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Astronauts working at the International
Space Station (ISS) are treated to a spectac-

ular view as they orbit the earth. With each
revolution, the earth grows dark, and billions of
lights 390 kilometers below join to form a
shimmering meshwork that extends across
land masses like a spider web. This light is, in
fact, the only visible sign of civilization on our
planet, at least as seen from space. 

The sea of light continually expands as the
earth’s population grows. According to the UN,
there will be eight billion people living on our
planet in 2020. As prosperity spreads, these
people will seek a higher standard of living,
and will thus begin buying more and more
electrical appliances, cars, and other products,
which in turn will necessitate the construction
of new factories and offices. More than any-
thing else, all of this will require huge amounts
of energy.

“Energy is a necessity of life,” says Professor
Peter Hennicke, former head of the Wuppertal
Institute for Climate, Environment, and Energy.
“But it can also be a curse if you look at it in
terms of climate change, resource depletion,
and the failure to use and produce it efficiently

and economically.” Unfortunately, we’re still far
from doing that, according to the International
Energy Agency (IEA), and things won’t get any
better if current trends hold up. The IEA pre-
dicts that global primary energy consumption
will increase by 55 percent between 2005 and
2030 if the current environmental policy
framework remains unchanged (see p. 15).
Consumption would thus rise to 18 billion tons
of oil equivalent (toe) per year, as compared to
11.4 billion toe in 2005. 

The IEA study says developing countries will
be responsible for 74 percent of this increase in
primary energy consumption — with China
and India alone accounting for 45 percent.
Moreover, both of these countries will meet
most of their energy needs with coal because,
unlike other raw materials, coal remains abun-
dant and is currently cheaper than renewable
energy sources. China already has a huge
hunger for coal. The country put 174 coal-fired
power plants online in 2006 alone, which aver-
ages out to one new plant every two days. This
is a climate-change nightmare, says Hennicke,
especially when you consider the fact that facil-
ities built today will remain in operation for the

A blanket of illumination as seen from space is a

reminder of our planet’s hunger for energy, which 

is expected to increase by 55 percent by 2030. 

By 2020, Earth will be home to eight billion people.

next 30 years. “In order to contain the associat-
ed risks to the climate, we have to exploit the
most effective, fastest, and least expensive po-
tential solution: energy efficiency.” 

China is aware of the problem, and has
therefore included in its 11th Five-Year Plan
strict stipulations for reducing environmental
pollution and improving energy efficiency.
New technologies from Siemens are pointing
the way here. 

Take, for example, China’s most modern
electrical power plant, the Huaneng Yuhuan
coal-fired facility (see p. 18). Since November
2007, so-called ultra super-critical steam tur-
bine units and generators from Siemens have
made possible an efficiency rating of 45 per-
cent at Huaneng Yuhuan. That’s 15 percentage
points higher than the global average for hard-
coal power plants and seven percentage points
more than the EU average. This is significant,
since one percentage point of higher efficiency
translates for a mid-sized power plant into
around 100,000 fewer tons of CO2 per year. “If
we use the same technology in future projects,
it will make a huge contribution to improving
energy efficiency and environmental protection

12 Pictures of the Future | Spring 2008

have been a thing of the past. You sit all
evening in front of that thing, looking at a
world that you don’t understand. 

For my part, I at least want to understand
the thing that has changed our little world so
much. I’m sure you remember my nephew Li,
who is doing well professionally at the Ministry
of Energy. He’s a very modern person, and he’s
the one who gave my wife all of those electrical
household appliances. Ever since then she’s
had a lot more free time, and that has also
made my life much more complicated. But I’m
digressing — pardon me. At any rate, Li invited
me to visit him in the Ministry’s brand-new ad-
ministration building. Of course I accepted. He
thought this would broaden my horizons. By
now, dear Wan, my horizons are so broad that I
can no longer see their limits.

It all began this morning at the train station.
Li had said he would send a car to pick me up.
The car came very soon, but I couldn’t hear the
sound of an engine as it came around the cor-
ner. The driver seemed to be amused when I
asked him if there was something wrong with
the engine. He explained to me that the car
was a plug-in hybrid that was powered almost
entirely by electricity. It had a small combus-
tion engine, but that was only used when the
rechargeable lithium-ion batteries were empty.
And the batteries could be recharged by simply
plugging them into a wall socket. When we
reached the Ministry, the driver parked the car
in a parking lot under a roof equipped with a
solar collector and the vehicle was automatical-
ly connected to a docking station power plug.
A lot of other hybrid cars were already there,
filling up on solar energy — and the driver told
me they generated no emissions whatsoever. 

The administration building loomed into
the sky, and I felt a little bit lost in the gigantic
entrance hall. A friendly receptionist accompa-
nied me to a glass elevator. She told me my
nephew was waiting for me on the 40th floor
and pressed a button. At just that moment I
was catapulted upward, and I felt as though my
stomach had stayed on the ground floor with
the nice lady in the foyer. The earth became
smaller so fast that I had to close my eyes.
When I opened them again I saw Li’s beaming
face in front of me. “Welcome to our energy
management headquarters, Uncle Jun,” he said
and led me — I was still a bit shaky — into a big
room with a gigantic window.

“From here we always have a good overview
of the country’s entire energy supply,” he said.
“As you know, about ten years ago China
passed the U.S. as the world’s biggest genera-
tor of CO2 emissions, and that’s why we had to
boost our efforts to preserve the environment.
Today we already produce a large percentage

of our energy in ways that protect the climate,”
said Li proudly as he pointed to the many wind
turbines on the horizon. “By the way, all of the
wind turbines are linked via Internet with con-
tinuously updated local weather forecasts, so
that we can effectively predict how much elec-
tricity they will produce.” 

Next, he pointed to a message that ap-
peared on the window as though written by a
spirit’s hand. “A bad storm has just been fore-
cast for our region. Our warning system recom-
mends that we turn off all the facilities that will
be affected so that power networks won’t be
overloaded.” A short time later, it suddenly be-
came comfortably warm and bright — just as it
does after I’ve had a good cup of plum wine at
your house, Wan. But Li assured me that in this
case it was due to the building management
system. This system is also linked with the
weather forecast, and it automatically adjusts
the room temperature and lighting according-
ly. By the way, there are no lamps in the entire
building. Instead, there are highly efficient
light-emitting diodes. All that saves a lot of en-
ergy and reduces carbon dioxide emissions,
says Li. 

I was surprised to hear that our old coal-
burning stoves in the village emit more CO2

than the gigantic coal-fired power plant not far
from this building. 

My nephew explained that this brand-new
power plant was what they call an IGCC facility,
which doesn’t burn the coal directly, but in-
stead transforms it into a gas containing hydro-
gen that then fuels a turbine. The CO2 is sepa-
rated out in the process. You won’t believe
what happens next. The gas is collected, re-
moved through pipelines, and finally pumped
deep into the earth. There, in an underground
depot that used to be a natural gas reservoir, it
can remain for thousands of years without es-
caping to the surface, according to Li. 

Li obviously noticed my skeptical look, be-
cause he laid his hand on my arm reassuringly
and said, “That’s really true, but now we’re also
building power plants that don’t need any coal
at all — for example, facilities that generate
electricity only from the ocean waves and float-
ing wind turbines that are used on the open
sea.” Basically, it’s crazy, isn’t it? What a lot of
effort just to operate your TV and my wife’s
washing machine!

Incidentally, my nephew gave me a very un-
usual present when we parted: Mahjong as a
computer game. This way, I can even play it
alone, he said. Unfortunately, I don’t have a
computer, but he said that the game will also
work with a TV. Wan, my old friend, are you do-
ing anything next Sunday evening?

Florian Martini
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Light at the End of the Tunnel
The world’s population is
growing — as is its thirst
for energy, which is 
increasingly being
quenched, especially in
emerging markets, by
streams of coal. But 
solutions are in sight.
Emissions can be cleaned
and CO2 can be 
sequestered. Efficiency
can stretch supplies and
cut pollution. And new, 
renewable energy 
technologies are right
around the corner. 
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Economic development and population growth in

many emerging markets are causing the global de-

mand for energy to increase rapidly. In the World Energy

Outlook from 2007, the International Energy Agency (IEA)

forecast that global consumption of energy will rise by

over 50 percent by 2030 if current policies are maintained.

China and India alone will be responsible for half the in-

crease. Fossil fuels will continue to be the key source of

primary energy, and will be responsible for 84 percent of

the increase in consumption between 2005 and 2030.

Above all, coal will experience a boom. Today, China and

India consume 45 percent of all coal used globally; by

2030, this figure is likely to reach over 80 percent.

Based on these predicted increases, CO2 emissions will

reach double the 1990 level by 2030 (graphic above and

Pictures of the Future, Spring 2007, p. 83). To ensure that

greenhouse gas emissions will fall despite these develop-

ments, 187 countries agreed on the key points of a new

climate protection agreement at the World Climate Confer-

ence in Bali in December 2007. The agreement should be

ready for signing at a conference in Copenhagen at the

end of 2009 and become legally binding by 2012, when

the Kyoto Protocol expires. At Kyoto, the industrial nations

committed themselves to cutting their greenhouse gases

by an average of five percent by 2012 compared with

1990. The new agreement should provide for a reduction

of 25 to 40 percent by 2020. To achieve this goal, the in-

dustrial countries are to provide more climate-friendly and

energy-efficient technology to developing countries. 

Environmental engineering continues to grow. Accord-

ing to the German development organization GTZ, $71 bil-

lion was invested in renewable energy in 2006. That was

43 percent more than the equivalent figure for 2005. Of

that sum, $15 billion was accounted for by developing and

emerging markets. 

In the future, the use of regenerative energy will

expand — particularly in countries such as China, India,

and Brazil. A 2007 GTZ TERNA country study reports that a

good 80 percent of all power generated in China is

produced by fossil plants, most of which run on hard coal.

Hydroelectricity contributes between 15 and 18 percent,

nuclear energy about one percent, and wind energy much

less. 

According to the China’s 11th five-year plan, this situa-

tion is expected to change as follows: by 2010, natural

gas, water, wind, and nuclear energy should collectively

account for 38 percent of the country’s energy production.

By 2020, 20 percent — 290 gigawatts (GW) — should be

produced by water alone; today, the equivalent figure is

128 GW. At 676 GW, China’s hydropower potential is

greater than that of any other country. 

Wind power, which also enjoys considerable potential,

is to be boosted from 1 GW to 30 GW between the end of

2005 and 2020. The photovoltaic market is also growing

— by the end of 2006, it had reached 65 megawatts,

around half of which powers households in outlying re-

gions. By 2020, some 1.8 GW is expected to be installed in

the form of photovoltaic generators. Frost & Sullivan antic-

Why Renewable Energy is Needed

| Facts and Forecasts

ipates that sales in the regenerative energy market will in-

crease from $6.9 billion in 2006 to $17.9 billion in 2013.

Aside from tax breaks and sponsorship, Beijing has intro-

duced other economic incentives to promote renewable

energy. “By 2013, photovoltaics will probably even out-

pace wind power to become the fastest-growing energy

source in China,” says Frost & Sullivan research analyst

Linda Yan.

Another way of generating power in a climate-friendly

manner involves technologies for efficiently separating

CO2. These include coal gasification, combustion with

pure oxygen and CO2 separation from flue-gas. Although

many pilot projects along these lines already exist (pp. 36,

40), there is still some way to go before these technolo-

gies can become widely used. According to a forecast

made by the IPCC (UN Intergovernmental Panel on Climate

Change) in 2005, the energy produced by all of the plants

using CO2 capture and storage (CCS) technologies will still

account for less than three percent of the energy gener-

ated worldwide by 2020. 

From 2000 to 2030, the cost of CCS systems is ex-

pected to drop by half from between $50 to $100 per ton

of CO2 to between $25 to $50. As a result, the IEA believes

that the proportion of CCS plants could rise to 20 percent

by 2030 and to 37 percent by 2050. In this case, the CO2

emissions resulting from worldwide power generation

could be reduced by up to 18 gigatons by 2050. And that

would represent an important contribution to achieving

the Bali targets. Sylvia Trage
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in China’s electrical power generation indus-
try,” says Hu Shihai, Deputy Managing Director
of the China Huaneng Group. 

Scientists at Siemens’ Energy unit in Mül-
heim an der Ruhr, Germany, are working on so-
called 700-degree technology (see p. 32) as a
means of increasing the efficiency of coal-fired
power plants, which remain in great demand.
Here, experts are trying to get turbines to with-
stand extremely high steam temperatures,
since the higher the temperature, the more ef-
ficient the system will be. New materials and
manufacturing techniques are being studied in
an effort to achieve a temperature of 700 de-
grees Celsius and pressure of 350 bars, which is
around 100 degrees and 65 bars more than the

But before such plants can be built, a num-
ber of hurdles will have to be overcome. The
problem is that the legal framework for effi-
cient CO2 sequestration still hasn’t been clari-
fied, and locations where CO2 might be stored
have yet to be found and tested. Today, a hand-
ful of oil and natural gas companies pump the
CO2 that reaches the surface as a result of
drilling back into the cavities it came from —
and they do this mainly to increase gas and oil
yields through the increased pressure such
pumping creates. 

of more efficient energy use. Thanks to a clever
energy-saving model and building manage-
ment system from Siemens, the pool facility
now produces around 600 tons less greenhouse
gas per year than in the past. The Siemens set-
up not only helps the environment; it’s also sav-
ing the pool’s operator €200,000 per year on
heating and water costs (see p. 29). 

Siemens has already implemented nearly
2,000 such projects worldwide. It’s a win-win
situation for companies and the environment
alike, as the savings potential is huge. Accord-

norm in today’s power plants. Only at those
new high levels can an efficiency rating of 50
percent be achieved. 

Separation and Sequestration. Develop-
ment engineers are also looking at other con-
cepts for making coal-fired power plants more
climate friendly. One approach involves sepa-
rating the carbon dioxide created by the coal-
burning process, and storing it below ground
to keep it out of the atmosphere. This would
amount to nearly CO2-free electricity produc-
tion (see p. 36). One promising technique is
coal gasification in Integrated Gasification
Combined Cycle (IGCC) power plants. IGCC
plants transform coal and other fuels like oil
and asphalt into a synthetic gas that drives a
turbine. This gas is a mixture of hydrogen and
carbon monoxide from which the CO2 can be
separated relatively easily, leaving only pure
hydrogen behind. “We’re ready to start con-
struction of a major IGCC facility anytime,” says
Dr. Christiane Schmid from Siemens Fuel Gasifi-
cation Technology GmbH, in Freiberg, Ger-
many. “Siemens, after all, has been involved in
the development of optimized IGCC concepts
for years now.” Spain and the Netherlands, for
example, already have IGCC power plants with
Siemens technology in operation. 

The world’s most extensive study of under-
ground CO2-storage possibilities is currently be-
ing carried out in the small town of Ketzin
(near Berlin) by scientists from the German Re-
search Center for Geosciences in Potsdam (see
p. 40), who plan to deposit 60,000 tons of car-
bon dioxide in special rock strata 700 meters
below ground over the next two years.
CO2SINK, as the EU-sponsored project is
known, will examine how the gas reacts after
being pumped underground and will deter-
mine whether it could threaten to find its way
back  to the surface. 

Geologists believe that CO2 can be trapped
for thousands, or perhaps millions, of years,
which means commercial CO2 storage and cli-
mate-friendly coal power plants may become a
reality. “Still, it’s going to take time before such
facilities can operate economically,” cautions
Hennicke. “That’s why, in addition to focusing
on producing energy more efficiently, we
should be trying to use it much more efficiently
as well.” A country such as Japan could reduce
CO2 emissions by 70 percent between now and
2050 through more efficient utilization of en-
ergy, with only marginal additional costs, ac-
cording to Hennicke. 

Operators of an indoor swimming pool in Vi-
enna, Austria, are already reaping the benefits

ing to the IEA, buildings account for around 40
percent of global energy consumption and 21
percent of CO2 emissions. 

Also in need of an energy diet are the ap-
proximately 30 million servers around the
world that keep the Internet up and running.
According to Stanford University, operating
these computers requires the energy generat-
ed by 14 power plants in the 1,000-megawatt
class. Cutting down on energy consumption
here would also produce impressive results
(see p. 54). “Computer centers could reduce
electricity consumption by more than one-third
if they switched over to more efficient tech-
nologies,” says David Murphy, who coordinates
“Green IT” projects at Siemens IT Solutions and
Services. Such projects will become more and
more important in the face of rising energy
prices and growing  CO2 emissions. 

For all its negative publicity, carbon dioxide
has one positive characteristic: it has led to a
huge innovation boom in the areas of energy
efficiency and environmentally-friendly tech-
nologies. A perfect example is the state of Cali-
fornia, whose universities, strict environmental
regulations, and venture capitalists make it
possible for companies that produce clean
technologies, among them Siemens, to flour-
ish (see p. 22). Environmental technology is
currently the fastest-growing sector for venture
capital investment, accounting for one-third of
all such investment in the U.S. in 2007.

The solutions being developed — ranging
from extremely efficient computer chips to
plug-in hybrid vehicles that “fill up” on sunlight
— are pioneering, says Hennicke. “Moreover,”
he adds, “if the U.S. would even come close to
exploiting its potential for renewable energy,
we would see a huge wave of innovation that
would bring us a lot closer to our goal of pro-
viding energy to billions of people in a sustain-
able manner.”  Florian Martini

“We have to exploit the most effective, and least 
expensive potential solution: energy efficiency.”

74 percent of the increase in global primary energy consumption will take place in emerging economies.
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