
Making Climate Change Mitigation Pay
ECO-Watt: The Community-Financed 
Negawatt Power Plant
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Tell me and 
I will forget.
Show me and 
I will remember.
Involve me and 
I will understand.

[ Confucius ]
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With the project now at an end, the final
appraisal is very satisfactory indeed:
The negawatt power plant works and will
continue to deliver the city of Freiburg large
monetary savings beyond the end of the 
contract lifetime. The project is a complete
success for the environment, investors, the
school and not least for the city of Freiburg.

Heat savings

Overall, between 20 and 30 percent of the 
original heat consumption was saved at the
school in the years 1999 to 2007. Energy 
consumption for heating and hot water was
reduced by no less than 5.4 million kilowatt
hours. That is equivalent to half a million litres
of oil - and it only represents a fraction of 
the total available heat savings: Exploiting 
the potential for thermal efficiency gains at
the school by installing insulation, efficient
windows and condenser boilers would yield
savings of between 70 and 80 percent of the
original heat consumption.

Huge power savings

Over the eight-year contract, the ECO-Watt
project cut the school's electricity consump-
tion by 1.48 million kilowatt hours. That's the
amount of electricity 60 average households
would use in the same period.

Benefits to the environment
and the climate

About 2,650 tonnes of CO2 were avoided 
over the contract term. This means someone
who invested €5,000 in the project saved 
53 tonnes of CO2 over the eight years. This
roughly equals the average CO2 emissions
accounted for by a German citizen over a 
five-year period.
There are other positive environmental im-
pacts as well. The efficient fluorescent tubes
in the new lighting contain 90 percent less
mercury than their predecessors. Also, the
same level of illumination is now provided by
a smaller number of lights that use longer-
lived tubes, reducing the number of tubes
that have to be replaced each year by over 
75 percent - a major improvement for the
school caretakers.

Major reductions in 
water consumption

Improved water efficiency saved a huge
amount of money - far more than originally
projected. Some 77,000 m3 (77 million litres)
of water were saved over the eight-year 
contract period. To hold that much water,
a 20 x 50 m swimming pool would have to 
be 77 m deep.

The final analysis: Positive on all counts

The energy and water
consumption figures for
the ECO-Watt project
clearly show the major
savings made from the
very first year. The base-
line consumption (B)
before commencement
of the project is taken as
100 percent.
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CO2 avoidance cost

Different figures are given in the literature for
the cost of avoiding a given quantity of CO2
emissions. What is the cost of one tonne of
CO2 avoided in the ECO-Watt project?

The total cost of the project (capital cost plus
servicing, maintenance, insurance, account-
ancy and management) came to €469,000
over the eight years. The total benefit came
to €674,000. In other words, benefit exceeded
cost by €206,000. At the same time, 2,650
tonnes of CO2 were saved in the eight-year
period. That is, the project generated a net
benefit (cost-benefit) of €78 per tonne of 
avoided CO2. Put differently, the project's CO2
avoidance cost was actually negative.

Ecology and economics

Investors were paid a return of 6 percent a
year over the entire duration of the project.
The negawatt power plant thus generated a
return on investment as well as recouping
the €246,000 collected from investors at the
outset. A total of €78,250 was released for the
school to use at its own discretion. This made
it possible for numerous interesting projects
to be carried out at the school.

Climate efficiency creates jobs

About half of the capital investment in the
ECO-Watt project was accounted for by
labour to install the energy-efficient fixtures
and systems and the other half by purchas-
ing the hardware to be installed. As none of
the relevant branches of industry are located
in Freiburg (except solar panel manufacture),
roughly half of the resulting demand stimu-
lus was concentrated in the Freiburg region
and the remainder distributed across
Germany.

Projects such as ECO-Watt are also important
for craft trades. Firms gain practical experi-
ence with modern energy efficiency and 
control technologies. This can lead them to
change the selection of products, works and
services they recommend and provide. All in
all, the various direct and indirect effects
result in electricity and oil imports from other
regions and countries being replaced by inno-
vative technologies and labour. This creates
additional jobs and boosts both purchasing
power and the regional economy.

Modernised
lighting

Improved load
management

Water
efficiency

OtherHeat efficiency

Solar
energy

Capital cost

Cost savings

CO2 savings

Proportion of capital
cost, cost savings and
CO2 savings accounted
for by each set of mea-
sures
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The awards roll in 

The outstanding savings and the dedicated
efforts of all involved were not long in attrac-
ting due recognition. A coveted award came
in the very first year of the ECO-Watt project:
the Energy 2000 Innovation Prize (second
place) put out by Germany's leading seminar
and congress hoster IIR Deutschland GmbH
together with the highly regarded energy
industry periodical Energiewirtschaftliche
Tagesfragen and supported by global busi-
ness consultants Arthur D. Little.

The project also came an excellent third place
in the Wuppertal Energy and Environment
Prize awarded by the Wuppertal Institute for
Climate, Environment and Energy.

ECO-Watt starts a trend in Freiburg…

After the initial success with the ECO-Watt
project, Freiburg's city council urged for ener-
gy contracting arrangements to cover other
buildings in the city. Buildings were grouped
into 'pools', where the annual energy cost of
each pool was at least €250,000. The projects
were put out to EU tender. Two pools of six
school buildings each had been implemented
by 2006. A third and a fourth pool were at
the preparation stage.

… and elsewhere

ECO-Watt also bore fruit in the north-
western German state of North Rhine-West-
phalia. The Wuppertal Institute there took the
idea a stage further with a 100,000 Watt
Solar Initiative. The targets of this initiative
were to install 50 watts' worth of solar panels
and additionally to save 50 watts of lighting
power for each pupil (for a total saving in
conventional energy of 100 watts per pupil)
at selected schools in the state. This enabled
a school with, say, 1,000 pupils to create a
100,000 watt solar-based negawatt power
plant.

Community-financed energy contracting 
projects along ECO-Watt lines but with a far
larger solar capital investment followed at
four schools in North Rhine-Westphalia.
These projects also included combined heat
and power plants (www.solarundspar.de).

Award: Dieter Seifried
accepts the coveted 'e-
norm' prize on behalf of
everyone involved in ECO-
Watt.
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The more comprehensive approach taken in
these later projects was a result of policy
changes relating to the energy industry.
Germany's Renewable Energy Sources Act
significantly increased the feed-in tariffs for
solar power and a Combined Heat and Power
Modernisation Act introduced attractive feed-
in bonuses for power from CHP plants with
up to 50 kW electrical output (at least 5.1
cents per kWh plus what the grid operator
would normally have paid for the electricity
on the open market). An ecotax reform led 
to higher electricity prices and CHP plant
operators were exempted from paying tax 
on natural gas, which also improved the 
economics of combined heat and power.

Another major difference in the later projects
in North Rhine-Westphalia was the length of
the contract - in three cases twenty years and
in one case fourteen. This allowed for a larger
capital outlay, making it possible to exploit
potential savings from the installed technolo-
gy almost to the full.

The project organisers also sought and 
secured the cooperation of the applicable
local and regional energy suppliers. In the
systems upgrade at the Aggertal grammar
school, for example, modernisation of the
lighting, a 43 kW solar array, hydraulic balan-
cing of the heating circuits and pump rep-
lacement were financed through a communi-
ty contracting arrangement. The Aggertal
local electricity utility additionally financed 
a CHP plant with an electrical output of 50
kilowatts and supplies the school with heat
from it at a price comparable with that of
natural gas. The overall outcome is that
significantly more power is produced at the
school than is needed. The energy-efficiency
measures slashed the school's electricity con-
sumption from some 120,000 kWh to roughly
65,000 kWh a year. The solar array generates
about 35,000 kWh each year and the CHP
plant produces 230,000 kWh of electricity.

“As a result, the school now feeds around
200,000 kWh into the national grid and pro-
duces about 70 percent less CO2 than before
upgrading”, says Dr. Kurt Berlo CEO solar and
efficiency projects.

A second project, at the Willibrord grammar
school in Emmerich am Rhein, even achieved
CO2 savings of 85 percent. In recognition of
their exemplary nature, this and the Aggertal
project were selected in summer 2003 as
lead projects for a North Rhine-Westphalia
state energy innovation initiative. The inves-
tors (largely teachers and parents of pupils at
the schools) had the prospect of six per cent
returns every year for 20 years.

The solar energy and economy projects also
emphasise another factor that is indisputably
just as important as high levels of returns
and CO2 savings: Environmental education
and awareness of climate change issues
through active involvement in the project.

Solar arrays at the
Aggertal grammar
school, Engelskirchen and
the Willbrord grammar
school, Emmerich am
Rhein.

New boiler and CHP
plant in the solar energy
and economy project,
Europa school, Cologne
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The ECO-Watt project is structured as an
energy performance contracting project with
a special financing arrangement - community
finance with teachers, parents and other 
local residents providing the capital. You can
expect to meet considerable resistance in
local authorities and among local politicians.
In the private sector, outsourcing specific 
production operations or services is standard
practice. But in the public sector, people have
problems with 'letting others do the saving'.
You may encounter reservations and lines of
argument that make energy performance
contracting look unattractive or even impos-
sible to implement. Don't let this put you off.

Energy performance contracting does not
suit every school. You may also come up
against the view that energy economies can
generally be put into practice more easily and
sometimes more cost-efficiently if the local
authorities take things into their own hands.
This is basically true, because it cuts out what
are known as transaction costs – drafting
contracts, billing, communication, etc. – 
between the authorities and the contractor,
and it removes the need for separate costing
of the energy savings associated with the
building's change of use. In reality, however,
this usually results in neither the local auth-
orities nor the contractor going into action.
The alternative to a second-best solution
then becomes no solution at all.

Local building authorities often lack finan-
cial incentives and electoral control. Energy
efficiency projects also mean more work for
the authorities without any prospective
reward for success or for achieved savings.
The drop in energy costs 'goes under' in the
general budget.

Changing an existing, functioning heating
system can result in problems and extra work
for those involved. With this in mind, it is not
surprising that people hesitate to implement
energy economies or block them altogether.
Openly addressing the issues involved before
starting can help avoid later discord.

With 'outside' contractors, the response is
often akin to repelling an unwanted meddler.
This is only human, and it is also understand-
able from a local authority standpoint: If the
project succeeds, the people in charge will be
asked why they didn't do it on their own. If it
fails, they will be held responsible. In times of
climate change, there is a need for proactive
approaches and arrangements that remove
authorities' fear of decisions and responsibil-
ity. Systematic effort is needed to reap the
potential economies locked up in public buil-
dings. As a rule of thumb, if local authorities
cannot make necessary investment in a space
of five years using their own financial and
human resources, they should turn to outside
help in the form of energy performance 
contracting – with or without community
finance.

Community finance projects depend on
good and intensive communication at all 
stages. It is especially important for project
outcomes to be actively communicated to
the outside world. After all, the aim is to
show that climate change mitigation is not
something that involves huge cost and sacri-
fice, but an investment that generates good
monetary returns.

For all emulators: What you can expect S
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The ECO-Watt project shows very clearly that an energy efficiency project in the form of a
'negawatt' power plant can be highly viable economically and have a wide range of ancillary
benefits besides helping to mitigate climate change. But the experience has also shown that
economic viability alone is not enough for a negawatt power plant like the ECO-Watt project
to become reality. Too many ingrained structures and ways of thinking get in the way – even
today, in 2007. Overcoming these obstacles in a community financed project takes a lot of
energy, perseverance and even doggedness.

We would not want to have missed out on the experience of ECO-Watt. Not only because the
project ended successfully, but because we got to know so many people along the way who
wanted to join us on our energy efficiency journey and gave us their dedicated backing. And it
gave us a chance to help hundreds of schoolchildren become more aware of how they use
energy - something that gives us a certain pride.

Following on from Sir Nicholas Stern, who brought attention to the low cost of climate change
mitigation compared with the high cost of climate change with such urgency in his recently
published review: In the case of the ECO-Watt project, we were actually able to prove that
avoiding CO2 generates a financial benefit that is greater than the cost - meaning that CO2
avoidance costs can even be negative. So it can be done: Environmental and economic benefit
can go hand in hand. It just takes someone to make a start.
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Summing up
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Negawatt power plants – a global view

That negawatt power plants are by no means
restricted to schools or Germany is well illus-
trated by the ensuing examples of energy
efficiency projects I have appraised in the
context of feasibility studies. They show that
in principle, potential energy savings can be
exploited on the basis of community-
financed energy performance contracting
anywhere in the world.

The potential is huge, the economics usually
very sound indeed - and implementation
mostly turns out to be extraordinarily diffi-
cult. The most frequent obstacle is local
government. Local authorities everywhere
tend not to be very cost-conscious. Even 
highly lucrative proposals are turned away.

Nonetheless, energy efficiency is and always
will be a highly profitable investment. But
unlike in other walks of economic life, mobil-
ising the available potential will always take
political pressure and persuasion. With this in
mind you, the reader, are encouraged to 
identify potential energy efficiency projects 
in your own area and to lend your voice and
commitment to seeing them become reality.

Please get in touch if you need support.

Freiburg, February 2008
Dieter Seifried
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Outline

160,000 outdated and inefficient
lights illuminate Mexico City's
Metro stations day and night.

Potential monetary savings well
over 50 percent.

Potential annual electricity savings
around 70 million kWh.

Capital outlay needed about
US$14 million.

Payback period less than four years
(including capital outlay).

Cut in CO2 emissions:
50,000 tonnes/year

Energy Efficiency Example 1*
Lighting refurbishment in the Mexico City Metro

Description
Building of the Mexico City Metro began in
1967. From the mid-1990s, the Metro had 
11 lines totalling 201.7 km of track and 175 
stations (including some above ground).
The Mexico City Metro serves some 4 million
people a day. The price of a journey is two
Mexican pesos (about €0.15) regardless of
destination.

The Metro is a very safe and extraordinarily
environment-friendly form of transportation.
There has only ever been a single accident,
and that was back in the 1970s. The average
electricity consumption per person per trip is
0.64 kWh.
The majority of stations still have the original
lighting, meaning most lighting fixtures are
between 20 and 35 years old. Over 90 percent
of lights use outdated T12 technology with a
conventional ballast and about twice the
power consumption per unit luminous flux
than more efficient T8 or T5 technology.

The great majority of lights are single or
twin-tube inset or surface-mounted fixtures
without a cover. In some exceptional cases
(e.g. some stations on Line 3), lights have
been retrofitted with a mirror reflector. The
standard type, however, is a low-reflectivity
box fitting or bare tubes.

* Dieter Seifried, Feasibility Study for Lighting Refurbishment of the Pedestrian Underpass at Alexanderplatz in Berlin, Germany and for
the Subway System in Mexico City. Freiburg, Germany, July 2006, on behalf of the WISIONS foundation.
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A feasibility study on improvement of the
Metro lighting  brought me to an astonishing
conclusion: It was possible to improve and
renew all the lighting for high financial
returns using an energy performance con-
tract. After the four-year contract lifetime,
this would save the Metro - or the Mexican
state which covers its deficits - around US$7
million a year. Over the lifetime of the new
fittings, the savings in electricity and main-
tenance would add up to no less than US$120
million, without the Metro directorate having
to invest a single dollar - a goldmine, in other
words.

So why is there so little change? Firstly, the
Metro directorate has no financial interest in
reducing its deficits, which after all are met
by the Mexican state. Secondly, there are
powers that be who fear for their positions
and aim to guard perks inherent in the ex-
isting procurement system.
It would be wrong to think problems like
these are restricted to third-world, emerging
economies. There are comparable cases, for
example, in Germany. Take Freiburg
University, recently dubbed a 'University of
Excellence'. Things there are less excellent
behind the scenes. Lights are inefficient and

Lights on in a day-lit Metro station

Inefficient lights in Metro entries and exits

Inefficient T12-tubes with magnetic ballast Subway station with daylight and additional
artificial lighting
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Chart: Cost-benefit situation for the Metro with and
without a performance contracting project covering a
four-year contract period.
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(4 years)

Maintenace cost

Electricity for lighting

Energy wastage is not
only a third-world 
problem: Even in the
industrialised world,
like here at Freiburg

University, Germany,
inefficient lighting is 
left on the whole day
while sunshine streams
in from outside.

stay on in the daytime despite ample daylight
streaming in. Power consumption is enor-
mously high as a result, and everyone knows
what that means for climate change. As early
as 1999, we and Eco-Watt GmbH submitted a
proposal to upgrade the lighting in a commu-
nity-financed project, regrettably to no avail.
It is a shame that such wastage of public
money and resources should continue in
times of climate change.
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Outline
The average household refrigerator in
Cuba uses four times as much energy 
as an efficient modern appliance.

The potential energy savings are roughly
700 kWh per refrigerator per year.

Cuban households cannot afford to buy
efficient appliances.

The price of electricity for Cuban house-
holds is so low that it would not be worth
them buying an efficient refrigerator in
any case.

Power generation is heavily 
subsidised by the state.

A proposal is made to replace the old appli-
ances with new ultra-efficient ones. The
cost of replacement would be met by a
company which would receive part of the
cost savings in electricity generation.

Efficient refrigerators for the Caribbean
Energy Efficiency Example 2*

The refrigerator is by far the most important
household appliance in Cuba by a wide 
margin. Nearly every household has one. With
homes otherwise sparsely equipped, refrige-
rators account for well over half of household
electricity consumption. The great majority 
of Cuban household refrigerators are old,
inefficient units from the USA and the former
USSR. Their average power consumption in
the hot Cuban climate is some 900 kilowatt-
hours per year. In a commissioned feasibility
study, I weighed up the economic and en-
vironmental pros and cons of replacing these
appliances. The outcome: Replacing them
using private investment would produce a
win-win situation for all concerned.

The cost of replacing the outdated electricity
guzzlers with ultra-efficient modern refrig-
erators would be recouped from fuel savings
in power generation alone. Cuban power
generation is largely based on expensive
crude oil and diesel. An approximately 75 
percent cut in refrigerator power consump-
tion (compared with the old appliances)
would reduce CO2 emissions in electricity
generation together with sulphur dioxide
and nitrous oxide pollution. Proper disposal
of the old refrigerators would also prevent
the atmospheric release of chlorofluoro-
carbons, which are highly damaging to the
stratospheric ozone layer.

* Dieter Seifried, Büro Ö-quadrat, Machbarkeitsstudie für ein Kühlschrank-
Direktinstallationsprogramm auf Kuba [Feasibility Study for a Refrigerator Direct
Installation Programme in Cuba], Freiburg, July 2005, on behalf of Deutsche
Energieagentur and the German Federal Ministry for the Environment, Nature
Conservation and Nuclear Safety
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Assuming a crude oil price of US$20 per 
barrel, the payback period for the private-
sector investment capital was calculated at
eight years. At an oil price of some US$95 a
barrel (January 2008), the payback period
would be correspondingly shorter.
In total, about 1.7 million Cuban refrigerators
need replacing with new ones. Replacing all
of them would take a capital outlay of rough-
ly US$ 400 million.

42|43

i-

Under the conditions prevailing in 2004,
neither Cuban households nor the state 
energy utility were able to replace the
refrigerators. In view of this, the proposal 
provided for private-sector finance of the
capital expense, with the investors to be paid
back out of the real reduction in electricity
generation and transmission costs. As the
price of electricity in Cuba is heavily sub-
sidised and the energy utility incurs un-
covered costs for every kilowatt-hour saved,
this model would also offer huge advantages
for the state electricity supplier.

Reduced
fuel import  
+ subsidy

Power plant

Investors

$$ $ Energy efficient
refrigerators

Lower energy costsLess energy input

Avoided fuel costs

Financing model for energy-efficient refrigerators
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