 
ICEVs are more efficient than 
xEVs. 

Title of Table A34 
amended to “2020 power-
train relative energy con-
sumption assumptions by 
vehicle type, defined rela-
tive to the relevant refer-
ence powertrain (=100%)”, 
plus a clearer indication on 
the reference powertrains 
is now provided in the foot-
notes. 

Solved. 
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5 Self-declaration of independence 
 
I, the signatory, hereby declare that: 
 

• I am not a full-time or part-time employee of the commissioner or practitioner of the 
LCA study 

• I have not been involved in defining the scope or carrying out any of the work to con-
duct the LCA study at hand, i.e. I have not been part of the commissioner’s or practi-
tioner’s project team(s) 

• I do not have vested financial, political or other interests in the outcome of the study 
 
 
I declare that the above statements are truthful and complete. 
 
Date: 5.8.2020 
 
 
Name: Andrea Del Duce 

 

Signature: 
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