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Overview

Scientists and international organizations likelB€C (2014), the Global CCS Institute (2014) giresent Carbon
Capture and Storage as the only current mitigatiehnology able to drastically decarbonise the pesetot. Both
developed and developing countries are concerned #ieir energy demands are still growing and gr@rgy mixes
are highly fossil fuel dependent (IEA, 2013).

The EU and China have been chosen to compare C&ZSfoo several reasons: (1) a CCS slowdown carbderved
in the EU contrary to China: the dynamic is thusnptetely different. (2) Both have introduced ormlad to
introduce a carbon price; carbon regulation play®yrole in CCS profitability and deployment (Géowi et al.,
2010). Indeed, CCS can emerge endogenously ad aftexdive response to carbon restriction. if¢hebon price is
high enough, decision makers/investors face thisceh either they invest in a CCS power plant tduce their
carbon burden, or they decide not to install CChpmy for emitted C@ (3) One is a developed region, the other a
developing country. Power plant costs significamélgy by country, particularly between emergingremoies of East
Asia like China and the mature markets of North Aggeand Europe. Four explanations can be put fiatwawer
Chinese labour costs, Chinese economies of saafe fuilding multiple power plants with standardissigns,
lower Chinese raw materials/commodities pricesignat abundance and state-set prices significdother than
free-market prices) and less constraining Chinegalation. Thus in the perspective of minimizing ttost of the
ecological transition, it could be more interestitmgdeploy CCS in China. If it is, it implies sonteansfers
(monetary/R&D...) or policy agreements between thead China to sustain and incentivize CCS deploymen
Two questions arise: how much is the extra-cost GCS plant in the EU in comparison with China? freh, what
is the CQ price triggering CCS investments in the EU an@hina? By the way, if in one country, there is bap
between the COprice triggering CCS investments and the foreC&3t market price, this country could sustain CCS
deployment in a low cost country to minimize thetoof the ecological transition.

Methods

To answer these questions, a literature review @/% @ublic studies was carried out. Currently, thene large
discrepancies in the way CCS costs are calculétdded, most studies have their own methodologsatoulate
some economic data (capital cost, LCoE...) and tisenet a set of commonly agreed on boundary canttsuch
as the discount rate, fuel prices etc. These diftesets of techno-economic assumptions can dieaiigtaffect the
results (Rubin et al., 2007).These inconsistertta@sper the ability to correctly compare straightfard the cost of
different carbon capture options from various pubtudies.

To address this issue, the following methodologysed: (1) Literature review to select the moseméand relevant
public studies. (2) For each public study, the nregresentative economic data are kept originalupatated to
current cost level. Two economic data are consitiezebe representative: the overnight cost ana piegation and
maintenance (O&M) costs. (3) Calibration of econoaita (discount rate, fuel prices, carbon trartspua storage
costs...) and calculation methodologies (constamtidy investment, fuel cost...). (4) Standardieektulation of the
two key metrics to assess objectively the profitishdf a CCS power plant: Levelised Cost of Elagity (LCoE) and
CQ;, switching price (C@price beyond which a CCS power plant becomes marfitable than another power plant
type). In other words, | build a net present vahalel to calculate the breakeven (Gfice.

Besides, as techno-economic studies on CCS ceastiggy scarce in China (Wu et al., 2013), a cosdtion factor
approach (WorleyParsons, 2011) has been appli@€CDE data in order to provide Chinese CCS cost.

Results

The necessity to distinguish intra-technique,G@itching prices (CCS coal plava reference coal plant// CCS gas
plant vs reference gas plant) and inter-technique, Gitching prices (reference coal plastreference gas plant,
reference coal plants CCS gas plant, etc.) is demonstrated. Indeedgah life, an investor will compare all the
possible arbitrations - coal plavt gas plants post-combustion gas plavs post-combustion/oxy-combustion/pre-

In 2009, power generation contributed to 40% ¢dlt6€Q, atmospheric emissions (IEA, 2012).
2 Different designs of carbon market are currerghted in five cities and 7 cities are scheduled.



combustion coal plant- and he will choose the poplant type with the lowest LCoE. The optimal powkmt type
varies with the C@price. This distinction have pointed out that lne £U, contrary to common beliefs, CCS coal
plants are not profitable beyond 65 €tCdeed, beyond 65 €/tGOCCS coal plants become more profitable than
reference coal plants but they are less cost-eféetttan gas plants.

Given current power plant costs and intemnational fprice assumptions (IEA, 2012), a O@ice of 115 €fis
required for base-load CCS plants to become the profitable power plant type in the EU (CCS gaanfs)vs

35 €/tCQ or 45 €/tCQ*in China (CCS coal plants).

As in countries with a high share of renewablessilgplants are required to be more flexible, thgecof mid-load
power plants was also considered. CCS plants witHoad factors are far away to be competitive ssIEQ prices
become patrticularly significant: 150 €/t €@ the EU (onshore)s 75 (onshore) to 105 €/tGQoffshore) in China.

In 2030, with offshore carbon transport and storemgts, the C@price required to trigger CCS investments is
lower: 85 €/tCQ in the EU (CCS gas plants) vs 35 €/tJ6 China (CCS coal plants). As there isn't a digant
difference between this Chinese £8witching price (even lower with onshore transpontl storage costs) and the
forecast CQ@ price (20 €/t, IEA 2012), no major additional me=zs are required in China to sustain CCS
deployment. By contrast, in the EU, there is adap between the CCS &6witching price (85 €/t) and the forecast
CQ; price (30 £/t); significant policy measures to m&CS competitive are thus required.

Conclusions

A methodology has been developed to objectivelypare the CCS cost data provided by the most resaht
relevant public studies. It has been shown thatm@@S costs are not available for a specific rediere China, a
cost location factor approach can be applied. Titemgs been demonstrated that there exist se@&akwitching
prices; to be sure that a CCS power plant is thetmpoofitable investment, both intra and inter-téghe CQ
switching prices have to be considered. This papswers two main questions: (1) If the investmerthbiout base-
load plants, what is the G@rice required to make CCS plants competitive2edd currently, coal plants are still
used in base-load in several European countridsasiPoland, Germany (lignite) and China. (2)dfelectricity mix
has a high share of renewables and if fossil plargsrequired to be more flexible, what is the,@@ce that will
trigger CCS investments?

This paper gives implications for European and €égnpower plant investors/policy makers. Giverpiiospective
of carbon/fuel/cost prices, on the one hand CC8lghae competitive by 2030 in China. Thus, no digant sustain
measures are required. On the other hand, in thette is big gap between the Ofdice that would trigger CCS
investments and the forecast @arket price. In the perspective of the cost misation of the ecological transition
linked with the idea of burden sharing in the GH@igation, the EU could also consider the optiorso$taining
CCS deployment in a low building/operation costmnysuch as China. This sustain from the EU tan€ay be
shaped in different manners: monetary/technologysfers, R&D agreements (MOU)... The advantage oh suc
collaboration is significant for both countriesveioping at least cost the CCS technology will slthe burden for
China and will allow the EU to get back the teclagylwhen mature (and thus cheaper). European ongeshould
also consider the opportunity to develop CCS inmests and collaborations with China.
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% Offshore transport and storage costs (ZEP's astsongp2011a, 2011b).
* Respectively onshore and offshore transport amge costs.



