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. A NEW reference scenario using PNNL

MIiniCAM.

. The challenge of climate change—

stabilizing radiative forcing.

. Economic implications.

. The technology response.
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+ New Scenarios
Technolegy Strategy

Pregram

* Revisiting ALL components of our analysis
— Demographic & economic foundations
— Addressed the PPP versus MER issues
— Non-CO, GHG emissions
— Carbon cycle
— Agriculture-land-use

e Scenarios will be used in future GTSP
analysis.
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Emissions, Atmosphere, Climate

Emissions: Energy-economy-agriculture-land-use model
15 gaseous emissions—Ilinked to associated human activities
2095 time horizon
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A world of 8.5 billion people & demographic transitions
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A $200 trillion world with a changing economic balance
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GLOBAL
Primary Energy Consumption

1,600

A 1,500 EJ/y 1 wind power

solar power
WOI‘|d 1,400 | piclear power
y W hydroelectric power
m modern biomass

domlnated by 1,200 | m traditional biomass

m coal
' natural gas

fossil fuels, but 1000z
with

: _ Esoo -

iIncreasingly
disperse  °”
sources 400 g
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e Conventional oll

- . 500
production IS —_
limited. —

e Shale oil and 40 -

synfuels become

the dominant forms i ?*°
of liquid fuels in the **
second half of the
century.

100
50

e Implication—higher ©
CO, emissions.

150

~. The Oil Market—global

0O GasToLiquid

@ Coal liquifaction

O Biomass liquids

@ Conventional oil

B Unconventional oil

1990 2005 2020 2035 2050 2065 2080 2095
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A 1,000 EJ world with rapidly growing transport demand

GLOBAL
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A 1,000 EJ world with rapidly growing transport demand
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The Business of Innovation
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>, Stabilizing CO,, Concentrations
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* Stabilization of Emissions Trajectories Consistent With Various
greenhouse gas Atmospheric €0 Concentration Ceilings
concentrations is the 5
goal of the Framework

Convention on Climate 15
Change.

10

e Stabilization means that
GLOBAL emissions
must peak in the
decades ahead and 0
then decline indefinitely
thereafter.

Billions of Tonnes of Carbon

2000
2030
2060
2090
2120
2150
2180
2240
2270
2300

2210

* Climate change is a _ _ -
long-term, century to millennial problem—with implications

for today. It will not be solved with a single treaty, single
technology, by a single country, or by a quick fix. 16



== Scenario Architecture
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Radiative Forcing Approximate
From Preindustrial | 2100 CO, Level
Level (Wm™) (ppmv)
_evel 1 3.4 450
| evel 2 4.7 550
_evel 3 5.8 650
| evel 4 0.7 750
The Gases

CO,, CH,, N,O, HFCs, PFCs, SF.

WARNING: We have not considered chemically active gases such as
CO, NOx, or VOCs, nor the aerosols and dark particles. 17
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=+ Implementing Stabilization

* Assume current policies are effective

—U.S. 18% reduction in GHG/GDP by 2012
— Kyoto Protocol

e Assume all nations participate In
supplementary programs to achieve
stabilization of radiative forcing

— Perfect “Where Flexibility”;
— Use WRE methodology to limit fossil fuel CO, emissions;
— Use GWPs to compute prices for non-CO, GHGs.

18
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MiniCAM
Total Radiative Forcing
9.00
Note that the
time scale of 8.00 | ===—=MINICAM Level4
i e MINICAM_Lev el3 6.8 W/m?2
the climate 7.00 - —_MINICAM Level2 :
change 6.00 | ——MINICAM Levell 6.7 W/m?2
prob]em is —M|N|CAM_REF 5 8 W/m2
— N 5.00
sufficiently g
long that = 4.00
some 3.00 -
stabilization
. 2.00
cases will not
reach their 1.00
limits until the 0.00
227 century. 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Year
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Radiative Forcing in 2100 by Gas
9
mCO2
3 m Short-Lived F-gases —
11 Long-Lived F-gases
7 m N20 7
nCH4
6 -
3 O
£
= 4.
3
2 -
1 -
0 - I I ‘ - .
Reference Level 4 Level 3 Level 2 Level 1
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Fossil and other Industrial CO2 Emissions

e MINICAM_REF

= MINICAM_Lev el4
e MINICAM_Levell
= MINICAM_Level2
——MINICAM_Level3

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Year

' Greenhouse Gases—CO,
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= Greenhouse Gases—CH,

Non-CO, greenhouse gas technology can be an important
component of an overall strategy to address climate change.

MT CH4/Year

CH4 Emissions CH4 Concentrations
400 2,500
350
2’000 ——
. «
2l 1,500
> —
200 = !
o
@ \|INICAM_REF 1,000 -~ e====MINICAM REF
150 - _MINICAM Level4 ——MINICAM_Level4
o ——MINICAM Level3 ——MINICAM Level3
| e==—=MINICAM Level2 500 ——— ——=MINICAM Level2
50 1 e MINICAM_Levell e MINIC AM_LeV el1
0 0 T T T T T T T T
B 2000 2030 2040 2050 2060 2070 SoATHETTTEEEEE 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
Year
Year
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Implications for
energy and
technology




The Carbon Price

Global Value of Carbon
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== Inter-temporal economic efficiency

* Minimizing the cost of stabilizing the rate of climate change is
a classic stock pollutant problem.

— Efficient prices are not constant.

— They rise steadily until they either hit a backstop or a steady-state
concentration.

GHG price in year t = GHG price In the previous year X (1 +
rate of interest + removal rate from the atmosphere)

e.g. For CO, the price would rise at the interest rate, say 4%/y
+ the average removal rate from the atmosphere,
approximately 1%/y or 5%/y

— 1.e. the price should double every 15 years.

25
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E A Inter-temporal economic efficiency
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* CO,
— Interest rate = ~4%/y
— Removal rate = ~1%l/y This IS
— Rate of price escalation = 5%y very
— Price doubles every 15 years. different
*CH,
— Interest rate = ~4%l/y

— Removal rate = ~11%/y
— Rate of price escalation = 15%/y
— Price doubles every 5 years.
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== Inter-temporal economic efficiency

* When the GHG concentrations reach their steady-
state concentrations, then GHG prices are
determined by the removal rate from the
atmosphere.

— The atmospheric removal rate determines allowable
emissions from that point forward.

* |If the rate of change matters then the rates of rise
and initial values can be changed dramatically.

27
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U.S. Average Minemouth Coal Price
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=« Effect on consumers

Impact of $100/tonne

C on fuel prices

Added
Fuel Cost ($)

Crude Oil ($/bbl) | $12.19

Gasoline ($/gal)| $0.26

Heating Oil ($/gal) | $0.29

Wellhead Natural Gas ($/tcf) | $1.49
Residential Natural Gas ($/tcf) | $1.50

Minemouth Coal ($/short ton) | $55.33

Utility Coal ($/short ton) | $55.33
Electricity (c/kWh) 1.76
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—— Absolute Targets 1 (1% reductions)

—— Absolute Targets 2 (1/2% reductions)

~— Mixed Targets (1% reductions; non-Annex | BAU)

—— Intensity Targets

—4— Electricity Intensity 1 (11/3%/yr) V4
Electricity Technology (IGCC/CCS)
Electricity Intensity 2 (2%l/yr)
Auto Standard

Zero Net Emissions Targets
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CCS Capture in 2020 Various Hypothetical Protocols

180

160

140

120

100

TgCly

80
60
40
20

Absolute Absolute Mixed Targets Intensity Electricity Electricity Electricity  Auto Standard
Targets 1 (1% Targets 2 1% Targets Intensity 1 Technology Intensity 2 -
reductions) (/2% reductions; (11/3%lyr) (IGCC/CCS) (2%lyr)
reductions) non-Annex |
BAU)
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Emissions Mitigation 2005 to
2050 and 2050 to 2095

B 2050to 2095 m 2005 to 2050

100%

80%

60% -

40% -

20%

0%




., CO, Emissions—Global

Stabilization changes the sources of CO, emissions. Utility
emissions drop to virtually zero. Transportation emissions dominate.
CCS technologies enable net refining emissions to go negative.

Reference 4.7 Wm2 (=550 ppm CO,)
25,000 O transportation 25,000 O transportation
m refined oil m refined oll
O wholesale gas 0O wholesale gas
0O H2ProdDist 0O H2ProdDist
20,000 - gH2ProdCs 20,000 - gH2ProdCSs
O electricity O electricity
O backup_electricity 0O backup_electricity
O industry O industry
15.000 | O building 15.000 | O building
10,000 sl =R i 10,000 -
| — |
| —| = E
o004 H H HHH H t 000 | wit
m c) P
l_ l_ ——
O T T T T T T O T T T 1 1
2005 2020 2035 2050 2065 2080 2095 2005 2020 2035 2050 2065 2080 !!!!

-5,000 -5,000

88



GTSP

“\)‘ The energy system—Global
s, 4.7 W/m2 (=550 ppm CO.)

Program

Change relative to
4.7 Wim? (=550 ppm CO,) reference

Global Primary Energy: Level 2 Changesin Global Primary Energy: Level 2
1,600 Energy Reduction from Reference 00 % CCS
1.400 - Non-Biomass Renew ables 800
' Nuclear Energy Reduction from , 7
204 m Commercial Biomass 600 | Reference y /
<5 m Coal: w/ CCS I e | Non-Biomass Renew ables / // 7
. m Coal: w/o CCS 400 ,/, 7
© 1,000 | - Natural Gas: w/ CCS I B8 1 s | = Nuclear ///
z Natural Gas: w/o CCS > .
a . 200 + BB B
9  goo 4 = Oil: w/ CCS 2 P
3 m Oil: w/o CCS =
= S 0 ‘
S 600 - | =
i ' 3
= 2 0
400 + -
1 11 LLLlL L LY. -400 |
200 - B
-600
0 4
2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 -800
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= | ransport Energy Use—Global

Remains dominated by liquid fuels, but ...

2 (~
Reference 4.7 WIim= (~350 ppm CO,)
500 500 -
450 | O liquids 450 | O liquids
O h2 O h2
400 | / 400 |
O gas / O gas Y
350 | pelectricity 350 g electricity
300 | @coal 7/ 300 | @coal 7/
> >
—~ 250 —~ 250
L] L]
200 200
150 | 150 |
100 | 100 |
50-_-EiEEEEE;;__——___'—’__////’ 50--‘iEEEEE:———————_”/,,/////
O 1 T T T T 0 1 T T T T

2005 2020 2035 2050 2065 2080 2095 2005 2020 2035 2050 2065 2080 2095 =
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Oil Supply—Global

Stabilization extends the life of conventional oil, reduces shale oil
production, eliminates coal liguefaction and promotes bioenergy.

Reference 4.7 Wim? (=550 ppm CO,)
500 500
O GasToLiquid 0O GasToliquid
m Coal liquifaction m Coal liquifaction
400 - @ Biomass liquids 400 O Biomass liquids
m Unconventional oll m Unconwentional oil
m Conventional oil

300 -

EJly

200 -

100

0
2005

@ Conventional oil

300

EJly

200 -

100

0
2005

2020

2035 2050 2065 2080 2095 2020 2035 2050 2065




GTSP

ARN
,/llu\
i
Ny s’

Global Energy
Technolegy Strategy
Pregram

The scale of bioenergy
changes under stabilization.

70

60 -

50

40 -

EJly

30 -
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10 -

0

2005 2020 2035 2050 2065 2080 2095
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.
.
.
.
,
,

J

Bioenergy Consumption—Global

4.7 W/m?2
= (=550 ppm CO,)
0O Gas
O Liquid Fuel
O Industry
0O H2 Production
200 - O Power Generation
0O Buildings
150
>
o

. 100

50

___________________________ 0-

2005 2020 2035 2050 2065 2080 2095
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Implications for agriculture & land
use
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Net Terrestrial Emissions = —=

N
-
-

GTC/Year

o

AL

i
I

.i
IIII



.....
\\\\\

... IMmplications for policy

* Land-use change emissions are accelerated by the
iImposition of a limit on fossil fuel CO.,.

*The reason Is that terrestrial carbon
IS not valued!
* The implication for policy is that terrestrial carbon

needs to be valued just as much as fossil fuel
carbon.

89
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z. Electric power—Level 2 Global
4.7 W/m? (=550 ppm CO,)

Non-emitting technologies expand market share and
fossil generation deploys CCS.

=00 ____lechnology Mix
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///M X /};,jé/ ;f; (‘2
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== Annual CO, Capture and Storage
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V Cumulative CO, Capture and Storage
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Brojection of CO, Storage Demand

N\Y/Z

szlobal 2000-2100

* For stabilization scenarios from  *°®
450-750ppmv, most integrated
assessment models show a 2,500
demand for no more than 600
GtC (2,220 GtCO,) storage over
the course of this century.

0O Unminable Coal
m Depleted Oil Resenwirs

O Depleted Gas Resenwirs
2,000

@ Deep Saline Resenwirs Off Shore |

B Deep Saline Resenvwirs On Shore

* Published estimates of potential o 1500 |
storage capacity place the
potential global geologic CO, 1,000 |
storage capacity at
approximately 3,000 GtC (11,000
GtCO,).

* A broad portfolio of carbon o ‘ ‘
man agement tECh nOlogIES Wl ” l\él).:(;mtg;] A:I;:)450 Alg 550 Al1g650 Alg750 B-2550 B-2550
! nti m m pm ppm ppm
be needed to fulfill the UNFCCC - = == EMF19  EMF19

stabilization goal. high tech ~low tech
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e New scenarios of energy, economy, and
greenhouse gas emissions have been developed
using the PNNL MiniCAM.

— Higher transportation demands

— Higher fossil fuel demands

— Higher CO, emissions (2095 ~27 PgCly)
— Lower CH, emissions (2095 ~250 Tgly)

e New stabilization scenarios based on radiative
forcing

e Implications for energy technology and the
economy

— Dramatic changes are ultimately required in all sectors of the economy

— Changes need to begin in the near term to meet any stabilization
goals, and are more dramatic for stringent scenarios. 4






