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overview

introductions

brief background: terms, science, emissions
GHG inventories: context, strategy, boundaries
topics for next time (May 12): how-to
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iInto the chat window; also, we’II pause at 30
minutes in (for people to compose questions)
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Good Company

 sustainability research and consulting firm
* mission-driven, for-profit
» clients: government, higher ed, private sector

my background: economist, consultant, LEED™ AP,
instructor in various professional development settings,

adiunct facultv in two MBA proarams
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background on climate issues

terminology

climate science

— Short version: Science has told us enough that we can
get working on the details.

overview of US and global emissions
a warning: Don’t get carbon goggles!
life-cycle carbon, inventory examples



» T

topics that won’t be covered in depth

carbon markets, offsets and RECs
climate risk (regulatory and physical)
cost of carbon

possible climate policy instruments
implicit climate policy currently underway
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terminology

global warming vs. climate change
life-cycle GHG emissions, life-cycle carbon
cost of carbon

GHG inventory, carbon (or climate) footprint
climate risk, carbon risk, cost-of-carbon risk
carbon disclosure, emissions disclosure
climate action, climate action planning
global warming potential (GWP)

greenhouse gases, GHG emissions, GHGs,
global warming pollution, GWP, carbon, CO.,e
— “carbon” is inaccurate

— really, all carbon dioxide equivalent (CO,e) emissions

carbon footprint # Ecological Footprint
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IPCC summary climate science (2007)

* observable climate changes
artic temperatures and ice, precipitation amounts, ocean salinity and
warming, extreme weather and temperatures

* anthropogenic warming
fossil fuel use, land-use change, agriculture all increase greenhouse
gas concentration and global warming

 future changes in climate

global models used in climate change simulations predict larger
changes for future unless something is done

IPCC AR4 Working Group 2, http://www.ipcc.ch/ipccreports/ar4-wg2.htm
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consensus on (un)certainty

From the IPCC in 2007:

1. The Working Group I Fourth Assessment concluded that most

of the observed increase in the globally averaged temperature
simce the mid-20th century € very likely due to the observed
increase in anthropogenic greenhouse gas concentrations.

Description of likelihood

Likelihood refers to a probabilistic assessment of some well-defined outcome having occurred or occurring in the future, and
may be based on guantitative analysis or an elicitation of expert views. In the Summary for Policymakers, when authors
evaluate the likelihood of certain outcomes, the associated meanings are:

Terminology Likelihood of the occurrence/ outcome
Virtually certain =>99% probability of occurrence

Very likely 90 to 99% probability

Likely 66 to 90% probability

About as likely as not 33 to 66% probability

Unlikely 10 to 33% probability

Very unlikely 1 to 10% probability

Exceptionally unlikely

<1% probability
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cornerstone concept: life-cycle GHGs

 definition: the GHG emissions associated with
the entire life cycle of a product, service,
iInfrastructure component or other activity

* What do we know now about life-cycle GHGs
for most of what we do and buy?
— Some of the emissions belong to us (owned).
— Some of them belong to others (shared).
— We've never had to calculate them before.
— We should approach this concept with humility, as it
Is complex and not always intuitive.

* life-cycle GHG thinking is about boundaries
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GHGs and their GWP

Greenhouse Gases GIObal sreuming
Potential (100 yrs)

Carbon dioxide CO, 1
Methane CH, 21
Nitrous oxide N,O 310
Hydrofluorocarbons HFC 140 to 11700
Sulphur hexafluoride SFg 23900
Perfluorinated compounds| PFC 6500
Black carbon® C ?

black carbon is of growing concern and its impact is not yet fully understood
Source: UNEP (2011) Summary for decision makers of the integrated assessment of black carbon and tropospheric ozone
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overview of emissions by GHG type

World GHG emissions, 2004 US GHG emissions,
2009

N o F-gases

T.gEﬂ.-"fu- 1.1':'."‘].3

CH,
14.3%

N,O
4.5%

HFCs, PFCs,

CO, fossil S
fuel use

CO, / 56.6%

(deforestation,

decay of

biomass, etc)

17.39, CGE (other) EPA, 2011 U.S. Greenhouse Gas Inventory Report

2.8%

Reference: IPCC 4th Assessment Report:Climate Change 2007 Synthesis Report
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energy and climate: the punch line(s)

. The climate crisis is first and foremost an

energy challenge.

. Right now, the energy challenge is first and
foremost an efficiency opportunity.

. In the long term, the energy challenge is also a
transition challenge.
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Estimated U.S. Energy Use in 2009: ~94.6 Quads

Net Electricity
Imports

12.08

Electricity
Generation
38.19

B Lawrence Livermore
National Laboratory

Residential
11.26

Commercial
8.49

Industrial
21.78

Trans-
portation
26.98




Estimated U.S. Carbon Dioxide Emissions in 2008: |! B Lawrence Livermore

~5814 Million Metric Tons

! |

Electricity
1946 Generation 2359

y ~~—

Trans-
portation

Residential

346

218

967

1925

National Laboratory

Carbon

Dioxide
Emissions
5815




carbon = energy = opportunity

Abatement cost

Gas plant CCS retrofit

Iron and steel CCS new build
Goal GGS new buil

Coal CCS reirofitj

30 35 38

Abatement potential
GtCO,e per year

Solar CSP
Reduced intensive

— agriculture conversion

L High penetration wind

Solar PV

—|_ow penetration wind
—Degraded forest reforestation
— Pastureland afforestation

Source: Pathways to a Low-Carbon Economy,

€ per tCO.e _Reduced slash and burn agriculture
' conversion
80 r — Reduced pastureland conversion
_Lighting — switch incandescent a land i
80 || 1o LED (residential)  (arassiand managemen
Appliances electronics rganic soils restoration
40 | Motor systems efficiency
20 15! generation biofuels
“ Cars full hybrid
0
20 | 5 10 L:‘ 15 20 2!r
eothermal
-40 |- ice management
Small hydro
60 Waste recycling
80 —Efficiency improvements other industry
- Landfill gas electricity generation
-100 [Clinker substitution by fly ash
120 —Building efficiency new build
L Insulation retrofit (residential)
-140 - ~Tillage and residue management _ Degraded land restoration
—Cropland nutrient management | Nuclear
-160 L cars plug-in hybrid
- Retrofit residential HVAC
-180 . .
- 2nd generation biofuels ;
200 - -Appliances residential McKinsey & Company (2009),

updated abatement cost curve (2010)
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And so, while the end-of-the-world scenario will be rife with
unimaginable horrors, we believe that the pre-end period will be filled
with unprecedented opportunities for profit.”
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overview of global emissions

Industry

(process emissions and
direct emissions from
primary energy usage)

Forestry

Agriculture/
waste

Industry
(indirect emissions
through power usage)

Transport Buildings power

(indirect emissions

Buildings through power usage)

(direct emissions
from primary
energy usage) Source: Vattenfall



Current sources of greenhouse gas emissions

2002; Percent

By sector

BACKUP

By reqgion

100% = 40 GtCO.e

Forestry

Industry

Agriculture/
waste

Power™
Transport

Buildings

100% = 40 GICO.e

US + Canada China

OECD
Europe

Other
industrialized™
Rest
of World™** Eastern Europe

(incl. Russia)

Source: Vattenfall
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WARNING: Don’t get carbon goggles!

today’s focus: GHG emissions

...but GHG-generating activities have other impacts, e.g.:
— diesel/petroleum combustion: air pollution

— fossil-fuel extraction: oil spills

— atmospheric CO,: ocean acidification

— in all cases, cost

“solutions” have unintended consequences, e.g., biofuels:
— habitat degradation/destruction

— stress on water resources

— food vs. fuel

learn to put the goggles on and take them off, as
appropriate to the circumstances
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carbon footprints

carbon footprints: why bother?

conducting an inventory
— Inventory protocols and calculation tools
— overview of the steps involved
— typical emission sources and issues
— data needs systems to collect data

setting boundaries for your carbon footprint
— responsibility and mission-critical/related activities
— control vs. influence, owned vs. shared
— data availability

reporting on climate performance (prelude to
climate action planning)
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carbon footprints: why bother?

you have to do it

understand your climate risk (more later)

— Impending regulation

— impending non-regulatory risk (e.g., supply chain)

— potential disruption to your business model or practices

proactively manage a challenge that might
matter to stakeholders

live up to institutional commitments
it might also be “the right thing” (your mission)
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costly

regulation or strategic self-knowledge?

Winter 2011

Seems like
a costly
regulation....

By the Numbers

Key Figures

$115 milli

Estimnated labor and capital cost of regulation
10 U5, Industry in the first reporting year

- 19’%?%-10“’-“ ilities that will report
Is it?

85%

Fortion of humsaerelated greenhouse gas
emizshons in the 115, povered by the new rules

Winners

Companies that make so-
moters, nsad th measure nrig, stand to
earn millions. Manufaciires & devices
Inclsde General Electric and Slemens:

Losers

Cost of implementing regul
45 a percentage of sales:
Cement and mineral preduction 0.5%
Lime manufacturing 0.4%
B

Waste management 0.2%

Sectors That Got a Pass'

Industries and processes exciuded from the
reporting requirement
= Electronics manufact
= Ethanal produsction

ing

+Food processing
= Sulfur hexalluoride from electrical
L penint
= Underground coal mines
= Induszrial landflls
| = Wastewater treatment

It Could Have Cost More
Estlmated additional annual
industry if the BPA had required:

Quartonyreperting Sotem__

Source:

Bloomberg Government
Insider, Winter 2011
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Third-party audits $42m

The Cost of Measuring Greenhouse Gases

Starting in March, the Obama Administration will make a wide range of companies report
on the greenhouse gases they produce. Here's how the cost burden breaks down by industry:

First.year esti-

mated annualized
costs (in millions)
fr top thros com-

panies by rovenue
In cach sector,
Private companies
are not includod

: NRG Energy
Landfills $12.4m §1.95m
Mirant® ¥
SinSm e
Waste
anagement Pulilic landills
SLAHm $r.5m
Natural gas
Republic © suppliers 36.8m
e Waste
Connections
S0 Hm
4 ConocoPhillips
$l.5m
ExurmMohbil
SL02m
Chevron
$0.95m
Eagle
Materials.
$1.28m
Trindy
Industries
$3.06m.
lexas
Industries.
$1.70m
U5 Steel
§0.96m
5 Nucar
. $0.85m :
meﬂt Gordan
3 2 Ameristeel
production $6.5m £0.37m
Iron and steel
production 33.7m

Petrochemical
production $2.2m

ExxonMobil §1.23

Pulp and
paper mill

Dow Chemjcal £0.5°
.6m

Praxalr $0.18m

Verso Paper
$1L03m

Suppliers of

indusirial gases 50.5m

Bolse
SO.86m 3 Praxalr $0.25m

Alr Products and
Chembcals £0.158m

Kinder Morgan

$0.03m
Lime manufacturing
$5.3m
Petrolenm ;
refineries S6.1m
i Martin Marietta
Materials 327500
ExxonMuobil United States
S1L5Im Lime & Mincrals
$1.58m
Minerals
Technologies $1.15m
Chevron
SLitm
Conacarhiilips
§1,50m
Aluminum

production $0.2m

Alcoa S0.86m

Century Aluminum
$0.02m

Kaiser Alumimum
$ Lm

Winter 2011

Measuring Harmful Gas Emiscions

an 00,
sxample,

Methane
riculture se
total

Nitrous Qxide
Whilis

L0, at trapping he
slom sources Inch
Tuel combistion,

Fluorinated Gases

The global warming porential of sulfur
hexafluoride iz 23,900 times gremer than C0,,
ing it the most potent fluorinated gas.

Annual Reports

Facilities that emit 25,000 metric tons or more
pet vear of carbon di
submit annual reports to the EPA ur
000 metric tons is equivale
ns of:

InshIvlchuils®
wimisslons (per ¥

Annual emission levels of CO
metric

e cjuivil
ns), reported by entities oper
California:

Drewing
rer

8,972 :
1,853 pincuons
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carbon footprints: setting boundaries

« What must the boundaries of your inventory be?
— regulatory requirements
— internal and external expectations

* What should your boundaries be?
— responsibility and/or liability: mission-critical or
mission-related activities
— control vs. influence
« What can your boundaries be?

— data availability (proprietary data / trade secrets, state
of scientific/academic knowledge)

— trade-offs in the inventory process itself
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GHG accounting 101

N,O

HFCs PFCs

Source: World Resources Institute
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insights from inventory results

the whole country

a metropolitan area

a municipal government
a company



two views of US emissions

Residential

Commercia 5%

Agriculture
8%

Industry
19%

6%

Transportation
28%

Provisio

Electric Power
Industry
34%

34%

Provision
of Food
12%

of Goods

Local Passenger
Transport
13%

Infrastructure
1%

Building

Energy Use
Other 32%
Passenger Transport
8%

Source: EPA’'s Opportunities to Reduce Greenhouse Gas Emissions through Materials and
Land Management Practices



Metro Area Greenhouse Gas Emissions
31 Million Metric Tons Carbon Dioxide Equivalent (MMT CO2e)

& Metro | People places. Open spaces.

Transportation
Estimated emissions: 7.8 MMT CO2e

Materials (goods and food)
Emissions related to the production,
manufacture and disposal of materials,

e \ehicle miles traveled by passenger
vehicles and light trucks

e Operation of public L goods and food
: Transportation _ .
transportation system e Estimated emissions 14.9 MMT CO2e
Ui Materials e Manufacture of products and food
(goods and (from inside and outside the region)
food) consumed by metro residents and
businesses
Energy ¢ Freight movement of materials,

Estimated emissions: 8.2 MMT CO2e g_O)OdS and food (heavy truck, rail,
air
e Natural gas consumption from

residents and businesses e \Waste management and recycling

. , o system (collection, landfills)
¢ Fossil fuel consumption from utilities’

imported electricit
P d http://library.oregonmetro.gov/files//regiona_greenhouse _gas_inventory.pdf
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LGO inventory example: City of Hillsboro

Figure 2: City of Hillsboro’s Greenhouse Gas Emissions from Local Government Operations (2007)

Scope 1 : Scope 2: Scope 3 14,000

! |
| |
I |
| |
| 10,430 |
| :
| |
| ' 7,617
I |
| |
| |
| |
| |
| :
| |

2,186 | |
. 1,538

1,035 i | i
- N/A 23 | : 375 254 .
T T T T - T T T
St Urg, o ¥ "Ger,, C‘%@ S”’G.s-s Dy . ’%{VC lops
Qg Nis 7, Sle e bé?lh




carbon footprint: Apple

The story behind Apple’s environmental footprint.

Apple reports environmental impact comprehensively. We do this by focusing on our products:
what happens when we design them, what happens when we make them, and what happens when
you take them home and use them.

45% 46%

5% * 3%
| @, N [ o]
s ¢ |
‘—d+ﬁ+ + P+ S
0™ @ .' AF====3 A
Total Footprint Manufacturing Transportation Product Use Recycling Facilities = _
Learn more = Learn more = Learn more Learn more Learn more = Learn more » Our Total Carbon Footprint
I 3% Faciliti
Look — the whole life cycle! e

Owned emissions, shared emissions.

Source: www.apple.com/environment

97% Product Life Cycle



GHG accounting 101

CO, CH; N,O HFCs PFCs SF;

SCOPE 2
INDIRECT

SCOPE 1
DIRECT

GOODS & SCOPE 3
SERVICES T INDIRECT
INVESTMENTS
CAPITAL TRANSPORTATION " ——3 FRANCHISES
GOODS & DISTRIBUTION -
LEASED
FUEL & ENERGY ASSETS  Beesnel @090 P .ﬂ { BASED
RELATED A ASSETS
E | EMPLOYEE PROCESSING
e ! COMMUTING OF SOLD
TRANSPORTATION . PRODUCTS
BUSINESS
SDISTRIBUTION  ysTE GENERATED  TRAVEL USE OF SOLD Ry o
IN OPERATIONS PRODUCTS SOLD PRODUCTS
REPORTING
UPSTREAM ACTIVITIES > i Ao > DOWNSTREAM ACTIVITIES

Source: World Resources Institute
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inventory protocols and calculation tools

« protocols (general application)

— World Resources Institute (WRI) / World Business Council for
Sustainable Development (WBCSD), www.ghgprotocol.org

— The Climate Registry, General Reporting Protocol

— California Climate Action Registry (now Climate Action
Reserve)

 tools (specific contexts or narrow applications)
— individual WRI protocols
— EPA Climate Leaders (various tools)
— Clean Air-Cool Planet Campus Carbon Calculator™
— Good Company’s Carbon Calculator (G3C)
— Seattle Climate Partnership Carbon Calculator
— Economic Input-Output Life-Cycle Analysis — www.eiolca.net
— Building for Environmental & Economic Sustainability (BEES)

— EPA GHG Equivalency calculator and other tools
(www.epa.gov/cleanenergy/energy-resources/)
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what's happening right now

Washington (starting in 2010 for 2009)
— threshold: 10,000 MT CO.e total Scope | or 2,500 MT CO.e for a fleet
— Scope | trips reporting thresholds, but must then also report Scope |l
Oregon (starting in 2010 for 2009)

— threshold: 2,500 MT CO.e; permit-level reporting (not entity-level),
only certain types of entities)

— Scope | only (thresholds and reporting)
California (starting in 2009 for 2008)

— threshold: 2,500 MT CO.e for electricity generation and 25,000 MT
CO.,e for certain industries

Other states with mandatory reporting:

— NM, IA, WI, FL, NC, MD, DE, NJ, NY, VT, CT, RI, MA, NH, ME
US EPA

- threshold: 25,000 MT CO.e (not entity-level)

- Scope | only (for certain industries or permit holders)
generally: regulatory process, not strategy
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carbon footprints—from mandatory to useful?

Comprehensive reporting for informed climate strategy:
 all of Scopes | and Il

 risk assessment of and scenarios for Scope Il
» quantify and/or estimate all Scope Ill sources

~

/ Current proactive voluntary reporting beyond Scopes | and II:\
» dabbling in Scope Il

/ The Climate Registry’s (TCR) General Reporting

Protocol (GRP)
o Scopes | and Il, except for de minimis emissions

~

-
Mandatory reporting (e.g. WA, OR, CA):
» Scope |, maybe Scope Il

e or worse, permit-based

\_

\

N

=/
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iInevitable / likely directions

« where we will inevitably go

— mandatory reporting of Scopes | and |l, with thresholds
tripped by the sum of | and Il

— pervasive strategic understanding of cost-of-carbon risk
via both Scopes | and |l

» reasons for this perspective
— requlatorv canacitv / knowledae will arow auickly
regulatory capacity / knowledge will grow quickly
— broader geographic and source coverage likely

— reality of life-cycle emissions profiles of many business
models and entire sectors

— ease of meeting all reporting obligations with highest
common denominator
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Look forward to sessions 2 and 3

Session 2: Carbon Footprints: Step by Step —
May 12, 2011

Session 3: Case Studies of Activities in Scope
1,2, and 3 — June 2, 2011

Sponsored by:
Northeast Waste Management Officials’ Association
Pacific Northwest Pollution Prevention Resource Center
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Thank you!

Joshua Skov
joshua.skov@goodcompany.com
(541) 341-GOQOD (4663), ext. 211



