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» First, thanks to EPRI for the invitation to speak today

» Thanks also to the Implications
of Paris Project and its sponsors

» The Dec. 2015 Paris Agreement
established a new international
architecture substantially
different from the Kyoto
Protocol.

» Its long-term goal is to limit climate change to no more than 2°C or lower
1.5°C.



Two Degrees (or less) Means Zero Pacific Northwest
Emissions in This Century

Cumulative carbon determines war

Cumulative total anthropogenic CO; emissions from 1870 (GICO;)
1000 2000 3000 4000 5000 6000 7000 B00O

ming

T T 7 T T T T T

2100,

Temperature anomaly relative to 1861-1880 (*C)

140

NATIONAL LABORATORY
Proudly Operated by Balfelle Since 1965

Total GHG Emissions in all AR5 Scenarios
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Getting to Zero—Five strategy elements Pacific Northwest
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» Energy efficiency—reduce demand for energy as much as economical

» Decarbonize power generation
B Renewable power
B Nuclear power
B Bioenergy
B Fossil fuel with CCS
B Bioenergy with CCS

» Electrify Buildings and Industry

» Decarbonize transport
B Electrify
B Biofuels
H H2

» Halt deforestation/afforestation and continue improving crop yields



Electrification
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Electrification of the economy and CO,
emissions mitigation™
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» Electrification is a core component of a
mitigation strategy.

» This result goes back to a question that Tom

Wilson asked, “what do the models say
about electricity?”

» This result was in the EMF data but had
gone unrecognized.
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Electricity Relative to Total
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Ene rgy Efficien cy Pacific Northwest
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» The opportunities for
electrification in
buildings and
industry are
relatively obvious

» The transport sector
could be part of the
electrification story
but transport could

go either Eimn
M Electricity | - IE— E
M Bioenergy e e i

B Combination



Scaling Up Renewable Power Will Require
Major Deployment Efforts
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» Historical Growth in Wind Installed Capacity: 1996-2013
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Installed Wind Capacity: 450 ppm CO,-e Limit ~7

Pacific Northwest

(No Nuclear and No CCS)

Global Installed Wind Capacity (MW)
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Bioenergy with CCS Enables Net Negative

Emissions

Pacific Northwest
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» BECCS facilitates net negative emissions found in low climate

stabilization scenarios
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A 2-Degree World Is Different with and
Without CO, Capture and Storage (CCS)

450 ppm CO,eq with CCS

5
5 20
wN
o
O
b=
=
wv
c
2 | P (R 2. (eeeeaee
n 8 o ...: ..............
= = —
E 0] =35 s =
© =1 M
==
z .II ........ .
e B S F——
]
a I -. ......... =

0 — - .I L

-10

-20

Transport  Buildings  Industry  Electricity Net Non-CO,

AFOLU

n= I 29|29|29 22[22[22 22‘22‘22 36[36[36 32|32|32 36|36|36

Source: IPCC, AR5, SPM

Direct GHG Emissions [GtCO,eq/yr]

20

10

-10

-20

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Balfelle Since 1965

450 ppm C0,eq without CCS
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Carbon Storage and Sequestration

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Balfelle Since 1965

There is no reason to believe that storage capacity will limit CCS

Source: Edmonds, et al., 2013.

U.S. Experiments
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» Plays a major role in scenarios when available
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Bioenergy Is a Versatile Energy Form Pacific Northwest
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» Bioenergy can be

use_d aS_ elt_her d = N ElecBioCCS
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» Bioenergy with CCS 20
can be used in either | o
power or transport. = wo
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» Both produce 0
negative emissions. *°

Source: Edmonds, et al., 2013.



Bioenergy Use Produces Upward Pressure :
. Pacific Northwest
On Food Prices
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Technology Wild Cards Pacifc Northaset
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» Some technologies that
scenarios may or may not
include, but which could make a

large contribution include:

B Advanced Nuclear Reactor
(HTGR, SFR, FHRs, aSMR)

B Hydrogen

B Nuclear Fusion

B Space Solar Power

B Free air capture
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