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Abstract

This technicaleport compares carbon dioxide emissions from the production of freesheet coated paper in the
Chinesegoaper industry with the same paper produced by NewPage Corporation, the largest North American
manufacturer of coated paper products. By analyzing thelguphains for the Chinese and NewPage

manufacturing facilities, the report highlights differences in the carbon burden based on two key components of
the lifecycla carbon dioxide emissions from transportation and energy in pulp and paper productiorcaiftiun
0dzNRSY FTNRBY G(KSasS (¢2 O2YLRYySyiGa T2N O02FiSR FNBS&KS
KAIKSNI GKFy F2NJ bSgtlaSQa 02+ ISR FNBSaAKSS{ LI LISND
lifecycle inventory of cdion dioxide emissions in coated freesheet paper. The study also reviews emerging science
on carbon pooling given varying forest types and harvesting practices, and offers the methodological building
blocks for how fiber acquisition might be modeled foettomparison. We find that the fiber acquisition

component has substantial implications for accounting for the carbon burden in both supply chains.

Preferred Citation:Robert O. Vos and Josh Newell. 208@omparative Analysis of Carbon Dioxide Emis&ion
Coated Paper Production: Key Differences between China and th€dhi8r for Sustainable Cities, University of
SouthernCalifornia, Los Angeles, Califia.
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Executive Summary

This eport provides a comparison of carbdioxideemissions from the production @bated freesheet papdn

the Chinese paper industry wittoated freesheepaper produced bynited Statesy.S)-based NewPage

Corporation, the largest coated paper manufactuire North America. The study teste hypothesighat carbon
dioxide emissions inherent in the production of coated freesheet paper vary greatly depending on where and how
it is produced, where the raw materials used to make it are extracted and predeasd where it is sold. The

results of the study provide evidence that the distribution of production locations in each supply chain makes a
significant difference in the overall emissions of carbon diokii).

The research presented in this repdotuses on three aspects of spatial differences in the production of coated
paperthat arehypothesized to be different between China and th&UThes¢hree are as follows: integrated vs.
non-integratedpulp and papeproduction;the fuel mix of direct ad indirect energy used in pulp and paper
production, and long versus short transportation distances. The magnitude of differences between the supply
chains are estimated using models created for two stages in the lifecycle in each supply chain: tatingpafr
fiber and finished papeand energyused in pulp and paper production.

Carbon release from forestry due to fiber acquisition is a crucial emerging issue in calculating the carbon burden of
paper products. It is also likely that esgions of ggenhouse gases (GHdrom forestry vary by the geographical
distribution of the supply chain, depending upon forest types and harvest or plantation practices. Tkedtiai

of the report includes an extensive discussion of this issue in the conftéxése two supply chains.

The report is organized with openisgctionsgiving an overview of the supply chains for China and NewPage and
delimitation of the study scope. Next asectionsfor eachof the two emissions models: transportation and pulp
andpaper production, followed by a section discussing carbon loss from forestry. Each of these sections are
summarized below.

1. Overview of the Chinese and U.S. Coated Paper Industries

China is now the second largest producer of paper, after ti$ Bihd coded paper is one of the fastest growing
segmentsofthissectot y / KAY Il X | &AL tdzZ LI YR tlFLSNR&a o6!'tto D2fR 9l
APP producedbout 15% of the total production of coated papers of all types in Chir2008. NewPage

Corporation ighe largestmanufacturer of coated paper (of all types) in North America wjtbroximately 5% of

2008 North Americarproduction capacity, followed byerso Pape¢l7%) andsappi Corporatiofl4%). China is

GKS 62NI RQ& df pulNEnR@0id,; R AYYI2 DA SN2 L) &vardas folldzis i Carlalii20% ot BieNA

total), Indonesia (18%), Brazil (14%), Russia (14%), the United States (11%), and Chileh€L0f4)d supply

structure forb S gt | 3 S Q dsprimarilylodally ®urcddi Most fiber is sourced by harvesting wdazm

managed native forestwithin approximately a 10énile radius of each facility, with approximately 10% of

bSgt3SQa G20GFf FAOSNI NBIljdzZANBYSyYy (G a A YThiusdbedcldd iberLJdzf LI F NJ
in production of coated paper of all typessmsallin both the U.S. and Chinese supply chains. For example,

recycled fiber made up 3% of total fiber for NewPage in 2007. For the Chinese supply chain, the figurEas 7%.

coated freebeet paper, industry data for both supply chains revealed virtually no use of recycled fiber. Thus, the

study focuses on fiber inputs of wood and pulp.



2. Study Scope and System Boundary

This study is structured as a parti@mparative lifecycle inventorgf carbon dioxide emissions. It is not a full
GOFNDb2Yy F220LINAY (¢ 2F GKS O2IGSR FTNBSAKSSG LINRRdAZOG Ay
elements in the full lifecycle of coated freesheet paper that are not analyzed in this study (se@ Tablas noted
above, among the most prominent of these is carbon dioxide emissions associated with lasfthnge, such as
timber harvestdue to fiber acquisition. Additional basic scientific research is needed to make an accurate
comparison of thesemaissions across the two supply chains. There are also several other lifecycle stages and
elements that are excluded. Omission is due to data unavailability or suitability to the purpose of the study. For
several of these elements, it seems likely tha processes and carbon dioxide emissions differ little between the
two supply chains. Throughout the study, comparisons are drawn using the same data sources to characterize
energy use as well as emission factors for both supply chains. This ensurhetbamparison is not rendered
inaccurately due to higher data resolution for one supply chain. Although, it is important to note the study does
not refer to the entire U.S. industryather itfocusessolely on the carbon dioxide emissions associateat wi
bSégtl 35Qa LINRPRdAzOGAZ2Y ®

3. Transport

The research includes a study of@@issions from transportation in each supply chain. The study includes
transportation of pulp to paper mills, and of finished paper from paper mills to Los Angeles, CA, a majoint).S. p

of purchase. Overall, there is more transport of materials in the Chinese supply chain, because pulp comes from all
over the world, and the Chinese paper mills are far from U.S. markets. For example, pulp travels on average over
5,000 miles to themills in China compared to about 1,500 miles for the U.S. mills. The transportation study does

not include emissions from the transport of chemical and other-fibar additives or wood fiber to the pulp mills.
Instead, it focuses on transport of two thfe principal constituents in the supply chains: pulp and finished paper.

Both are areas where we expected significant differences between the two supply chains.

Findings

Emissions of carbon dioxide from transportation for the Chinese coated paper industapout eight times
higherthan for NewPage coated paper. Estimatadbon dioxide emissions from transportation for coated
freesheetpaper delivered to the Port of Los Angetetals 187 Kgof CQ per finished metric ton (FMT) fahe
Chinese industrand 23 Kg of Ger FMT for NewPagelt is important to note, however, that transportation
emissions are much smaller than emissions from pulp and paper production.

| 4. Pulp and Paper Production

Previous studies conclude that the major component of &@issions in the paper lifecycle is found in the

production/use of process steam (heat) and electricity in pulp and paper manufacturing (Gower, 2006; NCASI,

2005). This study compares the U.S. and Chinese supply chains with models of energy and fuell use base

global industry data. Emission factors used to calculate carbon dioxide emissions from the burning of fossil fuels
FONRPaa GKS 3JIt20Ff adzldllf & OKFAY FNB Fylf232dza (2 GK2a$sS
inventories.



“Finding s

The NewPage carbon footprint from embedded sgein manufacturing is about 42 lower than the footprint for

the Chinese manufacturing: 1,482o0f CQ per FMT for the U.S. (NewPage) vs. 2,478WgQ per FMT for China.

Results confirm the importance the fuel mix in driving the carbon footprint for embedded energy in
manufacturingcoated freesheepaper, as well as efficiency gains with higher levels of integnatéa and paper
LINPRdzOUGA2Y Ay GKS ! of{ @ | KAy | QanufddthringSuge’ Bdie eaetgydnderall, OK | Ay
and has much more coal fuel in its production. The U.S. (NewPage) supply chain uses less energy overall, and has
more biomass eargy available for productiorCleaner fuels like natural gas displace the use of dddden coal is

used, cdfiring with biomass sources makes it much more efficient with respe€@Qoemissions. Also, when

electricity is used from the grid, energy sources in the U.S. grid are less carbon intensive than for grid electricity in
China.

China

U.S. (NewPage)

0 500 1000 1500 2000 2500 3000

Kilograms of CO: per finished metric ton

H Transport

|:| Pulp and Paper Production

Fgure 0.1 Comparison of Carbon Dioxide Emissions for Coated Freesheet Paper Production

5. Fiber Acquisition

Forests play an important role in stabilizing the global climate. Both the types of forests anthfiaresgement

practices vary substantially between the two supply chains. As forests are harvested and/or replanted, or
KFENBSatSR YR O2y@SNISR (2 20KSNJflyR dzaSax G(KS LRdGSydi.
In this section oftie study, we discuss the variables that would need to be accounted for to accurately model and

compare the carbon loss due to timber harvest for two supply chains. The carbon burden hinges on many factors,
including harvest practices, plantation managemaearid the types of forests that are impacted. This section also

provides the foundations for building a general methodology to account for these factors at the product level.

Two key issues highlighted are considerations regarding spatial and tempaled tat should be incorporated

into the model.



6. Conclusions and Future Research

This study reveals that not all papers are created equdtg.geography obpaper production matters a great deal

for the environmentThe supply chata T 2 NJ / K ¥ pfdd@rdargkrérRiskians dflarbon dioxiderimarily

from fuel usedo produce the pulp and the paper (see Figure OMlpre research is needed to understand how

GKS 3S23aNFLIKeE 2F LI LISNI LINEPRdAzOGA2Y | YR ti@dwedaldzY LJGA2Yy |+ FFS
environmental burden (on a total lifecycle basis).



|1. Overview of the Coated Paper Industry in China and the U.S. |

{AYyOS mobdpnz / KAYl KIFIa F002dzyiSR F2NJ Y2NB GKI @arp e 2F G
and Demawan, 2005fhina is now the send largest producer of paper, after thelJ and coated paper is one of

the fastest growing segments of this sector. Figlideshows the top Chinese coated paper manufacturers in terms

of metric tons produced.
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Figurel.1 Major Coated Paper Manufacturers in China, 2007

Sources: Map by Authors/Data from World Resources Institute, 2007; RISI, 2007: ESRI, 2007.
Note: Production figures are in metric tofsontier Forests refer to forests that are largefigct natural forests as defined by
the World Resources Institute.
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approximately 2.8 million metric tons of coated paper in 2007 or abo@t dHthe total production of coated

papers of all types in ChirfResource Information Systems Incorporated (RISI), 209@)other single producer

accounts for more thn 10% ofthe totalCA 3dzZNBE Hodn Aada | YI L) 2F GKS f20FGA2ya :
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Figurel.2 Geographic Distribution of APP's Major Pulp and Paper Mills in Asia

Sources: Map by Authors/Data froWorld Resources Institute, 2007; RISI, 2007: ESRI, 2007.
Note: Production figures are in metric tons.

To compare the Chinese and U.S. coated paper supply chains, thifestuses on production at N&age
Corporationthe largest coated paper manufaoer in North America. NewPage has a total annual production
capacity of approximatel$.3 million short tons of coated paper, which represents approximatgbg 8f 2007
North Americarproduction capacity. Verso Paper represents abdi#olof the total, fdbwed by Sappi
Corporation at about 4% (Resource Information Systems Incorporated (RISI), 2007 and NewPage Internal
Numbers) For this study we focesl on six facilities that nte coatedfreesheetpaperin 2007. These facilities
are generally located in the upper Midwest and Northeast in the vicinity of working foré€3ienote of caution:
10



this study should not be viewed as representative of thérerl).S. coated paper industry, becausefaeused on
one company, and further on only the facilities of that company thake coated freesheet papeHowever,
NewPages a large enough producer to make for meaningful analysis as compared to the yniduStiina.

Throughout this study, figures for coated paper manufacturing in China and the U.S. are drawn from an analysis of
industry software calle€Cornerstongroduced by RIS2007). In its flow sheet§ornerstondracks inputs to

production and otputs by facility, in anaterials balance frameworkData were extracted from the flow sheets

for total output of coated papers of various types, and also for inputs to each type. Alti@nrgerstonaloes

not includea complete list of every paper prader, it is the most thorough data available for the industrya

global scaleThe data used in this study represent annual production for 2007.

I Fiber Supply Structure - China

The rise of the Chinese paper sector has transformed an indostry consistig of numeroussmallscale pulp

mills that were heavily reliant on newood fibers to one that now imports large quantities of pulp and wastepaper
to feed huge, modern mill®/ickers Securities, 2005lightly less than 36 of the fiber supply (pulp and
wastepaper) used by Chinese paper producers cdinoes imports (Figure 1)3 including 33%rom waste (or
recovered) paper, 14% from wogullp, and a small percentage fronon-wood pulp.

Domestic Wood
Pulp
8%

Domestic
Nonwood Pulp
22%

Figurel.3 Breakdown of China's Paper Supplgu8ces, 2005
Source: UN Comtrade

Domestically producesvood pulp currently provides about 8% dk@ y | Q adzLNJLES Nd 2dzNDOSd / KAY | A
9th largest wood pulp producer, with about 70% of total production coming from largelesfighan 10 years old

(Wood Resources International and Seneca Creek Associates, 26fdfjnation on domestic wood supplied to

Chinese pulp mills is difficult to obtain, but an estimated #hivds is coming from domestic plantations. The rest

is uncertain. Suspiciously sourced wood fiber is litk@Bccount for ateast 10%according to Wood Resources

International Imported chips represerdt least6% of the wood fibeconsumed in the produain of domestically
producedwood pulp, with the two largest suppliers being Australia and Vietnam.

| KAyl A& GKS ¢62NIRQa& fFNBHS&G AYLRNISN 2F Lldz Lo ¢tKS /K,
subsidizing the development of fagtowing plantations. China has approximately 1.65 million &g of
eucalyptus plantations, witmany of them located ih KA Yy I Qa & 2 dzii K @meriéas Rajest &RIRPeP A Yy OS &

11



Association, 2004)The government has allocated an additional mBlion hectares for plantation development
over the next decade and provides an array of subsidies to this ing(Barr et al., 2005)

These efforts notwithstanding, analysts generally concur that the Chinese paper industry will remain heavily reliant
on imported pulp, woodchips, and recovered paper for at least the degade(Barr et al., 20053 Dennis Neilson,
director of New Zealand forestry consulting firm Dana, notes that the plantation program is far behind schedule
and that the growth rates fopoplartreeshave been so @or that the government is now discouraging planting of
GKFG aLISOASE It G23SGKSN® hiKSN) OKIFffSyasSa AyOf dzRRS
emergence of lowcost pulp from regions like Brazil and Indonesia.

Coated paper marfacturing in China is particularly reliant on imported wood fiber because unlike other types of
paper manufacturing in Chind uses very little recycled paper or low quality (vegetable) fiber. Also, only one
facility in ChingJiangxi Chenming Paper Yases any wood directly in its production process. Useof this

wood as a feedstock is very smallative to the use of pulp at this plant and all the others in China. There is also a
slightamount of straw being used in some of the production.

Of the total fiber supply for makingoated paper in China, only 7% comes from wastepaper. Given that China
imports a large quantity of recycled paper, it is likely that a significant share of this fiber is also imported. Table 1.1
gives the breakdown for thmajor fiber sources for coated paper in China. There is essentially no recycled fiber
reported in theCornerstondlow sheets for coated freesheet paper, the focus of this study. Overall, coated paper
manufacturing in China relies upon imported andattesser extent, domestic production of pulp. The fiber used

for coated freesheet paper manufacturing is either BHKP or BSKP. Thus, analysis of the supply chain for China in
this study focuses on these two major constituents.

Tablel.1 Major Fiber Sources for Coated Pap@il types)in China

Major Fiber Sources ADMT/ % of Feedstock
per day

Bleached Hardwood Kraft Pulp 4367 64%
Bleached Softwood Kraft Pulp 1496 22%
Bleached Chemical ThersMechanical Pulﬁ 481 7%
Sorted Office Papers 208 3%
Old Newspapers 281 4%

Total Fiber Sources 6833 100%

Source: Authoanalysis of RISI, 2007

! UPM's350,000 metric topaper mill inChanghsuChinarelies on imported pulp, now primarily frddruguayand beforefrom
Indonesia, Finland and Canada. The company pulled out of a joint venture to build a pulp mill and establish plantations in
Guangdong province in November 2{Bérr et. al, 2005).

2 There are also about 7% aputs to coated paper froroleachedchemicalthermomechanical pulp This type of pulp is
reported only at the APP planiMore than 80% of this type of pulp is produced in Canddiawever, because itssall part of
the major inputs, and because we had no specific data on the location of production, we excluded it from further analysis.

12
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B Pulp import structure

The analysis of the Chinese import structure focuses exclusivayHaiitand BSKPby far themod important fiber
materials in coated papef. KA y I A & { Kt8nparter NifpiRpQEablg. 2sihbBsJulp imports, from 2002

to 2006, by type of pulp. Sulfate pulp, which totals about 80 percent of all imported pulp, in@&t&d3 and BSKP

/ K A yop sx&ulp providers are as follows: Cana2i@/4 of the total), Indonesia (18%), Brazil (14%), Ruséia)(1

the United States (11%), and Chile (10%yure 1.4show§ KS f 20 A2y 2F GKS 62NI RQa
mills.

Tablel2 / KAY | Qa t dzf L2006 (Kiloidns.pedyEar)H n 1 H

Grade 2002 | 2003 | 2004 | 2005 | 2006 | % +Fpa % (2006)
Mechanical Pulp 146 89 76 60 71 -17% 0.9%
Dissolving Pulp 200 269 290 294 393 18% 4.9%
Sulfge Pulp 4,475 | 4,937 | 6,034 | 6,258 | 6,406 | 9% 80.4%
Sulfite Pulp 54 50 67 41 51 -1% 0.6%
ChemiMechanical Pulp 357 644 751 868 967 28% 12.1%
Recovered Material Pulp | 32 45 102 72 77 24% 1.0%
Total 5,265 | 6,034 | 7,319 | 7,592 | 7,965 | 11% 100%

Source: World Trade Atlas, Global Trade Information Services (GTIS)
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Figurel.4 Major Pulp Mills across the Globe, 2007

Sources: Map by Authors/Data from World Resources Institute, R08¥7,, 2007.

Bleached Hardwood Kraft Pulp (BHKP)

5NABSY o6& NILAREE SELIYRAY3I LINRRdzOGAZ2Y 2F 062214& I yR
BHKP have grown enormously over the past de¢8aer et al., 2005BHKP imports rose from 123,000 tons in

1995 b about 3.1 million metric tons in 2007. As shown in Figwe1 > 2 3SNJ T p2 2F [/ KAyl Q&
from three countries: Indonesia (35% of the total), Brazil (27%), and Chile (14%).
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