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A workshop on Life Cycle Assessment (LCA) in Carbon Capture Utilization and Storage (CCUS) was held in London, UK, 12" and
13™" November 2015, hosted by IEA Greenhouse Gas R&D Programme (IEAGHG) and the Carbon Sequestration Leadership
Forum (CSLF). The workshop built on the IEAGHG report 2010/TR2 and review work by the CSLF.

The workshop looked at the state-of-the art of LCA for CCUS in terms of goals and scope definition, inventory analysis,
impact assessment and interpretation as well as social LCA and Life Cycle Costing (LCC).

The workshop showed that progress is being made in the field of LCA. It revealed that the interpretation and use of LCA is
variable and that there is a need to better communicate the benefits and limitations of LCA, also when applied to CCUS.

The workshop concluded that transparency is a must and that improvements are needed in the way the goal, scope and
assumptions behind an LCA are presented. A checklist on how to document scope, functional units, data inventories,
allocations, weighting (if used), uncertainties and how to communicate results would be useful.

Introduction

The background for the workshop was the report IEAGHG 2010/TR2, which looked at 17 LCA studies and identified 14 papers
that represented relevance and significance in terms of Carbon Capture and Storage (CCS). These papers were examined in
more detail to compare scope, methods and outcomes.

A similar survey by CSLF in spring 2014 included several more recent LCA studies of CCS but the common outcomes were:

«  There are many LCA studies on CCS but the transparency is not always as one could wish

« There is a need for consistency between studies (e.g. functional unit, reference system, system boundaries and impact
categories and impact assessment methods)

« Impacts other than Global Warming Potential (GWP) show large variations (e.g. toxicity potential, eutrophication,
acidification, resource depletion)

Impacts like water and land use and abiotic depletion seldom included
Aggregation and end point results are seldom included
« Scale-up and uncertainties must be handled
«  Policy-making needs (attributional vs. consequential LCA) and market effects should be included

The IEAGHG 2010/TR2 concluded:

“IEAGHG could consider playing a role in setting up some reference points to allow benchmarking and hence proper comparison
of LCA studies.”

CSLF challenged IEAGHG to follow-up on this conclusion and the IEAGHG Executive Committee decided to have a workshop
to explore the need to develop guidance on the above points.
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imiand Organisation of the Worksho

Al d Organisation of the Workshop

The aim of the workshop was to explore the needs and possibilities to set-up guidelines for benchmarking and transparency
of CCUS LCA with respect to e.g.

+  Description of reference systems

«  Battery limits

«  Functional units

« Time horizon

«  Climate and non-climate impacts (e.g. land use, water use, abiotic depletion)

« Inventories and weighting methods

In addition, the workshop set out to explore LCA for CCS for bioenergy, Life Cycle Costing (LCC) and social LCA.

The workshop was divided in five sessions, each with an introductory presentation followed by discussions. Originally, the
intention was to have the discussions in groups, with an ensuing plenary discussion. However, with 23 eloquent participants
all but one session discussion (Session 4) was conducted in plenary.

The purpose of this session was to set the scene by having a keynote presentation on the state-of-the-art and recent
developments in LCA and have key stakeholders present their perspectives on CCUS LCA.

State-of-the-art and Current Developments in Life Cycle Assessment, Bhawna Singh, Norwegian University of Science and
Technology, Norway

LCA is a holistic and systematic environmental impact assessment of a product, process or system. The term ‘life cycle
indicates that all stages in the product’s life, viz. resource extraction, manufacture, distribution, use and end disposal, are
taken into account. Uses of LCA include:

7

-+ Technology/product selection

«  Optimizing environmental performance of a product/company
«  Green labelling, marketing

«  Support to policy decisions

The LCA methodology includes goal setting and scope definition, inventory analysis, impact assessment, including the
selection and use of indicators, and interpretation. The presentation gave a thorough review of LCA methodology and
the recent developments in LCA, including different types of LCA, Life Cycle Inventories (LCl), impact characterization and
assessment, and indicators.

Stakeholder Perspectives were presented by Christopher Balzer, Shell Projects and Technology, representing industrial users
of LCA; Sean McCoy, International Energy Agency (IEA), representing “consumers” of LCA; and Aicha El Khamlichi, Agence de
I'Environnement et de la Maitrise de I'Energie (ADEME), representing expertise and advisory services.

The session showed that LCA can be a useful tool to assess environmental sustainability, to identify the needs for
environmental change, to look at trade-offs and possibilities for environmental improvements in product development, and
that the research frontier seems to be that LCA integrates with techno-economic assessments and Integrated Assessment
Models (IAMs).
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It also revealed that some users, policy makers in particular, do not fully understand what LCA is about and the results may
therefore be misused. Aspects of concern include:

«  Theright questions need to be asked, e.g. so that system boundaries of the LCA meet policy requirements
« That LCA is just one of several tools

« That there is a difference between generic and specific LCAs and that generic ones do not give results at the same
detailed level as specific ones, rather trends

« That there is a difference between attributional and consequential LCA and that e.g. a changing energy system and
supply chains may need the latter

- Ifan“LCA" considers GWP as the only indicator, then it is not LCA but carbon/GHG accounting or foot-printing
«  GWP has a global coverage but most other indicators would ideally need a regional resolution, e.g. water stress

- That uncertainties are not always sufficiently communicated.

USRS CLEES SR GO CIRULE CCUS create a very complex life cycle system to
importance of goal and scope definitions

and started with the presentation A Life
Cycle Analysis Perspective of CCUS -
Goal and Scope Definition, Timothy  temes

model - with varying objectives

Possible products from this system:
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an assignment that splits life cycle burdens between products when performing LCA on each of the possible products, and
rather detailed models will be necessary to give confidence to broader system applications.

The presentation and the following discussion brought out several points that suppliers and users of LCA must be aware of
in addition to the points from Session 1. The points include:

«  Theresults are driven by the choice of boundaries and the desired outcome, which is often dictated by policy, and there
is the possibility to tweak these boundaries

« Itisimportant to define the value chain
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There are common elements to - - -
o deidINE  With displacement applied, LCA results can be ﬁ%n_

thus experience transfer should be generated and compared across technologies
possible

« Integrated Assessment Models (IAM)
do not capture sufficient impacts

* Advanced coal with carbon capture may exists in a world
where generators would take just about any price — or even
pay —to get rid of CO;

« There may not be sufficient data to
do a consequential LCA, and one  * Strong case for displacement of natural dome CO; production
may have to look only at trends  Power Flant

« A consequential LCA can build upon SO
an attributional LCA or direct data a
sources, such asindustry or technical
documentations. Crucial point is the
quality of the process data

Transparency is a MUST (CAVEAT: o .
transparency does not automatically 58w = =
infer the LCA is of high quality) £ — = —
Communication of howand why LCA £

has been performed is necessary
to avoid apparent inconsistencies

in results (may not remove all (DENERGY | "ty oo
inconsistencies, though) Figure 2 Slide presented by Tim Skone (USDOE NETL)

- Data quality is not sufficiently discussed — may need to apply traffic lights to databases
« The databases are usually five or more years behind and this needs to be kept in mind
«  More data sharing from industry is necessary to improve databases
No clear and unified answer on the question “What guidelines are needed to set up system boundaries and increase
comparability among studies?” was received from the group.
Some statements contra guidelines included:

If CCUS does not require special approaches to LCA, guidelines may not be needed

ISO TC265 has already put the topic on its agenda for WG4
«  Should not dictate specific LCA methodology via guidelines
+  Potential to end up with a mix of guidelines for different CCUS technologies
- Transparency more crucial than guidelines or standards

There were also several positive views, including the following:
Guidelines can be a very useful tool to educate non-experts

As the inconsistency in LCA studies creates problems regarding comparability and communication of benefit and
drawbacks, guidelines might be a way to improve the situation

«  Guidelines can allow for flexibility, e.g. implementation of different methods, as long as any deviation is documented
and justified

« They could encourage practitioners to report everything in a transparent way (e.g. boundaries, goals, databases)
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Session 3: Inventory Analysis

oy C Vet "

Questions for this session included “What | jfe Cyc|e |nventory (]_Cl}
about multi-functionality, allocation rules

and harmonisation approaches?” and “How to
deal with and communicate uncertainties?”.
The presentation Current, Best and Future
Practice of Life Cycle Inventory Modeling Goal & Scope m

for CCUS, Arne Katelhon, RWTH Aachen Definition 4@

University, Germany, addressed these 34

questions and discussed issues connected 2. Life Cycle 4. Interpretation
to data collection, such as availability of data Inventory (LCI)

and LCl approaches at different stages of data ¥4

collection, expansion of systems, avoided 3. Life Cycle

burdens, allocation and consequential LCA.The Impact :

presentation also highlighted that LCA is not Assessment

only useful for environmental assessment but
is also a powerful tool for process optimisation.

The ensuing discussion re-enforced several
of the topics from earlier sessions. Additional
points included: ’ -Ir A ‘ RWTH

4 March 3015

+ Uncertainties are as much a result of [y Y L o i
circumstances as of amount of data

+ One must be aware that the variability/
uncertainty in natural systems is larger
than in human engineered systems

Handling multifunctionality

+ System Expansion

a) CCU system b) non-CCU reference system

reflecting the uncertainty range instead of
single numbers 15349 418kg 188 kg 1080 kg @ 745k

« Laboratory results are not necessarily —--fecommmmm A4 __ " Y, S Sy Sy o
representative of full scale systems; a fact

I 1
. | >R ) . L i
of importance to CCUS, where most data E H _F HT 1—@— i b i
E " Niethanal Wing i

+  Oneapproach could be to report error bars

are from small scale systems or even only

parts of theasystem Lo e ; = _—— ——
- Reverse engineering can be a helpful @ — @ o00ks @ - wmﬁ
exercise to better understand the

development of uncertainties

=» Environmental impact reductions clearly determined

. As more data become available it must be = BUT no prgduct_spgciﬁc assessment
decided how these can best be included
Reference: won der Assen &t al, Energy Eminon, Sci. 2013, 8, 2721
« Itis crucial to have both high quality data Bemel etal, Energy Procedta, 2014, 63, 7976
and r‘n‘o?IeIs 5 'Ir v | RVNTH
« Sensitivity analyses are needed to get a A Whorch 2015 Bt
grasp of which factors count and which [FElCER N RGN CE TN T4 Wit )]

can be excluded
« The importance of transparency and communication of uncertainties was once again emphasized.
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_Session 4; Impact Asses:

The intention was to introduce this session with the presentation Some Thoughts and Questions Related to Bio-CCS
(bioenergy with CCS) in LCA, Hanna Pihkola, VTT, Finland. Unfortunately, the presenter was prevented from attending the
workshop and Jasmin Kemper took the audience through the slides. Hanna'’s presentation highlighted that usually current
climate policies did not consider Bio-CCS and guidelines for carbon footprinting only considered fossil CO,. There was also
an ongoing debate regarding carbon neutrality of biomass. An approach to tackle this could be the use of specific"GWP,_ "
factors for different types on biomass feedstock but it might require some changes in LCA practices. Land use change (LUC)
issues were very relevant for Bio-CCS and bioenergy in general but difficult to address within LCA frameworks. In addition,
there were several other sources of uncertainty, and aspects to consider would include CCS technology applied, type of
biomass feedstock, location, (by-)products and the reference case. In this regard, a case study approach might be helpful.
For Bio-CCU, it would be important to avoid double counting. In existing EU regulation, transferred and utilised CO, could
not be subtracted from operators’ emissions. However, this would still leave open how to calculate and incentivise replaced

products.

The rest of the session was dedicated to group work, for which the participants were split in two and posed with answering
the questions

1. How to increase transparency in weighting? Do we need guidelines here?

2. lIsit possible to agree on aggregation or end-point methods?

3. Is there a need for connecting to other regulatory requirements (e.g. toxicity to REACH, the EU regulation on chemical
substances)?

4. How to communicate uncertainties in results?

One challenge in weighting and the end results is to decide who should weight - end user or people doing the LCA. This
is often not revealed in published results but is important for transparency and confidence in results. One suggestion was
to agree on weighting up front, before data collection. It was pointed out that no weighting is the same as assuming equal
weights to all indicators. Further, there seems to be some confusion in the LCA community whether aggregation is really
possible. The participants clearly stated their preference for mid-point methods but acknowledged that end users and
decisions makers often demand end-point results. Regarding REACH, the expected increase in availability of toxicity data
could strengthen LCAs but the regulation comes with its own complexity and issues. The discussion on how to communicate
uncertainties mostly reflected earlier views, with the addition to not only look at stochastic uncertainty but also to grasp
how good the model representation and the understanding of the underlying processes is.

In short, the answers to the four questions were:
1. No

2. No

3. Generally yes

4. Varying views
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Session 5: Beyond Environmental LCA: LCC and
Social LCA

Day 2 and Session 5 opened with the presentation Social LCA, Andrea Ramirez, Utrecht University, the Netherlands.

Stakeholders for social LCA include a variety of persons and organizations, including workers, consumers, local communities
and the society at large. This mix of stakeholders leads to several challenges related to what and how to include e.g.

. Child labour

. Wages, e.g. legal minimum wages

. Gender and other aspects related to discrimination
. Corruption

. Human rights

. Health, safety and environmental issues

There is little guidance on how to do impact assessment or what indicators to use and a related question is whether jobs or
economy can be used as indicators.

Social LCA involves a certain degree of subjectivity, due to the complexity and qualitative nature of many of its components,
and it is unlikely that one will see harmonization on how to carry out and value social LCA. A common checklist may still
be possible. Although many stakeholders/end users prefer a single resulting number, the current recommendation is to do
environmental and social LCA separately due to their different levels of maturity. Because of the more qualitative nature of
social issues, social LCA might never reach the same level of quantification as environmental LCA.

It was not quite clear how social LCA relates to |_jfe Cyc|e 002 storage cost model

CCUS but some possibilities were pointed out:
«  Storage may take part in low income areas

«  Social LCA does not work well for a single €02 injection
characterisation = Monitoring stops

plant, the whole energy system should be e . vl . Well plugg

subject to social LCA + Injection well Mechanical &pos-
construction Integrity injection site

Testing e

+  CD2 injection

« Changes in the energy system, energy

security, access and liability are factors that 0 5 25 58 85 Time
may require social metrics to be included in (s}
an LCA. Exploration Storage Model Costs Model
. . * Licensing/leasing related costs
The final presentation in the workshop was * Monitoring plen and costs
Areal Extend of « Nurnber of old oil/gas wells fo
. . . Borstity ‘gas wells for
Benchmarking LCA Studies for Fossil Fuel oy CO2PIUME  mmmmb  treatmerts and costs
Based Power Generation Value Chains & Life ERLiNeain oM onp
Cycle Costing in CO, Storage, Anna Korre, - Peirucabiity e T T e e
Imperial College London, UK, in which she b COz Injectivity and and costs
i Formation Data  pressure Maximum * Number of water production
presented an LCC model applied to CCS for e— w— wellandcosts
. . Injectivity per « Injectizr facilitycapitalcosts
conventional and non-conventional fuel s Well et el e
sources. In the financial sector, LCC refers to the —
. f th t d o Injection Strategy
wide temporal aspect of the assessment, an overty and Storage :;uo:!itr:icto:dcpue;lmrhm
hence this term clarifies the difference from the Capacity s
standard point-in-time costing for a product/ « Selsmic casts
service. Due to much natural variability in the ik =P co

fuels and technical details of the processes and
relative immature LCC methods for CCS, LCC lLUGERNLICETUN RS ULT RGN [yl gl @ e J Xl leloly))
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willin this case only give sign in change from a baseline. | jfe cycle cash flow for individual storage

LCC may be used to compare sites but not for the

sites

technology in general. Harmonization may be difficult

and probably not needed. As before, the importance to

Full utilisation of the optimal CNS multi-store capacity for a fixed

know the uncertainties in input data and other parts of ¢o, price (£25)
the chain was stressed, e.g. the cost of characterization

of the storage site may vary a lot depending on what 400,000
data exist and what new data are needed. A still open 200,000 I II e
question is what the cost implications of CO, storage Y 0 I ' .“HJ““““* 'JJ_[D il
s . II| LU TRL !
liability will be. l | ||
-200,000 -
-400,000
-600,000 S — — -
= R R EEREEEEE:
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Cash flow per storage site during the planning horizon (2011 to 2050)

Figure 6 Slide presented by Anna Korre (Imperial College London)

Key: fPomts & onclu5|ons and" Recammendatlons

Conclusions
The workshop concluded on the following general topics:

There is a need to communicate how and why differences in LCA come about
Key principles
« Transparency is essential and must be improved (but be aware that transparency does not equal quality)

«  The questions to be answered must be decided before the LCA work starts. It is also important to know who asks
the questions.

«  Beaware why an LCA is performed - it is not for the sake of LCA itself
«  Clearly distinguish an LCA from carbon/GHG accounting and foot-printing
«  Generic LCAs are only useful for indicative comparisons
«  Preference for mid-point indicators
Harmonization
«  No clear answer from the group due to different views
« Can be a good tool to provide insights and deeper understanding but should be used with great care
Weighting
+  May be done if assumptions and intentions are clear but caution is needed in use and interpretation
«  No weighting means to assign equal weights
CCUS specific issues
«  Generalisations not possible due to a multitude of different CCUS technologies and their locations
«  Overall energy system related issues will apply
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«  Bio-CCUS

«  More LCA work is necessary here, as the biomass component brings along a set of new issues and increases
complexity (e.g. land use change, food-water-energy-climate nexus)

«  Social LCA
« Isan emerging area but less mature and quantifiable than environmental LCA for the time being, so should be
a parallel rather than an integrated exercise
«  Guidelines
- Definition of guideline varied between participants
«  No formal guideline prescribing a specific framework, methodology or tool is needed
« A check list on how to document scope, functional units, data inventories, allocations, weighing (if used),
uncertainties and how to communicate results would be useful
« Guidance on how to read and interpret LCA studies for non-experts and end users, such as policy/decisions
makers would also be helpful

Recommendations
The workshop participants

« Did not see the need to update the IEAGHG 2010/TR2 report

- Did not see the need for a special LCA session at GHGT-13 but recommended a keynote or plenary presentation to raise
awareness

Agreed to make the presentations from the workshop available on the websites of IEAGHG and CSLF
Welcomed IEAGHG and CSLF to produce a summary report from the meeting

«  Thought that [IEAGHG could consider developing a guidance/good practice document with feedback from the workshop
participants and publish it, e.g. in a journal

«  Suggested to have another LCA event after a reasonable amount of time, e.g. to introduce the guidance document

Based on the comments and suggestions, IEAGHG will revisit the need for producing a guidance document and for future
meetings/activities on this topic.

IEAGHG Research Networks

www.ieaghg.org




: S T — e — b
-ww%,# ;,u,.?

| '”tefﬁatma_ teergnghggmm!;ge%

Lars Ingolf Eide (Research Council of Norway/CSLF)
Andrea Ramirez (Utrecht University)
Anna Korre (Imperial College London)
Sarah Forbes (USDOE NETL)
Jasmin Kemper (IEAGHG)

Attendees

Christoph H. Balzer (Shell Projects & Technology)
Tim Dixon (IEAGHG)
Aicha El Khamlichi (ADEME)

John Gale (IEAGHG)

Wolfgang Heidug (KAPSARC)

Lars Ingolf Eide (CSLF/Research Council of Norway)
Arne Katelhon (RWTH Aachen)
Jasmin Kemper (IEAGHG)
Anna Korre (Imperial College London)

Sean McCoy (International Energy Agency)
Marcelle McManus (University of Bath)
Zhenggang Nie (Imperial College London)
Letitia Petrescu (Babes-Bolyai University (UBB))
Luciana Plint (BG Group)

Andrea Ramirez (Utrecht University)
Richard Rhudy (EPRI)

Mark Sankey (BP)

Bhawna Singh (Norwegian University of Science and Technology)
Timothy Skone (US DOE National Energy Technology Laboratory)
Jorild Svalestuen (Gassnova)

Ana Villa (University of Sheffield)
Christina Wulf (Forschungszentrum Jiilich)

Arno Zimmermann (TU Berlin)

IEAGHG Research Networks

www.ieaghg.org




R&D Programme

Pure Offices, Cheltenham Office Park, Hatherley Lane,
Cheltenham, Glos. GL51 6SH, UK

Tel: +44 1242 802911 mail@ .org
WWW. .org



