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Carbon dioxide has for several years sat alongside noxious exhaust
products within the scope of emissions regulations worldwide. But now,
if we wish to progress to a reliable and haolistic measure of sustainability,
is it time to ask whether we are measuring the correct things and
measuring them correctly, too? Anthony Smith reports on the latest
thinking in life cycle carbon dioxide assessment

The environmental perfarmance
stickers on the windscreens of new cars
in showrooms across Europe these days
are pretty clear in stating precisely the
carbon emissions for each product.
Potential purchasers are quickly
and clearly informed about the COe
emissions per kilometre driven, and are
incentivised by the many national, state
and even city tax breaks and waivers on
parking fees and tolls, such as London's
congestion charge.

The carbon emissions of vehicles have
even entered everyday conversation
in the same way that fuel-ecanomy
and performance did in previous years:
drivers are readily able to quote the
official carbon dioxide emissions of their
cherished new cars well ahead of other
perfarmance details.

But how reliable are these ubiquitous
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‘g/km CO:" figures in assessing the
true carbon footprint of each product
throughout its life? In short, are we
measuring the right things and making
reliable comparisons - especially when
evaluating alternative vehicle and
powertrain types?

The current European metric
for comparing the greenhouse gas
emissions of passenger cars is the
tailpipe COe emissions per kilometre,
measured over the New European Drive
Cycle (NEDC] which is comprised of
four phases of urban driving and one of
extra-urban. The homologation test is
carried out using a reference fuelona
dynamometer in a controlled laboratory
environment. A cold start is followed by
operation at an ambient temperature
that must be within the range 20-30
degrees Celsius,

The EU isin the process of
implementing fleet-averaged tailpipe CO:
regulations based on these NEDC figures:
these are critical as both non-compliance

. penalties and super-credits are applied to

manufacturers with the aim of achieving
anIndustry fleet average of 130 g CO:/
km by 2015 and, together with other
measures, 95 g COz/km by 2020

From test bed to real world
Biven the rather abstract nature of any
drive cycle, how reliable are the official
NEDC figures as a measure of carbon
emissions? Some insightinto thisis
provided by the magazine Autocar,
whose experienced test drivers regularly
assess new cars for the benefit of the
publication’s readers, recording their
own measurements of fuel consumption
alongside the data published by the

manufacturer,

A simple calculation can yield an
equivalent figure for CO= emissions,
showing that real-world’ emissions
during the vehicle tests range from 5
percent to 36 percent higher than the
certified figures, with typical vehicles
posting CC:= emissicns of around 20
percent higher. This discrepancy is
also the case for two electric vehicles
recently tested, where electrical energy
consumption figures, expressed in
terms of Wh/km, were similarly 15
percent and 54 percent higher.

While motaring journalists may, in
some cases, have an arguably well-
deserved reputation for aggressive
driving, the wide range of these data
clearly demonstratss that certification
figures merely provide an approximate
indication of real-world CO: emissions.

Life cycle analysis

if tailpipe emissions can be somewhat
misleading in terms of real-waorld
performance within themselves, they
also clearly fail to fully represent the true
carbon impact of a new product onits
environment,

Avehicle’s life cycle can be conveniently
subdivided into four ‘blocks’, yet the
current tailpipe emissions serve only to
focus on one - the use of the vehicle. The
thres remaining ‘blocks’ crucialto an
understanding of true life cycle impact are:
e the fuel chain that delivers the liquid

fuel to the filling station forecourt or

electric power to the charging socket
for a plug-in vehicle;

e the end of life disposal and recycling of
the vehicle and its components, and;

e the manufacturing supply chain of the
vehicle.

Carbon ernissions

This form of holistic analytical
approach is already the basis of
Enviranmental Product Declarations
(EPDs] that are voluntarily applied
to a range of consumer goods, such
as clothing, in order to educate
and reassure purchasers of the
environmental pravenance of the
product. The carbon dioxide relessed
into the atmosphere throughout the
entire value chain that has delivered
the product toits point of sale is
expressed in mass terms, including the
contributions of all relevant aspects of
manufacture, Ingistics and marketing.

Carbon dioxide equivalence
While carbon dioxide emissions

are thought of as one of the main
contributors to climate change, CO:

is far from being the only so-called
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Carbon emissions
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. greenhouse gas. Other gases with an
even greater global warming potential
include methane and nitrous oxide. To
accommodate all such greenhouse
gases within a life cycle analysis, the
concept of carbon dioxide equivalent
or 'C0=¢" is used. This allows a single
metric to represent the total emissions
of various greenhouse gases depending
on their individual global warming

potentials over a specified time horizan.

Methane, for example, is typically
multiplied by a factor of 21 and nitrous
oxide by a factor of 310, both being
added to raw carbon dioxide emissions
in order to arrive at the life cycle CO=e
figure for a given product.

The processes of calculating the
carbon dioxide impact in the form of
an Environmental Product Declaration
are governed by international
standard IS0 14025, and the Life cycle
Assessment [LCA] process is in itself
outlined and guidance is provided in
IS0 14040 and IS0 14044 respectively.
However, key challenges remain in
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The four “blocks’ of a vehicle’s life-cycle

The fuel chain

Avehicle’slife cycle
can be conveniently
subdivided into four
"hiocks’ of carben
emissions - the fuel
chain, manufactur-
ing, end of life recy-
clingand use onthe
raed - and yet current
g/km carben dioxide
emissionsregula-
tions focus only on
theiastof these.

Vehicle use

the framewaorks provided by these
standards as significant effort and
subjective judgement are required in
the identification and quantification of
the many sources of greenhouse gas
emissions. As a result, itis perfectly
possible to conduct two LCAs of the
same product with both analyses
conforming to the IS0 14040 standards
but delivering very different results.

Different fuel chains

In considering the LCA requirements

of low-carbon vehicles, there are

clear differences in the fuel chains

that deliver liquid fuel and electric

energy to the vehicle. But the position

is further complicated - and made

all the more urgent - by the widely

differing manufacturing and production

processes used - for battery electric

and hybrid vehicles, for example - and

the fact that many of these processes |

and the raw materials onwhich they are

based are inherently carbon intensive.
Reliable end directly comparable

End of life recycling

measures are thus necessary not

just to inform decisions over vehicle
choice - of both individual purchasers
and large fleet operatars - but also to
direct future technological research
towards addressing the most carbon-
intensive aspects of low-carbon vehicle
manufacture. Without such a measure,
short-term economics alone is likely to be
the primary driver of future research, and
this may serve in part to limit any moves
towards truly sustainable transport.

Life cycle assessment
research
As part of an effort to inform the
debate an vehicle life cycle carbon
dioxide assessment, Ricardo prepared
areport for the UK Low Carbon Vehicle
Partnership, which was published in
June 2011. Entitled Preparing for a Life
cycle CO: Meosure, the work sought
to establish the viability of assessing
a vehicle’s life cycle carbon dioxide
equivalent footprint.

The report highlights the increasing

“This work dispels the myth that low-carbon
vehicles simply displace emissions from the
exhaust to other sources’

Greg Archer, LowCVP managing director

importance of accounting for whole-
life carbon emissions in the task

of comparing the greenhouse gas
emissions of low-carbon vehicles. It was
prepared by Ricardo in collaboration
with the expert membership of the

Low Carban Vehicle Partnership
[LowCVP], which included major vehicle
manufacturers and oil companies.

“This work dispels the myth that
low-carbon vehicles simply displace
emissions from the exhaust to other
sources,” explains LowCVP managing
director Greg Archer. "However, it
does also highlight the need to look
at reducing carbon emissions from
vehicles throughout their life cycle. The
automotive industry Is already taking
positive steps to address this issue -
the recent announcement by Toyota
of a solar array to provide electricity
to power the hybrid Auris production
facility and wind power at the Nissan
Leaf plant are excellent examples of
this.”

The study found that some of the
CO: savings made during the use
of low-carbon vehicles is offset by
increased emissions created during
their production and, to a lesser extent,
their disposal. Yet, overall, electric
and hybrid vehicles do still have lower
carbon footprints than conventional
fossil-fuelled cars. For example, 8
typical medium-sized family car will
create around 24 tonnes of CO:ze during
its life cycle, while an electric vehicle wil
produce around 18 tonnes over its life.
For a battery electric vehicle, 46 percent
of its total life cycle carbon footprint
is generated at the factory, before it
has travelled a single mile - so there
is inevitably a trade-off in both time
and distance travelled before a battery
electric vehicle has a lower carbon
emission than its conventionally
powered equivalent.

Fmbedded carbon
For a standard mid-sized
gasoline internal
combustion engine
vehicle the report
shows that the
embedded carbon in
production will be around
5,6t COze, the majority of
which results from the

non-powertrain components [vehicle
glider). This highlights the importance
of applying vehicle light-weighting
technologies to both the vehicle
structure and interior, using materials
that also have low embedded CO-2
emissions. A similar electric vehicle will
have embedded production emissions
of 8.8t CO:€, 43 percent of which arise
from the battery pack. Decarbonizing
bath the electricity supply through the
use of renewable sources of power - as
well as the production of batteries -
will therefore be essential for electric
vehicles to deliver ultra-low carbon
lifetime emissions.

The report also indicates that life
cycle carbon emissions for future mid-
sized petrol and diesel vehicles doing an

equivalent lifetime mileage could be very

similar, as continuing progress is made
towards reducing the tailpipe emissions
of these conventional technologies.

It reveals too that some regulations
designed to imprave recyclability, safety
or to reduce air pollution can increase

. carbon emissions in production or use.

Towards a reliable and
repeatable standard

The Ricardo report for LowCVP clearly
highlights the need for a more all-
embracing and consistent standard for
life cycle carbon dioxide assessment, as
Ricardo chief innovation and technology
officer Neville Jackson observes: "There

Thereport highlights
the needto
decarhonize both
the electricity supply
and the production of
batteries for electric
vehicles to deliver
ultra-low life cycie
carbon emissions,

Cerbon emissions

is an emerging cansensus that we need
ta move towards a more holistic analysis
of whole-life CO= emissions in order to
make more informed and better long-
term decisions on future technologies.”

Inyears to come, as a wider range
of electric, biofuel and potentially
hydrogen vehicles begin to compete
with petrol and diesel models, it will
become essential to compare vehicles
on awhole-life carbon basis. The study
shows not just the complexity but also
the practicalities of calculating whole-
life carbon emissions and highlights
the need to develop a standard
methodology acceptable to vehicle
manufacturers,

"Life cycle analysis is still inits
infancy, with little defined process and
standards,” continues Jackson. "This
report is an important contribution
to this type of analysis and highlights
the need to work towards a common
methodology and approach in order to
deliver consistent and robust life cycle
data on CO: emissions.”

This is a viewpoint clearly shared by
Greg Archer: "We already measure the
whole-life carbon emissions of biofuels,
and doing the same for vehicles is
entirely feasible. However, it does now
require effort to be directed at agreeing
how this should be done consistently at
an EU, or possibly global, level.”
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Taking the concepts of life cycle carbon dioxide assessment as set-out in the previous
article, the following study was reported by Ricardo at the Cenex Low Carbon Vehicles

2011 event held at Rockingham, UK, in September

In addressing sometimes aggressive
targets for reducing corporate CO:
footprints, fleet operatars face some stark
chaicesin the replacement and upgrading
of vehicles. Low-carbon technologies

are almost always mare expensive to
acquire, but they typically yield savings in
operating costs due to their lower overall
fuel consumption and/or the substitution
of fossil fuel with less expensive mains
electricity supplies. However, as the
previous article has shown, life cycle
assessment studies show that full battery
electric vehicles and hybrids carry higher
embedded carbon emissions arising from
their manufacture than do conventional
vehicles. So will low-carbon vehicles really
help reduce the corporate CO: footprint
and can they do so while mesting the
commercial needs of the organization?

The above questions were addressed

in a case study presented by Ricardo at
the Low Carbon Vehicles 2011 event.
To introduce the concept of a carbon
payback period, and how this would

UK supermarket
chain Sainsbury’s
publicizes the launch
of its first electric
defivery vehicle
Tntovej, similarto
the London based
delivery operation
described in Scenario
B {right.

Genericvehicle architectures'considered

Diesel ICE
211 14 Diesel englne,
95kW

Digsel Full

Hybrid[HEV]
211 14 Diesel engine,
3 kWh NiMN battery
pack, 60 kW Motor
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Karb Weight

Fuel Consumption
Tailpipe CO2
Retall Price

Karb Weight
Fuel Cansumption
Tallplpe CO2
Retail Price

Kerb Welght

Fuel Consumption  [scenario]25 kWh/100km

vary by circumstance, two contrasting
scenarios were put forward. "The
optimal choice of low-carbon vehicle will
depend heavily both upon organizational
objectives and on the intended duty
cycle,” explains Jane Patterson of the
Ricardo advanced technology group.
“Toillustrate how this can influence

the choice of low-carbon vehicle
technologies we assessed the choices
that would face a regional UK courier
service operating a fleet of vehiclas from
a central depot averaging daily around
200 km each, and a central London
supermarket operating delivery vehicles
within a radius of 10km of the store on
Individual trips of around two hours.”

Technology options

Three generic vehicle powertrain
architecture options were considered

as summarised in the chart [below/

ieft], each of which would provide a

viable vehicle choice for each of the two
scenarios. The first option was based upon

aconventional 2.1L four cylinder diesel
powertrain with tailpipe CO= emissions of
222 g/km, while the second was based on
anidentical engine but within a full hybrid
powertrain architecture delivering 167 g/
km. The final option was & battery electric
vehicle providing a comparable package
and performance.

In practice there would be as many such
options as there are candidate vehicle
models available, but the focus on just
three generic vehicles helps to simplify the
analysis and demonstrate the life cycle
based selection process that might be
followed by a fleet manager.

The embedded carbon breakdown
for these three generic vehicles is
shown below, with the baseline diesel
representing emissions of 9.4 tonnes
C0ee. The hybrid and battery electric
vehicles represent embedded emissions
that are respectively 14 percent and
57 percent higher, an increase largely
attributable to the capacity of the
battery in each case.

Estimated emhbedded emissions

Diesel ICE

8.4 1/100km
222gC0zfkm
£25,000

\
2560 kg %,
63L/100km s

167 gCOefkm
£30,000

8.4tC0ze

2760 kg
Vehicle Blider

14.8 tCO2
Le

10.7 tCO:e

Fuel System

[scenarlo B] 20 kWh/100km Engine B settory

Tailpips GOz
EV Range [70% discharge]
Retail Price

[ Transmisslon and Orivefine Motor

Vehicle glider Is sssumed ta be common to each technology architecture

Scenario A~ Regional courier service

Scenario A: Cartbion Payback

Scenario B: Carben Payback

Carbon emissions

Scenario B - City based supermarketdelivery service

After 5 years, EV has

EVcarbon
pay back
with <1 year

HEV carbon
pay back with
<Bmonths

EV better than
HEV sfter tCOze
~20 months -

After 5 years, EV has
saved 22 tC0ze, and
HEV has saved 15

== DigselICE = Diesel Full Hybrid

== Electric Vehicle (EV)

EV carbon pay back
within 10 months,
because EV potentially
more efficlent for
urban, low speed,
driving

HEV carbon pay
back within 3
manths dueto

|| itshigh efficiency

for urban
driving

saved 25 tC0ze, and HEV
has saved 20 tC0z8

== Digsel ICE

Scenario B: Financial Payback

Diesel Full Hybrid

T = T
2
Years

= Electric Vehicls (EY)

EV dossn't payback within 5 years, despite
London Congestlon Cherge exemption

£80,000

£60,000 4
e £50,000 -
yoidind s
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£20,000

Ta get EV payback within 5 years, either L
| reduce battery costs to ~$500/kWh, or " T £10,000
increase Diesel to 230 p/L at fuel pump i

T

T
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== Digsel Full Hybrid

== Digsel ICE

Scenario A: Courier service
Within this scenario based on a regional
parcel distribution service, the initial
embedded carbon of the hybrid vehicle
|s ‘paid back’ in the form of reduced
tallpipe emissions after less than

six months, Using the current UK
government estimate of grid electricity
carbon intensity [594 gCO=e/kWh at

the charge point), the battery electric
vehicle similarly pays back its embedded
carbon in less than a year. After five
years the hybrid and battery electric
powertrains save respectively 15 and 22
tonnes of COe in comparison with the
baseline diesel vehicle; the EV exceeding
the hybrid in cumulative emissions
savings after around 20 months.

However, if the carbon savings for the
parcel delivery service in selecting the two
low carbon vehicle options are attractive,
the financial position is very different.
While a financial payback in comparison
with the baseline diesel is projected for the
hybrid vehicle after just over four years,
it may be nine years before the electric
vehicle provides a positive return.

To assess the sensitivity to possible
changing factors within this time harizon,
the analysis was repeated assuming
that the cost of the electric vehicle’s
Li-ion battery would reduce from
current estimate of $1000/kWhto the

2

=== Elgctric Vehicle [EV]

$500/kWh typical of NiMH cells. In such
circumstances the financial payback
results show that the EV would just break
even within five years. Alternatively if fuel
costs are increased from 140p to 230p/
litre, the break-even position for the EV
would be just within five years - or less
than three years if both changes were to
oceur simultaneausly.

Scenario B: City based
supermarket delivery
service
Given the duty cycle of a local delivery
service, the carbon payback is sgen
ta oceur within a year both for the
hybrid and the electric vehicle;
specifically, within three and ten
months respectively, Moreover the EV
is seen to perform better in terms of
cumulative emissions than the hybrid
after 27 months, achieving total savings
of 25 tonnes CO:e over five yearsin
comparison 20 tonnes for the hybric.
Like the previous scenario, the hybrid
vehicle makes a financial return within
its lifetime, in this case In just over three
years. Despite the congestion charge
exemption for such vehicles, the £V again
fails to demonstrete a financial return
within five years, based on current cost
assumptions. In order for this situation
to change, the cost of Li-ion cells would

£70,000 - -

. | To get EV payback within 5 years, efther

" -
reduce battery costs to ~-$650/kWh, or 55 |
Increese Diesel to 260 p/L at ful pump [ "

1

== Disssl [CE

Life cycle carbon
emissionand finan-
cial performance of
the two low carbon
and baseline vehicle
respectively for
scenario Aand B.

Dissel Full Hybrid

2 2 4
Years

=== Elgctric Vehicle [EV]

have to fall to $850/kWh or the price

of diesel fuel increase to 260p/litre -
subject ta the combined impact of both
of these changes, the EV would post a
financial return in just over three years in
comparison with the baseline vehicle.

Balancing cash and carbon
accounting
The two scenarios presented highlight
the challenge facing fleet operators
in attempting to align their corporate
social responsibility and commercial
objectives, as Patterson explains:
"Even with current incentives such as
the walver on the London Congestion
Charge for low-carbon vehicles, in the
case of each of these two realistic
scenarios, a case cannot be made for
full electrification on financial grounds
alone. However, the sensitivity studies
onfuel price and on battery cost
demonstrate the marginal nature of
this balance based even on current cost
structures. Therefore, for technologists
the guestion must be how to tackle the
high upfront costs and carbon content
of otherwise low-carbon vehicles. For
business operators, the challengeis to
ascribe a financial velue to reductions in
their carbon footprint such that the full
advantages of low-carbon technologies
can be properly evaluated.”
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Introducing a series on
Meeting the Climate
Challenge. For a close
look at one option,
biofuels, see “Green
Dreams,” page 38.

Never mind the steam
spewing from a coal-
fired power plant. The
problem is what you
can't see: greenhouse
gases, mainty CO,.
Plants like this generate
a quarter of human-
kind’s CO, emissions.

MITCH EPSTEIN, GETTY IMAGES

ESSAY BY BILL McKIBBEN

Carbon’s

Math

To deal with global warming,
the first step is to do the numbers.

Here's how it works. Before the industrial revolution, the
Earth’s atmosphere contained about 280 parts per million of carbon
dioxide. That was a good amount—"“good” defined as “what we
were used to.” Since the molecular structure of carbon dioxide
traps heat near the planet’s surface that would otherwise radiate
back out to space, civilization grew up in a world whose thermostat
was set by that number. It equated to a global average temperature
of about 57 degrees Fahrenheit, which in turn equated to all the
places we built our cities, all the crops we learned to grow and eat,
all the water supplies we learned to depend on, even the passage of
the seasons that, at higher latitudes, set our psychological calendars.
Once we started burning coal and gas and oil to power our lives,
that 280 number started to rise. When we began measuring in the
late 1950s, it had already reached the 315 level. Now it’s at 380, and
increasing by roughly two parts per million annually. That doesn’t
sound like very much, but it turns out that the extra heat that CO,
traps, a couple of watts per square meter of the Earth’s surface, is
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Global warming presents the
greatest test humans have
yet faced. New technologies
and new habits offer some
promise, but only if we
move quickly and decisively.

enough to warm the planet considerably. We’ve
raised the temperature more than a degree
Fahrenheit already. It’s impossible to precisely
predict the consequences of any further increase
in CO, in the atmosphere. But the warming we’ve
seen so far has started almost everything frozen
on Earth to melting; it has changed seasons and
rainfall patterns; it’s set the sea to rising.

No matter what we do now, that warming will
increase some—there’s a lag time before the heat
fully plays out in the atmosphere. That is, we can’t
stop global warming. Our task is less inspiring:
to contain the damage, to keep things from get-
ting out of control. And even that is not easy. For
one thing, until recently there’s been no clear
data suggesting the point where catastrophe
looms. Now we'’re getting a better picture—the
past couple of years have seen a series of reports
indicating that 450 parts per million CO; is a
threshold we’d be wise to respect. Beyond that
point, scientists believe future centuries will
likely face the melting of the Greenland and West
Antarctic ice sheets and a subsequent rise in sea
level of giant proportion. Four hundred fifty parts
per million is still a best guess (and it doesn’t
include the witches’ brew of other, lesser, green-
house gases like methane and nitrous oxide). But
it will serve as a target of sorts for the world to
aim at. A target that’s moving, fast. If concentra-
tions keep increasing by two parts per million
per year, we're only three and a half decades away.

Bill McKibben'’s 11th book on environmental topics,
The Bill McKibben Reader: Pieces from an Active
Life, will be published this winter.
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So the math isn’t complicated—but that
doesn’t mean it isn’t intimidating. So far only
the Europeans and Japanese have even begun
to trim their carbon emissions, and they may
not meet their own modest targets. Meanwhile,
U.S. carbon emissions, a quarter of the world’s
total, continue to rise steadily—earlier this year
we told the United Nations we’d be producing
20 percent more carbon in 2020 than we had in
2000. China and India are suddenly starting to
produce huge quantities of CO, as well. On a
per capita basis (which is really the only sensible
way to think about the morality of the situation),
they aren’t anywhere close to American figures,
but their populations are so huge, and their
economic growth so rapid, that they make the
prospect of a worldwide decline in emissions
seem much more daunting. The Chinese are cur-
rently building a coal-fired power plant every
week or so. That's a lot of carbon.

Everyone involved knows what the basic out-
lines of a deal that could avert catastrophe would
look like: rapid, sustained, and dramatic cuts in
emissions by the technologically advanced coun-
tries, coupled with large-scale technology trans-
fer to China, India, and the rest of the developing
world so that they can power up their emerging
economies without burning up their coal. Every-
one knows the big questions, too: Are such rapid
cuts even possible? Do we have the political will
to make them and to extend them overseas?

The first question—is it even possible?—is
usually addressed by fixating on some single new
technology (hydrogen! ethanol!) and imagining
it will solve our troubles. But the scale of the
problem means we’ll need many strategies. Three
years ago a Princeton teamn made one of the best
assessments of the possibilities. Stephen Pacala
and Robert Socolow published a paper in Science
detailing 15 “stabilization wedges”—changes big
enough to really matter, and for which the tech-
nology was already available or clearly on the
horizon. Most people have heard of some of
them: more fuel-efficient cars, better-built homes,
wind turbines, biofuels like ethanol. Others are
newer and less sure: plans for building coal-fired
power plants that can separate carbon from the

SOYBEANS

exhaust so it can be “sequestered” underground.

These approaches have one thing in common:
They’re more difficult than simply burning fos-
sil fuel. They force us to realize that we’ve already
had our magic fuel and that what comes next will
be more expensive and more difficult. The price
tag for the global transition will be in the tril-
lions of dollars. Of course, along the way it will
create myriad new jobs, and when it’s complete,
it may be a much more elegant system. (Once
you've built the windmill, the wind is free; you
don’t need to guard it against terrorists or build
a massive army to control the countries from
which it blows.) And since we’re wasting so much
energy now, some of the first tasks would be rel-
atively easy. If we replaced every incandescent
bulb that burned out in the next decade any-
place in the world with a compact fluorescent,
we’d make an impressive start on one of the 15
wedges. But in that same decade we’d need to
build 400,000 large wind turbines—clearly pos-
sible, but only with real commitment. We'd need
to follow the lead of Germany and Japan and
seriously subsidize rooftop solar panels; we'd need
to get most of the world’s farmers plowing their
fields less, to build back the carbon their soils
have lost. We'd need to do everything all at once.

As precedents for such collective effort, people
sometimes point to the Manhattan Project to
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build a nuclear weapon or the Apollo Program
to put a2 man on the moon. But those analogies
don’t really work. They demanded the intense
concentration of money and intelligence on a
single small niche in our technosphere. Now we
need almost the opposite: a commitment to take
what we already know how to do and somehow
spread it into every corner of our economies, and
indeed our most basic activities. It’s as if NASAs
goal had been to put all of us on the moon.
Not all the answers are technological, of
course—maybe not even most of them. Many of
the paths to stabilization run straight through
our daily lives, and in every case they will demand
difficult changes. Air travel is one of the fastest
growing sources of carbon emissions around the
world, for instance, but even many of us who are
noble about changing lightbulbs and happy to
drive hybrid cars chafe at the thought of not
jetting around the country or the world. By now
we're used to ordering take-out food from every
corner of the world every night of our lives—
according to one study, the average bite of food
has traveled nearly 1,500 miles before it reaches
an American’s lips, which means it’s been mari-
nated in (crude) oil. We drive alone, because it’s
more convenient than adjusting our schedules
for public transit. We build ever bigger homes
even as our family sizes shrink, and we watch ever
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bigger TVs, and—well, enough said. We need to
figure out how to change those habits.

Probably the only way that will happen is if
fossil fuel costs us considerably more. All the
schemes to cut carbon emissions—the so-called
cap-and-trade systems, for instance, that would
let businesses bid for permission to emit—are
ways to make coal and gas and oil progres-
sively more expensive, and thus to change the
direction in which economic gravity pulls when
it applies to energy. If what we paid for a gallon
of gas reflected even a portion of its huge envi-
ronmental cost, we’d be driving small cars to the
train station, just like the Europeans. And we’d
be riding bikes when the sun shone.

The most straightforward way to raise the
price would be a tax on carbon. But that’s not
easy. Since everyone needs to use fuel, it would
be regressive—you’d have to figure out how to
keep from hurting poor people unduly. And
we'd need to be grown-up enough to have a real
conversation about taxes—say, about switching
away from taxes on things we like (employment)
to taxes on things we hate (global warming). That
may be too much to ask for—but if it is, then
what chance is there we’ll be able to take on
the even more difficult task of persuading the
Chinese, the Indians, and all who are lined up
behind them to forgo a coal-powered future
in favor of something more manageable? We
know it’s possible—earlier this year a UN panel
estimated that the total cost for the energy tran-
sition, once all the pluses and minuses were
netted out, would be just over 0.1 percent of the
world’s economy each year for the next quarter
century. A small price to pay.

In the end, global warming presents the great-
est test we humans have yet faced. Are we ready
to change, in dramatic and prolonged ways, in
order to offer a workable future to subsequent
generations and diverse forms of life? If we are,
new technologies and new habits offer some
promise. But only if we move quickly and deci-
sively—and with a maturity we’ve rarely shown
as a soclety or a species. It’s our coming-of-age
moment, and there are no certainties or guar-
antees. Only a window of possibility, closing fast
but still ajar enough to let in some hope. O

K Warming Trends For more on climate from
National Geographic and NPR, visit ngm.com/
climateconnections and npr.org/climateconnections.
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ONE WEDGE AT A TIME

Each strategy listed below would,
by 2057, reduce annual carbon
emissions by a hillion metric tons.

&

EFFICIENCY AND CONSERVATION

Improve fuel economy of the two
billion cars expected on the road
by 2057 to 60 mpg from 30 mpg.

Reduce miles traveled annually
per car from 10,000 to 5,000.

Increase efficiency in heating,
cooling, lighting, and appliances
by 25 percent.

Improve coal-fired power plant
efficiency to 60 percent from 40
percent.

@l

CARBON CAPTURE AND STORAGE

Introduce systems to capture CO,
and store it underground at 800
large coal-fired plants or 1,600
natural-gas-fired plants.

Use capture systems at coal-
derived hydrogen plants produc-
ing fuel for a billion cars.

< Use capture systems in coal-

derived synthetic fuel plants pro-
ducing 30 million barrels a day.

figh

o
LOW-CARBON FUELS

-~ Replace 1,400 large coal-fired power

plants with natural-gas-fired plants.

- Displace coal by increasing produc-

tion of nuclear power to three times
today s capacity.

4

RENEWABLES AND BIOSTORAGE

Increase wind-generated power to
25 times current capacity.

Increase solar power to 700 times
current capacity.

Increase wind power to 50 times
current capacity to make hydrogen
for fuel-cell cars.

Increase ethanol biofuel production
to 50 times current capacity. About
one-sixth of the world’s cropland
would be needed.

Stop all deforestation.

Expand conservation tillage to all
cropland (normal plowing releases
carbon by speeding decomposition
of organic matter).




