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Innovation modernization of old
buildings saves money and energy
The 3-liter house in
Ludwigshafen's Brunck Quarter

> FOREWORD

"As for the future, your task is not to foresee it,
but to enable it" – Antoine de Saint-Exupéry

With the 3-liter house, we have laid the cornerstone
for a sustainable future. This modernized old building
combines sound business sense with responsible

Dr. Matthias Hensel
Managing Director
LUWOGE – BASF Real Estate
Company

use of our natural resources. It raises the quality of life
while enhancing competitive advantage. Success is
evident: The 3-liter house has become a shining
example throughout Europe. Its tenants are pleased
with their modernized home in all respects. And the
3-liter target has been more than achieved – heating
oil consumption averages only 2.6 liters per square
meter per year. We have demonstrated that an older
building can be economically modernized to be energy efficient. We now need to pursue this course further, working together to develop yet more innovative
solutions – because the future is the responsibility of
every one of us. Let's build the future together!
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Introduction

LUWOGE – the housing company of BASF –
launched its pilot project for a 3-liter house in
the Brunck Quarter, which is located in the
Friesenheim

district

of

Ludwigshafen.

Following a three-year period of study, heating fuel requirements are even more favorable than LUWOGE had anticipated. At only
2.6 liters of oil per square meter per year,
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average consumption in the 3-liter house
exceeds the 3-liter target.

The Brunck Quarter before modernization

The modernization plan

> INTRODUCTION
The modernized
Brunck Quarter

This is how it all got started. Back in the 1990s it became clear that the floor plans of
apartments in Ludwigshafen's Brunck Quarter, the BASF housing settlement, no
longer met modern needs. LUWOGE, the city of Ludwigshafen, and the state of
Rhineland-Palatinate drew up a comprehensive modernization program. This program
has reduced the amount of heating fuel needed by 80 %. It consisted of a number of
projects, including modernizing an older building to meet the 3-liter target of energy
consumption. This building has attracted attention and acclaim well beyond the borders of Ludwigshafen. Its success is based on a sophisticated, cutting-edge, energy
strategy that shows what can be achieved with the use of innovative construction
materials. With a maximum consumption of only around 3 liters of heating oil per
square meter per year, its energy requirements are seven to ten times lower than those
of non-modernized older buildings. For an apartment measuring 100 square meters,
for example, heating costs have dropped from around 1,400 to 200 D a year.

Heating fuel consumption

Fuel consumption and costs for an oil-heated apartment
measuring 100 m2 – yearly values

Heating costs
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Investing in
the future

Benefiting the environment – Reducing CO2
emissions

Estimates agree that around 24 million residential
units in Germany alone are in need of modernization. Around 600,000 of these units (about 3 %)
are modernized every year, yet only around
200,000 of them (1 %) also benefit from energy
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efficiency measures. In most cases, "modernization"
consists of a new coat of paint on the facade or a
new roof. Although the site must be prepared for
painting and roofing anyway, contractors often fail
to install thermal insulation on the building shell at
the same time. Yet the investment would pay off
for building owners in only a few years.

Improving the energy efficiency of existing
buildings creates jobs

> INVESTING

If all 600,000 units a year were also modernized to meet the EnEV energy standard for
new buildings – heating oil consumption of around 7 liters per square meter per year –
i.e. if the energy modernization rate were raised from 1 to 3 % – this would reduce
CO2 emissions by around 14 million tons a year (based on heating oil requirements of
25 liters per square meter per year for non-modernized buildings).
Boosting the job market
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The total investment to comprehensively modernize 600,000 residential units would be
around 30 billion D per year. Ten to fifteen jobs are created for every million D invested.
Promoting energy-oriented modernization of existing buildings, therefore, would preserve or create 300,000 to 450,000 jobs in the construction sector.

CO2 emission for an oilheated
apartment measuring 100 m2 –
yearly values
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The Energy Strategy

Special thermal insulation is the primary
means of lowering the fuel requirements and
therefore reducing CO2 emissions for the
3-liter house.

This old building has been insulated with Neopor®
panels that are at least 20 centimeters thick.
> 8

Neopor features considerably better thermal
Controlled ventilation with thermal
recovery ensures a constant supply of
clean and healthy air

insulation properties than conventional materials. In addition to promoting insulation, the
Passive House Institute also strongly recommends avoiding shunts that make it easy for heat
to escape through the building's structural elements. To prevent heat from escaping via the
balconies, for example, they were removed and
replaced by a structure not directly attached to
the building.
Innovative
elements of the
3-liter house

> E N E R G Y S T R AT E G Y

The fresh air supply for all the rooms in the building comes from a controlled ventilation system that ensures optimum air intake and outlet. This system sucks used air out
of the kitchen and bathroom and passes it through a heat exchanger. The exchanger
transfers up to 85 % of the heat from the used air to fresh air, which then flows at a
pleasant temperature into the living room and bedrooms. The advantages are
numerous: 85 % of the heat remains in the building, interior air is kept fresh and
filtered, and contaminants are constantly filtered out.
The windows in the 3-liter house are triple-glazed and have a U value of 0.8 W/m2K.
The Vinidur synthetic frames feature a core of polyurethane insulating material. Inert
gas between the panes provides additional protection against the cold. By way of
comparison, a single-glazed window allows around seven times as much heat to
escape. The windows were enlarged to allow more light to enter. The interior wall panels also contain latent heat accumulators, an innovative BASF product, that maintains
an agreeable temperature in the rooms.

Savings
following
modernization
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Neopor –
Insulating material
of the future

The BASF foam portfolio contains not one but
two products that have proven very successful
in increasing the efficiency of thermal insulation: Styropor® and Neopor®.
A special process foams the Neopor pellets
up to fifty times their original size

Styropor, which BASF developed back in the
1950s, has been used as an insulating material for
more than 45 years now. But even a classic mate-
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rial is capable of further development, and intensive research efforts have yielded Neopor. The two
insulating materials differ not only in their color.
Neopor, the silver-grey brother of Styropor, features improved insulation properties. It contains
microscopic graphite chips that reflect and absorb
Infrared absorbers and reflectors
prevent heat loss from radiation

thermal radiation, and thus reduce conductivity.
This allows a silver-gray Neopor panel containing
considerably less in the way of raw materials to
insulate every bit as well as a Styropor panel twice
its weight. This in turn benefits both the environment and the contractor. One ton of Neopor in the
3-liter house, for example, can save 1,260 liters of
heating oil a year.

Neopor insulation panels save energy
and money

> I N N O V AT I O N S

The environmental
efficiency analysis

BASF performs environmental efficiency analyses in order to study and compare
the environmental and economic advantages of different materials. These analyses
consider all costs and environmental effects throughout a product's entire life cycle –
which here includes manufacturing both the insulation and auxiliary materials,
installing the composite thermal insulation system on the wall, and recycling used
materials. BASF has performed analyses on a number of different insulation materials.
They have shown that Styropor, the leader on the market, is a better choice than mineral wool. For one thing, foam is cheaper in this application. It also has a slightly lower
impact on the environment, because its density is lower than that of mineral wool
insulation. Neopor has considerably less impact on the environment. This is due to the
fact that 20 % less volume is needed to achieve the same density. The costs are also
somewhat lower than with Styropor. Because there is less volume to transport and
process, work at construction sites is both more effective and less expensive.
End customers benefit from superior insulation at low costs, as well as the highest
degree of environmental compatibility. Neopor is thus by far the most environmentally
efficient type of insulation.

Environmental efficiency
analysis of composite
thermal insulation systems
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Micronal® PCM –
Intelligent
temperature
management
for buildings

Comfort in the home depends to a large
degree on the air temperature in the rooms.
Nobody likes it too cold or too hot. But what is
the best way to achieve a pleasant mean temperature? Phase Change Materials (PCM), or
latent heat accumulators, can play a significant role here.
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Active air conditioning: Latent heat accumulators compensate for thermal highs and lows

How Phase Change Materials work

> I N N O V AT I O N S
Latent heat accumulators
in construction materials
ensure pleasant interior
temperatures and energy
savings

Both the gypsum plaster and the filler material used in the 3-liter house were modified
to contain PCM. Construction materials with PCM provide active temperature compensation because their physical properties enable latent heat accumulation. They
contain microscopic plastic pellets that are filled with a storage medium made of wax.
In the summer, these tiny wax globules absorb a high degree of heat and then release
it slowly. This keeps the rooms pleasantly cool for longer periods of time on hot days.
Small-scala air conditioners – or no air-conditioning – can cut energy costs. Wall plaster
that consists of one third PCM, for example, has the same thermal retention effect as
a 20 centimeter brick wall for the critical indoor temperature range of 22 to 26 °C.

Latent heat accumulators
have a diameter of
only 2 to 20 micrometers
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Scientific
measurement study

After the 3-liter house was completed in
April of 2001, the Kaiserslautern Technical
University tested its thermal properties and
fuel consumption for a period of three years.
To gather the necessary data, sensors were
installed in and on the 3-liter house as well as
in comparable buildings with 5-liter and 7-liter
standards. The measurement results clearly

> 14

show that individual tenants have a strong
influence on the temperature in the 3-liter
house and thus on its fuel consumption.
The air exchange significantly affects both the
consumption of heating fuel and the interior air
quality. One way to achieve air exchange is to
open the windows. Another way is to have an

Sensors determine
the building's fuel
consumption levels

Rationalized energy utilization
Heat recovery
Electricity meters
Exterior conditions

User functions
Selectable room temperature
Window sensors

Energy supply
Heat quantity meters
Electricity meters
Hot water meters

Exterior air temperature
Wind factor
Exterior humidity
Solar radiation
Interior conditions
Interior air temperature
Surface temperatures
Interior humidity
CO2 sensors

> SCIENTIFIC MEASUREMENT STUDY

automatic ventilation system. The 3-liter building has a ventilation system with thermal
recovery. The 5-liter building has a controlled air discharge system with inlet vents
above the windows. In the 7-liter building, residents simply open the windows. The
results clearly favor the ventilation strategy in the 3-liter building. Although residents
open the windows less often, the air quality is excellent. Air circulation in the building
causes only a slight increase in fuel consumption, because the thermal recovery
system warms the incoming air so effectively that additional heating is hardly necessary. The residents also enjoy comfortable ambient temperatures. Thanks to Neopor's
greater degree of thermal protection, conditions in the building are very pleasant, particularly in winter.
This modernized building has exceeded expectations with respect to the requirements
for heating fuel. In the three-year period of study, this multi-family LUWOGE house
showed an average consumption of 25.5 kilowatt hours per square meter per year,
which corresponds to 2.6 liters of heating oil. This value even exceeds the target of no
more than three liters of oil per square meter per year.

Measurement
plan for the
3-liter house
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Energy from air
and hydrogen –
The fuel cell

The 3-liter house features a fuel cell – one of
the most advanced ways to generate energy.

This technology converts energy from chemical
sources into energy that can be put to useful purposes. Powered by natural gas, the fuel cell generates electricity via an electrochemical reaction
between hydrogen and atmospheric oxygen. It is
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much more efficient than other technologies in
supplying electricity and basic heat, and also produces considerably fewer emissions. The residents of the 3-liter house receive electricity and
heat for warm water directly from this miniature
on-site power plant. It is responsible for around
30 % of the building's total heating requirements.
If the building needs more energy than the fuel
cell can supply, it gets it from a boiler or the pubFuture-oriented fuel cell technology

lic utility companies. Excess electricity is fed
back into the power grid. Although the fuel cell
needs to be further developed, the results from
3 years of practical tests demonstrate that this
technology has a high potential for efficient
energy generation.

> FUEL CELL/OUTLOOK

Outlook

The 3-liter house highlights LUWOGE's pioneering role in energy-efficient construction. As a superb example of a modernized old building, it has attracted interest
around the world and inspired a large number of similar projects. And as a prototype,
it has led to further innovations and technical developments, thus proving that
ground-breaking ideas and future-oriented developments are possible in the construction and housing sectors. With lower costs for energy-saving technologies and
higher prices for oil and gas, sustainable construction is making a lot of commercial
sense these days. Take advantage of these potential savings – both now and over the
long term!
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Our extensive experience can
lay the foundation for your new
energy-efficiency project!
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> C O N TA C T

19 <

LUWOGE consult
www.luwoge-consult.com

LUWOGE 0106

LUWOGE
BASF Real Estate Company
www.luwoge.de

