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Fig. 4 (a) Time series of surface temperature averaged over the southeastern United States for the three experi-
ments. Only values from July are plotted. Prior 1o plotiing a 10 year low pass filier was applied to the time series
(b) Same as (a) for Heat Index. In the 4xCO, experiment ‘humidity i

ally so large that Heat Index values are not defined (see text for discussion). In such cases, the spatial mean is com-
puted using only those spatial locations with defined Heat Index values

(a) Global atmospheric concentrations of three well mixed
greenhouse gases

(b) Sulphate aerosols deposited in Greenland ice
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= Projeci rface temperatures for the 21st century would be
unheralded in the last 1000 vears
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Percentage change in average crop
yields for the climate change scenario.
Effects of CO, are taken into account.
Crops modeled are: wheat, maize and
rice.




rface Conditions

DO MODELS SAY -~ . -
ABOUT HUMAN-CAUSED - Fhe CO2/Climate Dilemma
dbm WARMING

-Wbling of COz Will Produce -@ding 2 x CO2zis Almost Guaranteed
a Warming Between 1.5 - 4.5 = Significant Climate Change is Inevitable
Degrees C (2.7 - 8.1 degrees F) = Energy Demand Growth is Very Large

= The ObSefved Global Warming is = Current “Non COz” Energy is Insufficient
Generally Consistent With Model

Calculations

otential Impacts of
Imate Change

= Agricultural Productivity

= Forest Resources
Increq%i t-Area Flooding
Increased Dry-Area Droughts
Water Resources
Unmanaged Ecosystems

ALL POTENTIAL IMPACTS
REMAIN POORLY QUANTIFIED
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United Nations Environmental Program
MEP / El 94) Scenario for HFCs
’CC (IS92a) Scenario for all other gasges
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Source: EPA 2001 Estimated (Table 2-1)
CFC-12 HCFC-22 HCFC-123 HFC-134a HFC- HFC-  HFC-245fa
Figure E-1: Breakdown of Greenhouse Gas Emissions in the United States 410A 407C

Kyoto Protocol
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Sets Greenhouse Gas

Somueree Emissions Limits

hange Science

GWP-Weighted Fluorecarbon Production

Signed December 1997

Agreement reached by 181 Countries

2000 2002




£ ‘ oto Protocol

h@ntrols EMISSIONS (no phase out) of
greéﬁlnuse gases

= €05, N.O, CH,, HFCs-PFCs-SF,
Non-Annex | = No Developing Country controls required

(Developing Countries) ¥
m Basket of gases — each country/region
determine own response

Annex |(Developed Countries]
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lobal Climate Change - ’ - Kyoto Protocol
erlin Mandate Gr ouse Gas Coverage

o

m Science Assessment m Six (6) Gases
—rnible human influence on global climate” horu)ioxide o,

= Increast?'o#OC from 1990 - 2100 — Methane == CH,

— Sea Level rise by 50 cm 1990 - 2100 — Nitrous Oxide - N,O

— Stabilization-at 2x pre-industrial levels requires 50% — Hydrofluorocarbons -- HFCs

reduction
; ’ — Perfluorocarbons -- PFCs

m Technical and Economic Assessment — Sulfur hexafluoride — SFq

~ Reicrons ¢ Skl ibbic e .

Y — 1990 for CO, , CH, , and N,O

— “No-Regrets” opportunities are available — 1990 or 1995 for HFCs, PFCs, and SF

Kyoto Protocol -- ’ ‘Kyoto Protocol --
8 #dqped'Countries £ duntry’l’ argets

i
% _of base Country. % _of base
Austi 108x Italy 92

ths & Timetables
Austria 92 Japan 94

- 34 Cﬁrﬂles Belgium ‘Q Lithuania 92
H H Bulgaria ‘ 92 Netherlands 92
- lef*ntlated Targets Canada 9 New Zealand 100

Croatia 92x Norway 101

— 5.2 Pereent Avg. reduction (versus 1990) P S A b o
Denmark 92 Portugal 92
6 Greenhouse gases Estonia 92 Romania 92
H H European Community 92 Russian Federation
Commitment period 2008 - 2012 g " = e
France 92 Sweden 92
Germany 92 Switzerland 92
Greece 92 Ukraine
Hungary 94 United Kingdom 92
Iceland 110 United States
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- ‘ Kyoto'Protocol

3 Policies and Measures
P - P
m Enhaneement of energy efficiency

m Increase use of new and renewable
forms of energy

m Phase out market imperfections

m Limit or reduce emissions of
greenhouse gases

‘ Kyoto Protocol

Emissions Trading
l
= DeVeloped Countries
m Details at COP - 10

,_'; 3 DENMARK

/ "PHASEOUT LAW

I%RAL HFC BAN - 2006

[ ING PLANTS, HEAT PUMPS & AIR
CONDITIONING PLANTS HFC BAN FOR
SYSTEMS WITH 10kg OR HIGHER - 2007

= EXEMPT FROM BAN
— COOLING PLANTS, HEAT PUMPS & AIR
CONDITIONING PLANTS WITH 0.15 - 10kg.
— COOLING SYSTEMS FOR PROCESS HEAT
RECOVERY WITH CHARGE LESS THAN 50kg.

-_,z !K oto Protocol

ﬁebpm’ént Mechanisms

-Wion reduction credits for projects
betweel‘rﬂlr parties

= Sharing Technologies
m Exporting Technologies

3 ;
& ﬁ/o.to Protocol
-ﬁatification
—February 16, 2005

—55 ﬁmt‘rfes ratify (112 ratified)
—55% of Developed Country Emissions
m Second Commitment Period

b ; 3 AUSTRIA

/ "PHASEOUT LAW

m %PPLIANCE HFC BAN - 2008
u ONDITIONING AND MOBILE

REFR!SER*TION HFC BAN - 2008




ODP versus GWP
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Arthur D. Little

This report was prepared by Arthur D. Little, Inc. for the
account of the Alliance for Responsible Atmospheric
Policy. The material in it reflects Arthur D.Little's
best judgment i light of information availabletoit at
thetime of preparation. Any usewhich athird party
makes of this report, or any reliance on or decisions
to be based on it, are the responsibility of such third
parties. Arthur D. Little accepts no responsibility for
damages, if any, suffered by any third party as aresult
of decision s made or actions taken based on this
report
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J. M. Calm and G. C. Hourahan, “Refrigerant Data Summary,” Engineered Systems,
18(11):74-88, November 2001 (based on 1998 WMO and 2001 IPCC assessments)

Global Comparative Analysis
of HFC Technologies for
Refrigeration, Air
Conditioning, Foam,
Solvent, Aerosol
Propellant, and Fire
Protection Applications

Final Report to the Alliance for Responsible
‘Atmospheric Policy

March 21, 2002

Prepared by:
John Dieckmann
Arthur D. Little, Inc.

INMENT OF HFCs

T AND MINIMIZE LEAKAGE
~ MANDA INSPECTIONS
— LEAKAGE DETECTION SYSTEMS
~ MAINTENANCE OF RECORDS

m RECOVERY OF HFCs
m TRAINING AND CERTIFICATION
= AUTOMOBILE HFC-134a BAN

— No new vehicles with HFCs - GWP greater than 150 in 2012
— Prohibit sale of vehicles with HFCs greater than 150 in 2018

LCCP, Milion kg CO,

Centrifugal Serow

Figure E-7: LCCP for Chillers — Best Current Technology, Atlanta Office Building

The LCCP of a typical direct-fired, double-effect Lithium Bromide -Water absorption
chiller is about 65% higher than the average LCCP for the vapor compression cycle
chillers.
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Efficiency Progress

Efficiency - kW/ton

Average Good

.80 72
1980 72 .68
199 65 62
1993 63 55
1995 61 52
1997 .60 49
1999 59 48
2003 .56 45

* 1979 - 2003 . . . Over 35% improvement.

Refrigerant Options

Flammable
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Efficiency for Chillers (COP)

CFC-11  CFC-12 HCFC-22 HCFC-123 HFC-134a  HFC- HFC-  HFC-245fa
410A 407C




S itute Refrigerants
igerants for air conditioning are:

(CEC 22 High Pressure

HFC-134A Medium Pressure
- Replacement for CFC-12

-
HCFC-123 Low Pressure
Replacement for CFC-11

HFC-407c High Pressure
Replacement for HCFC-22

HFC-410a High Pressure )
Replacement for HCFC-22 Equipment

‘Wgning “best value versus lowest
cost” b'uiping
m The green of energy efficiency
m The green of resource sustainability

SUWy.and'Expectations

-Wy Efficiency will be Strongly
Encourageéi

— Replacement of Inefficient HVAC, Lighting,
and other appliances

— Life Cycle Cost purchasing will be the
preferable process for obtaining energy
efficient systems, appliances, buildings,
and automobiles

SSIons

S

Energy
Efficiency

Focusing on Emissions and Efficiency
is fundamental to doing what’s right.

-Wfactu rers

= Consulting Engineers
= Contractors
m Facility Engineers




