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NET-SIFIR ICIN SADECE ENERJI'YE
ODAKLANMAK YETERLI DEGIL !!!

COMPLETING THE PICTURE: TACKLING THE OVERLOOKED EMISSIONS

TOTAL CURRENT
EMISSIONS

EMISSION
REDUCTIONS
IN 2050

EXAMPLES COVERED
IN PAPER

(food, steel, cement, (o)
plastic, and aluminium) 45 /o

CIRCULAR

ECONOMY

( 55% 45%
ENERGY PRODUCTS
55%

EMERGING
TECH
CARBON
CAPTURE
STORAGE
AND DIET

] \\;_//
ZERO EMISSIONS
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KARBONSUZLASMA YOL HARITASI

Renewables
Nuclear
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Malzeme
Tuketimi
Neden

Onemli?

-OECD, kuresel malzeme tuketiminin
2011 yihina kiyasla 2060 yilinda iki katina
cikacagini tahmin ediyor. 20. yuzyilin
enerji hedefi petrol ve gaza erisimle
ilgiliyse, 21. yuzyll da malzemelere
erisimle ilgili olacak.

-Klasik ve kritik malzeme talebi artisi
ciddi bir hizda artiyor.

-Hammadde arzi bu artan talebe hizli bir
sekilde cevap veremeyebilir ve bu da
temiz enerjiye gecisi yavaslatabilir.

-Malzeme c¢ikarimi, dretimi, kullanimi
yogun karbon icermektedir.
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1-Enerji Donusumu-Malzeme Yogun
® MATERIAL AND RESOURCE

Energy

mnsios  REQUIREMENTS FOR THE ENERGY
mmEset - TRANSITION

The clean energy system in 2050

AL LA A LA ARl RSl LRSS AR AL A LA AR AR AR AR ., — - ———

ENERGY winND | 3% SOLAR ! POWER | GREEN © Eve AND SR CARBON |
! TECHNOLOGIES | ﬂ i GRID | HYDROGEN | BATTERIES | | /o] CAPTURE |
s P | i s

SOoMe- U0 e

2022 1w P 1.2 Tw : 70 mitlion km | <Tmr 25 MEvFLEET | 0.05 Gico, pa. |
¥ H i i : i =4
18 )i Gas)im . (), CON xe0 ) x100) |

v E.. - | | &N | =SS I RN 3 e {4 ' 3 - !
2050 (14-157w  (26-34 1w 200 miionkm ;500-800 M1 (1500 m : 7-10 oico, pa. |

Deploying clean energy technologies will require a range of materials

gresssstestianesieneteseenasseresaserassraysrarertansareaastaseas proncesassnssssacsesane yressssesssssssisasesassguesetesseentenantsastsaperanasassssranassrarere
i KEY MATERIAL | ALUMINIUM AND STEF

NEEDS

’

H H

: :
: - : :
. THANN T KON ' H
s MAIN ORVEes o | H
: U A ! !
i § neooymium K
. i i
Sl .
E - T CAOmh A s
o '

NSNS O
LA ANt

; :
: ’
. M 1
POLYSIICON i PLATINUM
: SILVER i d s&PALLADIUM B
. ' . .

.
. '
- .
P B awxoreon |
. .
. .




" S
Yesil Donusum Malzeme yogun

Minerals used in selected clean energy technologies

Transport (kg/vehicle)

Electric car

Conventional car [[IIINEGEE

Power generation (kg/MW)
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China leads world in production of minerals needed for clean energy

Share of top three countries for extraction and processing of key minerals and fossil fuels

Extraction Processing

Rare earths  China -— } Rare earths  China -

Y]

S Democratic Republs > Cobalt ~ China
Nickel China .
on o

Ruissia | LNG export
ﬁ
o9
0% 20% 40% 60% 80% 100% 0% 20% A0% 60" B0% 100"

[ Argentina [l Australia © Belgium [l Chile ~ China [ Democratic Republic of the Congo [l Estonia  Finland ~ Indonesia [ Iran
M Japan [l Malaysia | Myanmar ~ Peru [l Philippines [ Qatar [ljRussia [ Saudi Arabia [l United States

Chart: Canary Media * Source: IEA, The Role of Critical Minerals in Clean Energy Transitions



YAYIN: Enerji Donusumunde Kritik
Mineraller: Yatirim stratejileri ve Arz riski
Kitap bolumu, Palgrave Macmillan, 2023

Critical Raw Materials in the Clean Energy Transition: Evaluating Circular Economy and

Investment Strategies for Mitigating Supply Risk

Book Chapter “Sustainable Energy Development: Technology and Investment” by Palgrave Macmillan

2023.
Etem Karakawva

Department of Economaics. Faculty of Economaics and Administrative Sciences, Eskischir Osmangazi

University. Eskigchir. Turkey. E-Posta: ekarakaya@gmail.com
Sedat Alatas
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Abstract

As many countries set out net-zero emission targets afiter the Glasgow Climate Meeting (COP26). green
energy transition become more wviable. Howewver, such an ambitious energy transition will require an
enormous amount of materials that have a supply risk. Therefore, Critical Raw Materials (CRMs) have
emerged as one of the most highlighted topics in academic research and environmental policy decision-

making over the last decade. As countries confinue to demand more of such critical materials, this topic
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2-Azaltimi zor Sektor: Sanayi

Sanayi uretimi artiyor

Malzeme yogun bir sektor

Malzeme kullanimi artiyor

EMiSYONLAR ARTIYOR



ENERJi KULLANIMI-OECD vs NON-OECD
NON- OECD cok yuksek
SANAYI cok Yiiksek

Global energy consumption by sector (2010-2050) =
quadrillion British thermal units Cﬁﬂ
450 4350
history projections history projections
400 400

|
|
I
| non-OECD
I
|
I

350 OECD 350 _
countries countries
300 300
250 250
200 200
residential

150 commercial 150
100 transportation 100
20 industrial 20
0 0

2010 2020 2030 2040 2030 2010 2020 2030 2040 2050
Source: U.S. Energy Information Administration, International Energy Outlook 2019 Reference case



YAYIN: Sanayide Karbonsuzlasma ve
Malzeme Etkinliginin Rolli, CSI Dergisi, 2023

RESEARCH ARTICLE m
—_ . GEVRE
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SANAYIDE KARBONSUZLASMA: MALZEME ETKINLIGI STRATEJILERININ ROLU
Burcu HIGYRMAZ * Sadat ALATAS Etorn KARAKAYA m .
HICYRMAZ ¥ Sedat ALATAS Etom KARAKA of"’/ﬁ)’[-’-‘" . !‘
=32
Abstract E)

Sanayt emisyonlannin azaltime net sifir emisyon hedefinin baganimasi igin kritik oneme sahiptir. Bununla birlikte, bu sektorun karbon yogun bir
Gretim sdrecinin por¢asi olmasi, malzeme Uretimi ve kullorimi sonucu ortaya glkan emisyon azaltmant zoriagbrmoktadir. Bu galgmanin amace
sanayide karbonsuziogma igin malzeme etkinliginin dnemine vurgu yapmak ve bu yonde uygulonabilecek stratejilen tartigmaktir, Bu ylzden, ik

olarak, sanayi sektrinun neden “azaltm yopdmas: zor” sektér okiugunuy, sanayl sektérd azaltim segeneklerini ve malzeme etkinliginin azaltim * Download Cover image

politikes: baglomindaki kritik rolinu ele almoktader. lkinci olarak, malzemae etkinidgini saglayacak strateflen ve bu stratejilerin hangi drdn yasam
donglst osamalannda gergeklegtirilebilecedini tartrgmaktade. Tim bu tartigmalar, literotlrdeki galismalardan elde edilen bulgulara ve dnemili

kurum ve kurulugiann yayinlodid raporiara doyanmaktadir, Bulgular, sanayide karbonsuzlogma igin buyOk bir potansiyel oldugunu ve urinun « ARTICLE FILES
tasorm agomasindon kulianim Omra sonuna kadar gegirdigi stregte, malzemenin etiin kullaniminin surdiralebiliriik ve donglsel ekonomi
agisindan onemli katkilar sunabilecegini gostermektedir. Dohasi, emisyon ozaltim potansiyell en yuksek olan agamalann, tasanm ve kullanim RNTe
agamalan oldugu tespit edilmigtir. Bu galigma, diger galigmalardan farkh clarak, malzeme etkinligi konusunu sanayi sektora ozelinde tartigmakto, ve
malzeme etkinligini soglayacak stratejileri ve bu strotefilerin gergekiegtirilebilecadi asamalan tartigmaktadir. Bu badlamda, literatdre énemli katk ® 378 4 397 &0
sagloyacod duginuimektadir.
KeYWOTUS Journal Home Page

Sanoyide Karbonsuziagmo, Malzeme Etkinligl, Molzeme Etkinligl Stratejilery, Dongusel Exkonomi
Archive
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RESOURCE EFFICIENCY vs MATERIAL EFFICIENCY

.. Dogal
Enerji Malzeme Kaynak
Verimliligi Verimliligi Yonetimi

Su, Toprak




Malzeme verimliligi:
Hazir, Ucuz, Etkin

1) Karbon yakalama ve

| _ depolama (CCU ve CCS)
MALZEME

Enerji verimliligi | s 2) Hidrojen ve elektrik gibi
~ VERIMLILIG

yakitlarla degistirme
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Sanayi- Azaltim Secenekler!

L Potential contribution to net emission reduction
Mitigation options 0 B

~ Energy efficiency

| Material efficien
Enhanced recycling
Fuel switching (electr, nat. gas, bio-energy, H;)
Feedstock decarbonisation, process change
Carbon capture with utilisation (CCU) and CCS
Cementitious material substitution

. Reduction of non-CO; emissions

Industry

Net lifetime cost of options:
I Costs are lower than the reference
| 0-20 (USD tCO.-eq")
B 20-50 (USD tCO,-eq")
I 50-100 (USD tCO,-eq")
_ I 100-200 (USD tCO;-eq’)
Kaynak: IPCC Sixth Assessment Report, 2022 I Cost not allocated due to high
variability or lack of data
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YAYIN: Enerji ve Malzeme Kullanimi Belirleyicileri
ve Decoupling Analizi, ESPR, 2023

Environmental Science and Pollution Research (2023) 30:80863-80883
https://dol.org/10.1007/s11356-023-28020-y
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Understanding material and energy use in the processes of decoupling
CO, emissions from economic growth

Tugba Akdogan'(® . ElIf Erkara’ . Betll Mert' . Burcu Higyillmaz? - Sedat Alatas® - Etem Karakaya®

Received: 9 March 2023 / Accepted: 27 May 2023 / Published online; 13 June 2023
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2023

Abstract

The share of emissions from materials has dramatically increased over the last decades and is projected to rise in the coming
years. Therefore, understanding the environmental effect of materials becomes highly crucial, especially from the climate
mitigation perspective. However, its effect on emissions is often overlooked and more attention is heavily paid to the energy-
related policies. In this study, to address this shortcoming, we investigate the role of materials on the decoupling of carbon-
dioxide emissions (CO5) from economic growth and compare it with the role of energy use in the world's top-19 emitting
countries for the 1990-2019 period. Methodologically, using the logarithmic mean divisia index (LMDI) approach, we first
decompose CO, emissions into four effects based on the two different model specifications (materials and energy models).
We secondly determine the impact decoupling status and efforts of countries with two different approaches: Tapio-based
decoupling elasticity (TAPIO) and decoupling effort index (DEI). Our LMDI and TAPIO results show that material and
energy-related efficiency effects have an inhibitory factor. However. the carbon intensity of materials has not contributed
to CO, emissions reduction and impact decoupling as much as the carbon intensity of energy has, DEI results indicate that
while developed countries make relatively good progress towards decoupling, particularly after the Paris Agreement, devel-
oping countries need to further improve their mitigation efforts. Designing and implementing some policies only centering
energy/material intensity or carbon intensity of energy might not be sufficient to achieve the decoupling. Both energy- and
material-related strategies should be considered in harmony.

Keywords CO, Emissions - Materials - Energy - Decoupling - Decomposition - Decoupling Effort Index - Tapio - LMDI

JEL codes Q56 - O13 - C33
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Calismanin Amaci

CO2 emisyonlari ile ~
ekonomik biiyiime (GDP)
arasindaki iliskiyi ‘

ayrisma(decoupling)
yontemine dayali olarak EKONOMIK
analiz etmek BUYUME

KARBON
yani EMISYONLARI

sira
de dikkate

alarak,
ayrisma durumunu
etkileyen faktorleri ortaya
koymaktir.
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BULGULAR: Mutlak decoupling sayisi
enerjide artiyor. Malzeme az!

No Decoupling
Effort
S <0

Weak Decoupling
Effort
0O<=d<1

Absolute Decoupling Effort
S =1

1990-
1995

KOR (-0.28)
IDN (-0.45)
IPN (-0.58)
IND (-0.68)
ALUIS (-0.91)

CAN (-1.07)
TUR (-1.18)
IRN (-2.46)
BRA (-2.67)
SAU (-4.17)

TTA (0.63)
CHN (0.49)
USA (0.19)

DEU (2.78)
GBR (1.94)
POL (1.93)

1995-
2000

M. (-0.00)
ZAF (-0.02)
IND (-0.07)
TUR (-0.97)

CAN (-1.71)
IRN (-2.32)
BRA (-5.02)

GEBR (092)
CHN (0.73)
1T A (0.50)

UISA (039)

KOR (033)
JPN (0.20)
ALS (0.06)

RUS (2.18)
POL (1.49)
DEU (1.46)

2000-
2005

ZATF (-001)
BRA (-0.11)
CHN (-0.38)
IDON (-0.42)
IRN (-0.68)

ITA (-1.87)
SAU (-2.82)
MEX (-89.59)

RLS(097)
POL (0.84)
GBR (0.79)
USA (0.72)
CAN (0.67)

TUR (0.47)
KOR (0.42)
AUS (0.22)
JPN (0.05)
IND (0.03)

DEU (2.42)

2005-
2010

BRA (-0.13)
IND (-0.19)
IDN (-0.24)
ZAT (-039)

IRN (-0.50)
TUR (-1.22)
MEX (-756.66)

RUS (0.90)
POL (0.78)
CHN (0.43)
AUS (024)

KOR (0.09)

PN (31.00)
DELT (1.80)
CAN (125)

2010-
2015

IND (-0.043)
SAU (-1.14)
BRA (-12.85)

RUS (0.87)
IPN (0.81)

AUSOTD
CHN (0.64)
KOR (0.51)

MEX (0.43)
1D (0.40)

C AN (0O3R)
TR (0.19)

GBR (3.97)
ZAF (2.39)
USA (1.90)
POL (1.67)
DEU (1.42)

2015-
2019

IDN (-0.49)
TUR (-0.54)

POL (0.83)
KOR (0.79)
CHN (0.72)
C AN (0.65)

RUS (0.51)
IND (033)

GBR (4.75)
DEL (3.16)
JPN (2.86)

MEX (2.36)

USA (147)
ITA (1.30)
AUS (1.09)

WYWhole

IND (-0.08)
TUR (-0.30)
1IN (-0.60)
MIEXN (-O088)

ZAF (-096)
BRA (-1.33)

IRN (-2.46)
SAU (-7.37)

USA (099)
IPN (0.87)

CTHIN (0.40)
CAN (0.27)

KOR (0.13)
AUS (0.16)

RUS (2.51)
ITA (2.34)
GBR (2.08)
DEL (2.03)

POL (1.20)
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Abstract

Materials are of great importance as they are fundamentally integrated into many
different critical topics, including green transition, technological progress, industrial
emissions, and supply chains, Therefore, the amount of materials we demand and
employ in the production process or how efficiently we use them become highly cru-
cial. In this paper, we study the emerging role of materials with a special focus on the
key role of material efficiency (ME) in climate mitigation. To this end, we empirically
investigate the main determinant of material demand and evaluate the ME perfor-
mance in the European Union (EU) countries over the period of 1995-2019 based on
a four-component Stochastic Frontier Analysis (SFA) panel data approach that sepa-
rates unobserved country effects from persistent and transient inefficiency. We
obtain the following outcomes. First, material demand function estimates reveal that
economic growth and energy consumption are the main drivers of domestic material
consumption, highlighting the need for promoting sustainable energy and economic
growth. Second, although the SFA-based ME scores significantly vary across coun-
tries, transient inefficiency is the main source of overall inefficiency for most coun-
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BULGULAR:
Malzeme Talebinin Belirleyicileri

TABLE 2 Drivers of material demand frontier.

Variables Coefficient Standard errors
InGDP 0.92063*** 0.0602
INnPOP —0.6677""" 0.0938
INAREA 0.1158 0.0837
InEC 0.2676™** 0.0815
InMP 0.0004 0.0142
IniISH 0.0621 0.1180
INSSH —0.7867*** 0.2446
INnNTO —0.5079*"" 0.0635
uUuMDT 00192~ 0.0042
uMDT? —0.0009*"" 0.0001
Constant 9.8965*" 1.9115
Observations 650

Number of countries 26

R-squared 0.7980

Note: The dependent variable is the log of domestic material consumption.

* =x

X and " denotes significance at 10%;, 5% and 19, respectively.



Bulgular: AB ulkelerinin Malzeme

verimliligi performansi
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FIGURE 3
from 1 to 26, from the best countries to the worst in the material efficiency ranking.



Bulgular: AB Ulkelerinin Gegici ve Kalici
malzeme verimliligi performansi

FIGURE 4 Development of material p—
ef ficiency performances within the H E E § NN EEE SRR EEEEEEEEE SRR EN
European Union over the period of
1995-2019.
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® Transient Material Efficiency @ Overall Material Efficiency
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TABLE 4 Transient efficiency (TE)

scores and ranking for the 2015-2019 Country ::0'1“;:;‘019) Ranking Country TE (2019)

period and year 2019.
Romania 0.2508 1 Sweden 0.9653
Sweden 0.9492 2 Romania 0.9581
Bulgaria 0.92443 3 Beolglum 00,9528
Finland 09441 4 Finland 0.9524
Denmark 0.9409 5 Denmark 0.9492
Lithuania 0.933%9 6 Bulgaria 0.9434
Estonia 092279 7 Lithuania 0.9426
France 09273 8 France 0.9405
Latvia 09268 ? United Kingdom 0.9388
United Kingdom 09217 10 Estonia 0.9346
Poland 092216 11 Cyprus 0.9315
Belgium 09191 12 Poland 0.9272
Germany 09163 13 Germany 0.9248
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Malzeme ve Enerji verimliligi
belirleyicileri ve rebound etkisi

Table 2 Drivers of material and energy demand frontier and rebound effects

a b
Drivers of material(d)eman(l frontier and Drivers of energy fle)mand frontier and
rebound effect rebound effect
Variables | Coefficient Std. err. | Variables I Coefficient Std. err.
Frontier
InGDP 1.18 14 %% 0.0999 InGDP 1:1266%* 0.0483
InPOP -0.6922%* 0.1133 InPOP -0.1457%0% 0.0464
INAREA 0.344Q M 0.0426 INAREA 0.1806M* 0.0329
InISH -0.34950K 0.1127 InISH =0.2596% * 0.0766
InSSH -0.514¢6%"x 0.1985 InSSH 0.0266 0.0708
InMP 0.1277%%* 0.0299 InEP -0.0616%** 0.0166
InEC -0.0724 0.0735 InDMC -0.0031 0.0122
InTO -0.1863%** 0.0429 InTO -0.0252 0.0177
UMDT 0.0027 0.0034 UEDT -0.0219%** 0.0016
Constant -3.0965* 1.8316 Constant -29.003 9 ** 0.8977
Rebound Effect
InGDPP -0.0948 0.0632 InGDPP 0.1968%#* 0.0189
InMP 0.1852 k%" 0.0436 InEP -0.048 ] wx 0.012
InCOGDP -0.7763 N 0.1783 InCOGDP -0.4773%10k% 0.0664
InISH -0.3946%** 0.0922 InISH -0.16647%** 0.0579
UMDT 0.0086%** 0.0043 UEDT -0.0166%** 0.0022
o 1.1039%* 0.4318 Oy 3.0007 %= 0.4169
o, -4.0628%** 0.0493 o, =5.9613F** 0.0493

Note: * " and "+

denote significance at 10%. 5%. and 1%o. respectively.
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Figure 2 The trend of matenial efficiency and rebound effect over the years 1995-2019
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Figure 3 The trend of energy efficiency and rebound effect over the years 1995-2019
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Table 4 Ranking based on material efficiency scores and rebound effect (1995-2019)

Material Material
Country Efficiency Scores Ranking Country Rebound Effect
Luxembourg 0.9815 1 Switzerland 0.6622
Switzerland 0.8471 2 Sweden 0.5972
Sweden 0.5997 3 Norway 0.5694
Norway 0.4690 4 France 0.5640
Denmark 0.3905 5 Denmark 0.5333
Finland 0.3765 6 Luxembourg 0.5312
France 0.3053 7 UK 0.5263
Austria 0.2749 8 Italy 0.4925
LI 0.2624 o Austria 0. 4903
Ireland 0.2219 10 Netherlands 0.4767
Italy 0.2175 11 Ireland 0.4731
IL_atvia 0.1999 12 Portmugzal 0.4705
Netherlands 0.1915 13 Spain 0.4629
Belgium 0.1540 14 Belgium 0.4579
us 0.1438 15 Cyprus 0.4391
Spain 0.1428 16 Latvia 0. 4377
Portuagzal 0.1329 17 Finlancd Q. 4347
Greece 0.12249 18 Germmany 0. 4335
Croatia 0.1126 19 Greece 0.4241
Lithuaania 0.1086 2 Twurkey 0.417S
Gernmany 0. 1085 21 Croatia O.4111
Slovenia 0.0980 22 Japan 0.4093
Cvyprus 0.094 23 uus 0.4009
Japan 0. 0935 24 T.athuania 0.3992
Slovak Rep. 0.0442 255 Slovenia 0.3723
Hungary 0.0391 26 Hungary O0.3667
Turkey 0.0343 2 Romania O.3285
Estonia 0.0294 28 Slovak Rep. O0.3268
Romania O 0233 29 South Korea 0O.3249
Southh Korea 0.0167 30 India 0.2782
Czechia 0.0121 31 C'zechia 0.2612
Poland 0.0053 32 _Estonia 0.2602
Bulgaria 0.0050 33 Bulgaria 0.2598
Russia 0.0029 34 Poland 0.2590
India 0.0001 35 China =2 TR
China 0.0001 36 Russia 0.2076
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Policy Tools and Instruments for Resource
Efficiency and the 3Rs

Resource
extraction

Product design
Production

Consumption

Usage

{?

Waste
management

=

» Material stewardship

* Mineral resource
extraction charge

* Tax on raw materials

* Aggregates(stone,
rocks and gravel) levy

* Natural resource
taxation

*Recycling
Policy

* Remanufact
uring

* Reuse,
Repair,
Refurbish

*EPR

» Material stewardship

* Training / consultancy
on Lean manufacturing
(KAIZEN) / Resource
efficient process

* Eco-label/Eco-Design
/EPEAT/Certification
/Standards/ top-runner

*EMS(EMAS/ISO14001)

* R&D support

*Voluntary agreement

* Awareness / Awards

For citizens
*EPR / Deposit-

refund, Take-
back

* Eco-label /
Certification

* Differenciated
VAT

* Awareness
campaigns

For companies

* Eco-label /
Certification

*Green
Procurement

For citizens

* Plastic bag tax

»Pay as you throw
(PAYT)

* Municipal waste charge
/ Pay for MSW collection
bag

* Awareness campaigns /
training / trainer

For companies

Material Resource Circulation

* Plastic bag tax

 Land fill tax

 Landfill allowance trade
* Incineration tax




Clean energy is driving unprecedented
growth for critical minerals

Index (2010 =100)

Growth in production of selected materials, 2010-2022
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China is building battery plants far beyond
itTs needs
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Figure 12.2 Global Carbon Dioxide Emissions
from Fossil Fuel Consumption, 1900-2019
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Source: Global Carbon Project, Global Carbon Budget 2020.



