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G I O b aI War m I n g CHANGES IN TEMPERATURE, SEA LEVEL AND MORTHERN HEMISPHERE Snow CovER
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Figure SPM.3. Obsanved changes in (g} giobal average surfece lemperaturs, (b giobal average ses levs! from tide gsuge jbive) and
=atellife (red) data and (o) Northemn Hemizphere snow cover for March-April. Al changes are relative 0 comesponding averages for
the panod 12671-1280. Smoothed curves represent decadsl sverage values while circles show yearly velues. The shaded ameas are the
uncertainty intenals estimated from 2 comprehensive analysis of known uncertainties (2 and b) and from the time senes (gl (FAC 3.7,
Figure 1, Figure 4.2, Figurs 5.13)



Global Carbon Cycle

 The velocity of
climate change may
have more impact
than the absolute
value of the changes



Changing temperature in California.
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Global Warming
Predictions

MuLTi-MoDEL AVERAGES AND ASSESSED RANGES FOR SURFACE WARMING
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Figure SPM.5. Solid lines are multi-model giobs! averages of surfacs waming (redative to 1280-15889) for the scenarios A2, ATB and B1,
shown 8= continuations of the 20th century simulations. Shading denotes the =1 standzrd deviabon range of individue! model annuwal
averages. The orenge line 15 for the expanment where concenirations were held constant at year 2000 valuss. The grey bars st nght
indicate the best estimate (sold line witfun each bar) snd the likely range azsessed for the six SRES manker scenanios. The assessment of
the bast astimate and likely ranges in the grey bars includes the A0GCME in the left part of the figure, 2= well a2 results from & hisrarchy
of indepandant models and obsarvational constraints. (Figures 1004 and 1020}



CHANGES IN GREENHOUSE GASES FROM Ice CoRE
AND MoDerN Darta
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Global Carbon Cycle
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Global Warming
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Figure 2. Ice core record from Vostok, Antarctica, showing the near-
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last 350,00 years, spanning three ice age cycles. However, there is a lag of
several centuries between the time the temperature increases and when the
CO2 starts to increase. Image credit: Siegenthalter et al., 2005, Science



http://www.sciencemag.org/cgi/content/short/310/5752/1313/

Global Warming Potential (GWP)

relative measure of how much heat a greenhouse gas
traps in the atmosphere.

compares the amount of heat trapped by a certain mass
of the gas in question to the amount of heat trapped by
a similar mass of carbon dioxide.

commonly determined over a span of 20, 100 or 500
years.

GWHP is expressed as a factor of carbon dioxide (whose
GWP is standardized to 1).


http://en.wikipedia.org/wiki/Greenhouse_gas
http://en.wikipedia.org/wiki/Gas
http://en.wikipedia.org/wiki/Carbon_dioxide

Radiative Forcing
Capacity (RF) and GWP

RF = the amount of energy per unit
area, per unit time, absorbed by the

greenhouse gas, that would otherwise

be lost to space

GWP is the ratio of the time-
integrated radiative forcing from the
instantaneous release of 1 kg of a
trace substance relative to that of 1 kg
of a reference gas

where TH is the time horizon,
RFiis the global mean RF of
component J,

ai is the RF per unit mass increase in
atmospheric abundance of
component i (radiative effi ciency),

[Ci(t)] is the time-dependent
abundance of j,

and the corresponding quantities

for the reference gas (r) in the
denominator.
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Global Warming Potential Values

Table 2.14. Lifetimes, radiative efficiencies and direct (except for CH,) GWPs relative fo CO,. For ozone-depleting substances and their replacements, data are taken from
IPCC/TEAP (2005) unless otherwise indicated.

Global Warming Potential for

Given Time Horizon

Industrial Designation Radiative

or Common Name Lifetime Efficiency SAR#

(years) Chemical Formula (years) (W m-2 ppb-1 (100-yr) 20-yr 100-yr 500-yr
Carbon dioxide COo, See below2 b1.4x10-3 1 1 1 1
Methanec CH, 12¢ 3.7x10+ 21 72 25 76
Nitrous oxide N,O 114 3.03x10-3 310 289 298 153
Substances controlled by the Montreal Protocol

CFC-1 CCI;F 45 0.25 3.800 6.730 4,750 1.620
CFC-12 CCl,F, 100 0.32 8,100 11,000 10,900 5,200
CFC-13 CCIF5 640 0.25 10,800 14,400 16,400
CFC-113 CCI,FCCIF, 85 03 4,800 6,540 6,130 2,700
CFC-114 CCIF,CCIF, 300 0.31 8,040 10,000 8,730
CFC-115 CCIF,CF5 1,700 0.18 5,310 7,370 9,990
Halon-1301 CBrF; 65 0.32 5.400 8.480 7.140 2,760
Halon-1211 CBrCIF, 16 03 4,750 1.890 575
Halon-2402 CBrfF,CBrfF, 20 0.33 3,680 1,640 503
Carbon tetrachloride CCl, 26 013 1,400 2,700 1,400 435
Methyl bromide CH3Br 0.7 0.01 17 5 1
Methyl chloroform CH5CCly 5 0.06 506 146 45
HCFC-22 CHCIF, 12 0.2 1,500 5,160 1,810 549
HCFC-123 CHCI,CF, 1.3 0.14 90 273 77 24
HCFC-124 CHCIFCF; 58 022 470 2,070 609 185
HCFC-141b CH,CCLF 93 0.14 2,250 725 220
HCFC-142b CH4CCIF, 179 0.2 1,800 5,490 2,310 705
HCFC-225¢ca CHCI,CF,CF5 19 0.2 429 122 37
HCFC-225¢ch CHCIFCF,CCIF, 58 0.32 2,030 595 181
Hydrofluorocarbons

HFC-23 CHF; 270 0.19 11,700 12,000 14,800 12,200
HFC-32 CH,F, 49 011 650 2,330 675 205
HEM 19K MUHE mE 210 n 29 2 ann "R 2RN 2 REnn 1 1nn




Radiative Forcing

rate of energy change
per unit area of the
globe as measured at
the top of the
atmosphere

expressed in units of
Watts per square metre

Rapiative FORCING COMPOMENTS

RF Terms RF valees (W m™) [Spatal scale| LOSU
T T
! |
[ ! | 1,66 [1.49 10 1,83] |  Global High
_ong-lived*: | :
greenhouse gasas 1 | 0,48 [0.43 1o 0L63]
[ | CH, I 4 Halocarbans Ghobal | High
1
: 1 I
. 1 ! 0,05 [0,15 12 0.05]| Continental
Ozone Stratospheric Tropospheric Med
o ; P ,p pher : 0,35 [0.25 o 0,65] | toglobal
c 1 |
L | Stratospheric waler ! I | - )
E vapaur fram CH, : : | 0,07 [0.02 1o 0.12] Glabal Law
=] |
= |
£ . Land use ! 1 2 [-0,4 to 0,0 Lecal i Med
'% Surface aloedo | Black carbon | 0,1 [0.0 o continental | -Low
| an snow |
1 1 | )
¢ Direct afiect ! ! I 0,5 (0.4 to=0.1] | Tentmental | Mod
| | | ta global =Low
Total | i i i
Asrosol | cloud abeda | | ) Coontinenta] [:]
L aftpct 1 1 | 0.7 [-1.810 -0.3] ta global Low a
I I | &
. . 1 I | s
Linear contrails | | | 0,01 (0,003 to 0,03]| Continental Law | =
-— | 1 |
m [ [ T &
2 Solar iradiance ! 1 : 0.12 [0.08 to 0.30] Global Low | &
m 1 1 D
= =

Total net

h 1.6 [0L6 1o 2.4]
anthropogenic

I

|
-2 =1 0 1 2
Radiative Forcing (W m?)

Figure SPM.2. Globsa! sversge radiative forcing (RF) estimates and ranges in 2005 for anthropogenic carbon dicwide (S04}, methane
[CH,), nitrows oxige (NLO) and other impariznt agents and mechanisms, together with the typical geographical extent (spetial scalke) of
the forcing and the asssssed leve! of scientific understanding (LOSU). The net anthropogenic radistive forcing and its rmnge are also
shown. These require summing asymmedic uncanaindy sstimates from the component terms, and cannot be obtained by simpie addition.
Additional forcing factors not included hers are considened to heve 8 very low LOSU. Volcanic esmosols contnibuie an sdditional naturs!
forcing but are not inciuded in this figure dus to their apisodic naturs. The range for linear contrails does not include other possible effects
of avigtion on clowdiness. (2.9, Figure 2 20}




Carbon Footprint:
Impact Assessment Method

Partial life cycle analysis

Historicially: the total set of greenhouse gas (GHG) emissions
caused by an organization, event, product or person (UK Carbon
Trust, 2009)

Practically: A measure of the total amount of carbon dioxide (CO,)
and methane (CH,) emissions of a defined population, system or
activity, considering all relevant sources, sinks and storage within
the spatial and temporal boundary of the population, system or
activity of interest. Calculated as carbon dioxide equivalent (CO,e)
using the relevant 100-year global warming potential (GWP100)
(Wright etal, Carbon Mgmt, 2011)



Carbon Footprint:
Impact Assessment Method

 IPCC is the leading authority in evaluating the
science behind GWP

CO, equivalents for CH, | CO, equivalents for N,O

1996 21 310
2001 23 296
2006 25 298

iIDCC @ e

INTERGOVERNMENTAL PANEL oN ClimaTe chanee WHO




Carbon Footprint:
A Material Balance of GHG’s

Environment

Absorption of GHG's Emissions of GHG’s

System Boundary

Carbon footprint = Emissions- Absorption (kg CO2 equivalents)

15



Carbon Footprint:
Impact Assessment Method

Typically, a carbon footprint does not consider biogenic (from living
processes) carbon nor does it consider CO2 emissions from the burning
or decay of the biogenic material (they balance each other)

Biogenic material decay/burning that produces methane or N20 must be

considered
\Lcoz eq T
Tree Growth Burn for value, emit CO2 only |———> Net zero C footprint
Tree Growth 100% Decay to CO2 and methane —— Positive

C footprint ©



Carbon Footprint:
Impact Assessment Method

 Nonrenewable resources (coal, oil) are considered since they have been formed over very
long time scales and are not being formed over time scales of interest

 Materials, transportation, energy often have associated with them carbon emissions

* Long term storage of carbon away from the atmosphere is considered a negative C
footprint contribution

* When one product with a lower C footprint replaces another with larger C footprint, an
avoided C input to the atmosphere is claimed, a negative C footprint contribution

i

Tree Growth

Book stored in library for long time

i

—> Negative C footprint

1
T : Avoided coal emissions 17

v

Tree Growth

Burn to replace coal based electricity

— > Negative C footprint




Carbon
Footprint:
CO2 list.org

0., PO [) 2 [) ] PROD
Pounds of]
CO, per 500
) . Calories Sweden labels individual food items
(thiz iz 1/4 of]
a daily 2,000+
Calorie diet)|
%% from production of animals & their feed, including N20 &
. methane. Remainder is transport of inputs & meat, and selling.
Red meat n == 12 (interesting article by former Tenas Ag Commissionsr
http:/jimhightower commode/6901)
Chicken, fish, eggs [] [ 4 81% from production of feed & meat
Dairy 4 4 6 91% from production of feed & animals
Pounds CO. d of
Cereals, 3 3 ouncs L, per pout 15 [75% from production of crops
carbohydrates product, or Kilos of CO2 per
Fruit, vegetables 2 2 kilo of product 4 74% from production of crops
Oils, swests, ” - . .
condiments 2 2 03 14% from production of crops
Balanced Dist 17 USD.-?L FDDd Guide: 53% carbohydrate, 29% oils, 18% protein (here
protein is chicken, fish, eggs)
http:iwww.cnpp . usda gov/Publications DietaryGuidelines 20035/2003
Source: Weber & Matthews 2008 "Food-Miles and the Relative Climate  hitp:/pubs.acs ore/doi/full/10.1021/es 7020601
Farm products (food, cloth, leather, biofuels) release greenhouse gases from hitp: wonw ies ore'textbase nppdf free 2004 biofuel 2004 pdf
and Crutzen et al. 2008 "N, 0 Release..") http:wanw atmos-chem-phys.net/8/386/2008/acp-8-382-2008 html
(d) methane (CH,) created in animal stomachs and intestines, (2) http:/icsu.org
2009 r=port on Biofuels, particularly chapters 6 on land use and 5 on http:/cip.cornell edubiofuels!
Potato chips 2 2 Mulostly from growing crops: N, 0 from nitrogen-fixing bacteria, fuel
.. The figures in the saction above are larger, and come from a much
1. 1.4 ds CO. d of product ;
Orange juice 09-14 0.9-1.4  |pounds LU, per pound of produc mors lete methodology.
Bottled smoothief 11 1.1 kilos CO, per kilo of product
Organic new potatof 0.29 0.29
Potato, not organic 024 0.24
Sources: Carbon Trust, a UK nonprofit, has a summary hitp:www carbon-label com'individuals'product himl
md R CTCT44 hitp/'wwrw carbontmst coukPoblicsites/cScape CT Publication=Ord

Orange juice is from a Pepsico study reported in the NT Times.

1d=CTC744

http:/wew avtimes. com2009/01/22/business 22 pepsi html/

18



Carbon Footprint:
Japan's Central Research Institute of the Electric Power Industry's

Carbon Emissions for Electricity Generation per
Vattenfall 1999
1200
1000
~ 00 A
o)
= 600 - W Japan
% B Sweden
400 - O Finland
200 -
O - : : : i_l e N P s
Coal Gas Gas Solar PV Wind Nuclear Hydro
Thermal Combined
Cycle
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Carbon Footprint Example: Coated Paper (Catalog)

Data and Graphs from NCASI LCA P&W Grades, 2010
Software used from NCASI, FEFPRO

NCASI LCA NA P&W Grades, 2010



Life Cycle Analysis of Paper: Carbon Footprint Results

Carbon in mill landfills from manufacturing wastes (kg CO2 e
Carbon in landfills from products at end of life (kg CO2 e
Carbon in products in use (kg CO2 e

Changes in forest carbon (kg CO2 €

Total carbon storage changes (kg CO2 e

Emissions from end of life (including tra

Emissions from product transport

Emissions from manufacturing
Emissions from other raw materials (including tra

Emissions from wood and fiber production (including tra

Emissions from purchased electricity and steam

Emissions from fuel used in manufacturing (including tra

Of which, total transport (includes all transport components):

Total emissions, including transport (kg CO2 e

Carbon footprint (kg CO2 e

q./BoC)
q./BoC)
q./BoC)
q./BoC)
q./BoC)

nsport)

wastes

nsport)

nsport)

nsport)

9./BoC):

g./BoC)

—

O Ctd Mech

W Ctd Free

pnr“r

|

-1000

-500

500

1000 1500 2000 2500 3000 3500

o

21 Go.ncsu.edu/venditti (downloads)

4000



Basic Steps of the Carbon Footprint

e Define the footprint boundary
e Define the scope
e Define the Basis of Calculation

 Begin to complete the Life Cycle Inventory
— Forest Carbon Changes
— Wood and Fiber
— Fuels from Mfg
— Other Materials
— Electricity and Steam
— Mfg waste
— Product Transport
— End of Life

e Evaluate Results, Interpret, Report



Define the footprint boundary

Cradle to Grave of catalog paper, coated free sheet
100 years

LEGEND:

.............. i
i Excluded ! Reported separately @TranSportatian

FOREST WOOD AND MANUFACTURING USE 9. END-OF-LIFE
OPERATIONS FIBER
PRODUCTION SR

Emissions

3a. Fuel i
1. Forest combustion - from using :
arber (T p”m@v B LmER KT

Emissions
from landfills

2. Woaod Q ’ 2. Wood cor?lt:).u';l:i.im . 9. Carbon in Storage in
and fiber N and fiber Intermedi| - products landfills
3c. Fuel 5
| ® o | compuston- oo,
Final
MANUFACTURING (Production of fuels, raw |m==mmm——————e i
materials and purchased energy) | 6. Mfg. Wastes ! Recovery for |
| recycling in |
1 1
3a,b,c. 4. Other 5. Electricity @" 1 sosfpee;s |
Fuels materials and steam 7. CO, capture ikl |

11. AVOIDED EMISSIONS AND OTHERS

Benefits from sold Avoided emissions: landfill methane Avoided emissions: product Manufacturing biomass

electricity capture and burning for energy burning for energy co, emissions




Define the scope

100 years

Scope 1: all direct GHG emissions from owned production;

Scope 2: indirect GHG emissions from consumption of
purchased electricity, heat or steam; and

Scope 3: indirect GHG emission from systems such as
extraction and production of purchased materials and fuels,
transportation in non-owned vehicles, or production
facilities operated by parties other than the user.



Define the Basis of Calculation

Basis of Calculation (BoC) is the metric upon which all of the data input,
calculations, and result output are based. For example, a BoC of 1000 kg of
product (one metric tonne) means that data input such as quantity of raw material
consumed is entered per 1000 kg of production (e.g., a BoC of 1000 kg and log
input of 2000 kg means that 2 tonnes of logs are consumed in the production of 1
tonne of product).

Coated Freesheet NCASI Number of

Name of this footprint Uses Cradle to Grave

Product Name Coated Freesheet
Product Type coated woodfree
Footprint Boundaries{  Cradle to Grave only in this version
Description of a single product 1 mdst (5% water)

Basis of Calculation (BoC) 1 machine-dry short ton (5% water)
Basis of calculation (BoC) expressed as 861.82556
mass (dry kg)




Life Cycle Inventory: Forest Carbon Changes

Must understand if the land that is being used to provide the
amount of wood needed to make paper is being changed such that
the net carbon stock on the land for 100 years is changing over
many harvests

Not commonly known, but can be important

In developed countries, significant proportion is harvested
sustainably and many certified

Method of Change in carbon
determining  stocks (kg carbon/BoC)
carbon stock

changes

Forest name
Default Selected

value value

Generic Forest Constant Stock 0 0.00




Life Cycle Inventory: Wood and Fiber

 Wood and Fiber inputs into manufacturing
e Northern Hardwood chips example, but most cases have multiple inputs

Proposed From owned | oM non-
: owned
defaults operations )
operations
Quantity (kg/BoC, dry basis)  No default 261
Moisture content as received (fraction between zero No default 05
and one) '
Emissions for this fiber sourc SCOREE 0.130 0
(kg CO2 eq./kg dry) Scope 2 0.090 0
' Scope 3 0.010 0.230
Wet tonnes 0 0.522
Total shipped tonnes 0.522
kg CO, eq./BoC
Scopel | Scope?2 | Scope3
Emissions for this fiber source 0 0 50.028364
Truck, owned 0 0
Truck, non-owned 4.394349
Rail,owned 0 | 0
Rail, non-owned 0.1841231
Water inland, owned 0 | 0
Water inland, non-owned 0
Water ocean,owned 0 | 0
Water ocean, non-owned 0
Total . 0 | 54.606836
Transport only| 4.5784721




Life Cycle Inventory: Fuels Consumed

e Coal, example

Burned in | Burned in
Proposed defaults owned non-owned
operations | operations
Quantity (GJ HHV/BoC, dry basis) No default 5.56
Moisture content as received (fraction between zero
0.1 0.1
and one)
Combustion 90.32 90.32 N/A
Emissions for this fuel Pre-
(kg CO, eq./GJ HHV)__combustion 5.382 5.382 N/A
Total 95.702 95.702
Transported tons 0.196744515 0
Total transported tons 0.196744515
kg CO, eq./BoC
Scope 1 Scope 3
Fuel-related emissions| 425.8628 25.376366
Truck, owned 0
Truck, non-owned 0.0453493
Rail,bowned 0 | 0
Rail, non-owned 2.3267772
Water inland,owned @ 0 | 0
Water inland, non-owned 0.0545282
Waterocean,owned @~ 0 | 0
Water ocean, non-owned 0
Total 425.8628 | 27.80302
Transport only 0 2.4266546




Life Cycle Inventory: Fuels Consumed

e Black liquor, organic material byproduct of making paper

Burned in | Burned in
Proposed defaults owned non-owned
operations | operations
Quantity (GJ HHV/BoC, dry basis) No default 9.1
Moisture content as received (fraction between zero 0.35 0.35
and one)
Combustion 0.637 0.637 N/A
Emissions for this fuel Pre-
(kg CO2 eq./GJ HHV)|__combustion 0 0 /A
Total 0.637 0.637
Transported tons 1 0
Total transported tons
kg CO, eq./BoC [
Scope 1 Scope 3
Fuel-related emissions| 4.830908 0
Truck, owned 0 0
Truck, non-owned 0
Rail,owned 0 | 0
Rail, non-owned 0
Water inland, owned @~ 0 | 0
Water inland, non-owned 0
Water ocean,owned 0 | 0
Water ocean, non-owned 0
Total| 4.830908 | 0
Transport only| 0 0




Life Cycle Inventory: Other Materials

e Example Latex coating material

Pdrgfg?ﬁtes . User entry
Quantity (kg/BoC, dry basis)] 25.85 25.85
Moisture content as received (fraction between zero and one) 0 0
Upstream emissions for this raw material (kg CO, eq./kg dry) 2.628 2.628
Total received tonnes (wet) 0.02585
kg CO, eq./BoC
Scope 3
Upstream Emissions 57.60986
Truck,owned 0 | 0
Truck, non-owned 0.533979
Rail,owned 0 | 0
Rail, non-owned 0.079094
Water inland,owned 0 | 0
Water inland, non-owned 0
Water ocean,owned @ 0 | 0
Water ocean, non-owned . 0
Total 58.22294
Transport only, 0.613073




Life Cycle Inventory: Electricity and Steam

e Need to know quantities and location of electricity

Quantity Region supplying the Default emission factor Selected emission factor
(MWh/BoC) electricity (kg CO, eq./MWh) (kg CO; eq./MWh)

Scope 2 Scope 3 Scope 2 Scope 3 Used for

0.0183 Alabama 711.0 18.2 711.0000 | 18.2000 | Combined
operatlons

0.0518 Kentucky 1045.4 25.3 1045.4000 | 253000 | Compined
operatlons

0.0157 Maryland 711.5 18.2 7115000 | 18.2000 | Combined
operatlons

0.0306 Maine 393.6 11.5 393.6000 | 11.5000 | Combined
operatlons

0.0515 Michigan 738.2 18.8 738.2000 | 18.8000 | Combined
operatlons

kg CO; eq./BoC
Scope 1 Scope 2 Scope 3

11.03396573

0.282444692

45.92225396

1.111376531

9.472955502

0.242315938

10.21380252

0.298421568

32.23979045

0.821062125




Life Cycle Inventory: Electricity and Steam

e For steam used a proxy:

Default emission factor

Selected emission factor

uantit Steam supplier/Source
(%J/Bog) of emiszl?on factor (e C0n EliNE) (@I COnEEIED),
Scope3 Scope 3
0.0434 used natural gas EF No default 63.324




Life Cycle Inventory: Manufacturing Wastes

 Onsite landfill that decays

Quantity of manufacturing wastes placed in industry landfills (dry kg/BoC)

Fraction of carbon in wastes

Fraction of carbon in wastes permanently stored

Fraction of wastes from owned operations

Results

Mass of methane
emitted from mill
landfills (kg CO,

ed./BoC)

Proposed Selected
default value
43.09 83.50
0.275 0.275
0.50 0.50
No default 1.00
Scope 1l Scope 3
172.21875 0

Mass of carbon
permanently stored in
mill landfills (kg CO,
ed./BoC)

42.09791667

Scope 1 Biogenic CO,,
emitted (kg CO,

ed./BoC)

23.1538542




Life Cycle Inventory: Product Transport
e All transport steps involved, default emmission data used

Pr(')ducF # T23 Code 293 USDOT 99,04 and USEPA 06 (printer to customer) 91%
descriptor:
Product| Advertising material, commercial or trade catalogues, and similar printed
transported: products
Quantity (dry
kg/BoC): 784.26
Moisture content: 0.08
Proposed defaults Owned transportation Non-owngd
transportation
Mode Fraction of . Fraction of . Fraction of .
: Distance, . Distance, . Distance
guantity guantity guantity
km km , km
transported transported transported
Truck 1 403.9 1 403.9
Rail 0 0
Freshwater (inland) shipping 0 0
Marine (ocean) shipping 0 0
kg CO. eq./BoC |
Scope 1l | Scope2 | Scope 3
Truck 0 32.19272
Ralil 0 0
Marine (ocean) shipping 0 0
Inland (freshwater) shipping 0 0
Total 0 32.19272




Life Cycle Inventory: Product Transport
e All transport steps involved, default emmission data used

Transportation mode

(kg CO2 / km*tonne)

Combustion |Precombustion| Total
Truck 0.0805 0.013 0.0935
Rail 0.0191 0.0031 0.0222
Marine (ocean) 0.0163 0.0022 0.0185
Inland (freshwater) 0.0288 0.0046 0.0334
Small truck (EOL) 1.26




Life Cycle Inventory: End of Life: Carbon in Products

 How much carbon exists in products. Needed for end of life and carbon storage in
products.

e Half life, number of years for the existing paper in use to half
e Cpermanently stored (in landfills)

Carbon permanentl
Carbon content Half-life i U
. stored
(fraction) (years) !
(fraction)
bleached kraft board 0.50 2.54 0.12
bleached kraft kaging &
: eac ? raft paper (packaging o 5
industrial) 0.61
0.50 2.54 0.85
0.50 2.54 0.12
0.50 2.54 0.55
newsprint | 0.46 2.54 0.85
recycled boxboard 0.50 2.54 0.55
recycled corrugating medium 0.50 2.54 0.55



Life Cycle Inventory: End of Life
e Define the amount recycled

e Define the amount burned for energy and landfilled
e Built in data about landfill emissions

The final product is probably used and disposed of U.S
in: e
Fractions | Transport distances, km
Disposition| Proposed User Proposed :
defaults | Selection defaults SEEr SRiEalln
Recyclingl 0.4210 0.388 32.18 32.18
Landfill 0.4696 0.498 32.18 32.18
Burning w/ energy recovery, 0.1094 0.114 32.18 32.18

Landfill assumptions:

Burning assumptions: - Landfills are assumed to be completely
- GHG emissions are mainly N,O. anaerobic.

- Fractlor? of gas transformed to 50%
methane:

- Fraction of methane oxidized to CO, in
. 10%
landfill covers




Life Cycle Inventory: End of Life

Mass of product remaining in use after 100

years (kg/BoC) 31.58112712

Mass product landfilled (kg product/BoC) 413.46172757
Mass carbon landfilled (kg C/BoC) 133.54813801

Mass carbon permanently stored (kg
C/BoC) 16.02577656

Mass if carbon transformed to gas (kg
C/BoC) 117.52236145

Mass of carbon transformed into methane
(kg C/BoC) 58.76118072

Mass of carbon in methane not oxidized in

landfill covers (kg C/BoC) 52.88506265

Mass of carbon transformed into CO, (kg

C/BoC) 5.87611807

Mass of carbon in methane burned for

energy recovery (kg C/BoC) AEATEA A

Mass of methane emitted (kg CH4/BoC) 39.48751345
Landfill methane (kg CO, eq./BoC) 987.1878361
Burning GHGs (kg CO, eq./BoC) 0.946478653
Transport GHGs (kg CO, eq./BoC) 69.88853723

Total EOL (scope 3) GHG emissions (kg
CO, eq./BoC) 1058.022852

Carbon storage (kg CO; eq./BoC) 58.76118072




Life Cycle Inventory: Analysis
 Check for completeness, consistency, errors.....

* Interpret....

Basis of calculation (BoC, kg) 861.82556
Total Scope 1 Scope 2 Scope 3
Total emissions, including transport (kg CO,
eq./BoC): 3100 793.5 188.6 2118
Of which, total transport (includes all transport
components): 161.2 0 0 161.2
Emissions from fuel used in manufacturing
(including transport) 839.2 647.5 0 191.7
Emissions from purchased electricity and steam 383.5 0 188.6 194.9
Emissions from wood and fiber production
(including transport) 312.9 0 0 312.9
Emissions from other raw materials (including
transport) 298.1 0
Emissions from manufacturing wastes 146 146
Emissions from product transport 62.53 0
Emissions from end of life (including transport) 1058
Total carbon storage changes (kg CO, eq./BoC)| 138.3
Changes in forest carbon (kg CO, eq./BoC) 0 Method used to, Weighted
estimate amount of, avg first
Carbon in products in use (kg CO, eq./BoC) 374 product in use; order
Carbon in landfills from products at end of life
(kg CO, eq./BoC) 58.76
Carbon in mill landfills from manufacturing
wastes (kg CO, eq./BoC) 42.1




Life Cycle Inventory:
Analysis

Check for completeness,
consistency, errors.....

Interpret....

Emissions of CO2 eq. by Scopes

B 5Scope 1 EScope 2 WScope 3

Emissions of CO2 eq. by Elements
EFuelsused in

manufacturing

E Purchased electricity and
steam

M Wood and fiber

@ Other raw materials

@ Manufacturing wastes

M Product transport

@ End-of-life




Life Cycle Analysis of Paper: Carbon Footprint Results

Carbon in mill landfills from manufacturing wastes (kg CO2 e
Carbon in landfills from products at end of life (kg CO2 e
Carbon in products in use (kg CO2 e

Changes in forest carbon (kg CO2 €

Total carbon storage changes (kg CO2 e

Emissions from end of life (including tra

Emissions from product transport

Emissions from manufacturing
Emissions from other raw materials (including tra

Emissions from wood and fiber production (including tra

Emissions from purchased electricity and steam

Emissions from fuel used in manufacturing (including tra

Of which, total transport (includes all transport components):

Total emissions, including transport (kg CO2 e

Carbon footprint (kg CO2 e

q./BoC)
q./BoC)
q./BoC)
q./BoC)
q./BoC)

nsport)

wastes

nsport)

nsport)

nsport)

9./BoC):

g./BoC)

—

O Ctd Mech

W Ctd Free

pnr“r

|
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a1 Go.ncsu.edu/venditti (downloads)
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Life Cycle Analysis of Paper: Catalog System Boundary
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Full Life Cycle Analysis of Paper: Carbon Footprint Results

Table ES-6. LCIA Results — Catalog, Coated Freesheet

Storage

1- Fiber . in use
Impact category (unit/ freesheet Production Transport
procurement . and
catalog) production of catalogs and use landfill

Total 2- Coated 3- 4-

Global Warming kg CO,

4.89E-01 5.4% 43.6% 15.7% 1.2% 37.7%  -3.4%
(GW) eq.
G H*moles e o1 7.6% 67.4% 21.1% 1.1% 2.9%
(AC) eq.
Respiratory ke PMas ¢ saE-04 3.5% 77.9% 15.6% 0.3% 2.6%

effects (RES) eq.

(EE“lj';°ph'°at'°" kgNeq.  8.85E-04 1.9% 19.0% 6.2% 0.2% 72.8% N/A

(TN kg CFC- 2.63E-08

o, 9 9 9 9
(oD) 11 eq. 0% >3% e M ”
sl M 3 04e01 9.3% 52.4% 29.8% 26%  5.9%

depletion (FF) surplus

1l Results obtained using the ecoinvent database only (see Section 9.3.1.2 for more details)

National Council for Air and Stream Improvement, Inc. (NCASI). 2010. Life
cycle assessment of North American printing and writing paper products.
Unpublished Report. Research Triangle Park, NC: National Council for Air

and Stream Improvement, Inc.
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Summary

GHG concentrations are rising abruptly

From a scientific viewpoint these are expected to
increase radiative forcing and global warming

A carbon footprint of a service is a method to gauge the
net GWP

— Includes emissions

— Includes storage

The carbon footprint is a partial life cycle analysis and as
should not be considered in isolation

— Often there is a tradeoff between carbon footprint and other
environmental impacts that should be considered
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