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My personal discovery of the global
warming issue occurred as a new

graduate student 1978. In 1980, I decided
to change career paths and focus on the

GW issue, as I was convinced – based on
the science of the late 1970s – that GW
would become the central environmental

and political issue.



Since 1978,

• The climate science has become even
more compelling

• We are starting to clearly see some of the
predicted changes in climate

• We have come to realized that the impacts
will be much worse than originally thought



The key parameter in the entire global
warming issue is the climate sensitivity,
which is the long-term, global average

warming for a fixed doubling of atmospheric
CO2 concentration.

Since the late 1970s, the consensus
scientific opinion has been that the climate

sensitivity very likely falls between
1.5 C and 4.5 C.



Four independent lines of evidence:

• Simulations with 3D climate models, with validation from
observations of some of the key climate feedback
processes

• Analysis of global and regional temperature trends over
the past 100 years (taking into account volcanic and
solar variability, as well as the cooling effect of aerosols)

• Analysis of climates during past geological epochs (such
as the last ice age, or the warm Cretaceous era)

• Analysis of past natural variations (over millions of years)
in atmospheric CO2 concentration (which are driven by
variations in plate-tectonic activity but require a
stabilizing negative feedback that depends on climate
sensitivity) (too small an assumed climate sensitivity
gives too large a CO2 variation, and vice versa)



Observations



Monthly Atmospheric CO2 Concentration at Mauna
Loa Observatory, Hawaii, 1958-2008
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Global Mean Temperature Variation, 1856-mid 2008
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Figure 1.3 Variation in NH Surface Temperature
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Summer Melting of Greenland Ice Cap



Exhibit 1-37



Exhibit 1-38



Kaiser, 2002, Science  297

Successive loss of ice shelves
both sides of AA Peninsula

1. Focus on Larsen B Ice Shelf
Questions concerning cause +
consequences of collapse (including
acceleration of tributary glaciers and
changing biological communities)

2.  Paleo-perspective
multi-proxy analytical work on
sediment cores, swath bathymetry

3.  Future work – International
Polar Year project
Marine and Quaternary geology,
glaciology, physical oceanography,
biological oceanography

X



Exhibit 1-43: Loss of Larsen B Ice Shelf (15,000 km2),
between 31 Jan and 5 March 2002



Some benchmarks
• The longterm global mean warming for a CO2

doubling, called the climate sensitivity, likely falls
between 2oC and 4oC

• Pre-industrial CO2 concentration was 280 ppmv;
it is now 390 ppmv

• Because of the heat trapping effect of other
GHGs, a CO2 concentration of only 450 ppmv is
the climatic equivalent of a CO2 doubling (if
there stringent reductions in emissions of non-
CO2 GHGs)



Business-as-Usual Projections of the Change
in Global Mean Temperature
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Major Impacts of Concern

• Sea level rise of 6-12 m over several
centuries

• Increased occurrence of drought
• Increased water stress in vulnerable

regions
• Species extinction (1/3 to ½ this

century)
• Acidification of the oceans



Sea Level Rise
• The last time the world was only 1 C warmer

than pre-industrial for a sustained period of time
(the last interglacial), sea level was 5 m higher
than today

• The last time the world was 2-3 C warmer (the
Pliocene-Eocene boundary, 3 million years ago),
sea level was 25 m higher than today

• The likely sea level rise during the next century
(under business as usual GHG emissions) is
0.5-2.0 m













Mangroves – threatened by rapid sea level rise













Glaciers in the Himalaya occupy 17% of the mountain area.
They are retreating faster than anywhere else in the world.
They could be largely gone by 2035 (80% loss compared to present).
The Indus, Ganges, and Bahmaputra rivers could all become
seasonally dry, affecting 50 million people in India and more in
Pakistan.









Probability of > 20% decrease in dry
season (SH) rainfall by 2080-2100

80

60

40

20





Decrease in pH of ocean surface waters
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Decrease in pH and carbonate supersaturation
of surface ocean waters



Staghorn Acropora Coral Before and After
Bleaching



(Science 318:1716)



Dissolution effects on coccoliths







Methane release from melting yedoma soils in Siberia



Analogies to the sinking of the Titanic

• Clear warnings of icebergs were
ignored

• The captain was more interested
in charging ahead at full speed

• By the time the ice bergs were
sighted, it was too late to avoid a
collision (due to the momentum of
the ship)

• With a coordinated response,
many people who died could have
been saved

• For quite some time after hitting
the iceberg, there was no
noticeable sinking of the ship – the
dire emergency was not
immediately evident

• Clear warnings of risks were
ignored

• The captains of industry were
more interested in charging ahead
(economic growth above all else)

• By the time effects are clearly
discernable (i.e., now), it is too
late to prevent significant losses
(due to the momentum of the
energy and climate systems)

• With a timely and coordinated
response, much can still be saved

• The fact that we are in an
emergency situation, which
requires an emergency response,
is still not evident to most people



Current approaches:

• Revival of nuclear energy
• Biofuels
• C sequestration
• Assume continued exponential

growth in GDP/person
• No efforts to limit population growth



Figure 8.28  Distribution of “identified” uranium
resources with respect to the ore grade
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Figure 8.29  Cost of uranium vs the grade of
ore supplying the uranium



Figure 8.22a  EROEI based on secondary energy for the
nuclear powerplant featured in Fig. 8.21
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Figure 8.16 Capital cost of nuclear power plants



Figure 8.17: Estimated cost of decommissioning
graphite-moderated nuclear power plants in the

UK
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What Environmental Groups Should be Advocating:

• At least a DOUBLING of the fuel economy standards for
automobiles+light trucks (to 50 mpg average)

• A massive strengthening of the energy performance requirements of
buildings (or adoption of stringent energy performance requirements
in states where there are none) – eventually 3-4 times better than
present requirements

• A national program of building retrofits (if there is any money left!)
• Investments in urban rapid transit systems
• Development of a North American HVDC power grid to permit the

integration of wind, solar thermal-electricity, hydro-electric, and
geothermal power so as to get coal off the grid in 30 years

• Low-meat or even vegetarian diets (swamps the effect of all other
things together over which individuals have direct control)



Energy Use in Buildings

• Accounts for about 1/3 of CO2 emissions
in OECD countries

• More than any other sector, epitomizes the
difference between device efficiency and
system efficiency

• Savings of 75% or more in new buildings
is possible through an integrated design
process



Elements of the
Integrated Design Process:

• Focus on building shape and form and a
high performance envelope to reduce
heating and cooling loads

• Design to utilize passive heating, cooling,
and ventilation, along with daylighting

• Choose the most efficient mechanical
systems to meet remaining loads

• Possibly augment these savings with
active forms of solar energy



Energy Intensity of Residential Buildings in
Germany
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Commercial Building Example

• The energy required to move air (for ventilation
purposes) varies with the flow rate to the third
power

• Thus, if the required flow can be cut in half, the
energy required to move the air will flow by a
factor of 8 (actually, a factor of 6-7), whereas the
potential to reduce energy use with better fans
and motors is only 10% or so

• It is easy to design buildings to reduce required
air flows by a factor of two, while also improving
indoor air quality and reducing noise.



Savings and Costs
• With nothing fancy and without requiring detailed

computer simulations, the integrated design
approach will frequently give a 50% savings in annual
energy use compared to current practice

• Use of computer simulation models run by simulation
experts to fully optimize the design of the building
and mechanical systems and use of more advanced
designs can push the savings to 60-70%

• Savings can be pushed to 75-80% with enlightened
occupant behaviour

• Buildings achieving such high energy savings
sometimes cost no more than conventional buildings,
due to the downsizing of mechanical equipment, and
are superior in other respects



What is required to achieve this?

Nothing less than the complete
retraining of the building design

and construction professions



701 pages,
160 tables,
330 figures,
1600 references



Large-Scale Renewable Energy Options:

• Dispersed wind farms
• Concentrating solar thermal electricity

generation
• Hydro-electric power where available
• Geothermal electricity generation where

viable
• Efficient combined heat and power

generation using biomass



There are many techniques for getting
reliable, baseload or close-to baseload

power from wind energy:

• Deliberate oversizing (relative to the
transmission link) of distant wind farms located
in windy sites

• Compressed air energy storage
• Integration with electric heat pumps for heating

and cooling in district energy systems
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Concept of deliberate Oversizing of Wind Farms



Cost of wind-generated electricity:

• Wind farm component:

CWF=(CRF+OM)*CCWF/(8760*CFWF)

• Transmission link component:

CTr=(CRF+OM)*(CCTr/(8760*CFTr)



European Plan to Largely Eliminate Fossil Fuel
Electricity by 2050:



Comparison of pylons for DC and AC
transmission

       500 kV DC
route width: 50 m

800 kV AC
   85 m

±



Comparison of 10-GW transmission corridors
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Wind farm capital cost $1000/kW,
various transmission costs and losses

Scale=1.0, CCTL=$350/kW, full-load loss=5.0%

Scale=4.0, CCTL=$500/kW, full-load loss=8.7%

Scale=1.0, CCTL=$0/kW, loss=0%

CF=0.69CF=0.19CF=0.15

Tradeoff: Local windfarms with low wind speed, vs distant
oversized windfarms where wind speed is higher



Relevant Facts:
• The electricity-generation potential from feasible building-

integrated PV is 60% of current total US electricity demand
• Covering all parking lots in the US with 15% PV modules

would produce an amount of electricity equal to current total
US electricity demand

• Wind farms covering the states of North and South Dakota
alone could generate an amount of electricity equal to current
total US electricity demand

• Concentrating solar thermal powerplants in the US southwest
could alone generate an amount of electricity equal to current
total US electricity demand (and at lower cost than PV)

• 40 million cars are produced per year, with an average engine
power of 100 kW. Thus, the power of the passenger vehicles
produced every year is equal to the total world electrical
power capacity of 4000 GW.



Over the next 30 years, eliminate all fossil-fuel
based electricity in North America by building

an HVDC grid that links together

• Wind farms in the American and Canadian prairies,
southern James Bay, and Labrador

• Concentrating solar thermal in the American southwest
• Existing and new hydropower in BC, American NW,

Manitoba, Quebec, and Labrador
• Geothermal power in parts of the American west, where

it makes sense



Renovate the existing building
stock over the next 40 years to

• Dramatically reduce energy demands
• Incorporate building integrated PV to meet

peak summer electricity loads and to
overcome local transmission bottlenecks



Concluding Comments:
• The human race right now is in big trouble with

regard to global warming
• The situation warrants being treated as a

planetary emergency, requiring strong and
coordinated action

• It is technically possible and affordable to make
a rapid transition away from fossil fuels, largely
using existing technology

• Technology alone is not the answer –restrains
on human consumption (i.e., restraints on
economic growth) and population will also be
needed sooner or later



All of the above is extensively discussed in
my two forthcoming books (Spring 2010):

Energy and the New Reality: Facing up to
Climatic Change

Book 1: Energy Efficiency and the Demand for
Energy Services

Book2: C-Free Energy and Integrated Scenarios


