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Energy-Related CO, Emissions
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Energy Use in Chinese Industry
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* Chinese government targets for 12t FYP (2011-2015):
— 16% reduction in primary energy intensity of the country (energy use per GDP)
— 17% reduction in CO, intensity of the country (CO, emissions per GDP)

— 21% reduction in primary energy intensity of the industry (energy use per GDP)

e Steel industry energy use trend can play significant role in meeting the

12t FYP and future FYPs targets

This Study
1. Analyzes China’s steel industry past energy use and also makes projections up to 2030
2. Analysis is done at the process level

3. Conducts retrospective as well as prospective decomposition analysis
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Decomposition analysis separates the effects of key components on energy use trends

over time. Three main components usually considered are:
— aggregate activity
— sectoral structure

— energy intensity

Different studies have used different mathematical techniques for decomposition

analysis.
We used the Logarithmic Mean Divisia Index (LMDI) method.
We modified the decomposition analysis formulas for the steel industry

We conducted both retrospective (2000 — 2010) as well as prospective (2010 — 2030)

decomposition analysis

Key medium- and large-sized Chinese steel enterprises

10



Generic LMDI decomposition analysis formulas

A= E7 - E'= AByr+ ABse+ ABxs ©
E-"__EC‘ T
I 0
ET.—E° (34
MEs=2— T ®
" InE’ —InE, '
E%—ES , .}
M= 2 =) O
" InE .—InE
Whera:
i: subsactor

T:lastvear of the pariod

T=0:base vaar of tha pariod

E:total anersv consumption

AE... ageregata changs in total snargyv consumption

The subscripts “act,” “str,” and “mt™ denote the effects associated with the overall activity

level, structure, and sectoral energy mtensity, respectively.

Q= ZQ - total activity level (10)
Si= Qy/'Q.; activity share of sector 11)
Li=E;Q; energy mtensity of sector | (12)
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for the steel industry

We considered four major factors that could influence the steel production energy use:
— Activity: Represents the total crude steel production.
— Structure: Represents the activity share of each process route (BF-BOF or EAF route).
— Pig iron ratio: The ratio of pig iron used as feedstock in each process route.
— Energy intensity: Represents energy use per tonne of crude steel

Total energy use of the iron and steel industry, then, is represented by:

Et=2;Ep; i + 2 Eoeni

. i: process route (BF-BOF or EAF route)
e t:year
*  Ep,;; = Energy use for production of pig iron used for steel production in process route i in year t

*  Eom, = Total energy use for steel production minus the energy use for production of pig iron used for steel
production in process route i in year t

12
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Using the basic LMDI decomposition analysis method, we can derive:

Qcrudeit @Qprit Eprit Qcrudeit Eothit
Etzz-Q 26y 280 st +Z.Q 26y >
i ¥Crude,t ) ) i ¥Crude.,t .
Qcrudet Qcrude,it QpPIit Qcrudetr Qcrudeit

* Qe total crude steel production in year t
*  Qgygeir Crude steel production by process route i in year t
* Q¢ pigiron used by process route iin yeart

AE,, = ET—E%= (AE, ¢ py+ DEgy p. + AE 460, + BEinp) + (AE ¢ oth + BEst oth. + AEinc oth) (3)

T: last year of the period
e T=0: base year of the period
e E:total final energy consumption of the key medium- and large-sized steel enterprises

* AE,./ aggregate change in total final energy consumption of the key medium- and large-sized steel
enterprises

13
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the steel industry

AE o =AEge; + AE 5+ AE yin + AEim " @
AEy:=AEscim + AEscion ©)
ABs . ABss + ABcn <
e o
AEw.= AEmz + AEqos B
Err i~ Epp Qorude
AE&CIPI zll nE;, —~Ingg, ll (chudz) B
Epr i Pt i
UPI ZI In EFI‘ l_lnEg‘, i (’Ssto) (10)
Pt i~ Pt i Ra‘” t
AEqionr = le nEl, ~InEZ, (Rag“) -
AE y BB (’P“) (12)
CimPL = 2 o EL, -InER, . VI ;
/ Epen.i~ Ebeh.i Qerude
AEWQm ZI In Egth 1_ln ngh ll (chud!) (13)

Eg i—Eo L
AEqos =3 — 2o St,,) (14)

i
InEg.p —In Egth i

. = Egth.i_ Egth,x IOth i -
Alimon = Zi In Egep =10 Eger ¢ in (Ioth x) (1) 1 4
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the steel industry

Qerue = 205 Qorude,i total activity level (16)

St fw%:f::: activity share of process route i (17)

Ra; = i:i: g ratio of pig iron used as feedstock in process route i (18)

Ipg; =%z energy intensity associated with the pig iron used in process route i (19)
Epth,i

- energy intensity associated with all other processes in process route i except the pig iron used

(20)

m:

Qerude.i

15
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Energy intensity analysis and forecast
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Final energy intensity of the main steel-making processes in key medium- and large-sized
Chinese steel enterprises (2000-2010)

2000 4.3 1.8 1.1 13.5 0.3 3.2 2.5
2001 4.1 1.8 1.1 13.1 0.3 2.8 2.3
2002 4.0 1.7 1.1 13.2 0.3 2.7 2.1
2003 4.0 1.7 1.1 13.5 0.3 2.6 2.1
2004 3.8 1.7 1.1 13.5 0.3 2.5 2.0
2005 3.8 1.7 1.1 13.2 0.3 24 1.9
2006 3.6 1.6 1.0 12.7 0.3 24 1.9
2007 3.6 1.6 0.9 12.5 0.2 24 1.8
2008 3.5 1.6 0.9 12.5 0.2 24 1.7
2009 3.3 1.6 0.9 12.0 0.1 2.2 1.7
2010 3.1 1.5 0.9 12.0 0.0 2.2 1.8

Source: (EBCSY 2001-2011; Zhang and Wang 2006) 17
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Final energy intensity for the production of one tonne of pig iron (or hot metal) can be
calculated from the following equation:

EIPI = EIcoke * I:coke + Elsint * I:sint * Shsint + EIpeII * I:peII * Shpell + EIBF

Next the final energy intensity of BF-BOF and EAF steel production excluding “Auxiliary”
energy use, can be calculated as follows:

— * *
Elgrporx= Elpi ™ Foygor + Elgor + Bl ™ F
*F

roll

— k
Elearx = Elpy ™ Fp gap+ Elgap + E

roll roll

the combined final energy intensity of steel production excluding “Auxiliary” can be
calculated as:

Ely = Elgrgorx ™ Shaor+ Elearx ™ Shear

18
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Final energy intensities (GJ/t crude steel) calculated for key medium- and large-sized
Chinese steel enterprises (2000-2010)

Auxiliary Auxiliary Auxiliary
Auxiliary
2000 10.2 20.6 19.3 N.A.° 0.9 11.1 21.5 20.3
2001 9.4 19.9 18.4 N.A.° 0.9 10.3 20.8 19.3
2002 10.1 19.7 18.2 N.A. P 0.9 11.0 20.6 19.2
2003 9.9 19.8 18.3 N.A.° 0.9 10.8 20.8 19.2
2004 10.8 19.7 18.5 N.A.° 0.9 11.7 20.7 19.4
2005 11.9 19.3 18.4 N.A. P 0.9 12.8 20.2 19.4
2006 12.6 18.6 18.0 18.9 0.9 13.4 19.5 18.9
2007 12.0 18.2 17.6 18.4 0.8 12.8 19.0 18.4
2008 11.5 18.1 17.5 18.5 0.9 12.4 19.0 18.5
2009 12.3 17.4 17.0 18.1 1.1 13.4 18.5 18.1
2010 11.3 17.2 16.7 17.7 1.0 12.2 18.1 17.7

El= Elgrgor * Sheor * Elear ™ Shear

19
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Energy intensity of main steel-making processes assumed for 2030 (MIIT 2010)

Advanced value of

energy intensity from 3.1 1.4 0.7 11.1 -0.4 2.1 1.62
national standard

We assumed that the reduction in energy intensity of processes between 2010 and
2030 will be linear and based on that calculated the energy intensity for each
process in 2015 and 2020.

Then, similar steps as described in previous slides were taken for calculation of
energy use for decomposition analysis.

20
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Forecasts

1. Scenario 1: Low scrap usage: the share of EAF steel production grows slower and the
pig iron feed ratio in EAF drops slower than other scenarios

2. Scenario 2: Medium scrap usage: the rate of growth in the share of EAF steel
production and the drop in the pig iron feed ratio in EAF production is medium
(between scenario 1 and 3)

3. Scenario 3: High scrap usage: the share of EAF steel production grows faster and the
pig iron feed ratio in EAF production drops faster than other scenarios.

Scenario Scenario Scenario Scenario Scenario Scenario

1 2 3 1 2 3
2015 0.40 0.40 0.40 10% 10% 10% 85% 15%
2020 0.35 0.30 0.30 13% 15% 18% 85% 15%
2030 0.30 0.20 0.10 20% 25% 35% 85% 15%

Assumptions on AAGR used to forecast total steel production in key enterprises (Fridley
et al. 2011)

AAGR 2.1% 1.4% 0.4% 0.2%
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Final energy intensities calculated for key medium- and large-sized Chinese steel

enterprises (2000-2030)

Energy Intensity (GJ/t crude steel)
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Total crude steel production by EAF and BF-BOF steel production routes in key enterprises
under different scenarios (2000-2030)
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Total final energy use in key medium- and large-sized Chinese steel enterprises under each

scenario (2000-2030)
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Results of the retrospective decomposition of final energy use of key medium- and large-
sized steel enterprises, 2000- 2010
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Under all scenarios, the total annual crude steel production of key steel enterprises

(and most likely entire Chinese steel industry) peaks in 2030. Peak may happen

earlier!

Total final energy use of the key Chinese steel enterprises peaks earlier, i.e. in year

2020 under scenario 1 and scenario 2 and in 2015 under scenario 3

Retrospective decomposition: energy intensity reduction was almost the only

factor that helped to reduce final energy use

Prospective decomposition: Energy intensity reduction of the production processes
and structural shift from BF-BOF to EAF steel production played the most

significant role

More scrap availability in the near and long term can make scenario 3 quite viable

28
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Thank You!

Questions and Comments?

Ali Hasanbeigi
Ahasanbeigi@Ibl.gov

This work was supported by the China Sustainable Energy Program of the Energy Foundation through
the U.S. Department of Energy under Contract No. DE-AC02-05CH11231.
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