N

N

Arbitrage between Energy Efficiency and Carbon
Management in the Industry Sector: An Emerging vs.
Developed Country Discrimination

Nadia Maizi, Matthieu Thiboust, Sandrine Selosse, Vincent Mazauric

» To cite this version:

Nadia Maizi, Matthieu Thiboust, Sandrine Selosse, Vincent Mazauric. Arbitrage between Energy
Efficiency and Carbon Management in the Industry Sector: An Emerging vs. Developed Country
Discrimination. The 34th edition International Energy Workshop (IEW) - International Renewable
Energy Agency (IRENA), Jun 2015, Abu Dhabi, United Arab Emirates. hal-01255155

HAL Id: hal-01255155
https://minesparis-psl.hal.science/hal-01255155
Submitted on 13 Jan 2016

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://minesparis-psl.hal.science/hal-01255155
https://hal.archives-ouvertes.fr

Arbitrage between Energy Efficiency and
Carbon Management in the Industry Sector:
An Emerging vs. Developed Country Discrimination

Nadia Maizt, Matthieu Thiboust’, Sandrine SeloskeVincent Mazaurit

L MINES ParisTech 2 Schneider Electric
Centre for Applied Mathematics Strategy & Technology
BP 207 38TEC Building
06904 — Sophia-Antipolis — France 38050 — Grenoble cedex 9 — France
E-mail: nadia.maizi@mines-paristech.fr E-mail: vincent.mazauric@schneider-electric.com

Abstract

Following the Copenhagen Climate Conference in 286fhe countries have adopted carbon abatement
pledges. As energy savings are a source of indiation reduction, those pledges will impact thestment
of Energy Efficiency solutions. This study aimsgtoantify those impacts and determine their serisitio
COP15 pledges within the competition with otheaaler technologies, especially on the supply-side.

The study relies on the TIAM-FR model, which issrigion world version of the MARKAL/TIMES model
family, where an Energy Efficiency-dedicated modubes implemented. A focus is given on Europe, White
States and China; and only the implementation@fBhergy Efficiency solutions in the industrial teeds
considered.

On the supply side, the level of power generatioweakly changed with the carbon mitigation comstrahile
the power mix has a strong sensitivity for pledgese strict than COP15. On the demand side, Energy
Efficiency implementation appears as the only lémenature countries to achieve COP15 variant medg
whereas a competition with cleaner generation t@dgies is pointed out according to the stringeoicthe
pledge adopted by China.
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1. Introduction

With the rise of energy prices and the developmécarbon markets, Energy Efficiency and carbonssions
are two key decision variables for industrial astdrhose two variables are closely related, bufdtewing
guestion remains open: Does Energy Efficiency atnisithe best allocation to reduce carbon emis§idris is
not a general rule: if we consider, for instanceuelear power plant, it has a low carbon footphit can be
poorly efficient. The future development of Carti@apture and Sequestration (CCS) technology withkeven
more this correlation. Thus, carbon managementeaedgy efficiency management are different business
models. The goal of this study is to evaluate tihitrmage between carbon management and energyeeific
implementation for industrial actors.

The study is organized as follow:

e In afirst section the TIAM-FR model, which is a-fégion world version of the MARKAL/TIMES model
family, is described. It is a bottom-up “Energy mvitonment — Economy”-dedicated model which
optimizes energy systems under constraints by wsipaytial equilibrium. This model is used for nbé@tm
to long-term energy and carbon prospective (Loalod Labriet, 2007; Loulou and Labriet, 2005).

» In order to compare energy efficiency and carbditigs, an extension giving access for each eneegyor
to:

» the primary equivalent and carbon content, alortg wi
» their evolution through time for each region,
is implemented.

e Primary equivalent and carbon content of commaglitiél depend on various parameters (climate pedici
processes availability, costs of technologies, detsaetc). Attention is paid on the definition afant
scenarios based on the COP15 pledges.

» Results are finally inspected in order to assesathitrage between energy efficiency and carbon
management.

2. The TIMES formalism for energy modelling

With the research on energy modeling thriving, mdifferent visions emerged, embodied in dozensféérent
modeling paradigms. They are often categorized@rhajor families, namely “bottom-up” and “top-doivn
models.

*  The "“top-down” models are said to be “economy-rich”, and use economyeshometrics theory to
derive evolution scenarios from a general equilirialong with a set of macro- and microeconomics
indicators (GDP, energy intensity, demography, ghogffects, etc);

e The “bottom-up” models are technology-rich models building general tenéenby piling up extremely
disaggregated technology data (energy prices, imearg costs, technology specific efficiencies) sthu
acting in a bottom-up way;

e« The IAM (Integrated Assessment Models), which combine altapn or bottom-up module with a climate
or impact evaluation module, are a more all-inclegbut often less precise) way to look at the [ab

The TIMES (The MarkAl-EFOM Integrated System) pagadis a bottom-up representation, relying on highl
disaggregated technology-rich data. It inheritsdharacteristics of two former modelling paradigidsrkAl

and EFOM), which had been developed from the é$/to 2005 by the Energy Technology Systems Amalys
Programme (ETSAP, 2007) under the aegis of Intemmalt Energy Agency (IEA, 2006).

The analyses carried out in this work are derivedhfthe ETSAP/TIAM-FR (the French version of th&//BS
Integrated Assessment Model) bottom-up model dpesldy the Centre of Applied Mathematics of MINES
ParisTech.

a. TheETSAP TIMES Integrated Assessment Model

TIAM-FR depicts the world energy system with a dethdescription of different energy forms, res@as,c
processes/technologies and end-uses. The link batthe commodities and the technologies is destrilzea
Reference Energy System (figure 1). More precigbly,RES is a network of interlinked commodities (a
energy form, an emission, a material, or an ensegyice) and technologies (anything that produoeléoa
consumes commodities).
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Figure 1. Simplified view of the Reference Energy System within the TIMES formalism framework:

* Inthe middle, a simplified topology of the Reference Energy System for one demand, respecting the
representation codes used by TIMES modelers: the vertical lines are the energy carriers (commodities),
and the boxes are the technologies (processes in the TIMES language). Each processis described by its
investment, operation and maintenance costs, its life, and its efficiency, thus defining a linear
relationship between its inputs and its outputs.

* Inred boxes, the other constraints that the user must provide to complete the model;
* Ingreen, the outputs of the calculations.

See Figure 2 for a synthetic representation of the Reference Energy System.
The main features are given below (Loulou and Letb£007)

TIAM-FR includes several thousand technologies in atbsg of the energy system (energy procuret,
conversion, processing, transmission, anc-uses).The description of the technologies includes dat
investment and operation costfficiencies and, sometimes, market potentiaigure2 gives a synthetic
description of the RES covering the we energy chairin order to satisfy the demands, energy source
extracted and in seriemimber of steps, transformed iithe enduse demand commoditi

In TIAM-FR, enduse demandsi.e. energy services) are based on socio-econasgamptions and ¢
specified exogenously by the user in physical umitsnber of house commercial area, industri
production, vehiclddlometers, etc.) over the planning horiz However, contrary to traditional bottup
models, TIAM acknowledges that demands elasic to their own prices. This feature insures
endogenous variation of the demanc constrained runs (on emission or concentratiohs)s tapturing th
vast majority of thenacroeconomic feedback of the energy system. Thietled energy consumption
TIAM-FR is based on external projections of the growthegional GDP as well as population volume
of various economic sectors (transport, residentidustry, etc.). These drivers  IEA statistics for ¢
given base year in this case 20( — are the basis for future projectiongtod consumption of differel
energy such as road passenggansportation, steel demand, residential hgasitt

TIAM-FR is a global multiregional model. It is geogragathly integrated and offers a representatiothe
global energy system in 15 regions covering theentorld: Africe, AustraliaNew Zealand, Cana,
China (includes Hong Kong, excludChinese Taipei), Central and South America, Eadteinopt, Former
Soviet Unon (includes the Baltic states), In, Japan, Mexico, MiddI&ast (includes Turke), Other
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Developing Asia (includes Chinese Taipei iPacific Islands), South Korea, United States of Aoa and
Western Europe (EU5, Icelanc Malta, Norway and SwitzerlandJhe regions are linked by ener
material, and emission permit trading variablegei$ired. The trade variables transform the setgibnal
modules into a single multiregional (possibly gljlemergy model, where actions taken in one regiay
affect all other regions. This feat is essential when global as well as regional enarglyemissiol
policies are simulated.

¢« The model also consists of a number of ¢ elements, such as usdgfined constrain, e.g. on emission or
technology limitation and a climate module (Loukmd Lbriet, 2005).
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Figure 2. Global Reference Energy System, including more than:
e 3,000 technologies,
¢ 500 commodities,
e 15regional areas.

The shadowed box denotes the altered part in order to implement Energy Efficiency potentials in the industry
sector (see Figure 3).

TIAM-FR is the global multiregional version of the TIME®del generator, a line programming model th:
estimates an intaemporal partial economic equilibrium integrated energy markets. The model asst
perfect markets and unlimited &might for th calculation period, the described economic sectord
commodities. In other words, tleodel minimizes, under environmental and techrgoalstraints, the tot:
discounted cost dhe energy syste over the whole studied time horizon, typically RafL00. Cost of the
energy systermcludes investment costs, operation and maintenaasts, costs of imported fuels, inco of
exported fuels, the residual value of technologiethe end of the horizon, and welfare due to endogenous
demand reductions. The model computes both the flowsooimoditie (energy forms, materials, al
environmental), as well as their prices. The priziethe commaodities are computed in such that at the p
computed by the model, the supplier energy prodce exactly the amounts that the consumers armgyith
buy. The equilibriunfeature is present at every stage of the energgmsyprimary energy forms, seconc
energy forms, and energy services. TI-FR aims to supply energy services at mininglobal cost by
simultaneously making decisions on equipment imaest, equipmel operation, primary energy supply, a
energy trade.

Non-energy
sectors (CH4)




The main outputs of the model are future investsiant activities of technologies for e time period.
Furthermore, the sicture of the energy system is given as an oui.e. typeand capacity of the ener;
technologies, energy consumption by fuel, emissiensrgy trad flows between regions, transport capacitie
detailed energy system costs, and mar costs of enwvonmental measures as GHG reduction targets.
model tracks emissions of GACH,, and NO from fuel combustion and processes. Emissionatémtuis
brought abouby endogenous demand reductions, technology ahddbstitutions (leading to efficien
improvements and process changes in all sect@d)pn sequestration (including +, capture at the powse
plant and hydrogen plant level, sequestration bgsis, and storage oil/gasfields, oceans, aquifers, e An
additional output of the model ike implicit price, c opportunity cost (shadow price), of each energynfc
material and emission.

b. Energy Efficiency modellingin TIAM-FR

Generally, the percentage Bfiergy Efficienc is an input in energy modelssed for assessirits impact on the
energy and climate systesiming to consider arbitragbetween Energy Efficiencgnd otheiCarbon
abatement solutioresspecially at the demand side (Renewables, Nudizahon Capture and Sequestrat
Cleaner conventional power plants.the optimal Energy Efficiency percentageed to be deriveas an output

of the model.
EE process ’ Similar to an eb
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Figure 3. Energy Efficiency disaggregation for the industry sector.
» Above: classical Energy Efficiency technology connecting input and output commodities;

» Below: disaggregation of the Energy Efficiency potential in several steps. Cost curves are given in
Figure 4.

Notice that the system has the possibility not to implement Energy Efficiency solution (n0=1) in order to compete
with other clean(er) generation technologies.

The basic idea would be represent an Energy Efficiency technology asrargy service amplifi, i.e. n>1
(figure 3), and modifyhe Reference Energy Syst (figure 2) according to iteechnical and economic
characteristics.

However, the huge list &nergy Efficencydedicated technologies involved in the industrytan — and their
use of multiple commodities eould providesignificant changes in the topology of the RThe task of
describing all of themappears to bhuge, cumbersome and endless. Moreover, dtiettack ola
homogeneous set of data or tisk of double-counting, this approach could lead thséorted modk.

However the purpose of this work is not to provide a sfial roadmap for short-terimplementation of Energ
Efficiency solutions irindustry, butto challenge the link between energy efficiency eabon emissio
mitigation.

Hence, a cost/efficiencgpproach has been adopted (figure 3). It consisdssaggregating the energy efficier
potential in several steps (here refined t) with the following basics (figure 4):



» Each potential of Energy Efficiency checks a sdtomccapopening the possibility to implement the n
level;

e The residual potentials offérgyEfficiency are more expensive than the first stép®ther words
countries involved for a long time in EE policishould implement more capitadtensive solutions.

As a result, the cost curves wesibrate( for different regionsaccording to their maturi in experiencing
energy efficiency, andxponential ste-wise cost curves were adopted. With gnggregated implementation
Energy Efficiencythe model has the possibility to determine thestsos-effective allocation of nergy
Efficiency processes.€. the optimal percentage for a given region, a gseetr and a given yee in a
competition with otheclean(er) technologi, especially on the supply-sidi@ order to achieve carb
mitigation pledges.
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Figure 4. Regional Costsvs. Energy Efficiency potentials (relative scale).

3. Climatic scenarios for 202(-2030

The international community appears to convergésolonc-term objectives, particularly to reduce Gt
emissions by 80% in 2050, compared to 1990 or 2@@pending the reference year adopted by the re
(Remme and Blesl, 2008; Syri at al., 2(. In the midterm, international negotiations occurring withire
Conference of the Parties (COP) under the auspicix®e United Nations Framework Convention on Chier
Change (UNFCCCY)ry to set up targets. The last attempt to fix gladibjectives occrred in the Copenhage
Conference (COP15 in 2009).

Region Reference COP15 targets Post2OP15 target:
year

2020 2050 2020 2050
Australia 2005 No No 34% 80%
Canada 2005 No No 34% 80%
China 2005 40% 80% 60% 80%

on carbon intensity| on carbon intensity| oncarbon intensit on carbon intensity

Japan 1990 25% 80% 25% 80%
United States 2005 17% 80% 34% 80%
Western Europe 1990 20% 80% 30% 80%

A key feature of the postyoto agreement was the participation of -Annex-1 countries, especially Chin
and Lhited States as they represent a large share lodlgBf, emissiongDen Elzen and Ho6hne, 20(. Various
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kinds of pledges were expressed in COP15:

While Europe and Japan pledge for a2@mission mitigation of respectively 20% and 2592820,
compared to 1990 level, other regions consider 2@0&ference year.

A more pessimistic view was expressed by UniteteStdue to their late acceptation of a global rattan
process. Australia and Canada are expected totakgnselves with the US commitment.

For China, the commitment is not on the emissierlleut on the carbon intensity. This means thah&h
GDP will pursue its rise but carbon emissions hdle to increase at a lower rate due to greateggne
efficiency and investment in greener technologies.

An important and well-known observation to note @gnms the choice of reference year. This inducesofse
an important impact on the target to reach. Moeeigely, if these pledges are translated on the safarence
year, it means (Selosse et al., 2010):

For China, reducing Cy 40% to 2020 (resp. 80% to 2050) its carbon sitgrcompared to 2005 level is
equivalent to limiting the increase of its @€nission at 292% in 2020 (resp. 485% to 2050) coetpto
1990 level for its COP 15 pledge. Conversely, @géeaiming to reduce its @@mission level by 10% to
2020 compared to 2005 level is equivalent to lilmé increase of its Cmission at 109% in 2020
compared to 1990 level. Therefore, due to wideatim in GDP projections, it is obvious that Chazanot
reasonably pledge neither an emission reduction1880 as a base year. Indeed, the annual averagthg
rate of the China GDP for the period 2000-2050.39%, with a GDP which reaches US$30 000 billion in
2050.

For the United States, reducing its £#nission by 17% to 2020 (resp. 80% to 2050) coegsy 2005
levels, is equivalent to reducing by 0.33% to 2Q28p. 76% to 2050) its G@mission compared to 1990
level. So, it appears clearly the lesser effort eitted by United States in the mid-term, notablynpared
to the European Union, whereas they have emittatyar share of COemissions. In other words, the
United States are unlikely willing to pledge onamstrained short-term target, while they haveieatithe
agreement.

So, through the different targets, the level of outments announced by the regions, particularlylésser
efforts of China and United States can be undetline

To analyze possible alternative development pathiseosystem, a variety of environmental targehaci®s on
different regions of the world over the period 2€@B0 was investigated.

Reduction pledge Europe USA China
(with reference year)
COP15 - 80% more constrained by 20% than the COP15 scenario
COP15 - 85% more constrained by 15% than the COP15 scenario
COP15 - 90% more constrained by 10% than the COP15 scenario
COP15 — 95% more constrained by 5% than the COP15 scenario
20% of emissions 17% of emissions 40% of Carbon intensity
COP15
(1990) (2005) (2005)
COP15 — 105% less constrained by 5% than the COP15 scenario
COP15 — 110% less constrained by 10% than the COP15 scenario
COP15 — 115% less constrained by 15% than the COP15 scenario
COP15 — 120% less constrained by 20% than the COP15 scenario
COP15 — 125% less constrained by 25% than the COP15 scenario
COP15 - 130% less constrained by 30% than the COP15 scenario
Business As Usual ! ! !




A baseline Business Asdual (BAU) scenario without any emission constiaimés firs calculated. In th
reference scenario, nomlate policy and thus no p-Kyoto policy areassumed. The BAU scenario outlir
some key patterns in the evolution of the energyesy, and served as the starting point for theyaisa
Besides, eleve@arbon constraints scenarcentered on the COP15 pledgksreabove tabl, allowed
investigatingthe changes induced stronger environmental policy, and determiningdhesitivity of the
implementation of Energy Efficiency solutions withda competition with other abatement technolo

In the following,the impact of these environmental measures onrthiyg systenis analyzecfor the three
regiors: Western Europe, USA and Ch

4. Results

The variant scenarios are usediiscuss the level of implementation of Energy Eéincy solutions in th:
industry sector under the climadedicated commitmeil Both sectorial analysis and global investmer
consider on the horizon are studied for the tistudied regionsTo analyze the influence of the clima
constraint on the generation mikgtcompetion with the supply side is then investigatddocus on the
Carbon Capture and Sequestration (CCS) technokfinally given, as an example d&carbonize technology.

a. Senditivityof Energy Efficiency policies to COP15 pledges

A first set of graphs (Figure B5¢present the percentage of EE in 2020 in diffeirahistry sectors for differel
climate scenario8esides a lack of Energy Efficiency implementatigthin the BAU scenari:
» Energy Efficiencyis increasingly used as carbon emissions becomesconstraine; but

* The development of Energyffieiency solutions ismore sensitive to carbon abatement pledges in 8
and Europe than in China.

Percentage of EE in the chemistry industry in 2020 Percentage of EE in the non-metal minerals industry in 2020

HBAU NEAU

B Cop15-130% B Cop15-130%

B Cop15-125% B Copl5-125%

0 B Cop15-120% B Cop15-120%

= Cop1S-115% B Copl5-115%

o

B Cop15110% (o5

B Cop15-105% B Cop15-105%

B Cop15-100% B Cop15-100%

= Cop15-95%  Cop15-55%

B Copls 0% W Coplb 50%

 Copl15-85% Copl5-85%

China Usa Western Euroe Cop15-80% China Usa Wester Euroge Cop1>-80%

Percentage of EE in the pulp and paper industry in 2020 Percentage of EE in the iron and steel industry in 2020
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B Cop15-115%

B Cop1S-110%

W Copl5-103% H Copl5-105%
= Cop15-100%
Cop15-95t

B Cop15-90%

= Cop15-100%
 Cop15-95%
= Cop15-90%
m Copl5-85%
China UsA Western Euroge Copls-80% China USA Western Europe Cop15-80%
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Figure 5. Sectorial sensitivity of Energy efficiency levelsto COP15 pledges.

This behaviour is alsobserved in term of cumulated energy efficiency raafkr the period 201-2020 (figure
6). Obviously, this trend is due to the lesser dimbé indicator on Carbon intensity adopted byGlinéna.
However, although Energy Efficiency solutions remaipoweful lever to reduce CEOemissions in the industi
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sector, highvalued steps of Energy Efficiency (figure 4) appleas cos-effective in China than clean
generation units for highly constrained scenatiogther word, China provides opportunities hallenge
supply- and demansides within the same carbon abatement framewarkv€sely, for mature economic
countries, the opportunity to implement generatiapacities is very weak, and Energy Efficiency riemshe
only vector to achieve C{&missim mitigation

1000000 HBAU
300000 W Cop15-130%
800000 B Coplb-125%

M Copl5-120%
N Copl5-115%
M Copl5-110%
m Copl5-105%
M Copl5-100%
Copl5-95%

700000
6500000

500000
400000

300000
200000

M Copl5-90%
100000

W Copl5-85%
Copl5-80%

0

Chine USA Europe de 'ouest

Figure 6. Sensitivityof the Energy Efficiency market to COP15 pledges.
Cumulated investment over the horizon 2010-2020 in Million US$

b. Power generation mix

As a general resultonstraints on carbon emissichave a limited effect on the globgdneration lev,,
compared to the BAU scenai(figure 7). However, the structure of the energy michanged for pledges mc
strict than COP15wvhereas a weak sensitivity is observed for logarstrained scenari:

* In China, the BAU structure is pt till COP15 pledge. Hence, coal is partially egdd by gas for strong
constraints on emissions;

* In USA, the share of coal is progressively subtdilby gas, nuke or renewable, from 40% for CO
pledge to 20% for the strongeésvestigated scenario;

* In Europe, a coal substitution by nuclear, gasgeatherm is noticed and a coal pha-out is observed for
the COP15-80% pledge.

c. Carbon Capture and Sequestration implementation

As is presented in figure 8, ontyore constrained pledges than COP15 to significant level oCarbon
Capture and sequestration technolocEven though CCS appears as a long term so, its significantly
higher leveland earlier implementaticin Europe reflectshe saturation of Energy Efficiency poters,
subsequertb a longer implementation in t past, and a more ambitious commitmeZanversel, CCS
implementation is a marker of the stringency ofclimate policy, following the exhaustion of thedtgy
Efficiency potential.

5. Conclusion

The implementation of thertergy Efficienc' concept in the TIAMFR energy model makes it possible
determine the optimalriergy Efficienc' allocation for each region, each industrial seatwt each year. To o
knowledge, it is the first time an aggregated apphoof EE is dejoyed in an optimization energy mo within
this methodology (figure 4).

Because Energy Efficiengyays an important role in the fight against climahange, this promising appros
is of key importance when studying the arbitragieveen carbon abatement solutions.

In order to improve the relevance and the religbdf our model, further calibration work probably necessary,
especially to derive cost curves)dthe approach deserves to inclatber sectors like transport, resident
commercial, agricultre, oil & gas and electricit

Let us note that the quite high investment levelEmergy Efficiency displayed by the model représgimal
economic potential, without any restrictions on $peed of the market penetration (industrial deplert,
investment mechanism) or government incentivessjdigs, taxes...). This should be also considto
influencea global Energy Efficiency polic



Electric mix in China in 2020 (in PJ)
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Figure 7. Power generation mix.
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Sequestrated carbon in 2020 (tCO2)
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Sequestrated carbon in 2030 (tCO2)
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1 COP15-80%

Figure 8. Carbon Capture and Sequestration technology implementation.
Notice the cumulated level in 2030 is ten times higher than in 2020.
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