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CIRCULAR ECONOMY: INCLUSION (SRR OF

ALUMINIUM SCRAP IN THE INDIAN MATERIAL FLOW PROCESS
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sustainability of the industrialeconomy can be ensured only if the issues of resource
waste management are addressed A circular
¢ Regative environmental externalities and also

study sbreeate analyzedlhe inclusion of

cconomy model helps in mitigating

o
sustainii@@ the erowth of the economy!
aluminium scrap in the Indian material {low progess as part of the transition of aluminium
o ., . ; i i B
production towardsicircular economy. The prodydtion forecasting of aluminium for the

W perlp ; )
vears 2010 to 2030 using a modified PAT)modelf and #@en the total scrap
b1

ratio @ production for the same years & obtained. According to the forecasts, India’s

. . - - I ¢ g - e g
production of aluminium will increase from 1.3 mllllon@]'ljm 2010 to 5.6 million MT in

202{} and 6.6 mi]‘li’ion MT in 2030. §crap ratio of aluminium production {R@YPIEHESP

in 2030. India relies heavily on imported scrap to meet its production requirmncms!’i

i

using only domestic depreciated aluminium scrap m‘ca]culatmn reduces the scrap ratio to

0.05 in Zﬂlﬂ)and 0.06 in 2030.
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1. INTRODUCTION

\
MF)estimatesit is one of Mﬂ/
1 2017)%he rapid growth in )

o P

industrialization and urbanization mu}mrlbulﬂm to India’s ﬂrowthm also
causing enormous negative environmental external Lttes%l_ng and metal industry is the (¢ e{«wfm,\
o e i —— ’ — In Ladje 5
¢ : beginning ofavalue chain of major industrial proMr resource rich countries like Ly add I{’D
. o . OV Vol g(e }
@3&15 India 'ﬁﬁlmnu and metal industry Geseeaemegdat resources §to meet domestic [Ereuiay
L> ‘ FD ~requirements, and also international demands?India is the third largest producer gl iron ~
0d4 aﬁjw
f@ﬁ&ﬁl and steel, gfifth largest producer in bauxite The environmental impacts of nm_/

activities seem mewtable} smame; from the exploration pmcessm after mine
closure!

India is on a high @ERIEE@F growth trajectory. SEIHE hece

5 : ) 15, -
the fastest growing major economy in the world (

The impacts var_\,ldepending on the scale and techniques usedjsuch as open cast miang which

et
sy i ey, -
w affectil@ly air quality, land usew and caus grcund\watc}f?gg surface
water contamination. noise po!]ution.}(Kitula AGN, 2006; Azcueéﬂlzg There is also

NI
a_ huge amountg of waste generated in the entire value chain and@aﬂerf@ﬁ of life of .”?— :
s . e 1
¢ finished products! The energy consumption ofjindustrial sector alone accounts for
37% of the total primary energy consumptiony (Energy Balance Statistics, 2012)” The - )
a.dd refeieee)
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of the industrial economy can be ensured only if theg® issues of resource constraints, F‘Q; S'

cnergy inci"ﬁcienc;j and waste management are addressed7The current sysgBa@P [inca

model where resources are extracted. processed, used for production of finished

emissions from this sector account for 80 % of India’s total emissions€ The susta[nability

products, which are eventually discarded after end use;has to transform to a circular
model | where end of life products are brought back into the value chain by restoration

recycling in order to move to towards sustainability: FTM‘{ ﬂm%ﬁ-)w k /

1.1 CIRCULAR ECONOMY mw&d

{.‘F\éircular cconomy is an industrial system that is restorative and regenerative by design/
It replaces the “end of life” concept with restoration, shifts towards the use of renewable

energy, climinates the use of toxic chemicals, which impairgreuse, and aims for the



elimination of waste through the superior design of materials, products, systems and

business modelsy (Ellen MacArthur Foundation, 2013), QM i‘(?,{bwyua%ﬂ& I
1 ’w Fl
'{‘Q v

There arc several definitions and interpretations of circular economy: The overall %

-Q{,O—efi

the . i
concept ofycircular economy is to ensure that the resources are efficiently used and

. - ¥ % T T T A
waste is completely eliminated’ This can be done by using 4€S¥ primary resources, by
promoting restoration and rccyclmg)and;use of renewable energy sourcesX maintaining

high value of material and products throughout their life cyr.:leJ by improving product

design‘_figﬁanging utilization patterns by shift in consumption nfﬁw (Rizos et al‘,j W\.
& [
2017). i VS d0KE 2
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The benefits of this model ax¢ not just in mitigating the ncgativc environmental )

development path can create value of ; 2 in 2030, enab]p gost savings g 1%

.& *—____
Dagll‘rﬂﬂ[ GDP in 2030, (Ellen MacArthur Foundauon. 2016). Qg4lthough challenges
eduiatn) okthisceqorach,

remain m Biewgipdege and adoption there a huﬁe OppOl‘lUl‘llllt’.‘b for India to transition

towards‘\,rrcu lar cconomyg™—P Lﬁ-eifl '-"é'»&-ﬁ ‘-C(i) :
(5 gt 4o Poeccnes]

1.2 OBJECTIVE OF THE STUDY

Aluminium. an 111f|mlely recy able material due to its unique physical and chemical
propuue‘% provides morc ' forn{he move from ‘takeamake-dispose’ linear model to a
circular economy H‘lGdt’.‘l:ﬂmT‘]S study aims to analyze the inclusion of aluminium
scrap in the Indian material flow process as part of the transition of aluminium

(L LMM %W@db&sf

production towardsicircular economy.

2.0 LITERATURE REVIEW

n their stud)}analyzcd @@ copper flows in United States §

1975 102 IQJusing a fourﬁstaggsubstﬂncc flow analysis. Substance flow analysis is an

assessment of the anthropogenic metal cycle of a substance. The four stage framework
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includes transformational flows , trade flows_, recycling flows and loss flows. This

s A "j : : ,———-—-ﬁlmf
analysis helped the authors find out the scrap utilization scenario in prOdUCtIDn scrap
trade over the years. -LQLL'L t‘(_)

Refined copper includes primary copper and secondary copper. Primary copper is

extracted from the ore, secondary copper is obtained from manufacturing and fabrication

/_———_'-__‘
stages of copper and old scrap from used copper products! Output;ﬁjccondszgy refined
j@,& [@(&lﬁ»@) copper fell 9Q % from 1986 to ”Ul? while primary remained SIablﬁj'rrEl[lO decreascg from
2733 % to 3.94_% in 2012/ Reasons for thel decrease algp are disansendagy

environmental pressure, market interests, government regulations on hazardous wasle,

and others which makeéprimary product cheaper/Refined copper dominates imports and

)
scrap dominates cxports.%ount of exported old scrap increased drastically, In 1975,
the total exported old scrap was only 130.829{ GgZ In 2012, the amount of exported old

AT

scrap increased 8.13 times compared to that oﬂ'é?; D%\ Weased
k'

regulations for secondary processing. it is cheaper for US rimary produc%‘The
| ke

study highlig roductio

er scrap for

United States,

mﬁlﬁ: recycling rate of copper has increased 40 percent from 1965 to 2012! This

scrap is mostly e\]:n;r_te—f;l The reasons for this reduced usage werisaRseay [ K5

environmental pressure and cheaper refined copper available wlmports

This paper closely follows Xuan and Yue (2016). In & paper, the authors 4l

jﬁﬁ forecasigft the production of steel for the years 2010 to 2030} using a modified IPAT
model and calculated the scrap ratio for the same years, in order to estimate the

wiged
vallabmty of stec] scrap for productlon The results showﬁhat production gegl increase

walf
m@.,g&. o 901 million on‘ and,;suap ratio ‘alqo increase to 0.366.

Xuan et al, (2016) lnvcstlﬂaled the influence of imported steel scrap used for steel

production on future resource and energy consumption and emissions using a subsystem
; : R, . IWf-rg-g
input output model and scenario analysis. Three scenarios assumed for off@h

&® cnergy consumption and emissions (TEESRIEArRicaed. The bascline scenario is fhe

production of steelj based only on domestic depreciated scrapy The second scenario is
production of slce]jbased on low imported scrap usa_ge,ﬁlhe third scenario is high

imported scrap usage fon&production of steel. apicf'
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e results s at third scenario hasﬂhlﬂher energ saving potential of !008’? 1’ }"D
au}ﬂf

ompared togother two scenarios. There is also;resouree efficiency with the/tw @ )
i f”—(;."-_l)‘ |

scenano) since China imports 78.5 percent ofd!u domestic iron ore demand” The

emissions are mduudl‘z{) % with the third scenario. giggee [he shift from iron ore based

steel to scrap based steel is essenl:al.”‘E\flgnew—Jtnlz et aly (2014) studied the

environmental consequences of recycling old scrap in a global market using dynamic

(mmx Material Flow Ana]ysié-bland consequential Life Cycle Assessment. The study was
Beans
carried out for Spain as&rebr"ésemative of Europe. The dynamic MFA of aluminium

flows was done for diggdmes 1995 1o 2010. The analysis showed that as old scrap was
collected and exported. the export flows contributed to_more reduction of _greenhouse
gas emissions.
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The methodology of this paper closely follows Xuan and Yue(2016)s €———
I'he production forecastifiliFof aluminium for fiE@eaE 2010 to 2030 Emadimmiar and

w
@i the total scrap rzﬂt&f for the same years @ obtained in order to understand the scrap

utilization scenario ingIndian aluminium industry.

i W
Ej. I] Method
&,kf’ a) Aluminium Production forecastigg for 2010 to 2030

: \% IPAT model,<— donkily 0E
WE{ equatio

The [PAT :110del)alsn known as Kaya ion B used to estimate carbon

/

emissions as product of various factors. Here we use a modified IPAT model to forecast

; — . Was : ;
The production of aluminium in India § estimated and forecaste# using a modified

aluminium production;since it takes into consideration the growth, environment, sogial ‘
and policy factors in its estimation process” ‘fﬂ-dd fé-l:‘?%’v'“ﬁ’i)*w + “g"l'a"'*&"w*i,

The modified IPAT model is as follows ;

£ — P[ J[GJ( jkuz = P.Aecrk.w (3.1a)

where _Q represents total aluminium production in the year t, P represents
G E
population in the yeart_, 7 represents GDP per capita _for the yvear t (EJ

represents energy intensity per unit of GDP (e) , E}represents carbon emissions per
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unit of energy consumed (c) . k representsechnological progress coefficient , w

represents;share of carbon emissions of aluminium production injtotal national

emissions}. A’ Fe_f) reSents p[g,@m’ﬁdw uf 14‘ ‘7

b) Scrap ratio ealculation for diceyegtes 2010 to 2030

Scrap ratio is the depreciated aluminium scrap recycled in aluminium industry for use in

_“)

aluminium production. It includes domestic scrap and imported scrap.

The scrap ratio for the year t is calculated as follows |

mM, . +E (3.1b)
P

!

S, =P +g =

where S, is total scrap ratio for the veart. £, is domestic depreciated scrap ratio , €, is

imported scrap ratio for the year Ey s }WWQ
“AT__istaverage lifespan of aluminium products , 71, is recycling rate of domestic__~
o g p s products , 11, r‘_! ycling /_1’,/

. : s . - " f i i" ‘ ‘
depreciated scrap_. M, _, is aluminium consumption in‘particular regionA? __years

Y
ago . L, is amount of imported scrap for the year t_, P, is total aluminiume«,

pr()duchon for the year t  &——
The domestic depreciated scrap ratio for the year t is calculated by multiplying the
recycling rate of domestic depreciated scrap and aluminium consumptlon in the year

t — At and dividing by the total aluminium production in th. year t. Slmllarly |mportcd

e
scrap ratio of aluminium production is calculated by dividingamount of imported r@HLE‘;)
He. =3 QQ,
' aluminium scrap in the year t by4otal aluminium production in tha year t. ({Idd (e
Md e —pa

Sf‘-:tce

s
3.2 Data source / 05],451 % 0 '\&50

The data for the variables used in this study is taken from secondary sources. The
population, GDP per capita , encrgy intensity per unit ofGDP carbon emissions per
unit of energy consumed RS for g 2010 10 2015 ‘ taken fromj,World Bank

database of World Dwe]()pmf:nt lndlC?tD[‘S The world technological progress

coelficient is m from the paperiXuan and Yue (2016). The share of carbon W 1[0
#he e, [
emrssaons of aluminium production ingtotal national emissions is taken from/ﬁﬁa—l\; f‘ﬁ(M‘*‘Q‘S

@as Emissions Report, 2007. //———f—/

The recycling rate. of domestic depreciated scrap for India is taken rm@W

———
—

Yearbooka .‘ . 2 =
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mption for the years is qewsé@l from NITI Report on Metals

Industry, India¥'The amount of imported scrap for the years 2010 to 2015 is taken fromj4¢

Export Import Databank of Ministry of Commerce, India/The total aluminium (“-‘d-d N'?\QU-"! 1‘-’65
/"K\ production for the years 2010 to 2030 _are the values obtained % forecasiligly. | ; f”db LA
! ] | : : : -

4.0 RESULTS AND DISCUSSION Frengd re{zwes:

i?%q)f 4.1 ALUMINIUM PRODUCTION FORECASTING

wias
The production of aluminium for the vears 201040 2030 {g@Smiss@n calculated and

Equation 3. la.ﬁ
“The calculated and predicted values are# in Table 1. <—.
=
According to forecast results, Indian aluminium production increasegh from 1.3 million

/fle, tonds in 2010 to 6.6 million tongs in 2030. Compared witl&sﬁistica] data of aluminium
/

production, the errors are 0.19 % ¢ for the years 2010 to 2015 respectively.
»

r 4 -
Table LY AluminiumProduction f for 2010 to 2030
— e IX iumProduction forecas or 0 o

The aluminium co

forecast@ using the modified IPAT model given i

| ¥ POPULATI | GDP ENERGY | cO2 k w ALUMINIU
E ON PER INTENSIT | EMISSIO | TECHNO | SHARE M
A CAPIT | YPER NS PER LOGICAL | OF CO2 PRODUCTIO
R A UNITOF | UNIT PROGRE | EMISSIO | N
GDP OF sS NS OF AL
ENERGY PN IN {MT)
CONSU TOTAL
MED
{IN Tcoe |
THOUS
AND
DOLLA
RS PER
PERSO |
" _—
[ m—
/zmo"‘ 8450 | 1.3457 | 0.5627 1.4 1 0.001 1304985
4
2011 124744601 1.4614 0.5627 1.5 0.991 0.001 1524869
1 i
2012 | 126358963 | 1.4475 | 0.5743 1.6 0.982 0.001 1650421 /

——
\é"l}&Q Dm%Wn[fwm#{’j Yo vadec fabil @/A(
(haatly o bottit colfs)
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2013 || 127949887 1.4562 | 0.5951 16 0973 0.001 1726170
4

2014 | 129529154 1.5768 | 0.6061 1.7 0.965 0.001 2030788
3

2015 (]| 131105052 1.5983 | 0.61594 1.77 0.956 0.001 2183973
7

2016 || 132728777 1.6427 | 0.62786 1.84 0.947 0.001 2385466
8 7

2017 | 134328137 16889 | 0.63978 1.91 0.939 0.001 2603310
6

2018 | 135927497 1.7352 | 0.6517 1.98 0.93 0.001 2830472
3

2019 | 137526857 1.7814 | 0.66362 2.05 0.922 0.001 3073020
3

2020 | 139126217 1.8276 | 0.67554 212 0.914 0.001 3328444
1

2021 | 140725577 1.873 0.68746 2.19 0.905 0.001 3593023
0

2022 | 142324936 1.9201 | 0.69938 2.26 0.897 0.001 3874584
8

2023 || 143924296 19663 | 0.7113 233 0.889 0.001 4169713
7

2024 || 145523656 2.0125 | 0.72322 2.4 0.881 0.001 4478619
5

2025 147123016 2.0588 0.73514 2.47 0.873 0.001 4801501
4

2026 || 148722376 2.1050 | 0.74706 2.54 0.865 0.001 5138543
2

2027 150321736 | 2.1512 | 0.75898 2.61 0.858 0.001 5496320
1

2028 || 151921095 21974 | 0.7709 2.68 0.85 0.001 5862666
9

2029 || 153520455 22437 | 0.78282 2.75 0.842 0.001 6243659
8
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in the year 20[5 after China
calculated ﬂ. Bundarase (). 34'0 or ﬁpcrcent for digegear 201 0 anchtuat@yamund w

KK Chatterjee .2007)/ India relies heavily on import
J

5

of aluminium scrap to meet

m 0.4 or 40 percent tor Haryop 2030 So the amount of aluminium scrap used
tc-r;productlon of 1.6 ]ﬂl]llDl‘I MT in 20]0 is 0.55 million MT.

Table 2fScr.ip ratio of alummmm pmduutwn for 2010 to 2030

Yea m- - AMOUNT P-TOTAL
RECYCLIN | ALUMINIUM | OF SCRAP ALUMINIUM TOTAL
G RATE IMPORTED PRODUCTION AMOUNT
OF FOR THE YEAR | FORECASTED OF SCRAP
DOMESTI t FOR THE YEAR t USED IN
C SCRAP (MT) | PRODUCTI
% = ON
e / /
i/l\ "'J \ / \
2010 yu.z \ fa 3000 \ { 466386.25 ‘\ /1619455 550614.7
2011 [o0.2 IT: 62298860 \w1557534 \ 713747.4
2012 [ 0.2 _ i‘ 726535.44 1757319 804852.1
2013 | 0.2 718942.25 l," 1723100 802964.6
2014 | 0.2 866431.5 2031835 956994.3
2015 | 0.25 866734.5 2183973 980603.9
2016 | 0.25 l 983784.0873 2385466 1102085
2017 | 0.25 / \ 1061626.273 2603310 / 1179299
2018 L\0.25 } 1139468.458 2830472 / 1259560
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2019 [[o0.25 | / 494500 1217310.64 3073020 \ | rmme 1339837
2020 } 0.25 “! 505250 1295152.829 3328444 \ i 1421246
zn.z1/ 0.25 ! 570320 | | | 1372995.014| | 3593023 \ — 1512663
znzz{ 0.25 579120 1450837.2 \ 3874584 fE \1592a54
znzaj 0.25 542680 1528679.385 4169713 — 111553715
2024 | 0.25 ] 681995 1606521.571 4478619 | 0.396 F773533
2025/ | 0.25 / 1000127 ’ 1684363.756 4801501 e }1930203
2026 | 025 / 1118621 { 1762205.942 5138543 — 2040002
2027\ 0.25 1273531 { 1840048.127 5496320 _— 2154557
2023\ 0.25 \ 1301730 / | 1917890.312 5862666 — ?227313
2029 \ 0.25 \ 1532239 J \ 1995732.498 6243659 ’ — %335073
2030 \[ 025 \ 1707331! 2073574.683 \{5&1334 - 2599416
Y

.\\
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4.3 SCENARIO ANALYSIS

4.3.1 Domestic scrap only ahw dAwL

When there is no imponﬁm scrap allowed, and only domestic aluminium *fu,&c, tFD

scrap exists, the scrap ratio of aluminium production is found to be very low. Lngire Al
able 3 Y Scenario : Domestic scrap only IIP{’,’S‘J"‘ (g T’;‘Q«

VEAR SCRAP RATIO SCRAP RATIO WITH

@@f{?ﬂ WITH DOMESTIC IMPORTED SCRAP

Mo/ SCRAP ONLY .

L‘J
i 7 2010 (0.340
l INg 0.05
‘ g’ TITI e 0.428 P Cow

‘F@F?”]% AT MR e mgsure,’lﬁ’ﬂf a e
FTTER I 0466 lL e JaH@ e
2014 0.471 | —

W 0.04 “the ’QC{‘“ CQMH’M

ﬁ 1< W3 | e 0.449 &Q “W‘-t ii)
206 lgms 0.462 |
W | 0as3 |
2018 | 0,04 0.5 |
R | 0.436/

10



sid 0.03 0.427
2024 0.03 0.421
S 0.037 0.411
2023 0.03 0.399
RO | oos 0.396
i 0.05 0.402
2028 0.05 0.397
ey 0.05 0.392
2023 0.05 0.380
02 0.06 0.382
2Rl 0.06 0.376
CONCLUSION ‘
e
[n this study

scrap in productim} by forecasting for the years 2010 to 2030. The forecast results show
that India’s production of aluminium will increase from 1.3 million MT in 201(}10 5.6
million MT in 2020}and 6.6 million MT in 2030. The increasing growth in aluminium
demand can be attributed as a reason® The scrap ratio was obtained by calculating for the
years 2010 to 20]:'} and predicting 8 the years 2016 to 2030. The results show that -
scrap ratio of aluminium production increases from 0.34 in 2010 to 0.44 in 2020, but
decreases to 0.37 in 2030. The scenario analysis shows that usiné only domestic scrap
reduces the scrap ratio to 0.05 in 2010 and 0.06 in 2030. @B#® India relies heavily on
imported scrap to meet its production requirements® The utilization of scrap in

production is one of the circular economy processes, and India has to increase its

ve analyzed the scenario of Indian aluminium production and%nclusion of
P !

)

recycling rate aad enable‘transition to a sustainable circular economy model.
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