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Introduction and greetings from the Introduction and greetings from the 
University of GeorgiaUniversity of Georgia
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Topical OutlineTopical Outline

How we got to where we are nowHow we got to where we are now
-- IPCC reports and historyIPCC reports and history

Calculating a carbon footprintCalculating a carbon footprint
Speculation on futureSpeculation on future
-- Cap and trade versus carbon taxCap and trade versus carbon tax
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WhatWhat’’s Different from Past Periods s Different from Past Periods 
of Environmental Concern?of Environmental Concern?

Compare now versus the 1960Compare now versus the 1960’’s & 70s & 70’’ss
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Environmental Pollution ConcernsEnvironmental Pollution Concerns

WeWe’’ve come a long way in past 40 yearsve come a long way in past 40 years

Love Canal

Cuyahoga River Fire

Regulatory Regulatory 
climateclimate
Emissions Emissions 
tradingtrading
Society Society 
attitudeattitude
Industrial Industrial 
attitudeattitude
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Global Cooling and Next Ice AgeGlobal Cooling and Next Ice Age
30 years ago concern was a new Ice Age30 years ago concern was a new Ice Age……

National National 
GeographicGeographic

19761976
20042004
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Fourth IPCC Reports (2007)Fourth IPCC Reports (2007)

Led by science:Led by science: 450 lead authors, 800 450 lead authors, 800 
contributing authors, 2500+ reviewers contributing authors, 2500+ reviewers 
from 130+ countriesfrom 130+ countries
Conclusive that the change is real and is Conclusive that the change is real and is 
““likelylikely”” manman--inducedinduced
Politics involved as usualPolitics involved as usual

www.ipcc.ch
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COCO22 History and NearHistory and Near--
Term Projections Put in Term Projections Put in 
PerspectivePerspective

Current average ~ 380 ppm

2030 projection ~ 450 ppm

2050 projection ~ 550 ppm

March 19, 1957 ~ 315 ppm
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What Can We Do About It?What Can We Do About It?

As a society?As a society?
As a company or organization?As a company or organization?
As an individual?As an individual?

“No problem can be solved 
from the same level of 
consciousness that created it.”

Albert Einstein
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““Every problem is Every problem is 
just an opportunity just an opportunity 
in disguisein disguise””
-- IndividualsIndividuals
-- Companies, Companies, 

organizationsorganizations
-- NationsNations
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Calculating the Carbon FootprintCalculating the Carbon Footprint

BuildingsBuildings
Organization as a WholeOrganization as a Whole
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Where to Draw the Boundary? Where to Draw the Boundary? 
Is it just at the property line of the building Is it just at the property line of the building 

infrastructure?infrastructure?

Building energyBuilding energy

Transportation?Transportation?

Source or site?Source or site?

Embodied energy?Embodied energy?

Water use?Water use?

Supplied services?Supplied services?

Etc.Etc.
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What Do These Actually Mean? What Do These Actually Mean? 
Each factor contributesEach factor contributes

Building energy Building energy –– The one real obvious oneThe one real obvious one

Transportation? Transportation? –– Indirectly; owner occupied?Indirectly; owner occupied?
-- Transportation Management PlanTransportation Management Plan

Source or site? Source or site? –– Full accounting Full accounting sourcesource

Embodied energy? Embodied energy? –– Energy expended to buildEnergy expended to build

Water use? Water use? –– Not at the site, but energyNot at the site, but energy
is needed is needed somewheresomewhere, provided by , provided by someonesomeone
Supplied services? Supplied services? –– But these are 3But these are 3rdrd parties?!parties?!

Etc. Etc. –– Materials purchase, cleaning, Materials purchase, cleaning, 
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Energy Consumption Energy Consumption ––
The Obvious Big Player The Obvious Big Player 

Source versus Site Emissions Source versus Site Emissions 
SiteSite

OnOn--site combustionsite combustion
Electricity used onElectricity used on--site, site, 

but is generated elsewherebut is generated elsewhere

SourceSource
Where to draw Where to draw 

boundary here?boundary here?
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Energy Consumption Energy Consumption ––
Emissions Factors Emissions Factors Quiz Quiz 

For every 1 kWh of electricity consumed, For every 1 kWh of electricity consumed, 

what is the average resulting COwhat is the average resulting CO22

emissions from this?emissions from this?

½½ lb of COlb of CO22??

1.0 lb of CO1.0 lb of CO22??

2.0 lb of CO2.0 lb of CO22??

DonDon’’t have a clue?t have a clue?

From: Draft ASHRAE Standard 189.1From: Draft ASHRAE Standard 189.1



WhatWhat’’s Your Buildings Your Building’’s CO2 Footprint?  s CO2 Footprint?  -- 2020

First Step:First Step:
Compile Energy Consumption Compile Energy Consumption 

Electricity Meter #3 
Account ID 129 Location   Main Library Annex  PPD 62000  
Account Number  30-872-086  Building  0054 
  
 Billing Period Days kWh  per Day  Peak kW Amount Cost  per Day 
 FY 2006 
6/30/05  -  7/27/05 27 352,000 13,037 680 $17,600 $651.85 
7/27/05  -  8/30/05 34 380,000 11,176 720 $19,000 $558.82 
8/30/05  -  9/28/05 29 373,200 12,869 720 $18,660 $643.45 
9/28/05  -  10/28/05 30 296,000 9,867 640 $14,800 $493.33 
10/28/05 - 11/29/05 32 336,000 10,500 600 $16,800 $525.00 
11/29/05 - 1/3/06 35 283,600 8,103 880 $14,180 $405.14 
1/3/06  -  1/30/06 27 271,600 10,059 680 $13,580 $502.96 
1/30/06  -  2/28/06 29 284,000 9,793 720 $14,200 $489.66 
2/28/06  -  3/30/06 30 322,800 10,760 680 $16,140 $538.00 
3/30/06  -  4/27/06 28 318,000 11,357 680 $15,900 $567.86 
4/27/06  -  5/30/06 33 348,400 10,558 640 $17,420 $527.88 
5/30/06  -  6/13/06 14 140,800 10,057 600 $7,040 $502.86 
Total                 3,706,400  10,651                  $185,320      $532.53 

Utility Meter(s) for Existing Buildings

Example:
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First Step:First Step:
Compile Energy Consumption Compile Energy Consumption 

Modeling for New Buildings
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Next Step:Next Step:
Translate to COTranslate to CO22 Emissions Emissions 

OptionsOptions
Emissions factor, such as:Emissions factor, such as:
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Next Step:Next Step:
Translate to COTranslate to CO22 Emissions Emissions 

OptionsOptions

U.S. EPA U.S. EPA eGrideGrid

(Plant emissions (Plant emissions 

only!)only!)

RangeRange

0.007 0.007 –– 2.28 lb/kWh2.28 lb/kWh
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Example CalculationExample Calculation
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Example Example 

From annual utility meters or model data:From annual utility meters or model data:

electricity consumption = 5,575,900 kWhelectricity consumption = 5,575,900 kWh

natural gas (heat, DHW) = 9.0 x 10natural gas (heat, DHW) = 9.0 x 1099 BtuBtu

or 2.64 x 10or 2.64 x 1066 kWh equivalentkWh equivalent

Resulting emissions:Resulting emissions:

ElectricityElectricity

GasGas

2 2
6

2

CO 5,575,900 1.67 lb CO /kWh

        = 9.31 10  lb CO  = 4,656 tons per year  

= ×
×

2 2
2

CO 2,637,749 0.232 lb CO /kWh
        = 612,000 lb CO  = 306 tons per year  

= ×
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And Did you Forget AboutAnd Did you Forget About……? ? 

Water usageWater usage

TransportationTransportation

Embodied energyEmbodied energy

Supplied servicesSupplied services

Materials used in operationMaterials used in operation
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COCO22 Emissions from Water UseEmissions from Water Use

Water usageWater usage
From one major city: 2.31 lb COFrom one major city: 2.31 lb CO22 per per 

1,000 gallons potable water provided 1,000 gallons potable water provided 
(plus ~ same for (plus ~ same for 
waste treatment)waste treatment)
If not known, couldIf not known, could

assume in range ofassume in range of
4 to 5 lb CO4 to 5 lb CO22
per 1,000 gallons per 1,000 gallons 
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Water Use ExampleWater Use Example
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Water Use Water Use 
ExampleExample

1,302,970 ft1,302,970 ft³³ x 7.48 gal/ x 7.48 gal/ ftft³³ = 9,746,000 gal= 9,746,000 gal
~ 39,000 lb ~ 39,000 lb COCO22 per yearper year
But these are indirect emissions But these are indirect emissions 
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Transportation ImpactTransportation Impact

Transportation management planningTransportation management planning
Location and policiesLocation and policies
Personal travel (commuting) versus Personal travel (commuting) versus 
business required travelbusiness required travel
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Other Stuff (contOther Stuff (cont’’d) d) 

Embodied energyEmbodied energy

(still developing)(still developing)
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Recommendations for NearRecommendations for Near--TermTerm

Look at emissions reduction potentialLook at emissions reduction potential
Do what is verifiable Do what is verifiable …… verify it verify it ……
and document itand document it

Direct emissions from electrical Direct emissions from electrical 

energy use, using source emissions energy use, using source emissions 

factorsfactors

Emissions from onEmissions from on--site energy, use site energy, use 

onon--site factorssite factors
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Carbon Footprint Calculation ToolsCarbon Footprint Calculation Tools
A number available for personal footprint A number available for personal footprint 
calculationcalculation
-- www.bp.com/carboncalculatorwww.bp.com/carboncalculator
-- http://green.yahoo.com/calculator/http://green.yahoo.com/calculator/

For business, more complicated, less For business, more complicated, less 
availableavailable
-- www.carbontrust.co.ukwww.carbontrust.co.uk General orgGeneral org
-- www.thegreenoffice.com/carbonwww.thegreenoffice.com/carbon OfficesOffices
-- buildcarbonneutral.orgbuildcarbonneutral.org// ConstructionConstruction
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Soon to be a Universal Requirement?Soon to be a Universal Requirement?

UK Environment Agency requires use of UK Environment Agency requires use of 
online carbon footprint calculator for new online carbon footprint calculator for new 
projects (Nov 2007)projects (Nov 2007)
ASHRAE Standard 189.1PASHRAE Standard 189.1P
San Francisco may require green building San Francisco may require green building 
for all commercial, residential (LEED) for all commercial, residential (LEED) 
aimed at reducing carbon footprint (March aimed at reducing carbon footprint (March 
2008)2008)
Part of Part of Life Cycle AssessmentLife Cycle Assessment
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Related DevelopmentRelated Development

April 17, 2008: EPA meeting on proposed April 17, 2008: EPA meeting on proposed 
rule to rule to ““.. .. require mandatory reporting of require mandatory reporting of 
greenhouse gas emissions above greenhouse gas emissions above 
appropriate thresholds in all sectors of the appropriate thresholds in all sectors of the 
economyeconomy..”” and toand to””
““include in its rule reporting of emissions include in its rule reporting of emissions 
resulting from upstream production and resulting from upstream production and 
downstream sourcesdownstream sources..””
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WhatWhat’’s Your Buildings Your Building’’s CO2 Footprint?  s CO2 Footprint?  -- 3737

Speculation on the FutureSpeculation on the Future
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WhatWhat’’s In Store for Future? s In Store for Future? 

““CarbonomicsCarbonomics””
Carbon tax vs. carbon trading vs. do nothingCarbon tax vs. carbon trading vs. do nothing

Which is the Which is the ‘‘free marketfree market’’ approach?approach?

Some think: Some think: 
Cap & trade = Carbon tax + Corporate WelfareCap & trade = Carbon tax + Corporate Welfare

Regulation or market approach?Regulation or market approach?

How much is enough?  Can we do enough?How much is enough?  Can we do enough?

What can we do about it?  What do you What can we do about it?  What do you 
want to do about it?want to do about it?

WhatWhat’’s in it for you (me)?s in it for you (me)?
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The Great Debate of 2009The Great Debate of 2009
Cap and Trade:Cap and Trade:

-- Set overall maximum Set overall maximum 
of carbon emissions of carbon emissions 
allowed, allowed, 
reduce over timereduce over time

-- PermittingPermitting
-- Market for buying, Market for buying, 

selling of allowancesselling of allowances

Carbon Tax:Carbon Tax:
-- Taxing of carbon Taxing of carbon 

emissions or emissions or 
productionproduction

-- Ideally, money used Ideally, money used 
to offset price to offset price 
increases severe increases severe 
impactimpact

-- Coal most impacted, Coal most impacted, 
natural gas lower natural gas lower 
impactimpact
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The Great Debate The Great Debate –– A ParadoxA Paradox
Cap and Trade:Cap and Trade:

-- Tends to be the Tends to be the 
favorite of politiciansfavorite of politicians

-- Obscures the costsObscures the costs
-- May give political May give political 

‘‘covercover’’ to decision to decision 
makersmakers

-- (Some think) may be (Some think) may be 
only method that only method that 
guaranteesguarantees
reductions reductions 

Carbon Tax:Carbon Tax:
-- Tends to be the Tends to be the 

favorite of favorite of 
economists economists 

-- One estimate*:One estimate*:
$15 / ton of carbon$15 / ton of carbon

$80 billion revenue$80 billion revenue
1.63 1.63 ¢¢/kWh /kWh 
increase electricityincrease electricity
Gasoline increase Gasoline increase 
$0.14 / gallon$0.14 / gallon

* American Electric 
Power Institute
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Chicago Climate Chicago Climate 
ExchangeExchange

Founded 2003Founded 2003
Voluntary membership:Voluntary membership:
industries, cities, states, universitiesindustries, cities, states, universities

Baseline:

Avg. of 1998-
2001 emissions
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Chicago Climate Chicago Climate 
ExchangeExchange

Key element: Key element: Carbon Financial InstrumentCarbon Financial Instrument, , 
a tradable commodity a tradable commodity 
More than just COMore than just CO22, includes methane, , includes methane, 
nitrous oxide, nitrous oxide, HFCsHFCs, , perfluorcarbonsperfluorcarbons and and 
SFSF66 (converted through Global Warming (converted through Global Warming 
Potential)Potential)
Offset projectsOffset projects include methane and soil include methane and soil 
carbon management, renewable energy, carbon management, renewable energy, 
forestry, energy efficiency forestry, energy efficiency 
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Chicago Climate Chicago Climate 
ExchangeExchange
Members include: Members include: 
Ford Motor, American Electric Power, Ford Motor, American Electric Power, 
Motorola, United TechnologiesMotorola, United Technologies
Other stakeholders include associate Other stakeholders include associate 
members, members, 
offset aggregators offset aggregators 
and providersand providers
1 CFI contract = 
100 metric tons

Price in $/ton
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European Trading ProgramsEuropean Trading Programs

European Union Emissions Trading European Union Emissions Trading 
Scheme (EUTS) Scheme (EUTS) 
European Climate Exchange:European Climate Exchange:
Founded by CCX in 2006Founded by CCX in 2006
Current (March 2008) European price of Current (March 2008) European price of 
around around €€20 per ton20 per ton
March 14, 2008 futures trading beginsMarch 14, 2008 futures trading begins
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Compare Context of ScaleCompare Context of Scale

Source: K. Hamilton, et al., 2007.  “State of the Voluntary Carbon Market 2007: Picking up 
Steam” www.ecosystemmarketplace.com

$3.84 / ton

$22.12 / ton
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Carbon Tax CommentsCarbon Tax Comments

British Columbia recently adopted a British Columbia recently adopted a 
““revenue neutralrevenue neutral”” carbon tax carbon tax 
-- Effective July 1, 2008 @ $10/tonEffective July 1, 2008 @ $10/ton
-- Rises by $5 per year up to $30 in 2012Rises by $5 per year up to $30 in 2012
-- How to integrate with cap and trade (Western How to integrate with cap and trade (Western 

Regional Climate Initiative)?Regional Climate Initiative)?

What is the real price elasticity?What is the real price elasticity?
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The Crystal BallThe Crystal Ball

Nothing happens in U.S. until 2009Nothing happens in U.S. until 2009
One estimate: U.S. carbon market could One estimate: U.S. carbon market could 
reach $1 trillion by 2020reach $1 trillion by 2020
Beyond the original Kyoto ProtocolBeyond the original Kyoto Protocol
-- Montreal 2005 Montreal 2005 –– Agree to create planAgree to create plan

for beyond Kyoto end in 2012for beyond Kyoto end in 2012
-- Bali, Dec. 2007 Bali, Dec. 2007 –– outlines the deal outlines the deal 

““Lead, follow or get out of the wayLead, follow or get out of the way””
-- Who caused the problem? Who fixes it?Who caused the problem? Who fixes it?
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World vs. Country vs. RegionalWorld vs. Country vs. Regional

One common approach worldwide will not workOne common approach worldwide will not work
In the U.S., most action to date by the various In the U.S., most action to date by the various 
states in 3 groupsstates in 3 groups
-- Western Regional Climate InitiativeWestern Regional Climate Initiative

(AZ, NM, CA, OR, WA, MT + BC and Manitoba)(AZ, NM, CA, OR, WA, MT + BC and Manitoba)
-- Regional Greenhouse Gas Initiative (CT, DE, ME, NH, Regional Greenhouse Gas Initiative (CT, DE, ME, NH, 

NJ, NY and VT) with other observersNJ, NY and VT) with other observers
-- Midwest (IL, IA, KS, MI, MN and WI)Midwest (IL, IA, KS, MI, MN and WI)

But, preferred action through federal governmentBut, preferred action through federal government

WhatWhat’’s Your Buildings Your Building’’s CO2 Footprint?  s CO2 Footprint?  -- 4949

Barriers to ImplementationBarriers to Implementation
and ASHRAE Memberand ASHRAE Member’’s Opportunitiess Opportunities
In your opinion, what are barriers?In your opinion, what are barriers?
-- Economic?Economic?
-- Technical?Technical?
-- Political?Political?
-- Managerial?Managerial?

Can these be Can these be 
changed?changed?
Opportunities?Opportunities?
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Thank you!Thank you!

Comments, questions, concerns, advice Comments, questions, concerns, advice ……

Dr. Tom Lawrence, P.E., LEEDDr. Tom Lawrence, P.E., LEED--APAP
lawrence@engr.uga.edulawrence@engr.uga.edu


