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Summary Shell Home
Heating Study
Shell has for decades now been using
scenario techniques for research into
the future. As a global energy company,
Shell regularly publishes global longterm energy scenarios up to 2050. Shell
has been studying future trends in the
automotive sector in Germany for more
than 50 years – most recently in the
25th Shell Passenger Car Scenarios
(2009) and in the first Shell Goods Vehicle Study (2010). Now, in cooperation
with the Hamburg Institute of International Economics (HWWI), Shell
presents the first Shell Home Heating
Study.
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Main subject and contents

There are 40.3 million households in Germany today, living in over 40 million
homes. Total residential space in Germany
is about 3.4 billion square metres; that is
3,400 square kilometres, about four times
the area of Hamburg or Berlin. Despite the
decline in the population, the number of
homes and the amount of living space continue to increase.
Almost all the rooms in these homes have
to be heated – using heating systems and
fuels or other energy sources. The private
5.9 %
households use a correspondingly
large
4.4%
5.9 %
amount of energy today,4.4%
accounting for
28.5% of final energy consumption in Ger13.5%
many.34.6%
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The 18 million orOIL
so heating systems in
households also OIL
produced greenhouse
gas emissions amounting to 113.1 million
tonnes CO2 equivalent in 2010; that is
41.6%
14.2% of Germany’s direct
energy-induced
41.6%
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The focus of the first Shell Home Heating
Study is sustainable provision of heating for
private residential households. The study
outlines facts, trends and perspectives, and
provides useful information on factual issues
of home heating, giving a perspective for
the future of the heating sector.
The study considers two main areas: firstly
it analyses and presents the technological
potentials in order to give a better assessment of future developments. And secondly, it explores the sustainability of future
home heating. It makes use of the scenario
Heating Systems in Households
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technique to identify different options for
action and to determine their impact.
The study addresses exclusively residential
buildings. It does not include non-residential buildings, although the results of the
analysis of technical potentials are likely to
be valid and relevant in this area, too. Its
main focus is on what is by far the most
important residential energy use, that is
heating of living spaces (not including the
use of hot water for domestic use) – hence
the title Home Heating Study.
It also leaves out air conditioning, because
5.9 %
in Germany air conditioning
is used almost
4.4%
exclusively in commercial properties. It
considers only those fuels and energy
34.6%
sources
which are relevant for13.5%
home heating, analysing the final energy input. But it
takes full accountOIL
of greenhouse gases
(well-to-warmth). For energy-efficiency
modernisation, it considers exclusively the
investment cost.
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greenhouse gas emissions. The primary targets of energy and climate policy so far
have been industry, power generating,
and transport. But now the energy consumption of private households for heating
is coming more and more into focus. The
object is to make home heating more sustainable, while keeping it secure and
affordable.
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Part One:
Technical potentials
Analysis of the technical potentials covers the components of the heating systems, fuels and heating sources, and
also the building equipment, in particular the thermal insulation of the building
and its energy performance.

Heating Systems
A modern heating system comprises heat
generating, heat distribution and heat transfer. Most homes are equipped with central
heating; about four fifths of homes are
equipped with gas or oil heating systems.
Tried and tested energy-efficient systems
are available, that is gas or oil condensing
boiler systems, which get virtually optimal
yield from the fuel with efficiencies of nearly
100%.
Optimised gas or oil central heating systems will be the main method of heating for
existing buildings. In many cases they are
not equipped with condensing boilers but
with conventional systems, so replacement
gives substantial performance improvement potential at relatively low cost.
Further savings potentials can be realised
in conventional systems by integrated optimisation of the complete heating system –
for example by hydraulic balancing of heat
distribution and transfer or use of an optimised control system. Heat demand per
square metre is also being reduced by
energy performance optimisation of homes.
That makes it possible (or even necessary)
to design heat generating systems, or complete heating systems, with lower capacity.
There is a general trend towards multivalent heating technology, or hybridisation of
heating systems; in other words, the heating system of the future will receive its thermal input from more than one heat source.
Additional heat sources will be integrated
into existing heating systems, to supplement heat generation.
The most important alternative heating
sources include solid fuel heating systems
with wood – as individual firing systems or
combined boilers for wood, heat pumps,
and solar thermal systems – the latter mainly
used to supplement the heating system. New
housing is often designed for simultaneous
use of several alternative heating sources.

The heart of a bivalent or multivalent heating system is no longer the central heat
generator, but rather a buffer storage unit.
A modern heating control system operates
the various heat sources and adapts them
optimally to satisfy the heat demand. Heat
generators based on alternative sources
are not able to provide home heating at all
times, or not enough to meet demand, so a
conventional boiler is often used to meet
demand at peak times. Distribution of heating to the building itself is effected directly
or in parallel from the buffer storage unit.

the Energy Savings Ordinance and relevant standards, to minimise transmission
and ventilation heat losses from new and
existing residential buildings.

Heating Fuels

But modernisation of existing buildings is
relatively complex and expensive. So in
most cases, it will not be possible to
upgrade existing buildings to the same
energy performance standard as new
buildings.

The home heating fuels mix is currently
undergoing changes. At present natural
gas and heating oil account for nearly
three quarters of final energy for home
heating; including electricity and district
heating supply, conventional energy
sources account for approximately 90% of
heating energy supply.
But the fuels and energy sources used in
home heating will become much more varied in the coming decades. Wood burning
systems using logs, wood pellets or chips
are being used increasingly. Solar thermal
systems, taking heat from the sun’s radiation, are used to supplement heating systems. And renewable components are
increasingly being used in other fuel
groups, too – such as bio natural gas as a
blend fed into the gas grid, and biofuels
blended into conventional heating oil.
All renewable and alternative fuels not
only have to demonstrate their technical
feasibility for use in existing and future heat
generating systems in the medium term, but
also have to comply with strict sustainability requirements. Electricity and district
heating increasingly come from combined
heat and power plants (CHP) or from
renewable energy sources.

Thermal INsulation
Improved thermal insulation of buildings
gives major potential for efficient use of
heating energy. That is why there are
extensive regulations today, especially in

Three quarters of existing homes today are
more than 25 years old; and they account
for 90% of heating energy consumption.
The energy demand of existing homes is
twice as high on average as the legal maximum for new residential buildings.
A large proportion of existing housing will
be modernised in the coming years by
means of thermal insulation of the building
envelope, to achieve performance approaching low-energy housing standards.

New housing is designed right from the
start to meet the low-energy standard, and
from 2020 onwards to meet “passive”
house standards, that is nearly-zero energy
standard; that means they have compact,
airtight design with outside components
that minimise heat losses.

igb

In addition, nearly-zero energy houses will
increasingly be equipped with ventilation
systems for controlled ventilation of the
home.

Building Efficiency
Legislation for strict energy performance
standards in new buildings has proved to
be a low-cost way of achieving results. But
proof of efficient heating technology and
building insulation is becoming more and
more complex and expensive.
The calculated energy demand is not the
same as the actual energy consumption of
a building. At low energy consumption levels, the behaviour of the occupants has
greater effect on energy consumption,
making it more and more important to get
occupants involved by means of appropriate home heating energy concepts.
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Part Two:
Home Heating Scenarios
The second part of the Study examines
different scenarios to analyse possible
developments of future heating energy
generation and use in private households up to 2030. The focus is on real
energy consumption for heating (excluding hot water), and on greenhouse gas
emissions.
Energy demand and the resulting greenhouse gas emissions are mainly determined by the building’s energy performance and the area to be heated. From
1995 to 2008, energy consumption for
space heating went down 16% per unit of
residential space heated. But at the same
time, the amount of residential space
increased by 15%, so energy savings were
limited to 3.3%. Residential space in Germany will increase 10.1% by 2030 compared with 2008, despite the decline in
the population.
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CONSUMPTION BY ENERGY SOURCES, TREND ACCELERATION SCENARIO

Changes in energy performance of residential space will take place partly by
demolition and new build, and partly by
energy efficiency modernisation. Thus the
legal requirements for energy performance
of new buildings are a lever to reduce
energy consumption in the heating sector.
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compared with 2008; greenhouse gas
emissions will be reduced by 9.5%.
Scenarios:
Trend and Trend Acceleration

The importance of energy efficiency modernisation is analysed in different scenarios. The Trend scenario assumes continuation of the current rate and extent of
energy-efficiency upgrades, at the present
modernisation rate of 1%. That would
reduce energy consumption by 26.2% and
annual greenhouse gas emissions by 27%.
The capital expenditure required would be
EUR 386 billion. The performance improvement is not enough to meet the goals of the
Federal Government.
The Trend Acceleration scenario assumes
that it is possible to increase the modernisation rate from 1% to 2%. That would
boost energy savings to nearly 34% and
reduce annual greenhouse gas emissions
to just over 39%.
The capital expenditure needed to achieve
these savings would be EUR 744 billion,
that is about twice as much for Trend Acceleration as for Trend. But the difference
between them for accumulated greenhouse gas emissions up to 2030 is only
10.6%.
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Sub-Scenarios: Bio & Renewables

To analyse the potentials for renewables,
the two sub-scenarios of Trend assume a
growing proportion of biogenic oil and
biogas, and a lower-carbon electricity mix.
Starting with 2% in 2012, the proportion of
renewable bio-components would increase
by one percentage point per annum. They
would then account for 20% in 2030.
For electricity, the share of renewables
would grow again, that is from 14.5% to
55.0% in 2030, compared with 45.4% in
all the other scenarios.
Assuming there is no energy-performance
modernisation (but there is demolition and
new build), greenhouse gas emissions will
go down 18.8% by 2030, that is twice as
much as without bio-components and
renewables. In the Trend scenario, emissions go down 34.6% instead of 27%, and
in Trend Acceleration they go down by
45.5% instead of 39%.
So blending of bio-components and
renewables has major potential for greenhouse gas reduction. That is all the more
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important because bio-component blending incurs lower cost than energy performance modernisation.
Scenarios:
Quick vs. Comprehensive

Acceleration of energy performance modernisation may require the use of government subsidies or incentives. So the extent
of individual energy performance improvement measures will be a key factor.
Two additional scenarios were calculated
in order to assess the efficiency of different
modernisation strategies.
On the basis of given modernisation costs,
these scenarios analyse whether it is advis-

able to effect complete modernisation in all
cases, or whether stepwise procedure is
advisable, starting with the lowest-cost
improvement projects. The advantage of
stepwise, low-cost improvement is that
more housing space can be improved for
given expenditure.
The advantage of comprehensive improvement is that each project gives the maximum improvement which is technically possible. So when a building has been modernised once, it does not need further
modernisation. The results show that stepwise modernisation gives an annual average improvement of 2.5%. Complete modernisation gives improvement of only 1.6%
of total housing space on annual average.
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The Quick scenario saves about 39% of
greenhouse gas emissions; the Comprehensive scenario gives savings of 43.8%.
The difference between accumulated
emissions up to 2030 is somewhat less.
Thus complete modernisation gives an
advantage, even if it is a relatively small
one – so it would be a cost-efficient
improvement strategy.
The higher savings suggest at first sight that
it would be advisable to promote comprehensive improvement measures. Comprehensive improvement requires high expenditures affecting a relatively small amount
of space. So a few households would
have to bear high expenditures.
Even at high levels of government subsidy,
that could mean that the desired moderni-

sation rate would not be achieved. If the
comprehensive improvement strategy does
not achieve the desired level, but only a
modernisation rate of 1% as in the past, the
greenhouse gas savings would only be
31%.

On the contrary, even low-cost modernisation steps, such as replacement of old heating boilers, are taken up only with great
hesitation. As modernisation rate has very
much more importance than modernisation
depth, the government should aim its policy at increasing the modernisation rate.

Despite a high level of subsidy, the climate
goals would not be achieved, because the
expenditure involved in each case would
deter many home owners.

In order to achieve that, it would be advisable to provide subsidies not only for complete modernisation, but also for partial
modernisation of buildings and heating
systems.

This shows that in order to achieve a high
modernisation rate not only total cost, but
also distribution of cost is key.

Subsidies should be granted as far as possible independently of the technology
used, because technical possibilities and
their cost-effectiveness are changing continuously and are hard to predict.

To summarise – strict building energy performance standards have proven effective
as a low-cost method in new building. But
strict regulations do not lead to the desired
modernisation effect in existing buildings.

RESULTS OF SCENARIOS, COMPARISON
Scenario

Consumption
(kWh/m2a)

Emission reduction
vs. 2008

Modernisation
costs (€ billion)

Modernised
space (million m2)

Ratio modernised
space to total
space

Average capital
expenditure p.a.
(€ per t GHG)

Baseline

2008

162.04

Trend

2020

126.40

18.53%

252.2

511.2

1.13%

9,297

2030

108.56

26.97%

385.8

815.7

1.00%

10,474

2020

114.08
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511.3
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2.40%

15,017

2030

93.16

39.18%

743.5

1,624

2.00%

14,561

2020
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26.31%

490.2

1,433

3.18%
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2030

93.63

38.93%

743.5
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2.50%

13,979

2020

112.97

28.14%

472.6
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1.93%

11,975
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89.02

43.75%

743.5
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More INformation

The German language unabridged editions of the Shell Home Heating Study, the Shell Passenger Car Scenarios and the Shell Goods
Vehicle Study are available by sending an e-mail to:
shellpresse@shell.com
Additional content can be found on the Internet:
www.shell.de/hauswaermestudie
Shell Deutschland Oil GmbH
22284 Hamburg
www.shell.de

Conversion Factors

Fuel

Unit

kWh

MJ

Heating oil

1 litre

10.1

36.3

Natural gas

1 m3

9.8

35.3

Liquid gas

1 kg

12.8

46.1

Lignite briquettes

1 kg

5.4

19.4

Wood

1 kg

4

14.4
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