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An Introduction to Stabilization Wedges

The “stabilization wedges” concept is a simple tool for convey-
ing the emissions cuts that can be made to avoid dramatic cli-
mate change.

We consider two futures - allowing emissions to double
versus keeping emissions at current levels for the
next 50 years (Figure 3). The emissions-doubling path
(black dotted line) falls in the middle of the field of most
estimates of future carbon emissions. The climb approxi-
mately extends the climb for the past 50 years, during
which the world’'s economy grew much faster than its car-
bon emissions. Emissions could be higher or lower in 50
years, but this path is a reasonable reference scenario.

The emissions-doubling path is predicted to lead to
significant global warming by the end of this century.
This warming is expected be accompanied by decreased
crop yields, increased threats to human health, and more
frequent extreme weather events. The planet could also
face rising sea-level from melting of the West Antarctic
Ice Sheet and Greenland glaciers and destabilization of
the ocean’s thermohaline circulation that helps redistrib-
ute the planet’s heat and warm Western Europe.

2

Billion of Tons of Toward
Carbon Emitted - Tr(i:pgnu
Year 1
144 " -
P
-
”
-
I
P
” I
~  Stabilization
< Triangle
”
Hiistoaical
T' [~ emlssu;':s r- Flat pa‘“‘
Avoid
™ Doubling
€0y
0 .
1955 2005 2055

Figure 3. Two possible emissions scenarios define the
“stabilization triangle.”



Keeping emissions flat will require cutting projected carbon output by about 7 billion tons per year
by 2055, keeping a total of ~175 billion tons of carbon from entering the atmosphere (see yellow triangle in
Figure 3). This carbon savings is what we call the “stabilization triangle.”

The conventional wisdom has been that only revolutionary

new technologies like nuclear fusion could enable such 11

large emissions cuts. There is no reason, however, why :ﬁ
one tool should have to solve the whole problem. CMI set ol
out to quantify the impact that could be made by a iriangle
portfolio of existing technologies deployed on a mas-

sive scale.

To make the problem more tractable, we divided the ﬁ?ﬁ
stabilization triangle into seven “wedges.” (Figure 4) A 71 1 bimon tons of
wedge represents a carbon-cutting strategy that has the e (=T

potential to grow from zero today to avoiding 1 billion tons 2003 2058

of carbon emissions per year by 20553, or one-seventh of
the stabilization triangle. The wedges can represent ways
of either making energy with no or reduced carbon emissions (like nuclear or wind-produced electricity), or
storing carbon dioxide to prevent it from building up as rapidly in the atmosphere (either through underground
storage or biostorage).

Figure 4. The seven "wedges” of the stabilization triangle.

Keeping emissions flat will require the world’s societies to “fill in” the seven wedges of the stabili-
zation triangle. In CMI’s analysis, at least 15 strategies are available now that, with scaling up, could
each take care of at least one wedge of emissions reduction. No one strateqy can take care of the whole trian-
gle -- new strategies will be needed to address both fuel and electricity needs, and some wedge strategies
compete with others to replace emissions from the same source -- but there is already a more than adequate
portfolio of tools available to control carbon emissions for the next 50 years.



Wedge Strategies Currently Available

The following pages contain descriptions of 15 strategies already available that could be scaled up over the next 50 years
to reduce global carbon emissions by 1 billion tons per year, or one wedge. They are grouped into four major color-
coded categories:

Efficiency & Conservation Nuclear Energy

——"1 Increased transport efficiency —nmtll  Nuclear electricity
——1 Reducing miles traveled

—1 Increased heating efficiency

———1 Increased efficiency of electricity production Renewables and Biostorage
——==1 Wind-generated electricity
Fossil-Fuel-Based Strategies == Solar electricity

=T Wind-generated hydrogen fuel
=T Biofuels

—==0T1 Forest storage

-t Soil storage

——eenntlll  Fuel switchin
Fossil-based electricity with carbon capture & sto
—nmll  Coal synfuels with CCS

Fossil-based hydrogen fuel with CCS

Each strategy can be applied to one or more sectors, indicated by the following symbols:
@ = Electricity Production, ﬁ =Heating and Direct Fuel Use, §& =Transportation, , = Biostorage
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6. CCS Hydrogen

Hydrogen is a desirable fuel for a low-carbon society because when it's burned the only emission product is
water vapor. Because fossil fuels are composed mainly of carbon and hydrogen they are potential sources of
hydrogen fuel, but to have a climate benefit the excess carbon must be captured and stored.

Pure hydrogen is now produced mainly in two industries: ammonia fertilizer production and petroleum refin-
ing. Today these hydrogen production plants generate about 100 million tons of capturable carbon. Now
this CO; is vented, but only small changes would be needed to implement carbon capture. The scale of hy-
drogen production today is only ten times smaller than the scale of a wedge of carbon capture.

Distributing hydrogen fuel, however, requires building a hydrogen infrastructure connecting large plants with
smaller-scale users.

7. CCS Synfuels

In 50 years a significant fraction of the fuels used in vehicles and buildings may not come from conventional
oil, but from coal. When coal is heated and combined with steam and air or oxygen, carbon monoxide and
hydrogen are released and can be processed to make a liquid fuel called a “synfuel.”

Coal-based synfuels result in nearly twice the carbon emissions of petroleum-derived fuels, since large
amounts of excess carbon are released during the conversion of coal into liquid fuel. The world’s larges
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