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ENERGY TRANSITION OBJECTIVES

REDUCTION IN GREENHOUSE GAS EMISSIONS AND EFFICIENCY TARGETS FOR THE IMPLEMENTATION OF THE

ENERGY TRANSITION
FEDERAL GOVERNMENT OBJECTIVES

Greenhouse gas
emissions (GHG)

Primary energy Electricity
consumption consumption

2015 A 2016
-7.2%* e -3.8%
2050
-25%
2050
-50%

.
-80% to -95%

* preliminary

SHARE OF RENEWABLES IN GERMANY’S ENERGY SUPPLY:

Gross final energy Electricity

98.3%"*
90.5%**
80%*
60%"
31.7%
14.6%

0
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* Federal Government objective
** Nitsch (2016) (Climate protection scenario “Klima 2050")

Energy consumption
in the buildings sector

2015
-14.7%*
2050
-80%
Heat
94.9%**
13.0%
4.6%
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Energy consumption
in the transport sector

2015
+1.9%*

2050
-40%

Source: BMWi

Transport

83.7%**

5.2%
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Source: BMWi, Nitsch (2016) (Climate protection scenario “Klima 2050")

The growth forecasts for 2030 published in this Energy Transition Atlas are based on the brief study “Die Energiewende nach
COP 21 - Aktuelle Szenarien der deutschen Energieversorgung” (The energy transition after COP 21 - current scenarios

for the German energy supply), commissioned by the German Renewable Energy Federation (BEE) in March 2016. With the
“Klima 2050" (“Climate 2050") scenario, the author, Dr Joachim Nitsch, outlines a series of objectives that will need to be
pursued if the German Federal Government’s targets for the energy transition (in particular, the GHG reduction target of -95

per cent by 2050) are to be met. The amount of space required for the expansion of renewables was calculated by Germany’s

Renewable Energies Agency (AEE) on the basis of industry data and forecasts and merely represents a guideline figure.

EDITORIAL

Dear readers,

In the Paris climate agreement adopted in December 2015, the international community resolved

to limit global warming to well below two degrees Celsius by 2050. For this goal to be achieved,
industrialised countries in particular will need to restructure their energy supply — away from fossil
fuels such as coal and oil, and towards renewable energies. There is no one-size-fits-all, established
approach. Rather, each country must seek out its own, workable set of solutions that is as efficient as
possible and suited to its own particular challenges. The mammoth project that is the “Energiewende”,
or energy transition, will include some trial and error as well as imitators copying especially good ideas
and plans.

Germany is regarded as a pioneer in terms of restructuring the electricity supply. Since the turn of

the millennium, the share of renewables has evolved from about five per cent of the electricity supply
into its largest component (2016: 31.7 per cent). This development has been — and continues to be -
broadly supported by the German population. Almost every second renewable energy generation facility
belongs to private individuals or farmers. More than 90 per cent of Germans are in favour of the further
expansion of renewable energies. Ever since the Fukushima reactor catastrophe in 2011, there has been
a consensus throughout society and across party lines on the abandonment of nuclear power. And the
extensive decarbonisation of the country’s remaining energy generation has also already been decided.

In Germany, the largest share of green electricity is supplied by wind and solar power. But since these
sources produce varying amounts of electricity depending upon the weather and time of day, the energy
transition involves more than just overhauling energy generation capacity. On the contrary, the entire
energy infrastructure including power grids must be adapted to reap the wind and solar harvest. As

a result, economic incentives will be needed in future to encourage consumers to purchase more of
their power at times when there is a high level of supply in the market. Alongside this demand-side
management, storage systems and an enhanced exchange of electricity within Europe must also
provide a balance at moments when electricity supply and demand are not in alignment.

In contrast to power generation, renewable energies in the heat and transport sectors are still playing a
minor role (2016: 13.0 and 5.2 per cent respectively). Great hopes are therefore being pinned on sector
coupling — the name given to the principle of converting electricity into heat and operating power for
transport. This has two major advantages: firstly, these two particularly energy-intensive and polluting
sectors, heat and transport, will become more environmentally friendly. Secondly, the increasing
number of heat pumps and car batteries can serve as valuable temporary storage for electricity
generated by wind and solar. Further measures, such as the modal shift — away from motorised

private transport to greater use of buses, rail and bicycles — will ultimately provide the necessary
transformation in the transport system.

The key to the heat transition, however, lies primarily in renovating Germany's building stock to improve
energy efficiency as well as in modernising heating technology. In the future, there will be an increasing
number of houses and neighbourhoods in Germany that will be able to meet their energy requirements
entirely from their own renewable energy systems. The importance of energy efficiency is common to
all sectors. It is imperative that we reduce energy consumption and satisfy all of the remaining energy
demand from renewable sources. Only with this combination will an almost completely climate-neutral,
environmentally friendly energy supply become possible.

What may sound like a futuristic fantasy is already being put to the test in many research projects
and in practice in Germany. With the Energy Transition Atlas, we want to show you some of these
examples and whet your appetite for the energy system of the future. By taking a journey across our
country, you will discover how Germany plans to implement its “Energiewende” — we encourage you
to follow in our footsteps.

Philipp Vohrer,
Managing Director, Agentur fiir Erneuerbare Energien e. V.




s OVERVIEW

LOOKING BACK:
GERMANY'’S ENERGY SUPPLY
BEFORE THE TURN OF THE MILLENNIUM

Germany is highly dependent
on imported energy resources —
also from politically unstable
countries.

Centralised fossil and nuclear
power plants chiefly produce
electricity at the moment when
it is needed.

Fossil energy sources cause massive envi-
ronmental damage not only during combus-
tion, but also when they are extracted.

Transport relies almost exclusively on
oil-based products that are harmful to the
climate.

Poorly insulated buildings consume heat
energy unnecessarily.

-

Germany spends several billion euros
each year (2015: €66 billion) on energy
imports.

OVERVIEW

LOOKING AHEAD:
THE SUCCESSFUL ENERGY TRANSITION

Energy generation is mainly
decentralised. Consumers

primarily purchase electricity

at times when it is generated

by the decentralised renewable

producers such as wind turbines

or photovoltaic systems. ™

e

Power-to-gas technology
serves as long-term storage
for renewable power and
supports the transformation
of the heat and transport
systems via sector coupling.

To begin with, highly efficient
gas-fired power plants support
renewable energies with con-
ventional gas; later, power plant
technology will be operated
by methane from renewable
sources.

Power lines, some of which
are underground, ensure
the regional balance of
electricity supply and
demand.

o

Cars, lorries, trains and other forms of
transport run without emitting CO, thanks
to efficient drive technology and renewable
energies.

Intelligent networks and intelligent infor-
mation communications mean smart grids
are able to ensure a full energy supply that
is both local and renewable.

Storage systems help to balance
electricity supply and demand at
different times of day.

Buildings are able to power themselves
independently — as a result of efficient
design and self-sufficiency from
renewables or a green power supply in
their district.

€€EE

Renewable energies strengthen the
domestic economy and local value
creation.
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Wind speeds at elevation of 120 m
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At 120 m, the wind blows
at an average speed of

over 7 m/s
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under 3 m/s
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is nosurpri e e wind is strongest
on the evertheless, it is also worth
harnessing wind power in southern Germa-
ny, because there is a suitable turbine for
each type of wind.

FAIR WINDS FOR THE
ELECTRICITY SUPPLY
WIND POWER

Wind power already supplies the largest portion of renewable electricity,
however, its potential is far from exhausted. This is primarily due to the rapid
improvement in the performance of the technology. The stronger wind at
high altitudes can be used almost everywhere in Germany, and many old
installations can be replaced by few, advanced, high-performance turbines.
This means that fewer and more powerful wind turbines will generate in-
creasingly more electricity.

Since August 2009, wind turbines have also been generating electricity off
the coast of Germany (offshore wind power). These wind turbines will soon
significantly contribute to the power supply.

Share in the energy supply in 2016 and 2030

(only onshore wind power)

2006 [ ] sviwnes
(P50 Etectricity 2030 |

190.4
Land required in 2016 and 2030

bn kWh p.a.
: 2016 230,000 ha

{ 2030: 370,000 ha
~ 580,000 ha

B 2016: 2,300 ha
M 2030: 3,700 - 5,800 ha

including setback areas

only foundations

Wind turbines must adhere to a minimum setback distance between units
to minimise mutual interference. This is determined by the prevailing wind
direction and the size of the turbines. In 2016, the setback area was an aver-
age of 5 hectares per MW. For 2030, a range was established from 3.8 hec-
tares per MW (BWE 2012) to 6 hectares per MW (AEE 2015). This is a result
of various assumptions regarding the size of the turbines and the required
setback area, among others.

The foundation area of a wind turbine is a maximum of one per cent of the
required setback area and seals the ground. The setback areas can be uti-
lised for agriculture, for example.

Source: BMWi, Nitsch (2016) (Climate protection scenario “Klima 2050"), own calculations



HOW A WIND TURBINE WORKS

Two different design principles are most prevalent in wind turbines: turbines with
gearboxes (1) increase the low speed of the rotor shaft to a more favourable speed
for the generator. In gearless turbines (2), the rotor of the generator is attached
directly on the rotor shaft.

2. Example of a gearless turbine
Capacity: 5.0 megawatts

Rotor diameter: 114 metres

Tower height: approx. 124 metres
Speed: 8-13 revolutions per minute
1. Example of a turbine with a gearbox

. Rotor blade
Capacity: 2.0 megawatts Gearb A t
Rotor diameter: 80 metres ( ezr oxt. tation)  ( n_er:ome er)
Tower height: approx. 80 metres schematic representation wm} fensor Anemometer

Speed: 9-19 revolutions per minute (wind sensor)

Pitch bearing

Control

electronics .

Rotor blade

Generator
cooling system

Pitch bearing Control

electronics

Generator
Rotor shaft
Brake

secures the
rotor during

Azimuth drive

Azimuth drive 1 rotates the

maintenance work rotates the } entire nacelle in
or storms | entire nacelle in the wind
the wind
! Brake
secures the
Tower ) rotor during
made of maintenance

Electrical pitch work or storms

In pitch-controlled turbines, the angle of

The grid connection of the wind turbine is secured through concrete or
an intermediate DC circuit. The alternating current from the steel
generator is first converted to direct current and then back attack can be altered at different wind
to alternating current with the correct frequency and voltage. speeds to maintain a constant rotational
This allows the wind turbine to operate at varied speeds and speed.

minimises the mechanical loads.

THE ECONOMIC AND INFORMAL INVOLVEMENT OF THE PUBLIC
CAN INCREASE THE ACCEPTANCE OF WIND FARMS.

Almost all of the local residents are involved in the Reuenkdge wind farm project near the German-Danish border.

GIVING WIND POWER MORE SPACE

93 per cent of Germans are in favour of expanding the use
of renewable energies, according to the results from a TNS
Emnid survey from 2016. However, whenever the energy
transition reaches too close to home, the attitude of many
residents becomes more critical. This is the case with wind
power, just as with any other infrastructure project. The
energy transition project can, therefore, be jeopardised by
proverbially keeping wind turbines at a distance and estab-
lishing too restrictive regulations governing distances, as
shown by the Bavarian example: there, wind turbines must
be placed at a distance of ten times their height from the
nearest residential area — for modern turbines this means
a distance of 2,000 metres. The result for Bavaria equals
a halt in development. Nevertheless, Germany's strictest
setback regulation may be loosened to cater to dispropor-
tionately more energy transition sites.

Transparent information and early involvement of local res-
idents in project planning could ensure the necessary on-
site acceptance for wind energy projects. The public could
also benefit economically through profit-sharing schemes.
Municipal tax revenue triggered from the energy transition
projects flows, for example, into schools and kindergartens
and thus benefits the entire population.

INSTALLED CAPACITY OF ONSHORE WIND ENERGY

2016, IN MW PER FEDERAL STATE

IS

[,
e

1,043

Source: DEWI (UL International GmbH) (2017)

BAVARIA CASE STUDY: RESTRICTIVE SETBACK REGULATIONS
JEOPARDISE THE POTENTIAL OF THE ENERGY TRANSITION

2,223

Setback distance 2,000 m By reducing the
(Bavaria status quo for setback distance to: 1,200 m 1,000 m
advanced 200-m tall wind
turbines) Wind power capacity potential
increases: 24-fold 61-fold

Areas that may be eligible for wind energy use according to the respective setback distances are depicted in purple.
Further assessments must be conducted regarding, for example, nature conservation and wind forecasts. The calculated

areas can therefore only be used as a rough guideline.

Source: Ostwind AG
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WIND POWER LAND REQUIREMENT
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Lignite

The Garzweiler Il Open-Cast Mine covers an area of 4,800 hectares
and contains approximately 1.3 billion tonnes of lignite. An average of
32.5 million tonnes could be extracted per year. From this quantity, a mod-
ern lignite-fired power plant with an efficiency of 43 per cent can generate
around 35 billion kWh of electricity per year. This results in an electricity
yield of approx. 7.3 million kWh per hectare and year.

Comparing this value to the current electricity yield per hectare of the
sealed area of the neighbouring wind farm Bergheim/Rheidt, it is clear
that just one turbine with an installed capacity of 2 MW generates more
energy per hectare than lignite.

Lignite is a highly problematic energy source, as it emits particularly high
levels of carbon dioxide compared to coal and natural gas, thus contrib-
uting significantly to climate change. In addition, the groundwater level is
extensively lowered and entire villages have to be displaced in lignite min-
ing —also in the case of the Garzweiler Il Open-Cast Mine. Protests against
the mines were answered in 2016: the red-green state government de-
cided to decrease the mining area. Consequently, some 400 million fewer
tonnes of lignite will be extracted over the next decade. 1,400 people may
stay in their homes.

Garzweiler Il Open-Cast Mine 2015

Annual potential approx. 7.3 m kWh
yield per hectare

Germany 2015

Power generation 150 bn kWh
Land requirement 48,300 ha

Annual yield 3.1 m kWh
per hectare

gy T
~iK

o

Wind power

2015
approx. 22.5 m kWh

approx. 225,000 kWh

2,100 ha 3,700 ha -
5,800 ha

210,000 ha 370,000 ha -

580,000 ha

37 m kWh 33 m kWh -
52 m kWh

370,000 kWh 330,000 kWh -

520,000 kWh

LAND REQUIREMENT WIND POWER

Bergheim/Rheidt Wind Farm

only Annual yield per
foundation area hectare

including
setback areas

Germany
(only onshore wind power)

Land requirement
foundation area
including
setback areas

Annual yield

foundation area per hectare
including
setback areas

15




OFFSHORE WIND POWER: ENERGY FROM THE STORMY SEA

° o
33 o

German
Exclusive
Economic Zone

Wind farm
in operation @ 29 @

under construction

preparing for construction

approved 26 w7 :: @31
(16

Water depth
. under 5 m
5-10m
10-20m
20-30m
over 30 m

Name Commissioned  Number of Capacity""_' Name - A _Commnssnonlng Number of Share in the energy Supply in 201 6 and 2030
turblnes . “in MW e A e _(scheduled) “turbines
: ] e - - (only offshore wind power)
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Sources: BMWi; Nitsch (2016) (Climate protection scenario “Klima 2050")
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Annual
solar irradiation

KWh/m?
1,400
1,350
1,300
1,250
1,200
1,150
1,100
<1,050

Average quantity of electricity generated

photovoltaic system
with south-facing PV modules at an angle of
35 degrees and a performance ratio of 0.85.

eachyearbyal kWp

kWh/kW_
>1,190
1,150
1,105
1,065
1,020
980

935
<890

Calculation example:
The annual solar irradiation in Kiel is 1,100 kWh/
m?. A south-facing photovoltaic system with 1 kWp
of installed capacity and angled at 35 degrees on

an area of approx. 10 m? generates 935 kWh in a
year. This corresponds to 27 per cent of the an-
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In Germany, the annual solar irradiation per square metre is between 900
and 1,200 kWh. Although this is certainly lower than in southern Europe or
Africa, it is still sufficient to make a significant contribution to Germany’s
heat and electricity supply. 234,400 hectares of building surfaces are suit-
able for solar installations. As yet, approximately 11 per cent of this space
is being used, which indicates that there is still a great deal of potential to
be tapped.

nual electricity consumption of an average house-

hold. In Munich, 1 kW

pea

. generates 1,170 kWh of

electricity per year, thus covering 33 per cent of
the electricity consumption.

Share in the energy supply in 2016 and 2030

2016
|i||£| " |§| %05  Electricity 208

2016

%2030 Heat 2030

D g:.l:Wh p.a.
I 104.9

bn kWh p.a.

[l 7.8
bn kWh p.a.

B 310

bn kWh p.a.

Space requirements in 2016 and 2030

Land area for photovoltaics and solar thermal systems

|:| 2016: 26,200 ha (electricity only)

2030: 53,200 ha (electricity and heat)

Building surfaces for photovoltaics
and solar thermal systems

g 2016: 25,800 ha

5 2030: 52,000 ha

Potentially suitable
building surfaces:
234,400 ha

Source: German Federal Ministry for Economic Affairs and Energy (BMWi),
Nitsch (2016) (Climate protection scenario “Klima 2050"), own calculations



GREAT POTENTIAL FOR DOMESTIC PV

In 2016, there was approximately 40,900 MW of photovol-
taic capacity in Germany, more than a quarter of which was
installed in Bavaria. Many households are taking advantage
of the opportunity to produce electricity on their own roofs.

INSTALLED PHOTOVOLTAIC CAPACITY IN 2016
PER FEDERAL STATE IN MW

PEAK

1,529
1,555
52
44
3,641 125
2,201 3,270
4,498
1,691
1,314
1,881
2,009
422
5,393 11,637

100 km

Source: BNetzA/BSW (2017), BNetzA (2017)

HOW SOLAR IRRADIATION IS USED TO GENERATE ELECTRICITY:

ool

Just 7 m? of roof surface is enough to satisfy a quarter of
the electricity needs of the average household. There is still
great potential to generate electricity on the roofs of de-
tached and semi-detached homes in Germany.

POTENTIAL FOR ROOF-MOUNTED PHOTOVOLTAICS

PER ADMINISTRATIVE DISTRICT IN MW

PEAK

200 MW
150 MW
100 MW
50 MW

10 MW__ Source: BSW-Solar (German Solar Association),
5 MW EuPD Research (2009)

@ The PV cells generate direct current from the
energy from solar radiation.

@ The inverter converts the direct current into
alternating current so that it can be fed into the
power grid.

© The electricity meters measure how much
power is fed into the grid and how much power
is drawn back out.

OSNABRUCK CASE STUDY: USING SOLAR POWER, 0SNABRUCK'S
ROOFS ARE CAPABLE OF COVERING MORE THAN 100 PER CENT OF THE

ELECTRICITY DEMAND OF ALL ITS HOMES

In 2008, Osnabriick became the first city in Europe to create a
register of solar roof potential. Residents can use this online
tool to find out about the possible solar yield of their house
roofs. This source of information makes it easier for them to
decide whether or not to make the investment and supports
the progress of the energy transition in the local area.

The City commissioned an aerial laser scan, which was then
used to assess the suitability of Osnabriick’s roofs for solar
power. This process makes use of special aircraft whose fu-
selages are fitted with sensors, which scan the entire area
in high resolution. The roof shape, pitch, orientation and
level of shade of almost 70,000 buildings was determined,
allowing the solar power potential of all of the roofs to be
measured. Since then, more than 400 towns and municipal-
ities have followed Osnabriick’'s example.

37% of Osnabriick’s roof surfaces are very suitable or

suitable for solar installations.

N — \
‘

Electricity consumption by
private households in 2015 232 m kWh

If all of the very suitable and suitable
roofs in the city were fitted with photo-
voltaic systems, more electricity could
be produced than is consumed by all of
the private households put together.

The results:

¢ Number of buildings measured: 69,759 out of 73,430
buildings

« Suitable and very suitable buildings: 27,500

e The calculation assumed a module efficiency of 15 per
cent, as was being achieved at the time of the aerial laser
scan by good-quality mono- and polycrystalline silicon
PV cells.

e In Osnabriick, 1 kWp of rated power produces 650-
900 kWh of electricity per year. This requires a PV instal-
lation with a module surface of 6.7 m2.

The yield is dependent on the module’s pitch, orientation
and level of shade. The highest yields are obtained when
the roof is pitched at 35 degrees and faces due south.

_—

=
\ )
—
—
=)

Electricity generation by all
very suitable and suitable
roof surfaces (37%)

249 m kWh

No. 20 Maschstrafie

Max. installable module area: 13 m?
Electricity yield: 1,314 kWh p.a.
Limited suitability

No. 32 Augustenburger Strafie

Max. installable module area: 13 m?
Electricity yield: 1,681 kWh p.a.
Very suitable

Source: SUN-AREA (2008)



Solar thermalinstallations use collectors to convert
energy from the sun into heat energy. In Germany,
solar heat is mainly used to heat water for washing
and showering, or for space heating.

It is, however, also possible to use solar heat for
cooling. The use of solar thermal-driven chillers is
a future-orientated option for reducing the electri-
city demand for air conditioning. The big advantage
of this technology is the seasonal correlation be-
tween cooling requirements and solar irradiation.
After all, the sunnier it is, the higher the demand for
cooling is, too. There is, therefore, an opportunity to
use the same system for cooling in the summer and
heating in the winter.

Up to now, however, only a fraction of the building
surfaces that are suitable for the use of solar ener-
gy is being used.

Building surfaces potential
234,400 ha

2016 fitted with
solar collectors:
1,990 ha

HOW A SOLAR THERMAL INSTALLATION WORKS:

SOLAR COLLECTOR AREA BY FEDERAL STATE IN 2016
IN HECTARES

442
16.4
9.9
3.6
383
1722 7.2
37.5

202.1

127.7

Source: BSW (2017)

@ The sun’s rays heat the heat transfer fluid in
the collector.

@ When the temperature of the liquid is higher
than the temperature in the tank, the solar con-
troller starts the circulation process.

© The heat exchanger transfers solar heat to the
water in the buffer tank.

O The buffer tank also makes the heat available
at night and on cold days.

@ If the heat from the collector is not sufficient,
an additional heating source (e.g. a wood pellet
heating system) is activated.

BERLIN CASE STUDY:

SOLAR THERMAL POTENTIAL IN THE NATION’S CAPITAL

Berlin's roofs are bursting with energy. The potential for
solar thermal installations is particularly great. So far, only
24.5 hectares of solar collectors have been installed in Ger-
many'’s capital since 2001. Although the trend is growing —
almost a quarter of the systems were installed in 2008 -
the roof surface potential is far from being fully exploited
yet. This has been demonstrated by the pilot project “Berlin
Solar Atlas”. The publicly accessible Internet portal informs
users not only about a photovoltaic system'’s possible elec-
tricity generation, CO, savings and investment costs, but

FEDERAL PRESS OFFICE
The solar thermal instal-
lation on the roof of the
Press and Information Of-
fice of the Federal Govern-
ment (Federal Press Office
for short) has a total area
of 348 m? and is fitted with
evacuated tubes. The solar
heat is used in the summer
to operate two absorption
chillers, which partially
cool the building. In the
winter, the heat is needed
to support the heating
system.

also about the solar thermal potential in the selected pilot
regions. One such project area, “Friedrichstrasse”, encom-
passes 5,837 buildings on an area of land covering 1,000
hectares. With a total roof area of 71 hectares, 3,926 build-
ings are suitable for the exploitation of solar thermal ener-
gy. Approximately 4,500 kWh of heat per year is produced
by just 10 m? of solar collectors. This represents about
one-fifth of the annual heating requirement of an average
household.

Usable area in m?
per building

5,000

3,000-5,000

1,000-3,000

|

250-1,000

H

up to 250

1

Source: Berlin Partner GmbH (2009)




LIEBEROSE CASE STUDY:
PHOTOVOLTAICS PUT ABANDONED MILITARY SITES TO GOOD USE

25 km|
Redevelopment sites

Buildings and industrial use

Transport infrastructure
Areas in agricultural use

Woodland

Water bodies

REDEVELOPMENT SITES

In Germany, there are around 350,000 hectares of
former military land or military sites that will be
decommissioned in the near future. Because rede-
velopment sites are often nature reserves, only part
of this land can be used for photovoltaics. Never-
theless, there remains a large amount of potential
space for ground-mounted (free-field) solar power
plants. This is demonstrated by this real-life exam-
ple from Brandenburg.

Covering an area of 27,000 hectares, the military
training camp at Lieberose was the largest in the
former GDR. After the withdrawal of the Soviet
Army in 1992, the site passed into the ownership of
the federal state of Brandenburg — including all of
its residual pollution. Besides live ammunition, on
an area of about 400 hectares, chemicals in partic-
ular constituted a hazard and contaminated the soil
and ground water. Today, the site is being used to
generate eco-friendly electricity.

Lieberose redevelopment site
Former chemical depot and testing centre —
today, the site of the Lieberose solar farm

LIEBEROSE SOLAR FARM

The Lieberose solar farm not only produces clean
energy, but also ensures that dangerous ammuni-
tion is removed from the former military training
area. The 5 million euros needed for this clean-up
was financed by a one-off payment by the solar
power plant’s investors and the rental income for
the site. This makes Lieberose a shining example of
the successful combination of high-tech and active
conservation.

Commissioning: 2009

Footprint: 162 ha
(more than 210 football pitches)

Module area: approx. 50 ha
approx. 700,000 thin-film modules

Capacity: approx. 53 MW

SENFTENBERG CASE STUDY:
GERMANY’'S LARGEST SOLAR THERMAL INSTALLATION

In September 2016, the largest thermal solar plant in
Germany went into operation in Senftenberg, a town of
25,000 inhabitants. The plant was built by the municipal
utilities company Stadtwerke Senftenberg on an area of
about 2.2 hectares and is expected to produce around four
million kilowatt-hours of heat per year. It is comprised of
1,680 tube collectors that generate heat during the average
1,700 hours of sunshine a year. In the summer months, the
base load is almost completely covered. Demand above that
level is met using natural gas-fired boilers. In combination,
the systems have replaced the old pulverised lignite-fired
boiler and supply heat to more than 10,000 inhabitants.

As a result of the plant's shrewd planning, there is no
call for additional storage. Its short build time of just six
months is also worthy of note. The availability of the re-
stored former landfill site at Laugkfeld proved to be ben-
eficial to those in charge of the project when planning the
solar thermal installation. It provided an area of sufficient
size on which to build the “solar power plant” and was ide-
ally positioned to allow connection to the district heating
network. The project is funded by an investment grant from
the KfW development bank’s “Renewable Energies Premi-
um” programme.

SOLAR DISTRICT HEATING PROJECTS IN GERMANY

Bramfeld, Hamburg 3,000 m?

. In operation: Wilhelmsburg, Hamburg 1,348 m? @

approx. 49,450 m?
@ Inthe planning/implementa-
tion stage:

approx. 5,000 m? Kronsberg, Hanover 1,350 m2 ®

In the preparation stage:

approx. 32,900 m? Senftenberg 8,300 m? .

@ Disseldorf 200 m?

Po6Bneck, Jena 99 m? @

@ Brinckmanshéhe, Rostock 1,000 m?

‘ Mimmelsberg, Hamburg 2,000 m?
Harburg, Hamburg 477 m?

@ Chemnitz 1,700 m?

Annual yield: approx. 53 m kWh
(equivalent to the annual requirement of
around 15,000 homes)

In the preparation stage:
@ Neuerkirch-Kiitz 1,400 m? 8 plants totalling
approx. 32,900 m?

Neckarsulm 5,670 mz. ’
I 7
Eggenstein 1,600 m2@ Crailsheim 7,300 m

Burgholzhof, Stuttgart 1,635 m? @@ E;Z['if\ztersqeégauggart 1,000 m?

Augsburg 2,000 m?

Moosach 3,000 mz..Munich 2,900 m?
Freiburg-Gutleutmatten 2,000 mz.

S , @
Biisling= Ny Qe @ Friedrichshafen 4,050 m?

Source: Soltes, E. Augsten (SW&W); version date: 2016
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- 2030: 1,067,000 ha

Source: BMWi, Nitsch (2016) (Climate Scenario 2050), own calculations



GEOTHERMAL ENERGY POTENTIAL DEPTHS GEOTHERMAL ENERGY

POTENTIALS OF GEOLOGICAL FORMATIONS Downhole heat exchanger Downhole Hydrothermal Petrothermal Hydrothermal
(with heat pump) heat exchanger system system system
(without heat pump)

Near-surface geothermal energy
Near-surface geothermal energy utilises energy stored

in groundwater or in the layers of the Earth at depths of I with heat pumps ¥y \ '

Near-surface geothermal energy

up to 400 meters. The prevailing temperatures of 8 to suitable

12°C at these depths can be harnessed to supply space for heat generation
and water heating through the use of heat pumps, hori-
zontal geothermal heat exchangers or downhole heat
exchangers. Heat pumps are also increasingly used to
cool buildings and excess heat is stored in the soil for
the winter.

1.000m 4040 °C

2,000 m 60-80 °C

Deep geothermal energy > .

The term “deep geothermal energy” refers to the use Hvdroth L t : — N
of heat from the ground at depths of between 400 and ycrotherma’ systems b - 3000m \ -/ —

6,000 metres. Temperatures are far higher than in T e 100-130 °C \%\/
near-surface geothermal systems. As a result, deep .

geothermal energy can also be used for power gen- suitable for power

eration in addition to heat supply. Power generation is and heat generation

economically feasible starting at around 90 °C.

primarily suitable

for heat generation 4,000m 130-170 °C

While hydrothermal systems utilise hot thermal water
for electricity and heat generation, petrothermal sys-
tems are completely dry. That is why water is inject-
ed under high pressure into the dry rock at depths of
approx. 2,000 to 6,000 m. This produces fissures less
than one millimetre wide, which serve as paths used _ e 5000m 160-190°C
to heat cold liquids with the natural heat from the hot =,

rocks. The high temperatures can then be used to gen- ot ] : &
erate electricity and heat.

Source: TAB (2003)

Faults are natural cracks in the earth. These frac- ¢ 190-220 °C ’ w
ture zones conduct liquids at a higher rate than the Petrothermal systems . HUUDITD -

surrounding rock. Rising thermal water therefore ac-
cumulates in these fracture zones, transporting heat
towards the surface. This makes faults attractive for I suitable for

<

geothermal use. So far, fault zones have not been used power and heat
for geothermal energy generation in Germany. generation . 7,000 m over 220 °C

Geothermal resources for power generation
Even the capacity of the smallest geothermal resource
(hydrothermal) corresponds to approximately five

times the German annual electricity requirements.
yreq The deeper we penetrate into the Earth’s interior, the hotter it is. In

Germany, temperatures increase on average by around 30 °C per
kilometre. This means 40 °C is reached at a depth of 1,000 m, 70 °C at a
depth of 2,000 m and 100 °C at a depth of 3,000 m. However, these values
often vary greatly by region. Deviations from the standard are called heat
anomalies. Areas with significantly higher temperatures are particularly
attractive for energy generation, where temperature readings already rise
to several hundred degrees Celsius at shallower depths.

Source: TAB (2003)

Faults
(hydrothermal systems)

In addition to temperature, geological conditions are also relevant for

suitable for geothermal use. Depending on soil condition, various technical procedures
1% Hydrothermal / power and heat are used to generate heat and power.
systems generation

4 % Fault zones

95 % Petrothermal
systems

Source: TAB (2003)

Source: BGR



GEOTHERMAL HEATING STATIONS ANDé)WER PLANTS IN OPERATION AND UNDER CONSTRUCTION

2
Q

@

o 0¢

. Building and district heating

Heat and power

Heat and, to some extent, electricity are produced at about 230 large geothermal plants in Germany. These plants have a
total capacity of around 4,200 MW. Deep geothermal energy is especially used to heat thermal baths and building complex-
es. 21 geothermal combined heat and power plants feed heat into a local heat network, while 10 geothermal power plants
generate electricity. An additional 11 plants are currently under construction. At the end of 2016, 30 deep geothermal
plants were in the planning stage, according to figures from the German Geothermal Association (BVG).

UNTERHACHING CASE STUDY: HOW HYDROTHERMAL
HEAT AND POWER FROM THE GEOTHERMAL ENERGY WORKS:
GEOTHERMAL POWER PLANT

Commissioning 2008
Development concept Hydrothermal
Method of power generation Kalina cycle
Drilling depth approx. 3,400 m
Pumping temperature of thermal water 122 °C
Aboveground drill hole spacing 3,500 m
Underground drill hole spacing 4,500 m
Electrical output 3.4 MW
Thermal output 38 MW,

From depths of 2,000 to 4,000 metres, @ thermal
water at a temperature between 90 and 150 °C is
pumped to the surface.

In the first heat exchanger @, the thermal

water transfers its heat to a rapid

evaporation heat transfer medium ©.

The steam powers the generator

to produce electricity via a turbine @, before con-
densing and cooling back down @.

The thermal water is then still hot enough to
transfer heat to a local heating network system
in a second heat exchanger ®. The cooled water
is then pumped back into the Earth, where it is
heated once again @.

With a thermal output of 38 MW, the Unterhaching
plant near Munich is one of the largest geothermal
power plants in Germany.



GEOTHERMAL ENERGY NEAR-SURFACE NEAR-SURFACE GEOTHERMAL ENERGY

HEAT PUMPS CAN COVER THE ENTIRE HEATING REQUIREMENTS OF A HOME RIESA CASE STUDY:
GEOTHERMAL ENERGY MEETS THE HEAT REQUIREMENT OF A SINGLE
FAMILY HOME

The basic operation of a heat pump is principally identical THERMAL ENERGY AVAILABLE AT ADEPTH OF 40 M
to that of a well-known everyday device: the refrigerator.
While the refrigerator extracts heat from its interior and
releases it outside, a heat pump extracts heat from the
outside environment and releases it as heat energy to the
house. The process is thus the exact opposite. A heat pump
generates heat from approximately 75 per cent natural-
ly-occurring ambient heat and 25 per cent drive energy
(i.e. electricity), which is needed for heating and hot water
preparation. However, it can also be used very effectively
for cooling.

The heat required for an average single
family home can be provided by a geother-
mal heat pump with a capacity of around
12 kW.

Geothermal heat pumps are particularly efficient in meet-

ing the heating needs of a household. The utilisation poten-

tial of near-surface geothermal energy depends on

« the thermal conductivity of the rock

« the specific abstraction capacity. This parameter indi-
cates how much geothermal energy can be sustainably
extracted from the ground without removing too much or
too little heat to meet the current heat demand.

On-site geothermal energy
at a depth of up to 40 m

50.1 - 52.5 W/m heat abstraction rate
x40 m

=2,004t02,100 W
=2.0to 2.1 kW
Ambient air can also be used as a heat source for a heat pump located in the garden.
The required heat output of 12 kW can be
attained, for example, by six ground probe
drills at a depth of 40 m each

(6 x 2.0 kKW = 12 kW).

In most cases, it is better to conduct just
one or two deep ground probe drills instead
of many smaller drill holes for the same
heat source.

HOW NEAR-SURFACE GEOTHERMAL ENERGY WORKS:

I 2 km I Source: LfULG (2009)

A liquid (e.g. water) is heated to around 10 °C in a geother-
mal probe @ at a depth of approx. 10 metres.

The geothermal heat pump @ transfers the geothermal
heat from the geothermal probe to a heat transfer medi-

. . . Heat abstraction rate in watts per metre
um. This is heated by an increase in pressure — the geo-

at 1,800 annual operating hours

thermal heat pump is essentially a reversed refrigerator. [
It requires approx. 1 kilowatt-hour of electricity to provide B 401-425
a heat output of 3 - 5 kilowatt-hours of heat. B 5445
T 45.1-475
The buffer storage ® collects the geothermal energy to —
use it for space heating and water heating. ——
I 526-55
A geothermal heat pump can cover 100 per cent of the = :3;2;5
heat demand of a building. B over 01

Geothermal energy at the same site
at a depth of 100-130 m

52.6 — 55 W/m heat abstraction rate
x130m

PRINCIPLE OF THE GEOTHERMAL HEAT PUMP

O

=6,838t07,150 W
=6.8t07.1 kW

O

Thus, two 130-m probes provide a heat out-
put of 13.6 kW (2 x 6.8 kW = 13.6 kW).

Since a heat output of only 12 kW is typically
needed, two probes at a depth of 115 m
would suffice (52.6 W/ m x 115 m = 6.05 kW;

The ground warms the liquid The heat transfer medium in The electric compressor in the heat pump com-

in the probe to 10 °C. the geothermal heat presses the vapour. This in turn increases its 2x 6.05 kW =121 kW).
pump absorbs the heat and temperature. The heat can then be used for space
quickly evaporates. and water heating.

2 km Source: LFULG (2009)



HIGH YIELD
FROM LITTLE LAND
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BIOENERGY LAND REQUIREMENT LAND REQUIREMENT BIOENERGY s,

THE GERMAN LANDSCAPE IS PRIMARILY COVERED BY FARMLAND, WHAT WILL BIOENERGY WHERE DOES THE EXTRA LAND FOR
GRASSLAND AND FORESTS. BE USED FOR IN 2030? BIOENERGY COME FROM?

Buildings and Agricultural lands Forest Waters Recreational Bioenergy land The demand for animal feed and food products, as well as
industry 18.46 m ha 10.93 m ha 0.85m ha (s)p&ce N use in 2015 for residential areas, will decrease as a result of the pop-
2.77 m ha e 2.0m ha ulation decline in Germany. At the same time, crop yields
Traffic areas Other continue to increase slightly. Consequently, additional land
1.81mha Spf‘;fn ha will be available for energy crop cultivation without jeop-

ardising Germany's self-sufficient food production. Germa-

. . ny will continue to be a major agricultural exporter while

9'9 m ha short rotation plantations, bioenergy ensures greater national climate protection in

i.e. willows and poplars agriculture. For example, Germany contributes around one-
(electricity/heat) fifth to EU wheat exports.

1.0 m ha biogas
(electricity/heat)

Total land area: 35.738 m ha HOW MUCH ENERGY COMES FROM ONE HECTARE:

Source: German Federal Statistical Office, 2015

IN 2015, MORE THAN HALF OF THE AGRICULTURAL LAND WAS USED FOR ANIMAL FEED. 2.3 m ha biofuel
including biomethane

Margin: without gardening land, heath, (transport)

marshes, operating space, etc.

6 Around 40% of the area used for bio- el =
energy is simultaneously used for the
production of animal feed, since feed
such as rapeseed meal and dried dis-
tillers grain are by-products of rape- Potential area for
seed oil and bioethanol production. bioenergy in 2030 1 ha of maize
4.2 mha = approx. 45 t of yields

approx. 9,000 m? of biogas

Feed Food Material Bioenergy
9.4 m ha 6.1 mha use = 18,000 kWh_ = electricity for 5 households
0.3mha 2.0 m ha Source: DBFZ; DLR et al. (2012) + 12,000 kWh, = heat for 0.6 households

Agricultural lands: 17.8 m ha

Source: German Federal Statistical Office

PREPARING THE GROUND FOR THE ENERGY TRANSITION

WHICH ENERGY CROPS WILL BE USED AND HOW?

In 2015, German farmers utilised around 2.0 million hectares to cultivate energy crops such as rapeseed, maize and grass.
They supplied reliable energy, heat and fuel using renewable resources, thereby ensuring the reduction of more than 61 mil-
lion CO, equivalents. Bioenergy may soon see a moderate growth, facilitating climate protection from the countryside.
for biodiesel,
Rapeseed vegetable
oil

Bioenergy land use: 3.7 m ha
= approx. 22% of the agricultural
land in Germany (16.7 m ha)

Other agricultural land: 13.2 m ha

bioethanol {¢

biogas — Q)

wood pellets,
woodchips

Sugar beet

2030

Grains
(wheat, maize)

What will be grown to produce what on
bioenergy land in 2030?

Poplars, willows

| Source: AEE/BEE/DBFZ

Rapeseed Grains and Maize, grains, etc. for  Poplars and willows
for biodiesel sugar beets for biogas (electricity, for wood pellets and
(fuel) bioethanol (fuel) heat, fuel) woodchips
1.5mha 0.7 mha 1.2mha (electricity, heat)

0.3 mha

Source: AEE/BBFZ/AEE (calculation basis 2020)



BIOENERY PROCESSING

HOW A BIOGAS PLANT WORKS

Biogas can be produced from slurry, solid biomass and organic waste.
Waste from three cows — corresponding to up to 4.5 cubic metres of gas -
can cover the electricity needs of an average household for one year. Re-
newable resources annually provide 6,000 (pasture grass) to 12,000 cubic
metres (silage maize) of biogas per hectare.

Biomethane processing plant
The methane content of the
biogas is increased to adapt it to
conventional natural gas.

Biogas -

Natural gas network
1 ha of energy crops

such as maize, wild plants, tall

wheatgrass natural gas networks ...

| Gas storage |
Fermented residuals The resulting biogas is stored in ||
are used as fertiliser or are com- | the top of the digester directly |
posted. This substantially reduces - above the fermenting biomass. | Cogeneration power plant (CHP)
the use of mineral fertilisers in 1 | The biogas is combusted to

Biogas filling station
...or be used as fuel.

The processed biogas can be
fed directly into the existing

RESIDUAL MATERIALS BIOENERGY

WHERE DO THE EXTRA RESIDUAL MATERIALS COME FROM?

Potential for straw

The potential for utilising straw for
energy generation is over 1,000 kWh
per person in several regions in
north-eastern and central Germany.
If processed in biogas plants, this
would be sufficient to cover one-
third of the regions’ annual energy
consumption.

Potential for slurry

The potential for utilising slurry and
other animal excrements for energy
generation is over 1,000 kWh per
person in several regions in nor-
thern Germany. If processed in bio-
gas plants, this would be sufficient
to cover one-third of the regions’ an-
nual energy consumption.

Potential for residual forest
biomass

The potential for utilising residual
forest biomass for energy genera-
tion is over 2,000 kWh per person in
several regions in north-eastern and
southern Germany. If processed in
wood-fired power plants, this would
be sufficient to cover two-thirds

. agriculture. ' generate electricity and heat in a

| cogeneration plant.

of the regions’ annual energy con-
sumption in addition to heat. This is
without taking into account the po-
tential of scrap wood and industrial
wood waste.

Gas engine

I

/

Generator

Energy crops or

biodegradable \ Digestate tank

waste \ i Once the biomass is
\ fermented in the digester,

it passes through the

digestate tank to then

be used as high-quality

fertiliser.

Animal excrements

Annual potential/person in kWh

Residual straw

Annual potential/person in kWh

Weak and scrap wood

Annual potential/person in kWh

<139
139-417

417-833
833-1,250
>1,250

<556
556-1,11

¢ s
1.111-1,667 o3,
1,667-2222 .

Process heat

heats the digester. Process heat
is fed, for example,

into the district heating
network.

Livestock

Digester
In this container, the biomass is digested by
microorganisms in the absence of light and
oxygen. Methane and carbon dioxide are
produced as a result of this fermentation
process.

Biodegradable
waste

Preliminary tank
Collecting tank for biomass

WHERE BIOENERGY COMES FROM: ENERGY CROPS AND RESIDUAL MATERIAL

If the residual materials had to be specifically produced for this process, the amount of biomass used in bioenergy production
would today occupy an area of 2.6 million hectares. There is still an abundance of possibilities to use more residual material
and waste for the energy transition. Germany must mobilise further potential if it wants to reach its energy and climate goals,
as in the case of energy crops.

\.v‘& ¢ -
_--l_ o
. WO0OD ENERGY -

Residual material and waste Residual material and waste Energy Wood fuel  Imports Additionally ENOUGH SUPPLY FOR PLENTY OF HEAT
(unexploited potential) (already in use) crops from forests 66 PJ required biomass
448 PJ 541 PJ 247 PJ 131PJ 482 PJ At 70 per cent, wood is by far the most extensively used

renewable heat resource. The efficient, eco-friendly use
of wood energy is essential in reducing greenhouse gas
30 cows emissions and our dependence on fossil fuels. Stand-
approx. 540 t of cattle slurry ardised wood fuels like wood pellets are highly effective
approx. 13,500 m? of biogas heat supplies for single and multi-family homes, as well
as increasingly for local heat networks, as they have an
efficiency rate of over 90 per cent. They will account for
a significantly higher percentage of renewable heat on a
medium-term basis.

Source: FNR

WHICH RESIDUAL MATERIAL WILL BE USED AND HOW?

Slurry, manure,
straw

31,500 kWh,,
20,000 kWh,,

electricity for 9 households
heat for 1 household

+

Crop residues, organic

waste
Thi h d d Wood is a renewable resource, like biomass from energy
IS much wood grows every second. crops. In terms of supply, Germany is far ahead of the rest
Waste fat of the European countries. Within the last ten years, the
Around 122 million cubic supply of wood has continued to rise by 7 per cent, accord-
metres of wood grow in Ger- ing to the latest National Forest Inventory. Forests therefore
Scrap wood many each year. This equals offer further potential for sustainable use in many regions.
4 cubic metres of wood per
second, equivalent to a cube
Source: www.bundeswaldinventur.de

Sewage sludge with a side length of 1.6 m.
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NORDSTRAND CASE STUDY:
BIOENERGY FROM NEIGHBOURS FOR NEIGHBOURS

Biogas is the most readily available O

form of energy on the North Sea
coast in Nordstrand, Schleswig-Hol-
stein. The movers and shakers at
Nordstrander Inselenergie GmbH &
Co. KG ensure that power and heat Dennis Delfs
from their biogas plant benefit the

residents of the municipality. Not \Igged’g%rn-Peter
only biomass, but also expertise, Karlé/)?ell;ert
capital and personnel come predom-

inantly from the municipality.

Dr Jenny
Matthlesen

The biogas plant produces about
one and a half times the energy con-
sumed in Nordstrand per year and
supplies roughly one-tenth of the

residents with heat.

Werner-Peter Paulsen is a
sheep farmer and the may-
or of Nordstrand. He brings
the sheep manure from his
flock to the biogas plant on
Karl-Volkert Meyer's farm-
land. The sheep manure, along
with the manure and slurry
from neighbouring dairy farm-
ers, is fermented in the digest-
ers to produce biogas.

Karl-Volkert Meyer is a farmer. He grows pota-
toes and barley, among other things. The bio-
gas plant digesters are located on his farm. He
“feeds” the digesters with a multitude of resid-
ual materials, along with energy crops that he
cultivates, to produce biogas. Amongst these
are oats and beans that produce humus in the
soil, as well as grasses that protect his land
from erosion. He founded the energy company
Nordstrander Inselenergie GmbH & Co. KG with
his neighbour Thorben Holsteiner.

Dennis Delfs is a heating engineer at Maschinenringe
Schleswig-Holstein Energie Pool. He connects the people
of Nordstrand to the biogas plant's heat network. Over
100 houses and other buildings in Nordstrand are supplied
by a total of more than 8 km of heat network piping.

Dr Jenny Matthiesen is a member of the
Registered Cooperative of German Green
Energy Producers (GDGE). The association
buys electricity produced by Nordstrander
Inselenergie’s cogeneration plants to sell it
as needed. In the event of an energy surplus,
energy generation is curbed and the biogas
is stored. When demand increases, energy
generation is then quickly elevated.
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HYDROPOWER

_ (mostly < 1 MW capacity)

Around 6,400 hydroelectric power
plants are compensated for their
generated power in.acegrdance
with the Renewable Energy " X
Sources Act (EEG). Around 6,000 4‘.
of these hydroelectric plants have * *

an installed capacity of under one .
megawatt.

However, approximately 170 hy-
droelectric plants with an installed
capacity of over one megawatt
market theselectricity they produce
outside of the EEG framework or
are used to self-supply electricity.

Hydroelectric plants with
EEG remuneration

s
Hydroelectrig plants without .
EEG remuneration ’
(mostly > 1 MW capacity) 2 .
.Pumped-storage power plants
i
Source: Ingenigurbiiro Floecksmiihle (2009),
BKG (2007)
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-
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HYDROPOWER

-

The use of hydropower is technically mature and has a long tradition.
Nevertheless, there is still potential for expansion, because the ma-
jority of the hydroelectric power plants with an installed capacity of
more than 1 MW were built before 1960. Growth is therefore especially
feasible through the renovation of existing plants and their associated
ability to attain higher outputs.

Potential can also be found in the reactivation of plants that were de-
stroyed during the Second World War or that were shut down in the
1960s and 1970s. These plants can be re-commissioned using modern
technology and at the same time offer enhanced nature and water
protection.

Additional expansion potential of hydropower is estimated at around
1,000 MW or 3.0 billion kWh p.a. and is thus relatively small. A large

percentage of this potential (around 80%) can be tapped by expanding
and converting existing large-scale installations (= 1 MW).

Share in the energy supply in 2016 and 2030

E E 2016 I:l 20.5 bn kWh p.a.
“[ &% Electricity 2030 Il 23.1

bn kWh p.a.

43

Source: BMWi, Nitsch (2016) (Climate protection scenario “Klima 2050")
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HYDROPOWER TECHNOLOGY

PERCENTAGE OF HYDROPOWER ELECTRICITY GENERATION IN GERMANY ACCORDING TO OUTPUT CLASS

5-10 10-20
MW MW

PERCENTAGE OF INSTALLED HYDROPOWER PLANTS IN GERMANY ACCORDING TO OUTPUT CLASS

Source: Analysis from IBFM and Hydrotec, EEG data from the Federal Network Agency, BMWi (2015)

Small hydroelectric power plants with a capacity of up to
5 megawatts represent approximately one-third of all hy-
dropower electricity production. Over 95 per cent of the
hydroelectric plants in Germany were installed with this
level of output (totalling 1,400 MW). From a climate pro-
tection perspective, it is still important to expand and ren-
ovate small hydroelectric plants. The goal must be to pro-
mote all possibilities for CO,-free energy supply that are
aligned with the concerns of water and nature protection.

HOW A RUN-OF-RIVER HYDROELECTRIC PLANT WORKS

A run-of-river (ROR) hydroelectric plant continuously
generates power from flowing water in a dammed river.
With a flow rate of e.g. 600 cubic metres of water per
second, it can achieve an output of around 26 megawatts.
There are approximately 600 of such power plants in r—
Germany, some of which are more than 100 years old.
Combined, they feed more than 2,600 megawatts of
electricity into the grid.

Generator

Diffuser

Shape and diameter of the inflow and
diffuser have a decisive effect on the —
water flow and thus on the efficiency

of the turbine.

.

Water level

Downstream water

Difference in height | :I

between 4 and 30 metres ——

Bypass watercourse or
fish ladder

allows fish and other
aquatic animals to pass by
the weir.

Transformer

The hydropower potential of a given location depends on
geographic factors such as altitude difference and dis-
charge quantity. Most hydroelectric plants, therefore, use
lakes and rivers in the mountains and highlands. This is
particularly evident in the regional distribution of ROR hy-
droelectric plants under 5 MW: these installations are pri-
marily found in the states of Bavaria, Baden-Wirttemberg,
Hesse, Rhineland-Palatinate and Thuringia.

HHWY‘—’ B
|

Electricity

Upstream water

Inflow

Turbine

In run-of-river power plants, this is usually
a vertical Kaplan turbine with optimum
efficiency in high flow and low head.

Weir
regulates water level.and flow
-

o .
I. S Dammed river

Engine house

POTENTIAL HYDROPOWER

NORTH RHINE-WESTPHALIA CASE STUDY:
EXISTING DAMS OFFER GREAT POTENTIAL
FOR THE USE OF HYDROPOWER

MORE THAN 14,000 EXISTING DAMS There are approximately 14,000

ﬂ dams in North Rhine-Westphalia and

60,000 in all of Germany. The dams
were built to retrieve drinking and
service water, to irrigate adjacent
lands, to benefit navigation or to uti-
lise hydropower. The building struc-
tures that have been artificially in-
troduced into the bodies of water can
have a negative effect on the connec-
tivity of the respective watercourses.

4

50 km |

Source: MUNLV (2005)

Less than 15 per cent of the dams in
Germany are utilised by hydroelec-
tric plants. More than 85 per cent of
the obstructions to the flow of water
are therefore not a result of hydro-
power activity.

In North Rhine-Westphalia, just 3 per
cent of the dams are utilised by ac-
tive ROR hydroelectric plants.

In areas with existing dams, the use
of power generation can provide new
ecological benefits, for example fish
ladders or fish passes that serve to
restore the connectivity of dams. This
connectivity is a crucial prerequisite
for colonisation by migratory species
of fish such as eel or salmon. The al-
ready limited potential for expansion
of hydropower can be developed in
harmony with nature using ecologi-

| cal monitoring of construction.
50 km

. ROR hydroelectric
power plant

Source: MUNLV (2005)



HYDROPOWER PRACTICAL APPLICATION

RADOLFZELLER AACH, WESER AND MULDE CASE STUDIES:
EXPLOITING POTENTIAL THROUGH REACTIVATION,

CONSTRUCTION AND INNOVATION

People have been using the force of streams and rivers to
generate energy for centuries. Hydropower has also been
used to generate electricity since the mid 19th century.
However, many water wheels and mills were destroyed
during the Second World War. Additionally, many instal-
lations were shut down in the 1960s and ‘70s. The re-
activation and renovation of these facilities holds great
potential.

RADOLFZELLER AACH CASE STUDY:
REACTIVATION OF SMALL HYDROELECTRIC PLANTS
AND NATURE CONSERVATION GO HAND IN HAND

The hydroelectric power plant in the Radolfzeller Aach trib-
utary had formerly been used by a nearby spinning mill and
was shut down in the 1970s. The hydroelectric plant was re-
activated in 2004 and now supplies electricity to 200 house-
holds. Before reactivation, the riverbed was completely
obstructed for both fish and small organisms. This had a
negative effect on the entire river ecosystem.

In the course of reactivating the hydroelectric plant, living
conditions at the site could be improved and the connectivity
of the water body was substantially increased thanks to a fish
ladder, among other things.

Data and facts

Constructed 1896
Renovated 2004

Installed capacity 120 kW
Electricity production 0.7 m kWh p.a.

Reactivated hydroelectric plant in the Radolfzeller Aach tributary

The use of hydropower is partly criticised by fishermen
and nature conservationists. The following case studies
show that hydropower expansion and nature conserva-
tion are not mutually exclusive — on the contrary, nature
protection and modern hydroelectric plants go hand in
hand.

Radolfzell

Lake Constance

PRACTICAL APPLICATION HYDROPOWER

EXAMPLE OF BUILDING POTENTIAL:
WESER POWER PLANT IN BREMEN

In the case of the hydroelectric plant in Bremen, a pre-
existing weir was used instead of building a new one. The
Weser Hydroelectric Plant is the largest hydropower con-
struction project in northern Germany. The installation will
also be the largest hydroelectric plant on the Weser River.
The project sets ecological standards: it provides for an in-
novative fish protection concept that is unprecedented for
a power plant of this size. It uses extensive ascending and
descending ladders in addition to a system effectively pro-
tecting the fish from passing through the turbines.

Clean electricity from the Weser Weir

1906-12 Construction of a lock system,
weir and hydropower station in
Bremen-Hemelingen

1912 The only German hydroelectric
power plant enters operation at
the lower course of a river

1981 Severe flooding of Weser
(approx. 25 m euros in damages)

1987-93 Demolition of old weir and
construction of new one

2003-06 Planning for a new power plant

2007 Approval of plans

2008 Start of construction

2011 Commissioning of the new

Weser Power Plant

Data and facts

Capacity 10 MW
Electricity production 42 m kWh p.a.
Commissioning November 2011

EXAMPLE OF INNOVATION POTENTIAL:
HYDROELECTRIC PLANT IN RAGUHN

Water wheels have been around for 2,500 years. Never-
theless, there is still room for technological development
in hydropower. Latest example: the hydroelectric plant in
Raguhn (Saxony-Anhalt) uses new turbines with a particu-
larly high efficiency rate. In this case, hydropower benefit-
ed from the further technological development of wind tur-
bines. These advances can be successfully transferred to
the construction of turbines for hydroelectric power plants.
This allows sites with low head to be developed as well.
Moreover, the Raguhn Hydroelectric Plant has an extremely
fish-friendly design. This is supplemented by a comprehen-
sive fish monitoring system. The result: animals and plants
welcome the hydroelectric plant as a part of their habitat
since its installation in January.

Data and facts

Capacity 2.1 MW
Electricity production 9.3 m kWh p.a.
Commissioning June 2009



ENERGY TRANSITION RESEARCH

RESEARCH FOR THE ENERGY TRANSITION

By 2050, Germany aims to reduce its greenhouse gas
emissions by 80 to 95 per cent compared to 1990 levels.
Within just three decades, the existing energy system
must therefore be completely reconfigured: required are
a dynamic expansion of the share of renewable energy, a
rapid increase in energy efficiency and further develop-
ment of the energy supply structure. Innovative technolo-
gies, products and concepts are necessary to meet these
challenges and successfully implement the energy tran-
sition. The groundwork for this is provided by excellent
energy research. Research funding is also an important in-

strument of economic policy. As a result, German companies
are aided in further expanding their strong starting position
in the field of modern energy technologies through innova-
tion and research. These measures aimed at strengthening
the economy also positively affect growth and employment
in Germany. The domestic economy is not the only thing that
profits from exporting green products and technologies.
Likewise, climate protection efforts from other countries will
be supported with “made in Germany” energy technology -
an important German contribution to the implementation of
international climate protection policy.

RESEARCH FUNDING FROM THE FEDERAL GOVERNMENT

The first energy research programme, “Energy Research
and Energy Technologies”, was approved by the German
Federal Government in 1977. Although this was the first
programmatic foundation for research on non-nuclear
energy technologies and energy efficiency, renewable en-
ergy was still considered a “niche technology”. Since the
6th energy research programme (2011), energy research
is now completely geared towards the energy transition. To
accomplish this, large research communities such as the
Helmholtz Association or the Fraunhofer Society are fund-
ed over longer periods, while, on the other hand, concrete
and time-limited projects are also funded in companies,
research institutions and universities. Thanks to this kind
of project funding, it is possible to regularly adapt priori-
ties to new findings. Furthermore, the cooperation between
industry and science is supported through joint research
projects. This helps to harness synergies and to more read-
ily integrate research results into production technologies
and processes.

The focus of energy research — renewable energy and en-
ergy efficiency — is also reflected in the available budget:
the German Federal Government issued approximately
876 million euros in subsidies for research and innovation
in the field of energy during 2016. In comparison: the bud-
getin 1977 amounted to just 51 million Deutschmarks (134
million euros). In the past 40 years, around 17,300 projects
were funded using a total of 12 billion euros.

The Federal Government’s energy research strategy is es-
sentially open to all types of technologies supporting the
energy transition. This means that a wide range of technol-
ogies is funded in order to keep several options open. How-
ever, priorities and key areas of technology development
are also determined in order to avoid ineffective across-
the-board research funding. The Federal Government has
defined the following as priority topics in the field of renew-
able energy and energy efficiency: wind and photovoltaic
power generation, increase in the share of renewable en-
ergy in the heating sector, energy-optimising buildings and
districts as well as promoting industrial energy efficiency.
But even research into the systematic issues of the future
energy supply structure is granted considerable impor-
tance. Here the focus is on the integration of new technol-
ogies in power supply, new grid technologies and energy
storage as well as on sector coupling.

MORE MONEY
FOR RESEARCH AND INNOVATION

Energy-related research funding from the
Federal Government is steadily expanding

2011 2012 2013 2014 2015 2016

Source: BMWi

THE MOST ACTIVE RESEARCH AREAS 2016*

I

€92.76 m
for energy efficiency research

in buildings and districts

€154.13 m
for photovoltaic
solar power

€99.55m
for efficiency research in
industry, business, trade and

services

D

€104.70 m

for wind power

* Measured by the total cost of newly launched projects
Source: BMWi

RESEARCH ENERGY TRANSITION

SCIENCE AND ECONOMY WORKING TOGETHER

The 7th energy research programme is expected to be
adopted in the summer of 2018. In autumn 2016, a broad
participation process was started to spur communication
among players in industry, science and from the federal
states. The energy research networks play an important
role within this process. Through active cooperation in
these expert networks, representatives from industry
and science can directly participate in the development of
the new energy research programme. Up to now, energy
research networks have been established for seven the-
matic focal points of energy research. Participants bene-
fit from the exchange of experience and the possibility to
get to know potential partners for research collaboration
projects. Further objectives of the programme include
accelerating results transfer and enhancing quality as-
surance in participants’ research findings. The results of
the work undertaken by the networks are included in the
strategic considerations for the development of the ener-
gy research policy. A central aspect of the 7th energy re-
search programme will be a stronger application orienta-
tion of energy research to promote the transfer of research
findings into practice.

N

Full house: The in-person meeting of the research network Flexible Energy Conversion
was met with great interest.

Through targeted research funding, the efficiency of photovoltaic solar cells has been steadily increased in recent years.
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A GOOD GRID

S HALF TH

Since its creation at the end of the 19th century, the Ger-
man power grid has been designed to distribute electricity
from central production plants (first coal-fired and hydro-
power plants, then also natural gas and nuclear power
plants) to the centres of consumption. Around 100 years
later, the energy transition process was heralded by the in-
troduction of the Renewable Energy Sources Act (EEG) in
the year 2000. The challenge associated with this process
is nothing short of a complete conversion of the centralised
production structure to a decentralised supply based on
volatile energy, i.e. energy that fluctuates throughout the
day and year. There is no course of action we can follow
from a textbook for this process, instead we are treading
uncharted territory.

Since Germany does not (yet) have any adequate means
of storage, it was decided to significantly expand and re-
inforce the extra-high voltage grid by around 7,500 km,
2,300 km of which are planned to be high-voltage direct
current (HVDC) transmission lines and laid primarily as
underground cables. These measures aim to broadly com-
pensate for the weather-related fluctuations in renewable
energy generation until 2024. After all, wind power is pro-
duced most notably in northern Germany. The capacity of
the onshore-wind-fa yorthern-Germany accounts for
about 40 per cent of the total installed capacity in Germa-
ny. Furthermore, around 40 per cent of the German pho-
tovoltaic capacity is conversely installed in the high-con-
sumption region of the South. When the last nuclear power
plants in Bavaria and Baden-Wirttemberg are decommis-
sioned in 2022 as a result of the nuclear phase-out decision
of 2011, a major share of the local power supply will be cut
off. Powerful “electricity highways” should be transporting
wind power from the North to the centres of consumption
in the South by this time.

~New routes are therefore urgently needed and long over-

due. The German network infrastructure is substantial-r
ly outdated: the transmission networks have been active
for-an-average of 53 years (220 kV towers) and 37 years

{5 1380 kV towers). Some extra-high voltage towers have even

been inuse for 85 years. Investments in network mainte-
nance and new construction declined from the beginning

| of the 1990s until 2003. Since then, they have been slightly
increasing. In 2014, investments totalling four billion euros

reached 1993 levels for the first time. For the German en-

\ ; “ergy transition, this investment backlog now signifies the

opportunity to establish the already necessary power grid

. 'expansion based on renewable energy.

BATTL

The network expansion is progressing, albeit slowly, and
lags behind the aggressive expansion of renewable ener-
gy production. According to a study from Prognos, this is,
however, not an obstacle for continued ambitious capacity
increases to renewable installations (Prognos et al 2016):
in times of higher green energy production, the planned ex-
pansion of the HVDC transmission lines could be reduced
by more than 40 per cent by withholding just five per cent
of the electricity generated from renewable energy from
being fed into the network.

The key to successfully converting the network infrastruc-
ture also lies in the distribution grid. More than 90 per cent
of renewable electricity is fed into this network in Germa-
ny. For around one hundred years, the distribution network
(230 V - 110 kV) was designed only to accept energy from
the extra-high voltage network and to distribute it to the
end consumer. Now it must also “collect” the electricity,
namely from the millions of homes with PV solar panels
or communal wind farms. The distribution grid is also in
need of expansion and reinforcement. At the same time, the
network must become smarter in order to automatically
smooth out any fluctuations in production.

THE EXTRA-HIGH VOLTAGE GRID

MODERNISATION REQUIREMENTS AND PLANNED

EXPANSION

Existing

extra-high voltage grid

35,000 km
3,100 km 1,800 km —
Line rein- 2,550
forcement and New con-
optimisation of struction

existing network

EnlAG or BBPG



HOW GERMANY'S ELECTRICITY SUPPLY WORKS

The power grid in Germany was traditionally designed to work
in one direction. The extra-high voltage grid or transmission grid
transports the electricity from large-scale power plants over long
distances to the consumption centres. The high-voltage networks
distribute the electricity throughout a larger region to the medi-

um-voltage networks. From there, it flows into the local low-volt-
age networks, to which small power consumers are connected.
Thanks to the development of wind and solar energy, load flows
are now periodically bi-directional. Then, electricity flows from the
lower to the higher voltage levels.

|(Large power plants 2
e - traditional load
coal-fired and nuclear :ra itional loa
power plants, offshore i flows
wind farms Extra-high voltage grid ;
220 or 380 kilovolts (kV)
— weather-dependent
Four transmission system oper- load flows
ators (Amprion, 50Hertz, Tennet .
and Transnet BW); 35,000 km substations
. J
[ E
Medium-sized
power plants
e.g.
gas-fired, coal-fired and Large industrial
hydroelectric power High-voltage grid consumers
plants, wind farms 60 or 110 kV
ul
\ == J
'3 == =
Small power plants approx. 9200 distribution system operators
e.g. High-voltage level: approx. 95,000 km
CHP plants, biomass and Medium-voltage level: approx. 510,000 km
L . Low-voltage level: approx. 1,150,000 km
hydroelectric installations,
wind power installations,
solar parks
Industrial and
= % commercial
consumers
N (== -
r = )
[
Small solar installations
Industrial and
commercial
consumers
Local and city networks
\és of: 2015 37

GRID EXTENSION IN EUROPE: ELECTRICITY KNOWS NO BOUNDARIES

Since the mid 1990s, European energy policy has focused
on achieving a European internal energy market. Investing
in network infrastructure aims to increase competition and
thus guarantee low-cost and secure energy supply for Eu-
rope. The European networks must also be modernised in
order to absorb the increasing amount of renewable elec-
tricity. By 2020, renewable energy is expected to account
for 20 per cent of Europe’s final energy consumption. Indi-
vidual member states contribute to this goal with defined
national objectives according to their potential.

Germany has a designated national objective of 18 per cent
of its total final energy consumption. A share of 38.6 per
cent should be achieved in the power sector by 2020.

Every two years, the European Network of Transmission
System Operators for Electricity (ENTSO-E) presents a
European network development plan that determines the
network expansion required to reach the fixed goals over

NEW POWER GRIDS IN EUROPE

DC voltage

AC voltage up to 220 kV

AC voltage up to 400 kV

the next ten years. The Projects of Common Interest (PCI)
are also based on this plan and are implemented using EU
funding.

Germany plays a special part due to its central geographic
location and pioneering role in the area of renewable en-
ergy expansion. Connecting to Scandinavia and its large
storage capacities is of great importance for the German
energy transition. In this respect, there are also great ex-
pectations for the so-called NordLink. This is a subsea DC
cable connecting Norway and Germany (start of construc-
tion: Sept. 2016). This first direct connection between the
German and Norwegian energy markets is scheduled to be
completed at the end of 2018 and will cover a distance of
623 kilometres with a capacity of 1,400 MW at 500 kV. In
the future, wind power generated on the German coast will
be temporarily stored in Norway's pumped-storage power
plants using the NordLink.

Source: ENTSO-E
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THE EXTRA-HIGH VOLTAGE GRID - ELECTRICITY HIGHWAYS

New and up-to-date power grids are necessary for the en-
ergy transition. The urgent need for expansion in the ex-
tra-high voltage grid was defined in 2009 in the Power Grid
Expansion Act (EnLAG), according to which some 1,800 km
of additional power lines were meant to be implemented by
2015. The majority of the 22 (originally 23) EnLAG projects
run from North to South.

Considerable delays were foreseeable after just two years,
given substantial acceptance problems towards new over-
head power lines and the slow approval process. Added
to this was the 2011 renewed decision from the Federal
Government to phase out nuclear power: the last nuclear
reactors are scheduled to be disconnected from the grid
by 2022. This eliminates the main energy producers in the
South. For this reason, a new framework for the expansion
of the network was decided in summer of 2011 based on
the amended Energy Act (EnWG) and the Grid Expansion
Acceleration Act (NABEG). The Federal Network Agency
(Bundesnetzagentur) is now directly responsible for the
approval of new networks that cross several federal states.
Also, public participation in the planning phase has been
increased.

Despite these amendments in energy law, network expan-

sion lags considerably behind renewable energy develop-
ment. The legislator once again responded and decided

FIVE-STEP GRID EXPANSION PROCESS

at the end of 2015 to prioritise underground cables for
the three major DC lines. This is intended to ensure wider
acceptance in order for wind power to reach the South by
2022.

The rapid implementation of the EnLAG projects is impor-
tant for the German energy transition to be successful.
However, the scope of building new lines beyond the start
network is greatly disputed. The importance of public ac-
ceptance for the infrastructural measures is indisputable.
The speed with which new construction measures can be
completed depends on it.

STATUS OF NETWORK EXPANSION:

STARTING NETWORK (ENLAG PROJECTS):

22 projects over a total of 1,800 km

e approx. 950 km of which approved

» approx. 700 km of which implemented (approx. 40%)

ADDITIONAL NETWORK (ACCORDING TO THE FEDERAL
REQUIREMENTS PLAN 2015):

43 projects with around 2,550 km of new cable routes and
the optimisation and reinforcement of 3,100 km of existing
lines in addition to the starting network

* 450 km of which approved

* 150 km of which implemented

As of: second quarter 2017 Source: Federal Network Agency (2017)

The current energy grid must be developed and optimised to handle the increasing supply of electricity from renew-
able energy sources. The amount of new lines that will ultimately be needed and their location will be discussed and

decided upon during a legally determined multistep process.

CABLE ROUTES AND PLAN APPROVAL PROCESS

The plan approval process begins on the basis of the corridors. The network
operators suggest various alternative routes for the power lines. The
proposals are open for public discussion and undergo an environmental impact
assessment. The process concludes with a plan approval process.

ROUTE CORRIDORS AND FEDERAL SECTORAL PLANNING

During the second-to-last step, the network operators suggest the corridors
along which the power lines will be built. If a corridor runs through just one
federal state, that state’s authority decides upon the route. The Federal Network
Agency is responsible for corridors that cross federal state borders. The agency
reviews the corridors against the framework of federal sectoral planning.

FEDERAL REQUIREMENTS PLAN

The network development plan and the environmental report form the basis of
the federal requirements plan. It contains a concrete list of new lines and lines to
be optimised. The start and end points are defined for the new lines. The German
Bundestag decides on the plan by law.

NETWORK DEVELOPMENT AND ENVIRONMENTAL REPORT

Based on the scenarios, the transmission network operators determine the
extent by which the grid must be expanded over the next 10 years. This results in
the network development plan. Again, the Federal Network Agency must approve
the plan and present the resulting environmental impact in a separate report.

SCENARIO FRAMEWORK

First, scenarios are developed by the transmission system operators regarding
the future energy landscape. The network operators establish projections on
the size and distribution of the German power plants, power generation and
consumption, as well as the exchange of electricity with neighbouring countries.
The Federal Network Agency approves the scenario framework.




SCHLESWIG-HOLSTEIN CASE STUDY:

WEST COAST POWER LINE - NEW ROUTES 7D

WITH THE SUPPORT OF THE PUBLIC

The energy transition is of particular importance in Schles-
wig-Holstein: This is the birthplace of wind power in Ger-
many. Communal wind farms are widespread and onshore
wind power enjoys high public acceptance. The state gov-
ernment has set a goal of increasing its onshore wind en-
ergy capacity to 10.5 GW by 2025 (2015: 5.8 GW) and its
offshore wind energy capacity to 2.6 GW (2015: 1.5 GW).

The resulting green electricity will also supply the Ham-
burg metropolitan area and the federal states south of the
River Elbe. The network expansion necessary to achieve
this goal is crucial. The federal state government has
therefore foregone a time-intensive regional planning pro-
cedure in favour of an innovative dialogue approach for the
so-called West Coast line. The formal consideration of the
area planning concerns, such as the environmental impact
assessment for the priority corridor, was later considered
in the framework of the plan approval process.

This approach aims to accelerate the implementation of
the project with the greatest possible acceptance from the
public. The affected population has been informed and in-
volved since 2011. In 2013 alone, four large conferences,
ten local events and six expert discussions were held with
a total of more than 1,800 participants under the leader-
ship of the federal state and with Environmental Action
Germany (DUH) as the moderator.

CIVIL DIALOGUE GOALS:

* Information from the public: comments and suggestions
for the network planning help to identify and resolve
conflicts. This leads to fewer objections during the actu-
al approval process.

* Information for the public: explanations of the planned
project and its importance

* Transparent planning process

RESULT:

The fact that these communication strategies meant a

dialogue on equal footing with the public is shown by con-

crete measures that were implemented by the responsible
transmission system operator Tennet at the request of the
public.
“Bird markers” (“fluttering” ribbons) designed to deter
birds from the cables will be attached to the power lines
across large stretches.

* Improvements to the nature reserve Oldensworter Vor-
land outside Ténning: the new grid (380 kV) will run east
of the protected area, the 110-kV line that crosses Eider
River will be placed underground.

e Grouping routes: the new 380-kV lines will be placed
along existing 110-kV power lines.

The nature conservation associations are also satisfied
with the result. This is no small feat: German nature con-
servation groups BUND and NABU ultimately stopped other
large projects in the North such as the deepening of the
River Elbe for several years through complaints. Converse-
ly, the West Coast power line is under construction and is
expected to be completed in 2018.

TEANET
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The public learns about the West Coast power line grid expansion.
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THE DISTRIBUTION GRID:

GETTING THE BACKBONE OF THE ENERGY TRANSITION READY FOR THE FUTURE

More than 90 per cent of renewable energy production is
fed into the high, medium and low voltage networks (see
Fig. on page 52). Thus, the distribution grids play a decisive
role in the implementation of the energy transition. These
grids are increasingly reaching their limit of capacity, as
they were not designed to integrate such a large amount of
decentralised production at the time of their construction.
The challenge network operators face regarding voltage
stability continually increases, particularly in rural distri-
bution networks. The networks are utilised to maximum
capacity. Network infrastructure, especially that of the dis-
tribution grids, must be prepared for the energy future to
ensure that power supply remains secure and stable.

By 2032, the scope of the required distribution grids is es-
timated at 130,000 km to 380,000 km, with investments of
23.2 billion to 48.9 billion euros (BMWi 2014). The scope
is calculated from different underlying renewable ener-
gy capacities during the period under consideration. The
required development of the distribution grids varies by
region due to different regional potentials for renewable
power generation. Mainly low voltage networks are re-
quired for PV generation in southern Germany, while high
voltage networks are needed for input from the wind farms
in the North and East.

REGIONAL DISTRIBUTION NETWORK
EXPANSION REQUIREMENTS

REDUCING THE NETWORK
EXPANSION REQUIREMENT THROUGH
INNOVATIVE PLANNING CONCEPTS
AND SMART TECHNOLOGIES

Innovative planning concepts signifi-
cantly reduce the network expansion
requirement. Approximately 40 per
cent of the network expansion can
be axed by peak shaving in the feed-
in management (curtailment of up to
three per cent of the annual production
of each renewable energy installation)
in the network planning, according to
the cited distribution grid study from
the BMWi. An additional 20 per cent
can be avoided through smart grid
technology. In particular, voltage-reg-
ulated distribution transformers hold
great potential. Through the wide-
spread use of these transformers,
required low voltage network expan-
sion can be almost entirely avoided.
While conventional network expansion
is time consuming, a regulated dis-
tribution transformer can be easily
integrated into existing local network
stations.

Regions’ share of the total expansion requirement

West

South

Low voltage

Medium voltage High voltage

Source: BMWi (2014)

WACHTENDONK CASE STUDY: LIGHT IN THE BLACK BOX - ¢
THE REGULATED DISTRIBUTION TRANSFORMER e

Regulated distribution transformers
can be easily integrated into local net-
work stations and help to collect data
regarding the state of the network.
Two employees from Stadtwerke
Krefeld municipal utilities are testing
this in Wachtendonk.

CHALLENGES FROM
DECENTRALISED

POWER GENERATION
AND CONSUMPTION

DISTRIBUTION/

LOCAL NETWORK
STATION AND PROJECT
MEASURING POINT

POWER CONSUMER -
HOUSEHOLDS

POWER CONSUMER -
COMMERCIAL

LOCAL POWER GRID

DATA TRANSMISSION
OF MEASURED VALUES
VIA POWER LINE

DATA CONNECTION
BETWEEN LOCAL
POWER STATION
AND NGN

DISPLAY OF NETWORK
STATUS
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As long as electricity was transported exclusively “top-
down” from central power plants to end consumers, the
parameters with which the transformers and low voltage
networks had to be designed could be determined. The kilo-
watt-hours en route through the network could be almost
exactly calculated. Since end consumers have now become
electricity producers themselves, for example by means of
photovoltaic installations, and since decentralised renew-
able energy installations send electricity “bottom-up”, un-
certainty prevails and the low voltage network resembles a
black box. Inadmissible voltage fluctuations are discovered
only through error messages.

The municipality of Wachtendonk in North Rhine-West-
phalia near the Dutch border demonstrates how to rem-
edy this. During a research project, the municipality, along
with the regional electricity supplier, shed light on the low
voltage network black box using voltage-regulated distri-
bution transformer technology. The municipality of 8,000
inhabitants is characterised by a rural landscape and a
high degree of enthusiasm for renewable energy: 80 per
cent of the electricity comes from renewable energy
sources like rooftop PV systems on homes and stables. The
result: significant voltage fluctuations and peaks in the low
voltage network. Under the project name ,Wachtendonk
macht mit - Forschung im Netz" (“Wachtendonk joins in -
grid research”), 100 homes and many cable distribution

STATUS . -
o
== NETWORK CONTROL

Source: SWK Stadtwerke Krefeld (2016)

boxes were first equipped with smart meters. The meters
remotely record consumption data and measure the net-
work status parameters of the low voltage network with
a snapshot. The data is then analysed by the regulated
distribution transformer. If there is an issue with the volt-
age, it is reported to the network operator, who can then
respond accordingly and anticipate a failure. Concurrently,
regulated distribution transformers increase the absorp-
tion capacity for other renewable installations or additional
energy consumers, such as electric cars, without having to
further expand the network. This technology is also an inte-
gral part of a smart grid, which in turn is necessary for the
energy transition (see Fig. on page 60).

The 2016 follow-up project funded by the BMWi called EN-
ERGIE (Capturing Network Status of Low Voltage Grid in
Real Time) will investigate how this data can be reliably
transmitted. Smart grids, with their wealth of information,
require a different frequency range for data transfer than
the one typically used until now. In order to maintain data
volume as low as possible, the information will be grouped
in advance on site so as to ensure that it remains within
manageable limits in the case of widespread use of smart
meters. The long-term goal of the research project is to
ensure a self-sufficient and independent evaluation of the
network status of the respective service area of a local
power station.

P OF MEASURED POWER SUPPLY |



HOW A SMART GRID WORKS:

VOLATILE PRODUCER

Solar and wind power
installations produce
?r electricity depending
. " onthetime of day and
| weather conditions.
L

CONTROLLABLE
PRODUCER

Biomass and (bio)gas-
fired power plants pro-
duce electricity even with
little wind and sunshine.

THE COMBINED RENEWABLE ENERGY POWER PLANT:

100 PER CENT RENEWABLE ENERGY

= 100 PER CENT RELIABLE POWER SUPPLY

As early as in 2009, the “Kombikraftwerk 1" (Combined Power
Plant 1) research project led by Fraunhofer IWES demonstrat-
ed that various decentralised electricity producers could be
combined to balance out volatile renewable energy produc-
tion, making full supply from renewable sources possible. To
ensure a reliable power supply, the grids must also operate
securely and certain parameters must be met with respect
to voltage and frequency. The focus of an additional research
project in 2015 “Kombikraftwerk 2" (Combined Power Plant 2),
therefore, concentrated on which challenges regarding net-

7\ /\//\\/

COMMUNICATION AND CONTROL

CENTRE

records all power grid data and 10?\
XA |

controls the production and
consumption of electricity.

LOAD-VARIABLE
LARGE-SCALE CONSUMERS

such as refrigerated ware-
houses can partially adjust
their demand based on
power supply and price.

STORAGE

Pumped storage Batteries Biomass

work stability are involved in such a system and how much
the system must be serviced to maintain stable frequency and
voltage with a large proportion of volatile producers.

The result of the simulation: a stable power supply from
100 per cent renewable energy is technically possible. This
is ensured firstly by energy storage (power-to-gas, pumped
storage and batteries) and secondly by backup power plants
(methane power plants and adjustable biomass).

cogeneration plant for ~ (renewable methane
solid biomass, on site and bio-methane)
conversion of biogas

Technology Installed Energy
capacity generation
(in GW) (in TWh)
Onshore 87.0 213.9
wind power (without surplus)
Offshore 40.0 108.7
wind power (without surplus)
Photovoltaic 133.7 119.7
(Without surplus)
Hydropower 4.8 25
Geothermal 4.7 41
energy
Bioenergy 17.3 34.5
Pumped 12.6 1.1 Power-to-gas
storage
Methane 53.8 18.5
power plants
Batteries 55 2.7
Surplus 58.8
Total 601

Storage Backup power plants

THE COMBINED RENEWABLE POWER PLANT SIMULATES FULL SUPPLY FROM RENEWABLE ENERGY SOURCES

=2

~——2
S OS
K>

absorbs excess electricity
and feeds it into the grid
as needed.

The combined power plant’s 100 per cent scenario models the
possible regional distribution of renewable installations as
well as storage options while taking potential surfaces, weath-

IN-HOUSE CONTROL UNIT
WITH SMART METERS

The digital electricity meter provides
information on power consumption
and prices. The electricity consumer
can adjust consumption accordingly
and the control unit will manage
electrical devices based on their
specifications.

HEAT PUMP L

runs during off-peak hours, e.g. at
night, when large amounts of wind
power are produced.

B>
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ELECTRIC CAR

Producers feed
electricity into the grid

Consumers withdraw
electricity from the grid

loads when sufficient renewable
energy is available or when the load
is light. It can feed electricity back

into the grid if required.

er data and existing locations into consideration. Political ob-
jectives were also factored in. The model's power grid is based

on the network expansion plan.

Source: IWES/Kombikraftwerk

Methane power plants



180 TWh p.a.

DISCHARGING POWER GRIDS THROUGH GRASS ROOTS INITIATIVES

Consuming energy where it is produced, i.e. on the local
supply level, is the idea behind a study carried out by the
German Electrotechnical Association (VDE) titled “The Cel-
lular Approach”.

The study assumes the existence of local energy cells,
within which energy supply, use, distribution, storage
and other infrastructure services can be optimised large-
ly independently. Thus, both heat and power demand can
be met locally and mobility can be provided. In the ideal
case, the energy cell is balanced out and on-site production
meets the demand. This requires the energy compensation
between the cells to be as low as possible. To that end, the
energy cells remain interconnected and cumulated over
multiple levels.

APPROACH A WITH MASSIVE EXPANSION
OF OFFSHORE WIND POWER

14 TW

WIND POWER SUPPLY IN FUTURE SCENARIOS
(bn kKWh)

An important result of the study: consuming the generated
energy on site results in a discharge for the overlying pow-
er grid. Network expansion will not become superfluous
through the use of the cellular approach. However, experts
predict that it will minimise the need to expand the grid.
Two scenarios are compared; one with strong offshore ex-
pansion, the other with decentralised expansion (“cellular
approach”). In both scenarios, energy must be transported
from North to South and from East to West. In the “strong
offshore expansion” scenario, 602 billion kWh of electri-
city is transferred annually to balance out the flow. In the
“cellular approach” scenario, only 394 billion kWh must be
distributed throughout the networks, placing considerably
less load on these grids. However, the cellular approach
requires heavy expansion of wind power in southern Ger-
many, especially in Bavaria, as well as moderate offshore
expansion.

APPROACH B WITH VERY CONSUMER-ORIENTED
EXPANSION OF RENEWABLE ENERGY

Source: VDI news, VDE (2015)

2015 Offshore scenario Cellular approach scenario
North Sea 6.9 180 45
Baltic Sea 1.4 45 11.3
Bavaria 2.8 4.4 34.7
Baden-Wiirttemberg 0.8 3.6 15.3

UM.BaWii (2016), VDE (2015), AGEE-Stat

SHOWCASES GIVE INSIGHT INTO THE FUTURE OF ENERGY

In February 2015, the Federal Ministry for Economic Af-
fairs and Energy (BMWi) launched the funding programme
“Smart Energy Showcases - Digital Agenda for the Energy
Transition” (“Schaufenster intelligente Energie — Digitale
Agenda fiir die Energiewende”, or SINTEG for short).

Its focus is to intelligently link energy production with con-
sumption, along with the use of innovative grid technologies
and operating concepts. Six showcase regions address key
challenges of the energy transition, such as the integration
of renewable energy into the system, flexibility, security of
supply, system stability, energy efficiency and the establish-
ment of smart grids and market structures, with the aim of
finding sample solutions for wide implementation.

THE SINTEG PROJECT

ENERA - THE NEXT BIG STEP IN THE ENERGY
TRANSITION

The SINTEG project from enera aims to demonstrate that
the energy system can be made more flexible through
technical upgrades for producers, consumers and storage
devices and by strengthening the grid. Decentralised re-
newable installations are expected to yield system services
to ensure voltage stability in the future and thus locally sta-
bilise the grid. This aims to further increase the reliability
of power supply based on renewable energy. Additionally,
solutions as to how these regional system services will be
traded on the electricity markets are being worked on.

FROM THE LAB TO PRACTICAL APPLICATION:
C/SELLS TESTS THE CELLULAR APPROACH IN THE
GERMAN SUN BELT

The SINTEG project by C/Sells includes the “solar arc”
of southern Germany: 60 affiliates from industry, energy
and science sectors want to make a cellular energy sys-
tem a reality in Baden-Wirttemberg, Bavaria and Hes-
se. With almost half of Germany’s photovoltaic output,
southern Germany is predestined for this initiative. Over
760,000 producer-consumers already generate electricity
in this region and partially use it themselves. The project
also focuses on finding technical solutions for the practi-
cal implementation of the cellular approach (“cells”). The
involvement of the public is a priority, however, both in the
energy transition itself as well as in economic opportuni-
ties (“sells”). An adapted user behaviour could ultimately
be financially beneficial to these. An example: in the house-
hold of the future, consumers will set a limit for the latest
time of day they want their washing machine to run. The
automatic control will determine exactly when the wash-
ing machine will be running, and can conform to the most
economical electricity price while taking the ending time
into account. Electricity demand can be made more flexible
through monetary incentive. This flexibility increase makes
an important further contribution to compensating for the
fluctuating supply from renewable energy sources.

The project holders expect higher acceptance for the ener-
gy transition and its associated changes to the production
structure by incorporating the public. By 2020, C/Sells
aims to demonstrate how supply from renewable energy
sources can be realised in a cost-effective and secure man-
ner that also includes the general public.

At the 2016 C/Sells-Partner & Friends kick-off meeting, the cooperation partners are
exchanging views.



STORAGE

Germany wants its power supply to be 80 to 95 per cent renewable by
2050. This requires greatly increased contributions from weather-de-
pendent wind and solar power. However, the balance between electricity
supply and demand, necessary for the stability of the grid, will become

STORAGE

Germany’'s 31 pumped-storage power plants
provide a storage capacity of around 37 million
kWh. Additional foreign storage capacities can
also be used after NordLink is complete. But

Berlin more difficult to maintain as we see more participation from these energy there is also still significant potential for storage
g sources. Increasingly, power production will exceed demand and vice ver- in Germany: salt caverns in the North German
. . sa. For the.energy transition to be a success, it is necessary for the power Basin offer the possibility of storing hydrogen,

PY Hanover " ] . .
O plants, consumers“and.energy storage facilities to adjust to the fluctu- methane or compressed air underground during
ating generation, or in other words, become more flexible. For example; electricity surplus. Former natural gas storage
@ Magdeburg . biomass power generation can be controlled more flexiblysin the future: caverns can also be filled with climate-neutral

‘ In future homes, household appliances such as washing machines and

’ . . even electric cars will automatically draw electricity at times when it is

0 most economical. To achieve this, the devices must first be more intel-

ligent and externally controllable. Consumer incentives through suitable

power tariffs are also required. But household power demand is not the

g only thing that can be made more flexible. The industry sector can also

' shift its energy demand, for example temporally. This load transfer can

contribute to“offsetting the fluctuating electricity generation from wind
Erfurt and solar power.

gases in the future. The German gas network,
with its approximately 440,000 km of lines, of-
fers excellent storage and transportation con-
ditions for the P2G technology.
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GR Hannover (2015), LBEG (2015); EON Ruhrgas

ass storage for
renewable energy

Pumped-storage plants

Existing
pumped-storage plants

Planned
pumped-storage plants

Installed capacity:
100 MW

250 MW

1,000 MW

Natural gas storage*

Commissioned natural gas
storage facilities

Natural gas storage facilities
in planning or construction
phases

* Usable for renewable
methane, partially usable
for renewable hydrogen

Natural gas network (usable
for the transportation of
renewable methane, partially
usable for hydrogen)

Possible uses for renewable
energy storage in underground
salt caverns e.g. using hydro-
gen or compressed air

Electricity storage similarly plays an important role for the energy transi-
tion. A number of technologies can be‘considered for this, including bat-
teries, pumped-storage power plants or the use of electricity for hydrogen
production (power-to-gas) or heat production (power-to-heat). They differ
in terms of storage capacity, efficiency, cost and scope of application,
ranging from short-term system service measures (balancing energy) to
load balancing for days or weeks. Most storage technologies are already
available today, but few are economically feasible as yet. Technological
development must advance even further. Although the important role
of storage technologies for the German energy transition is evident, the
market currently offers little incentive to invest in the technologies. The
price difference between peak and base load electricity on the electricity
exchange is simply too low.

In addition to economic factors, to what extent and when certain storage
technologies can and must be used depends on power generation devel-
opments, network expansion and access to further flexibility options. De-
spite this uncertainty, there is widespread consensus among researchers
in Germany that long-term storage will only be relevant once renewable
energy represents at least 60 to 80 per cent of power consumption. Most
scientists consider the power-to-gas technology (P2G) to be the best op-
tion. Flexibility options, such as industrial and domestic load manage-
ment, are generally significantly less expensive and should be developed
before P2G.

National and federal state governments are fostering the further devel-
opment of the flexibility and storage options through dozens of research
projects. Some of them are presented in this chapter.

Storage volume:
2016 and potential

2016: 37 m kWh

Potential: 337 bn kWh
EdEdcdEdE
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*Gas Storage Source: Sterner (2016)



STORAGE FLEXIBILITY

FLEXIBILITY OPTIONS AS A SOLUTION

TO DECENTRALISED VOLATILE RENEWABLE ENERGY

The system transformation necessary for the energy tran-
sition to succeed can be achieved using various flexibility
options, this means out with the static production struc-
ture and in with a dynamic energy system. A study by the
German Renewable Energy Federation (BEE/BET 2013) an-
alysed which flexibility options can be used and when by
2050. The result: a share of up to 47 per cent of renewable
electricity can first be readily integrated into the existing
German energy system. It is estimated that starting in 2020,

USE OF FLEXIBILITY OPTIONS

Renewable energy pro- 2010 2020
duction 22% 47%

Industrial DSM

Pumped storage

ESSEN CASE STUDY:

Power demand-oriented use of biogas and solid biomass
|

Power demand-oriented use of biomethane (Feed-in to natural gas network)
|

Use of existing power plants

Retrofitting existing power plants for increased flexibi

Current-regulated cogeneration power plants
|

Use of network replacement installations
|

larger power surpluses from renewable systems technol-
ogy will occur and require the retrieval of various flexibility
options. The surpluses can be partially offset through load
management, partially removed by (new) grids or even cur-
tailed if necessary. A colourful bouquet of storage technol-
ogies can enable the storage of electricity for up to several
weeks and months. The use of long-term storage will not
be necessary until the percentage of renewable electricity
in Germany reaches an amount of 60 to 80 per cent.

2030 2040 2050
79% approx. 100% approx. 120%

New flexible power plants

Battery storage

L |
|
Power-to-gas (H,)

—
Power-to-gas (CH,)

ALUMINIUM PRODUCTION BASED ON WEATHER CONDITIONS -
AN INDUSTRIAL GROUP SETS COURSE FOR THE ENERGY TRANSITION

Essen-based aluminium producer Trimet demonstrates
how industrial power demand can successfully be made
more flexible. Producing the metal is very energy intensive.
The power consumption of the group’s aluminium mills is
as high as the consumption of the Ruhr cities of Essen, Bo-
chum and Dortmund combined. Since the invention of the
electrolysis process to produce aluminium in 1886, con-
stant energy supply has been required for a successful
production process — until the German energy transition.
Now the power-intensive company has made the process
flexible: at strong winds, power consumption is increased
by up to 25 per cent and is curbed by 25 per cent during
lulls. The “sea of aluminium” within the melting furnace
thus falls and rises according to weather conditions, with-
out affecting the quality of metal production.

Therefore in the future, not only will the mill produce al-
uminium, but also the kilns will function as storage, buff-
ering fluctuations in the grid. This makes Trimet partially
independent of expensive electricity prices and allows it

to offer balancing power by offsetting its load. Following a
successful test phase, a total of 120 electrolytic furnaces in
the aluminium mill in Essen are scheduled to be converted
by the end of 2017.

120 electrolytic furnaces of aluminium producer Trimet will be converted into a
“virtual battery”.

A COMPARISON OF STORAGE TECHNOLOGIES

WITHDRAWAL PERIOD

1 year

1 month

1 week

1 day

1 hr.

electrical:
capacitors

1 min.

1 sec.

100 ms

electrical:
coils

1 kWh

1 MWh

CAPACITIES OF DIFFERENT POWER STORAGE SYSTEMS

STORAGE TYPE/USE

DISCHARGE TIME

STORAGE TYPE

TECHNOLOGIES STORAGE

chemical:

hydrogen and
synthetic methane

1 GWh 1 TWh

STORAGE CAPACITY

MAXIMUM STORAGE CAPACITY
OF TYPICAL INSTALLATIONS AND TECHNOLOGIES

Short-term storage:
Grid stabilisation, grid
maintenance

less than 1 second to a
few minutes

SMES coils

capacitors/super caps

flywheel storage

-
—

Long-term storage:
Peak demand coverage

1 hour up to approx.
1 week

compressed air storage

pumped storage

Electro-chemical
storage:

Reserve storage
electromobility

1 hour to several days

lithium-ion batteries

redox-flow batteries

lead-acid batteries

Chemical storage

days to 1 year

hydrogen

synthetic methane

2.86 GWh

8.48 GWh

Source: Sterner (2016)

10
GWh

severa

severa

10
TWh

Source: Renewable Energies Agency (2014)
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STORAGE BATTERY STORAGE

SMALL THINGS WITH BIG RESULTS:

BATTERY STORAGE IN USE FOR THE ENERGY TRANSITION

NUMBER OF NEW PV INSTALLATIONS UNDER 30 KW
WITH BATTERY STORAGE SYSTEMS
(2016, IN PER CENT)

3

PV storage systems are especially used in the populated and sunny West and
South of Germany.

Source: ISEA (2017)

NUMBER OF INSTALLED PV STORAGE
SYSTEMS IN GERMANY IN 2016

[ | 2013: approx. 5,000
I 20 6: approx. 56,500

Source: ISEA (2017)

Wolfram Walter is often on the go to promote his solar storage system —
and he does so using his electric car that he refuels with solar power.

Although the first multi-megawatt large batteries are already in
commission to relieve the network and provide a balance of power
(e.g. Feldheim in Brandenburg, 10 MW output, 10 MWh capacity),
the large-scale use of batteries is not anticipated until the end of
the 2020s. Meanwhile, until the fluctuating power supply reach-
es the projected quantities, centralised and decentralised battery
storage systems can effectively supplement pumped-storage
plants. Devices such as battery storage systems in private homes
and in electric vehicles can become active in load management
through intelligent communication technology and, in combina-
tion with PV installations, make a major contribution towards the
energy transition. These decentralised storage systems are also
being rapidly expanded, as the following example from Umkirch
(Baden-Wiirttemberg) demonstrates.

UMKIRCH CASE STUDY:
STORING THE SUN THANKS TO
GERMAN PIONEERING SPIRIT

Wolfram Walter had a sudden inspiration a few years ago — at the
very moment that he became annoyed with his photovoltaic instal-
lation. It was running perfectly smoothly, but Walter had to feed
too much solar power into the grid for a small amount of feed-in
remuneration during the day and then buy additional power from
his energy supplier at night. So he devised a solution to store his
electricity. The result: a solar storage device that charges a lithium
battery with solar power from the roof during the day. This can be
reused with nearly no loss (efficiency: 95 per cent) if the output
from the PV installation is not sufficient to supply Walter's home.
But he didn’t stop there: through an intelligent power management
of the solar storage device, individual consumption is maximised
and the public power grid is ultimately unburdened.

In 2013, Walter received the German Renewables Award in the cat-
egory of product innovation for his invention. Since then, there has
been a very dynamic development in this area, almost every other
PV installation under 30 kW is now bought with a storage battery.
Politics stimulates this (e.g. through storage funding) and consum-
ers wish for more independence.

Walter has a lot to do now and leads a successful start-up with
more than a dozen employees — thanks to a sudden inspiration.

PELLWORM CASE STUDY:
VIRTUAL MASS STORAGE SUPPLIES

BATTERY STORAGE STORAGE

PRO-ENERGY TRANSITION ISLAND INHABITANTS

Data network

L 125 local network stations

indicators and automation

with short-circuit

technology

Hybrid
power plant

38 electric storage heaters ‘
with control box in '
6 households '

(157 smart meters E \

‘ in households

P
installations
kW

> 100

63 smart meters
with power quality
module in households

11 PV home
storage systems
with communication unit

The island of Pellworm located in the North Sea belongs to
the most sunny and windy regions in Germany. Wind power
installations and continuously improving solar panels have
been used here since the 1980s. Now they produce a total
of 20 million kWh of electricity per year. That is far more
than the 1,000 island residents consume. Nevertheless,
electricity is also imported from the mainland at times.

As Pellworm already demonstrated some 35 years ago,
now the “Smart Region Pellworm” project funded by the
Federal Ministry for Economy Affairs and Energy (BMWi)
points out innovative methods that can be used for the en-
ergy transition: a combination of various storage types, or
hybrid energy storage systems (HESS), linked to a smart
grid serves to increase compatibility between power gen-
eration and consumption. If the grid becomes overbur-
dened, for instance in the case of strong winds, the peak
production can be stored and thus unburden the network.
An advantage of the hybrid storage concept is that the var-
ious storage technologies complement each other usefully.
A lithium-ion battery, with its high output to capacity ratio,
is especially suitable for providing balancing energy and

h Rendsburg
Lithium-ion [§ grid control centre
battery
‘_{-' Network
y control system =8

/‘ | i Data server
s m Energy management system
B Fraunhofer “EDM Prophet”

is supplemented by a redox-flow battery. In addition to
nearly wear-free operation, redox-flow batteries offer the
advantage of virtually not discharging and therefore serve
as excellent long-term storage systems. There are also
38 electric storage heaters that have already been used
in households. Likewise, PV home storage systems (lithi-
um-ion batteries) were installed in eleven households to
increase load flexibility. All components are equipped with
intelligent communication technology to optimise energy
flows and to better coordinate production and consump-
tion. Results from Smart Region Pellworm show: the tech-
nology of the energy future is already operational and mar-
ket-ready, even though it is not yet economically viable.

The goal of the project was not to reach complete energy
self-sufficiency for the island. This would have required
roughly twice the storage capacity to even be able to cover
the last load peak of 2.5 per cent at any given time. Rather,
the idea of the intelligent hybrid storage concept is now
expected to be exported to the mainland.

Power grid on Pellworm Geography of Pellworm

Network connection two 20-kV submarine cables Area 37.44 km?
Localnetwork stations over50 Inhabitants approx. 1,000
Powerconsumption about7GWhp.a.  Households ~ approx.560
Power generation about20 GWhpa.  Economy tourism, agriculture
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STORAGE PUMPED STORAGE

PUMPED-STORAGE PLANTS

ESTABLISHED TECHNOLOGY OFFERS NEW ENERGY STORAGE SPACE

The technology of pumped-storage power plants
has been in use for more than 100 years. It is tech-
nically sophisticated and relatively low-cost and
efficient. New pumped-storage plants have an effi-
ciency of 75 to 80 per cent. Its self-discharge rate
(evaporation or leaching of water) is very low. Ad-
ditionally, the technology has an unlimited number
of cycles and a long service life spanning several
decades. Pumped-storage plants supply peak load
power (load smoothing), provide for the balancing
of unexpected fluctuations in power consumption,
provide system services and thus reduce the de-
mand for fossil fuel power plant capacities. There
are 31 pumped-storage power plants in Germa-
ny (as of: 2013) with a total installed capacity of
9,240 MW. The potential for expansion however re-
mains limited in Germany because of geographical
conditions and nature conservation restrictions. In
many research studies, the (further) development
of Scandinavian and Alpine storage capacities is
therefore considered an option to offset this and
to successfully implement the energy transition in
Germany.

GOLDISTHAL CASE STUDY:

THE LARGEST PUMPED-STORAGE POWER PLANT IN GERMANY

One of the most powerful pumped-storage power plants
in Europe is located in Goldisthal (Thuringia). It was com-
missioned in 2003. Its output of around one gigawatt corre-
sponds to that of a typical nuclear power plant. This output

L
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PUMPED-STORAGE POWER PLANTS (PSPP) IN GERMANY

Existing PSPP
() Planned PSPP

. Installed capacity:
®. 100 MW
250 MW
& . ° 1,000 MW

Source: FfE (2016; as of: 2013)

can be retrieved over the course of eight hours, thanks to
the 12 million cubic metres of water in the upper basin. This
would be enough to completely supply the entire federal
state of Thuringia with electricity for eight hours.

GAILDORF CASE STUDY:

PUMPED-STORAGE TECHNOLOGY 2.0 -

PUMPED STORAGE STORAGE

INTEGRATING THE UPPER BASIN WITH THE WINDMILL FOUNDATIONS

A photomontage shows what the Gaildorf pilot project will look like after completion.

The pilot project Naturstromspeicher (natural power stor-
age) in Gaildorf (Baden-Wiirttemberg) shows that even a
100-year-old technology still holds innovation potential.
Four wind turbines each with an output of 3.4 MW will be
built on the Limburg mountain range. What makes it spe-
cial: situated on their foundations are water tanks con-
nected to a pumped-storage power plant (16 MW) placed
200 metres below and a lower reservoir that is yet to be
created. During low electricity prices and power demand,
the waterworks pumps water into the foundations of the
wind power plant, where it is stored for later use. In the
case of high electricity prices and peak demand, the water
flows downwards, thereby driving the turbines, which in
turn provide power.

HOW THE “NATURSTROMSPEICHER” WORKS

-
1w

‘ Integrated
o \ water storage

DN1800-2500

With the maximum amount of stored water, 70,000 kWh of
electricity can be generated and supplied within four hours.
It only takes 30 seconds to start up the power plant. The
integrated water tanks therefore offer excellent conditions
for the wind power operators to both balance fluctuating
wind power production and to participate in the balancing
energy market. These economic advantages go hand in
hand with reducing the load on the power grid. Construc-
tion on this energy transition project funded by the Feder-
al Environment Ministry began in October 2016. The wind
power plants are expected to be finished in 2017 and the
pumped-storage plant by the end of 2018.

PV installation

1 'i‘-\ ’

H '.: ::T'
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STORAGE POWER-TO-X

RENEWABLE POWER AIDS THE ENERGY TRANSITION IN THE HEAT AND
TRANSPORT SECTORS WITH “POWER-TO-X"

The so-called “power-to-gas” technology is a comparative-
ly new energy storage concept involving the conversion of
electricity to hydrogen (H,) or methane (CH,). The resulting
gases can either be used directly (e.g. for applications in
the chemical industry) or stored in the gas network for fu-
ture energy use. The electricity ideally comes from renew-
able energy sources.

The P2G technology is particularly interesting because of
the wide range of possible applications. This way, an en-
ergy source can be used not only in the electricity sector,
but also in the heating (power-to-heat) and transport (pow-
er-to-fuel) sectors, which are still heavily dependent on
fossil fuels. Because of the wide range of possible appli-
cations of renewable electricity, the terms “power-to-x" or
sector coupling are also used in this context. These prom-

Methanation
Methane supply into natural gas network
Conversion of methane into electricity
Methane as fuel

Power-to-gas-to-fuel

Methane for heat generation

Methane in cylinders/trailers

Methane research

Hydrogen supply into natural gas network
Conversion of hydrogen into electricity
Hydrogen for heat generation

Hydrogen as fuel

Hydrogen in cylinders/trailers

p-*i@zwmQ\ p‘ﬁﬁ&%“‘Q&|$

Hydrogen research

ising technologies will be essential starting in 2030/40, es-
pecially for seasonal storage of renewable power.

The fields of both industry and research, as well as poli-
tics, see the great potential of the P2G technology for im-
plementing the energy transition. Some car manufactur-
ers have already launched pilot projects. The national and
federal state governments subsidise various research and
development projects.

In Germany, there are currently more than 20 research,
demonstration and pilot projects for the P2G technology,
which have differing focuses but the same goal: to test the
technology, achieve standardisation, cost reductions and to
identify future challenges.

Source: greenfacts/DVGW; as of: October 2015

HOW POWER-TO-GAS WORKS

POWER-TO-X STORAGE

OVERSUPPLY

on very windy and sunny days in the future.

Due to the increasing expansion of wind and photovoltaic power, flexibility options such as smart grids or
interregional electricity exchange will not be sufficient to compensate for the oversupply of solar and wind power
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ELECTROLYSIS METHANATION
The excess electricity from renewable energy sources is = During methanation, the hydrogen produced from
used for electrolysis, where water is spit into hydrogen (TT] electrolysis is further "refined". Here it is mixed g
and oxygen using electrical energy. Through this 8 with carbon dioxide (C0O2) to produce methane: the E
process, a part of the electrical energy is chemically o primary component of fossil natural gas. Methane is, in g
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HYDROGEN STORAGE GAS NETWORK
Hydrogen gas must be stored under high Hydrogen can be injected into the existing natural gas network up to a certain

pressure and liquid hydrogen at very
low temperatures (-253 °C), requiring
a relatively high material and energy

percentage (approx. 5 per cent), while methane is unrestricted. This provides
a connection to the largest energy store available today. The storage capacity
of the German natural gas network with its pipes, tanks and

expenditure. subterranean caverns is estimated at 200 billion kilowatt-hours,

which roughly corresponds to Germany's nationwide power

consumption for four months. ]
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V¥ HYDROGEN/METHANE

ELECTRICITY AND HEAT

Both hydrogen and methane can be used in cogeneration or
combined heat and power (CHP) plants. Highly flexible
gas-fired (thermal) power plants are also connected to
the gas network. This allows the stored electricity to
be both converted back into power and to be used to
supply heat as necessary.

D ELECTRICITY D HEAT

FUEL

Hydrogen and methane can be distributed in hydro-
gen or gas fuel stations and used as fuel for the
corresponding internal combustion engines
in vehicles. Furthermore, hydrogen serves
as a source of energy for electric cars with
fuel cells.
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p MOBILITY

INDUSTRY

The industrial sector is the largest CO, emitter in Germany, with 33 per
cent (2015). In the production of crude steel alone, around 50 million
tonnes of CO, are emitted. The EU-funded project Green Industrial Hydro-
gen, with eight collaborating partners from Germany, ltaly, Spain, Finland
and the Czech Republic, aims to design more climate-friendly industrial
processes. The key: a high-temperature electrolysis process from pro-
ject partner sunfire GmbH (see page 77). Firstly, industrial compa-

nies can increase their efficiency through heat recovery by

using this procedure. Secondly, hydrogen, an important
raw material for industrial processes, can be sup-

plied in a more climate-friendly manner with renewable energy,

for example for the:

« Chemical sector: hydrogen is the most important molecule in the
production of ammonia, methanol and products based on paraffin

« Steel sector: hydrogen provides a safe atmosphere, eliminating
oxygen and thus preventing the oxidation of steel during the
annealing process.

« Electricity sector: hydrogen is used to cool large generators
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The transport sector plays an important role in the en-
ergy mix. In Germany, mobility accounts for around
30 per cent of the final energy requirement. However,
renewables are trailing behind, contributing only around
5 per cent towards the energy consumed in the transport
sector in Germany and the EU.

A modal shift to rail transport — the most efficient form of
electric mobility — is also lacking. Germany's motorway
network has grown by more than 10 per cent over the
past fifteen years to just under 13,000 km. Conversely,
the rail network has been extended by only 6 per cent,
with a length of just under 39,000 km.

The road-traffic dominated transport sector is therefore
one of the largest sources of greenhouse gas emissions.
There are solutions available, but they face challenges.
When it comes to the use of biofuels from cultivated bio-
mass, the EU applies an upper limit of seven per cent
in the fuel mix, which there are plans to reduce yet fur-
ther, according to the intentions of the EU Commission.
Alternatives in road-based passenger transport, such as
e-mobility using renewable energies, are only gaining
ground slowly. But car manufacturers have intensified
their activities. New electric production models such
as the Opel Ampera-e are achieving greater cruising
range. A buyer’s bonus for electric vehicles on the road
is providing an added incentive. And the infrastructure
with charging posts is being rapidly developed, also by
means of state funding.

With the expansion of e-mobility and the increasing
demand for power by electric fleets, sector coupling is
gaining importance. Linking the electricity and transport
sectors will create increased demand for power for the
foreseeable future and offers opportunities for the im-
proved coordination of supply and demand in the elec-
tricity markets.

The same applies to hydrogen-fuelled transport, which
is stillin its infancy. In future, this technology should also
be able to access particularly low-cost electricity from
renewables, as is being made available at high wind
speeds, for example. Of course, hydrogen mobility needs
its own infrastructure as well. Nevertheless, two pas-
senger cars — the Toyota Mirai and the Hyundai ix35 Fuel
Cell — were available in series production in Germany at
the end of 2016. More than 30 hydrogen filling stations
are in operation. By the end of 2018, it is intended that a
basic infrastructure of around 100 hydrogen filling sta-
tions will be available in major cities and on the motor-
way network. Work is also in progress in other Central

TRANSPORT

European countries to develop a viable infrastructure for
hydrogen-fuelled transport.

This technological progress is supported by re-
search-funding initiatives from the German Federal Gov-
ernment. Both in the funding priority “Electric Mobility
in Model Regions” and in the National Innovation Pro-
gramme for Hydrogen and Fuel Cell Technology (NIP),
stakeholders from science and industry are working to
develop commercially viable products and test them in
practice. More than 300 projects scattered across the
whole country have received and continue to receive
support through research funding.

While the technical options continue to be refined, the
majority of the electricity mix — despite all of the advanc-
es — is still based on conventional energy sources. It is
the German Federal Government’s aim to put one million
electric vehicles on the roads by 2020. Taking Germa-
ny’s current electricity mix as a basis, with its average
CO, emission factor in domestic consumption of around
600 g per kilowatt-hour, an electric car emits approxi-
mately 120 g CO, per kilometre — about the same as a
small car powered by fossil fuel. If the demand for elec-
tric vehicles and hydrogen-fuelled cars grows as much
as is hoped, the growth in renewables in the electricity
market must also gather pace. If not, the roads will be
increasingly filled with electric cars fuelled by coal- and
nuclear-based power. This indicates the urgent need to
further decarbonise the electricity mix — otherwise, the
commitment to e-mobility from the perspective of cli-
mate protection will evaporate.

ENERGY CONSUMPTION IN THE TRANSPORT SECTOR

2008 2016 2030
619 bn kWh 650 bn kWh 573 bn kWh
(+5,0%) (-7.4%)

6.0% 5.2% 25%
SHARE OF RENEWABLES IN THE TRANSPORT SECTOR

Source: Nitsch (2016) (Climate protection scenario “Klima 2050"); BMWi




76

TRANSPORT POWER-TO-MOBILITY

LINKING THE RENEWABLE ELECTRICITY SECTOR AND THE TRANSPORT SECTOR
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PRENZLAU CASE STUDY:
PUTTING CLIMATE NEUTRAL CARS ON THE ROAD -
WITH INNOVATIONS “MADE IN GERMANY”

In 2011, the world's first hybrid power plant went into op-
eration near Prenzlau in the federal state of Brandenburg.
Since then, the “Uckermark Power Plant”, constructed by
the company Enertrag, has been producing climate neutral
hydrogen with the help of wind power. At the heart of the
installation is a 50-kW pressure electrolyser, which is di-
rectly connected to three 2-MW wind turbines via a medi-
um voltage cable. Here, the electrolyser acts almost like an
energy regulator: when there is a surplus of wind power in
the region, it is used for the electrolysis process. The re-
sulting hydrogen is then stored in three pressurised tanks
with a total capacity of 1,350 kg before being delivered as
fuel to hydrogen filling stations.

If the wind turbines do not generate enough electricity,
however, the stored hydrogen can be mixed with biogas
and used in a combined heat and power plant. This way,
heat is produced as well as electricity. This heat is then fed
into the local heating grid for the town of Prenzlau, where it
supplies around 80 single-family homes.

POWER-TO-MOBILITY TRANSPORT

DRESDEN CASE STUDY:

POWER-TO-LIQUID - THE FUEL PRODUCTION REVOLUTION

In March 2015, the Dresden-based energy technology com-
pany sunfire GmbH produced synthetic fuel made from wa-
ter and CO, in its power-to-liquid (PtL) pilot plant for the
first time.

For the production of the liquid energy source, sunfire uses
green electricity, water and carbon dioxide obtained direct-
ly from the ambient air. The centrepiece of the pilot plantis
its high-temperature electrolysis process, in which the wa-

Engineers from sunfire GmbH draw off the first, crystal-clear litres of “blue crude”.

ALLENDORF CASE STUDY:

ter heated to form steam is split into its constituent parts:
oxygen and hydrogen. The latter then reacts with CO, to
form a synthetic gas, which is converted into hydrocarbons.
Kerosene, diesel, petrol and other petrochemical products
can be obtained from the resulting raw product (known as
“blue crude”) by means of a standard refining process.

Since waste heat from the process is used to generate
steam, with a system efficiency of 70 per cent, production
is particularly streamlined.

The so-called PtL fuels are climate-friendly and re-
source-conserving and have the potential to make a signif-
icant contribution to reducing greenhouse gas emissions
in the transport sector in the future. But the innovative pro-
cess has yet another advantage: it can be used to generate
hydrogen (see info box), but also the other way around (“re-
versible”), using a fuel cell to produce electricity and heat.
This way, renewable fuels, for example, can be utilised to
supply electricity flexibly to the public power grid.

The research project is being supported with funding of
6.4 million euros from Germany’s Federal Ministry of Edu-
cation and Research.

MILLIONS OF LITTLE HELPERS WORKING TO TRANSFORM TRANSPORT

Three containers and one biomethane plant make up the
power-to-gas installation in Allendorf (Hesse), which has
been feeding gas into the network since 2015. Whereas in
previous power-to-gas projects (see page 72) methanation
took place in a chemical-catalytic process, MicrobEnergy, a
company in the Viessmann Group, has developed a biologi-
cal technique. Here, the CO, produced in a biogas plant and
externally added hydrogen are converted into methane,
which is chemically identical to natural gas. This methana-
tion work is “carried out” by millions of highly specialised
microorganisms. These take up the hydrogen, which has
been dissolved in liquid, and the CO, through their cell walls
and “digest” the two ingredients to form methane. The only
residual product of this process is water.

The millions of little helpers get the energy they need to
survive through the process of converting hydrogen and
CO,. By coupling the process with existing biogas and sew-
age gas plants as the CO, source, the investment costs for
power-to-gas installations can be reduced significantly, be-
cause there are often already transformers in place as well
as connections to the electricity and gas grids. As a result,
the innovative and multi-award winning biological conver-
sion process is able to contribute to the decarbonisation of
the existing natural gas network, as well as supporting the
energy transition in the transport sector.

The biomethane plant in Allendorf sets innovative standards.



TRANSPORT BIOFUEL

KIRCHAMPER CASE STUDY:

SUSTAINABLE AGRICULTURE USING SUSTAINABLE FUEL

With financial support from Bavaria’s RapsTrak200 funding
programme, farmer Johann Felsl bought a new tractor that
can run on vegetable oil, which he fuels with rapeseed bio-
diesel produced in the region. The aim of the funding pro-
gramme is to increase the use of domestic rapeseed- and
vegetable oil-based fuels in modern agricultural tractors,
thereby supporting the rollout of these climate-friendly
technologies on the market.

On his 92-hectare farm in Kirchamper, Bavaria, which he
runs together with his daughter Theresia, Felsl uses the
vegetable oil-compatible tractor for various tasks, includ-
ing sowing wheat, barley, rape and maize, tilling the land,
cutting grass, harvesting, haymaking, baling straw and
transportation. The John Deere tractor has already given
915 hours of service powered with rapeseed oil fuel - to the
full satisfaction of the 60-year-old farmer.

With his own rapeseed oil filling station, a solar power in-
stallation on the roof and products marketed directly from
the farm, Felsl is a living model of sustainability and is
therefore setting a good example with great potential for
replication across the whole of Germany.

EASTERN GERMANY CASE STUDY:

Sustainable agriculture: farmer Johann Felsl's tractor runs on rapeseed oil.

BIOREFINERIES - INNOVATIVE TECHNOLOGIES

FOR CUTTING-EDGE MOBILITY

State-of-the-art biofuel production is based on several key
areas. In the manufacture of biodiesel, valuable rapeseed
meal as protein feed and glycerine for the pharmaceuti-
cal industry are also produced in the oil press alongside
vegetable oil. Additional innovations have been developed:
for instance, VERBIO AG offers a plant-based product for

Staff check the esterification reactors, which are used for the production of biodiesel.

reducing cholesterol — another co-product of biodiesel pro-
duction. At locations in Brandenburg and Saxony-Anhalt,
the company produces further high-quality products: it
makes bioethanol for petrol engines from energy crops -
mostly rye grown in the region. After the fermentation and
distillation of the energy crop to make fuel, digestates re-
main, the so-called distillers’ grains. VERBIO uses these to
produce animal feed or biogas. As biomethane this gas is
then used as fuel - as, for instance, in Augsburg municipal
utilities company’s (Stadtwerke Augsburg) fleet of more
than 100 buses. Finally, the fermentation residues (diges-
tates) from the biogas plant are used as fertiliser on the
fields.

But that's not all. In addition to the cereal grain, VERBIO
also uses the straw. Since October 2014, biomethane has
been produced entirely from straw in Schwedt/Oder. This
innovative EU-funded project in Schwedt is now intend-
ed to show how the whole process can work on a large
scale. The capacity of the existing plant will be increased
to 16.5 megawatts by 2019, which corresponds to an annu-
al production of approximately 136 million kilowatt-hours.
There is great potential throughout Germany for straw to
be used to generate energy.

The examples of rapeseed meal, ethanol distillers’ grains
and straw illustrate that, as part of a practical circular
economy, biodiesel, bioethanol and biogas plants acting
as biorefineries can meet the challenge of providing cli-
mate-friendly, domestic energy and other valuable prod-
ucts on a sustainable basis.

PROGRESS THROUGH EFFICIENCY

The decarbonisation of the transport sector requires, on
the one hand, new drive technologies that use renewables
as fuel. On the other hand, it is important to tap into ex-
isting efficiency potential wherever possible. For example,
lightweight construction in the automotive sector not only
saves resources and energy in production, it also lowers
fuel consumption in use and thus reduces CO, emissions.

Improved aerodynamics also help to increase the efficien-
cy of road transport. Trucks offer great potential in this
regard: when all of the opportunities for the aerodynamic
optimisation of the tractor unit and semi-trailer are exploit-
ed, the air resistance when driving is reduced by around
20 per cent. As a consequence, the vehicle's fuel consump-
tion can be reduced by about three litres per 100 km. An-
other innovation in terms of design is the “longer heavier

EFFICIENCY TRANSPORT

vehicle” (LHV), known as a super lorry. Field trials have
shown that two super lorries can carry the load of three
conventional trucks. The result: 15 to 30 per cent less fuel
is consumed per transported tonne. At the same time, the
volume of traffic is reduced. However, these LHVs are not
without controversy. One criticism is that road construction
is inadequate for these heavy transport vehicles.

The savings potentials resulting from improved driving
style are easy to realise: after all, a lorry’s fuel consump-
tion can be cut by around five per cent when the driver
has completed a driver training course. To transform the
transport sector, it is imperative that all of these efficiency
potentials are exploited — and that the unavoidable residual
demand for fuels is met from renewable sources.

An aerodynamically optimised design unlocks efficiency potentials for transforming the transport system.

HIGHLIGHTING EFFICIENCY

When buying a new car, alongside model, price and fuel
consumption, the vehicle's emissions have also long been
a point of interest. After all, in addition to consumer aware-
ness of the issue of climate protection, road tax is also de-
pendent on a vehicle’'s CO, emissions. In accordance with
a directive from the EU, manufacturers and dealers have
had to provide details about the fuel consumption and CO,
emissions of new cars since 2004, both in their advertising
and on the vehicle. Germany's Federal Government went a
step further at the end of 2011 by introducing regulations
for the energy consumption labelling of passenger cars,
according to which new cars being sold or leased must be
given a standardised CO, label. This label for cars is similar
to the familiar efficiency labels on household appliances,
for example. The vehicles are thus categorised into effi-
ciency classes from A+ to G, allowing consumers to better
compare them. It is hoped that this transparency measure
will encourage the purchase and production of energy-
efficient cars.

PASSENGER CAR REGISTRATION TRENDS
BY CO, EFFICIENCY CLASS
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Source: Federal Motor Transport Authority (KBA), new registrations (motor
vehicles): Neuzulassungen von Fahrzeugen nach Umweltmerkmalen, Jahr 2012-
2015 (FZ 14) (New vehicle registrations according to environmental performance,
2012-2015), Flensburg; illustration by the German Energy Agency (dena).



TRANSPORT GOODS TRANSPORT

GOOD ALTERNATIVES FOR GOODS TRANSPORT

-
The electric truck providing zero-emission goods transport in Germany's capital city.

ELECTRIC TRUCKS IN BERLIN:
NO MORE DRONING DIESELS

Since 2000, freight traffic on Germany’s roads has risen by
around 31 per cent. Almost all of the goods that are pur-
chased in shops or on the Internet, are transported by lorry.
In 2013, this goods transport gave rise to around 38.7 mil-
lion tonnes of CO, emissions. The company E-Force has
been developing a concept to reduce the environmental
pollution caused by freight transport on the roads, fitting
electric drives in conventional 18-tonne HGVs. In Berlin,
two of these electric trucks have been used successfully in
urban logistics operations since 2014. Although they have
a shorter range when compared with conventional models,
this is not particularly significant in urban use, where the
electric motor can demonstrate its strengths to the fullest.
These include decreased noise pollution as well as reduced
operating costs.

HOW AN ELECTRIC CAR WORKS

Schematic diagram of an
electric car
eMobilitat

" ©2017 Bundesverband eMobilitat e.V.

Enercon GmbH's E-Ship 1 transports wind turbines with the assistance
of the wind on the high seas.

WIND POWER ON THE HIGH SEAS
FOR THE WORLD

Since its completion in 2010, “E-Ship 1" has been trans-
porting wind turbines around the globe for Enercon GmbH.
Alongside a diesel propulsion system, the cargo ship also
uses so-called Flettner rotors. This system features four
cylinders, each 27 metres tall, mounted on the ship’s deck,
which are caused to rotate by electric motors. The air flow-
ing past the sides of the cylinder is either accelerated or
slowed down, creating a difference in pressure (the Mag-
nus effect), which is used to drive the Flettner rotors. Thus,
the renewable energy of the wind is harnessed even on the
water.

In addition to its drive concept, “E-Ship 1" features an op-
timised rudder and propeller concept that uses know-how
from wind turbine manufacturing. The underside of the
hull was built with optimised flow characteristics. Using
this technology, Enercon is able to achieve fuel savings of
around 25 per cent. This equates to annual savings of about
1,700 tonnes of marine diesel or up to 5,100 tonnes of CO,.

CHARGE CONNECTOR

BATTERY MANAGEMENT SYSTEM
App enabled

HIGH-VOLTAGE CABLE
from charging socket to battery

LITHIUM-ION HIGH-VOLTAGE

BATTERY

POWER ELECTRONICS

Control system

LOW-VOLTAGE BATTERY
12 volts, DC converter

ELECTRIC MOTOR

ABS & ESP

Anti-lock braking system
Electronic stability programme

REGENERATIVE BRAKING SYSTEM
Conversion of kinetic energy into
electrical energy

PASSENGER TRANSPORT TRANSPORT

MODAL SHIFT 2.0:

The e-bus in Bonn has successfully passed field testing.

... 100 PER CENT RENEWABLE
ELECTRIC BUSES

The greatest potential for CO, savings in the transport sec-
tor lies in the transition from so-called motorised private
transport, i.e. the use of cars, to local public transport. And
further reductions in CO, emissions are possible when the
operation of the public transport vehicle fleet is climate
neutral. This also allows municipalities and cities to fulfil
their function as role models. Take, for instance, the city
of Bonn, where the practicality and operating efficiency of
electric buses is being tested against conventional drive
technologies. The result: six buses have since been suc-
cessfully deployed on almost all of the network’s routes.
The batteries are recharged at night — using electricity
from 100 per cent renewable energy sources. In addition
to their zero-emission drive systems, the low level of noise
pollution from the buses has also proved attractive. Other
innovations are also being implemented. For example, USB
ports for charging mobile devices are fitted as standard.

The trial is part of the ZeEUS (Zero Emission Urban Bus
System) project, funded by the European Union. Alongside
Bonn, Stockholm, London, Paris, Miinster, Pilsen, Warsaw,
Barcelona, Randstad and Cagliari are also taking part in the
project, which has received funding of 13.5 million euros.

LEAVE THE CAR AT HOME AND HOP ABOARD THE FUTURE WITH ...

The first hydrogen train on German tracks is waiting in the wings.

... HYDROGEN-POWERED
TRAINS

Electrically driven trains have long been considered state
of the art and, with the use of renewable electricity, can
be deployed without any impact on the climate. However,
only 60 per cent of Germany'’s rail routes are equipped with
overhead lines, meaning a large portion of the rail service
is operated by highly polluting diesel locomotives.

One alternative to this conventional energy source may be
found in hydrogen propulsion. In Northern Germany, on a
route in the Hamburg area, Germany's first hydrogen-pow-
ered train —the “iLint” from Alstom — will enter regular ser-
vice from 2017. A hydrogen tank and a fuel cell, which sup-
plies electrical energy, are located on the roof of the train.
The advantages are plain to see: the drive technology is vir-
tually noiseless, it is climate neutral when using electricity
from renewables and has a range of up to 800 kilometres.
It can reach a maximum speed of 140 km/h.

Fourteen orders have already been placed by Lower Sax-
ony’s public transport authority and Baden-Wiirttemberg,
Hesse and North Rhine-Westphalia are amongst the other
states taking a keen interest in the “iLint".

-. @&
o ~ BERLIN
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GERMANY’S TOTAL ENERGY CONSUMPTION
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HEAT TRANSITION AND EFFICIENCY &

UNLEASHING

ENORMOUS POTENTIAL

EFEEICIENCY AND
RENEWABLES

There is a mixed picture in German boiler
rooms. Whether central or district heating,
using fossil fuels or renewables, modern or
long since out of date: the so-called “sleep-
ing giant” — i.e. the immense potential for
saving fossil fuels and greenhouse gases in
the heating sector — is not clearly identifi-
able. Nevertheless, it is especially important
that rapid and dynamic changes are made in
the heating sector, which is responsible for
about half of Germany’'s energy consump-
tion, if Germany is to achieve its climate
targets: the Federal Government aims to
achieve an “almost climate neutral buildings
sector” by 2050.

So far, the energy transition in Germany
has, however, been taking place chiefly in
the electricity sector, where renewables
have achieved a market share of just under

FINAL ENERGY CONSUMPTION ACROSS
THE WHOLE HEATING SECTOR

8.3% 13.0% 30.5%
SHARE OF RENEWABLES IN THE HEATING SECTOR

one third. Conversely, at around 13 per
cent (2016), the share of renewable ener-
gies in the heating sector has barely grown
for years. And that is despite the fact that,
with heat pumps, solar thermal energy and
bioenergy, there are advanced renewable
technologies available for every application,
which can make a highly significant contri-
bution to climate protection efforts.

To achieve the climate protection goals in
the future, a shift is needed from decen-
tralised individual heating systems based
on biomass to a networked supply or to in-
dustrial biomass plants. If a climate-friendly
heating supply is to be developed, it will also
be necessary in the long term to tap into the
existing potential of solar thermal energy
and deep geothermal energy much more
dynamically than previously.




HEAT TRANSITION AND EFFICIENCY

ENERGY EFFICIENCY AND THE HEAT TRANSITION GO HAND IN HAND

The energy transition also means putting a stop to the
wasteful use of energy and favouring a climate-friendly and
resource-efficient energy supply. Energy conservation and
energy efficiency are important pillars of the energy transi-
tion, in addition to the generation of renewable energy.

The opportunities for making energy savings are signifi-
cant, as the “Efficiency map” shows. Energy consumption
can be reduced considerably, especially through the rapid
introduction of fuel-efficient vehicles and the renovation of
old buildings with a focus on energy efficiency, as well as
by upgrading heating systems. Further savings are possi-
ble in other areas such as electrical household appliances
and the industrial sector. The “Efficiency map” also illus-
trates that the potential for savings is spread across many
individual measures and different consumers. Therefore, a
variety of instruments are required if these savings are to
be realised.

Inthe buildings sector, which accounts for about 40 per cent
of Germany'’s final energy consumption, existing measures
include minimum standards relating to the energy demand
of new buildings, which are steadily becoming stricter.
However, three-quarters of the building stock was built be-

fore the country’s first Thermal Insulation Ordinance - a
law governing energy-saving construction — came into ef-
fect in 1977. These buildings are still largely unrenovated
and consequently in a poor condition as regards energy ef-
ficiency. Up to 80 per cent of energy demand can be saved
through professional refurbishment and the installation of
modern building and heating technology. Financial incen-
tives, such as low-interest loans from the KfW development
bank, are therefore intended to encourage homeowners,
for example, to renovate their buildings for energy efficien-
cy. This benefits not only the climate, but also the residents
of the house thanks to lower energy bills.

From 2021, newly built private residential buildings must
have an annual energy consumption of almost zero, ac-
cording to the European Union’'s Energy Performance of
Buildings Directive.

The concept of so-called “energy plus” houses, which pro-
duce more energy than they consume, goes one step fur-
ther. This excess energy can be used for the family’s elec-
tric car, for example. The Federal Ministry for Building is
funding around 200 model homes that are testing out this
construction method in practice.

HEAT TRANSITION AND EFFICIENCY

ENERGY-EFFICIENCY RENOVATION
PAYS OFF

In old buildings, energy is quite literally thrown out of the
window. But it is not just through outdated windows, but
also through poorly insulated exterior walls, roofs and cel-
lars that precious heat escapes, especially in winter. These
heat losses can be minimised and energy costs drastical-
ly reduced by installing insulated glazing or by insulating
the building envelope. What's more, this increases both the
comfort level and the value of the property. When moderni-
sation is professionally carried out and an efficient heating
system is installed, ideally using renewable energies, a
building’s energy requirements can even be reduced to the
level of a new build.

KASSEL CASE STUDY:

AN “ENERGY PLUS” HOUSE AS A BEACON PROJECT
FOR ENERGY-EFFICIENT CONSTRUCTION

KEY FIGURES:
Year of construction: 2012/2013
Gross external area: 453 m?

Areas of heat loss are easily identifiable in the thermal image: the uninsulated left half
of the house is losing a lot of energy through the facade. The thermal image also clearly
shows the weak spots at the windows

Heated net internal area: 280 m?
Heated building volume: 1,510 m?

BUILDERS’ OBJECTIVES:

e An architecturally state-of-the-art building

« Low energy consumption and efficient use of resources
without sacrificing comfort

EFFICIENCY MAP: SAVINGS POTENTIAL BY CONSUMER

HOUSEHOLDS COMMERCE, TRADE, TRANSPORT INDUSTRY
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HEAT TRANSITION PRACTICAL APPLICATION

MIETRACHING CASE STUDY:

TRANSITIONING FROM MILITARY WASTELAND
TO ZERO-ENERGY AND ZERO-EMISSIONS TOWN

The Mietraching district of Bad Aibling (Bavaria) is a flag-
ship project for the “Energiewende” on the ground: an en-
tire neighbourhood is being transformed into a “zero-energy
town” by means of sustainable construction and a decen-
tralised renewable energy supply.

The former US military base was acquired in 2005 by the
B&0 Group. This private service provider to the housing sec-
tor aims to develop an energy-efficient model community
with mixed use, featuring both housing and employment,
and thereby intends to gain experience for other projects.

The majority of the 52 existing buildings on the site of ap-
proximately 70 hectares were built in the 1930s and have
been extensively renovated and modernised. For instance,
the facades were thermally insulated using wooden prefab-
ricated elements, including pre-installed windows. Internal
disruption was thus kept to a minimum during the renova-
tion period. The new buildings in Mietraching, also known
as “city of woods”, were each built according to low-energy
construction standards as wooden structures of high archi-
tectural quality. The high degree of prefabrication is consid-
ered particularly innovative and promises short construc-
tion times and low building costs for the future.

At the heart of the district’s renewable energy supply is the
so-called “heating icon”, which was even blessed by a priest.
It is a wood-chip power plant, which outwardly resembles a
wood-panelled church and is therefore visually in keeping
with the architecture of the district. Inside, there is a 500-kW

boiler, which uses residual wood from the region’s forests
to supply heat to the individual buildings via a local heat-
ing network (see diagram for operation). In addition to the
“heating icon”, approx. 2,000 m? of solar collectors provide
renewable heat. By contrast, a ground-mounted photovol-
taic system (2.3 MW) and a PV installation on the roofs of
the former aircraft hangars (400 kW) use the sun to gener-
ate electricity. The renewable energy supply is completed
by the use of heat pumps.

The district achieves an annual positive energy balance
of approx. 290 kWh/m?
thanks to its high ener-
gy building standards,
renewable heat supply
and large PV system.

This beacon project,
funded by the Ger-
man Federal Ministry
for Economic Affairs
and Energy (BMWi) as
part of the research
initiative  “EnEff:Stadt”
(energy-efficiency

town), demonstrates a
high potential as a mul-
tiplier, given Germany’s

many mllltary brown- Heating icon: from the outside, designed to look like a
. . chapel and, on the inside, a modern wood-chip heating
field sites. system.

The newly built multi-family houses are fitted with a wooden facade and PV systems.

PRACTICAL APPLICATION HEAT TRANSITION

HOW A BIOMASS COMBINED HEAT AND POWER PLANT WORKS

With a consumption of 40,000 tonnes of wood or other biomass, a 5-MW combined
heat and power (CHP) plant generates around 30 million kilowatt-hours of
electricity and 50 million kilowatt-hours of heat each year. In principle, this kind of
power plant operates like a coal-fired power plant.

The annual CO, reduction compared to the combustion of
fossil fuels is around 40,000 tonnes
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HEAT TRANSITION PROCESS HEAT

RENEWABLE ENERGY FOR INDUSTRIAL USE

The biggest lever for industrial energy savings is in indus-
trial process heat, which accounts for two thirds of indus-
trial final energy consumption but just 5 per cent of which
is covered by renewable energy. In addition to low oil and
gas prices, both the relatively long payback periods as well
as structural and technical conditions inhibit investment in
renewable energies in the industry sector. Process heat is
necessary for the manufacturing, processing and refining
of products. Depending on the sector of the economy, vary-
ing temperature levels are needed for the production pro-
cess. For example, temperatures used in the food industry
reach only up to 100 degrees — which involves cooking.
Solar thermal energy, deep geothermal energy and heat
pumps can be utilised very well for production processes
at this low range of temperature.

However, the bulk of the process heat demand in the indus-
trial sector occurs at temperatures above 500 degrees Cel-

ticularly by means of bioenergy, which is why bioenergy is
greatly important for the energy transition in the industrial
sector. 500 degrees Celsius can be easily reached through
the combustion of solid biomass and biogas. Biomethane
(treated and purified biogas) inserted, for example, into a
cogeneration plant can also obtain temperatures well over
500 degrees Celsius. But the use of other renewable energy
gas technologies (power-to-gas, wind gas) provides rele-
vant options, too.

Direct electrical heat generation (power-to-heat) in the in-
dustrial sector is especially useful for the energy transition
in Germany if it is used as a flexibility option for the power
sector. Electricity from renewable energy sources that is
not directly consumed due to bottlenecks can be used in
industrial companies to produce process heat. This form
of sector coupling can lead to considerable reductions in
economic costs.

PROCESS HEAT HEAT TRANSITION

OBERHAUSEN CASE STUDY:
GREEN ELECTRICITY INSTEAD
OF FOSSIL PROCESS HEAT IN
THE CHEMICAL INDUSTRY

Elevated temperatures are often required to produce chemicals: a
process heat demand of over 500 degrees Celsius often prevails in
the chemical industry. The resulting energy-intensive production
comes with high costs and high CO, emissions. Today, cheaper elec-
tricity, produced on low CO, emission levels, is already available as
a result of the energy transition. According to science, the amount
of renewable electricity will increase considerably within the next
15 years. This should make it possible to produce chemical products
for which oil is still used today. The Fraunhofer Institute UMSICHT is
working on just that objective. In the lighthouse project “Electricity
as a Resource”, electricity that was generated on low CO, emission
levels is used in a process to synthesise important basic chemicals.
There are two approaches: the first, in which the prototype in Ober-

sius. This is a temperature range that can be sustained par- hausen easily and reliably produces hydrogen peroxide (H,0,) using

electricity. Hydrogen peroxide is a disinfectant and bleach and is
used, for instance, in the production of paper. In the other approach,
researchers aim to create valuable basic chemicals - ethene as well
as various alcohols - out of electricity and CO,.

INDUSTRIAL HEAT DEMAND BY SECTOR
By temperature level in degrees Celsius (°C)

<100 °C 100-500 °C 500-1,000 °C >1,000 °C If they succeed, the researchers’ vision will soon be a reality: on the
| | | premises of a pulp manufacturer, electrochemical reactors — pow-
Rubber and plastic products 1 ered by neighbouring wind farms when possible - always produce
\ \ \ \ \ \ \ \ \ \ \ just as much bleach as the paper manufacturer requires: on-de-
Mechanical engineering | | | | | | | | | | ‘ mand hydrogen peroxide production.
Publishing and printing industry ‘-ﬁ
Manufacturing of metal products FH | ﬁ
Vehicle construction/production ﬁ? | ﬁ
Paper industry I The galvanic plunge basin is heated by solar energy at the company Hustert Galvanik.
\ \ \ \ \ \ \ \ \ \
Food industry _‘ ! ! ! ! _‘ ! ! ! ‘ ‘
Glass and ceramics industry ‘II | | | ﬂ
Chemical industry H? | | | | | H
Metal production and processing [ 1] I —
‘ 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Source: Ifeu/DLR/ZSW 2010; As of: 6/2017 RAHDEN CASE STUDY' USE OF SOLAR PROCESS HEAT
SOLAR PROCESS HEAT Distribution of approved installations and collector
IN THE AUTOMOTIVE INDUSTRY surfaces according to plant location in the

respective federal states

TEMPERATURES ACHIEVED FROM RENEWABLE HEAT SOURCES (Sample of 205 out of 263 installations)

By temperature level in degrees Celsius (°C) Parts for the automotive industry are galvanised at Hustert Gal-
vanik, a medium-sized family business in the Westphalian town of

0°C 100°C 200°C 300°C 400°C 500°C 1,000 °C Rahden. This electrochemical process allows for base materials for

Solar ‘ ‘ ‘ ‘ ‘ parts to be coated with a thickness of only a few micrometres. In 7
Solar thermal energy the automotive industry, this process is used primarily for protec-
Geothermal energy tion against corrosion and wear.
Deep geothermal energy
Near-surface geothermal A plunge basin at a set temperature of 80 degrees Celsius is re-
energy/heat pumps quired for the galvanising process. Since 2011, this process heat
Bioenergy is partially generated through a solar thermal plant at Hustert
Solid biomass Galvanik. 45 vacuum tube collectors occupying a total gross area
g!Ogasth of 221 m? support the existing oil-fired boiler plant. This saves

lomethane 12,500 litres of oil per year. The annual yield of the solar plant is
Renewable energy gases around 95,000 kWh and thus lies below the overall demand of the
Hydrogen production process. Peak yields during the summer are buffered
Synthetic methane using the plunge basins. The family-run business was not only mo-
Electricity tivated by the profitability of the solar system, but also by the effect

it has on climate protection. Now Hustert Galvanik saves around 35

Source: DLR 2016; As of: 6/2017 . .
tonnes of CO, emissions per year.




EFFICIENCY ECONOMY

LESS IS MORE: INTRODUCING ENERGY SAVINGS AND
EFFICIENCY MEASURES INTO THE ECONOMY

The industrial sector is the second largest greenhouse
gas emitter in Germany behind the energy sector (2016:
188 million tonnes of CO, equivalents). It is therefore an
important prerequisite for the success of the energy tran-
sition to introduce it into the economy. This means that en-
ergy must be used and saved efficiently during production
and that the rest of the energy demand will increasingly be
met using renewable energy.

Whether it be a family-owned business or a large corpo-
ration, a butcher or metal production facility - no company
can run without energy. Raw material energy is the elemen-
tary lubricant in operating a business, though it can also of-
ten run perfectly smoothly with less energy consumption.
Energy savings and efficiency measures are well worth the
effort: less energy consumption means lower costs and
reduced dependence on price increases, strengthening the
company’s competitiveness.

At the same time, lower emission levels help to mitigate
climate change. Corporate image is also improved by sus-
tainable production, resulting in the acquisition of new cli-
ents. However, savings options are often still not utilised.
Cited reasons for this are insufficient time, low budget or

lack of knowledge, especially in the case of small and me-
dium-sized businesses. This is where a development pro-
gramme for high-efficient interdisciplinary technologies
from the German Federal Ministry for Economic Affairs and
Energy (BMWi) comes into play. This term is used to de-
scribe the basic technologies utilised in all sectors. These
technologies drive production processes with special forms
of energy such as compressed air, process heat or cooling
energy and are also a company’s largest power consum-
ers. The greatest energy savings solutions can therefore
often be found in these interdisciplinary technologies.

The BMWi development programme subsidises the re-
placement of standard technologies for more energy effi-
cient technology. The Ministry also funds energy consulting
for small and medium-sized businesses. These support
measures for increased efficiency and energy savings in
companies, along with others, are expected to contribute
to a 20 per cent decrease of the primary energy consump-
tion by 2020 compared to 2008 levels (as of 2015: -8.3 per
cent) and a 50 per cent decrease by 2050. The result is a
win-win situation: the climate is protected and the German
business location is bolstered.

COMPETITIVE ADVANTAGE OF ENERGY EFFICIENCY

Companies can reduce energy consumption by
investing in energy-efficient technologies and
process optimisation.

COO00O 00000
| |

Lighting _70 %
Compressed air —50%

Process heat -3 0 %

a Pump systems —30%

Cooling & cooling —3 0 %
water system

Ventilation systems —25%

Each company is unique and contains a different
savings potential. During the search for efficiency
measures, the company should always be consid-
ered as a whole. Energy consulting is funded by
the government, and federal state energy agencies
support the regional economy in the application of
energy efficiency.

ECONOMY EFFICIENCY o

STUHR CASE STUDY:
TECHNOLOGY: LIGHTING SYSTEM

Sector: Printing industry
Company: August Koopmann GmbH

The medium-sized printing company August Koopmann GmbH from Stuhr (Lower
Saxony) had the lighting of its 3,500-m? production hall converted entirely to LED:
800 existing systems with fluorescent tubes were replaced with 350 new systems
using highly efficient LED technology to now efficiently and economically illumi-
nate machines, work stations and storage facilities.

MULHEIM CASE STUDY:
TECHNOLOGY: COMPRESSED AIR SYSTEM

Sector: Metal production and processing,
metal products manufacturing
Company: MULHEIM PIPECOATINGS GmbH

MULHEIM PIPECOATINGS GmbH coats longitudinal and spiral-welded large-diam-
eter pipes such as oil and gas piping as well as drinking water and wastewater
pipes. The internal and external coating of the pipes varies depending on the us-
age type. Compressed air is always used for drying during the production process,
which naturally must also be dry itself. The ideal drying level of compressed air
could be reached using a new combined cold and adsorption drying method. First,
approximately 85 per cent the moisture content of the compressed air is isolated
through cold drying. The remaining moisture is then removed using an adsorption
dryer in the subsequent drying phase. Finally, the compressed air is used in the
refrigeration dryer where it cools the new incoming warm compressed air in an
air/air heat exchanger. One quarter of the energy required for the compressed air
can be saved using this procedure.

Energy savings: 806,000 kWh per year
Cost savings: 112,900 euros per year
CO, savings™: 424.8 tonnes per year

Energy savings: 75,000 kWh per year
Cost savings: 10,500 euros per year
CO, savings™ approx. 39.5 tonnes per year

GEORGSMARIENHUTTE CASE STUDY:
TECHNOLOGY: PROCESS HEAT

Sector: Steel production
Company: Georgsmarienhitte GmbH

Georgsmarienhiitte GmbH has been manufacturing steel since 1856. Its custom-
ers are predominately from the automotive industry. Scrap steel is melted by an
electric arc furnace in the steelworks. The electric arc transfers the electricity
into heat of fusion during this step of production. Thanks to an energy manage-
ment system, the electric arc furnace was discovered to contain an enormous
waste heat potential. Steam extraction and storage was therefore performed for
the first time at Georgsmarienhiitte. This steam generated from waste heat is
used for process heat and space heat supply and thus saves a significant amount
of energy.

Energy savings: 62,892,800 kWh per year (corresponds to 79 per cent
of the previous power consumption)

Cost savings: around 14.4 m euros per year

CO, savings™: 33,144 tonnes per year

*Calculation is based on a CO, emission factor of the 2016 German electricity mix of 527 grams per kWh
(UBA, March 2017); Source: dena



EFFICIENCY GREEN PRODUCTION

FREIBURG CASE STUDY:

SUSTAINABLE CORPORATE STRATEGY: GREEN PRODUCTION IS INVALUABLE

The advantages of the energy transition in the factory are
obvious: independence from imported raw materials and
rising prices is improved, the climate assessment of the
company is enhanced and a positive public image for mar-
keting purposes is achieved.

The US pharmaceutical company Pfizer has been pursu-
ing a “green strategy” for many years. With its own climate
goals — 20 per cent greenhouse gas reductions by 2020 -
as well as numerous large and small steps, the company
works hard to achieve sustainable and resource-saving
business. The pharmaceutical production site in Freiburg
is considered a pioneer, producing over 230 million medi-
cation packages annually. It has drastically reduced its CO,
emissions and now covers more than 90 per cent of its en-
ergy demand using renewable sources.

DEVELOPMENT

GREEN PRODUCT AND PROCESS

A flagship project and guarantor for low-emission produc-
tion is one of the largest pellet-fired boilers (3.8 MW) in Eu-
rope, which saves around 5,500 tonnes of CO, per year and
provides 95 per cent of the required process heat.

The modern wood-pellet fired steam-boiler plant is fed
with ecologically produced wooden pellets from the nearby
Black Forest. This saves on long transport routes.

In the summer, the steam from the pellet boiler is also used
for cooling: an absorption refrigeration unit is used to ob-
tain cooling from the steam, as in the case of a refrigerator.
This cold energy is used for air conditioning, among other
things. The all-rounder bioenergy thereby supplies the in-
dustrial plant with heat and cooling.

GREEN PRODUCTION EFFICIENCY

Hamburg's Environmental Senator Kerstan at the inauguration of the Industrial Energy Efficiency Network in Hamburg.
The network aims to save a total of 60,000 tonnes of CO, by 2018.

1%
5

GREEN PRODUCTION

RECYCLING STATION @

The sustainable use of resources
means to prevent waste where
possible and to find a sensible way
of dealing with it when not.

Pfizer Freiburg makes further use

Starting in the early phase of medication develop-
ment and their manufacturing processes, Pfizer
relies on eco-friendly and energy efficient solu-
tions. In order to find cutting-edge procedures,
the development department also works with
external experts, like the Fraunhofer Institute for
Solar Energy Systems (ISE) or the Centre for Re-
newable Energy (ZEE) from Freiburg.

of residual materials. Sﬂggﬁ

STAR* — SOLAR AIR DRYING 8

Pharmaceutical production requires very
dry air. But dehumidification systems are

The Pfizer plant in Freiburg has its focus on the entire lifecycle of a medication -
from the raw materials to manufacturing and packaging all the way to transport
routes and logistics. The company is committed to sustainable development
and resource conservation at all hours of the day.

SOLAR ROOFS

The plant supplies solar power to the
public grids from its own 105-square
metre photovoltaic installation. With an

ENERGY EFFICIENCY
NETWORKS:

GIVE AND TAKE FOR
THE CLIMATE AND THE
COMPANY

The Federal Government and 22 as-
sociations and professional organi-
sations founded the Energy Efficien-
cy Networks Initiative with the goal
of launching 500 networks by 2020.
The purpose of this network is the ex-
change of experiences on topics such
as energy management, efficiency
technologies and implementation.
The exchange is structured and mod-
erated by skilled experts. The compa-
nies set individual efficiency targets
as well as targets for their respective
network as a whole and implement
appropriate measures. This makes
it possible for companies in energy
efficiency networks to increase their
energy efficiency twice as fast as the
average firm. Networks also offer
the opportunity to find new business
partners.

More than 130 new networks with a
total of over 1,300 participating com-
panies already joined forces as of
August 2017.

large energy consumers, and not only in annual yield of 24,500 kilowatt-hours, 0.

Freiburg, but in industry as a whole. Pfizer the environment is spared 16.5 tonnes ; ®

Freiburg is testing the first solar air drying of carbon dioxide per year. o @
system jointly with the University of Applied L)

Sciences Offenburg. Solar heat is used in-
stead of electrical power. The solar air col-
lectors in the pilot installation enable ener-
gy savings of up to 50 per cent.

WOOD-PELLET FIRED _{%l
STEAM-BOILER i

CLEVER ARCHITECTUREB;

The buildings of the plant contribute to
energy efficiency. A geothermal energy
plant heats and cools the administra-
tion building in a highly efficient man-
ner. Room partitions made of glass let
light pass, saving energy for lighting
and facilitating communication. Special
window panes ensure better heating in
the winter and protection against over-
heating in the summer. The building's
insulation has been optimised according
to the latest standard.

B i

GEOTHERMAL FIELD L U

Pfizer Freiburg extracts heat or cooling from depths of 130 metres,
depending on how things look above ground. Heat is absorbed from
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@ Network being set up

@ Network commissioned
@ Contact (trade associations)

Source: www.effizienznetzwerke.org
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J Cg)L the Earth or emitted back into the ground through 19 U-shaped tubes,

which are driven deep into the ground on the premises and circulate
a water-glycol mixture. The geothermal energy plant removes heat
from the Earth during winter, warm water comes to the Earth’s sur-
face and must be heated only slightly to be used for space heating.
In the summer, the water is sometimes below 12 degrees Celsius. In

GREEN
LABORATORIES GIA

The cutting-edge technology in pharmaceutical laboratories is energy intensive. The annual consumption
of a standard ventilation system during day-to-day laboratory operations is about as much energy as a
three-person household. Pfizer Freiburg invested in special vents which significantly reduce energy con- these cases, it can be directly used for cooling. It is passed through
sumption. These need just 33 per cent of the air volume of a conventional ventilation system. Since less air the ceilings in radiant panels also known as heating and cooling ceil-
Source: Pfizer is moved, less energy is needed. ing panels.

* Solar technologies applied to absorption wheels regeneration



OUTLOOK EUROPE 2030

THE EU IS RENEWABLE

The energy transition is not just a German endeavour. All
Member States of the European Union have established
mandatory national targets for a minimum share of renew-
able energy in 2020. The combined efforts of the individu-
al countries, in parallel with increasing energy efficiency,
complement one another in their joint pursuit of renewable
energy expansion. Thus, the EU is on its way to fulfilling
its global commitments to climate protection. However, it is
important to establish an even more ambitious framework
for the upcoming decisions regarding further steps until
2030. Europe must act as a pioneer for the Paris climate
agreement to be a success.

The Energy Union project can provide new
impetus to European collaboration. Since
2015, it has been pooling measures that
the EU Commission and the Member States
use to advance the energy transition. It is in-
tended to make Europe less dependent on
energy imports. EU citizens are expected to
benefit from lower energy costs as a result
of better involvement in the internal energy
market. The “Clean Energy for All Europe-
ans” legislative package proposed by the EU
Commission in November 2016 is a central
component to this.

GERMANY IN THE EUROPEAN
ENERGY TRANSITION

By implementing the Energy Union, the EU is developing
the framework for secure and clean power supply over the
long term. A functioning internal energy market is crucial
for progress in the European energy transition. However,
renewable energy is still at a disadvantage to fossil fuels:
fossil fuels are often subsidised. Additionally, society as a
whole assumes the environmental and health costs from
the combustion of coal and the like. Renewable energy
sources still struggle to establish themselves in this unfair
competition.

OUTLOOK EUROPE 2030

PROMOTING DECENTRALISATION,
INTERCONNECTING EUROPE

With the promotion of renewable energy, Germany is con-
tributing within the framework of the European targets.
Together with the other EU members, it bears responsi-
bility for the success of the European energy transition.
Each Member State first adopts a customised development
strategy, which is based on its potential and level of tech-
nological development, to reach its national renewable
energy target.

To pool forces, Member States can also establish com-
mon support schemes or finance cross-border renew-
able energy projects, which are then credited towards the
national renewable energy targets. For example, in 2016
Denmark and Germany organised pilot auctions for solar
power plants for the first time. The two mutually opened
cross-border auctions allowed to explore synergies and

Renewable Energy
Directive

Energy Efficiency
Directive

cost reduction potentials. Germany will continue to cooper-
ate with other Member States to advance the objectives of
the Energy Union.

Market design

GERMANY AND ITS ELECTRICITY NEIGHBOURS

Interconnected cross-border electricity markets ensure
security of supply more cost-efficiently than do solutions
limited to the national level. In addition, this may poten-
tially lead to reduced wholesale electricity prices, which
will further benefit European electricity consumers. A
closer coordination of electricity trading will be essential
as solar and wind power expand. A well-tuned collective
electricity market can compensate for a surplus of solar
power due to weather conditions in one region of Europe
and a shortage elsewhere due to low winds. To achieve this,

Research

Share of renewable
energy sources in
gross final energy

MANY EU MEMBER STATES HAVE ALREADY REACHED THEIR RENEWABLE ENERGY TARGETS FOR 2020

AND THEY CAN REACH FOR THE STARS IN 2030. demand (%) open borders with well-developed networks are required

(see page 53). The German Federal Government, network

operators and other players in the power sector discuss
100 % I Status quo 2015 - . , . . .

these objectives with their electricity neighbours in several

Binding target to be forums.
90 % achieved by 2020
Projected share
80 % in 2020
¥  Target for 2030*
70 %
60 % * | * |
*
50 % ¥
* " * * " *x * " Since 2005: Since 2008: Since 2009: Since 2010:
. | ¥ " | Pentalateral Energy | Baltic Energy Market | Central Eastern North Seas
40 % * * ¥ Forum for Northwest | Interconnection Plan | European Countries Offshore
* * * | * * Europe (DE, DK, PL, SE, FI, EE, | Electricity Forum Grid Initiative
0 (DE, NL, BE, LU, FR, LV, LT) (DE, AT, PL, CZ, SK, (DE, DK, NL, LU, BE, FR,
AT) SI, HU) UK, IE, NO, SE)

20%

EU
UK

“l want Europe’s Energy Union
to become the world number one
in renewable energies.”

Italy
Latvia
Malta

Austria
Belgium
Bulgaria
Croatia
Cyprus
Czech Republic
D
Finland
France
Germany
Greece
Hungary
Ireland [
Lithuania
Luxembourg
Netherlands
Poland
Portugal
Romania
Slovakia
Slovenia
Spain
Sweden

*Target 2030: An overall EU 2030 target of a 45% renewable energy share would allow continued dynamic expansion to reach the objectives of the Paris climate agreement.
The methodology used for the target sharing amongst Member States is similar to that chosen for 2020, which takes into account the countries’ national gross domestic products.
Sources: European Commission: Renewable Energy Progress Report, February 2017; Ecofys/TU Wien: National benchmarks for a more ambitious EU 2030 renewables target, June 2017.

Jean-Claude Juncker, Strasbourg, 15 July 2014



OUTLOOK EUROPE 2030

CITIZENS OF EUROPE TOGETHER
FOR RENEWABLE ENERGY

A renewable and efficient energy supply will liberate Euro- cooperatives or engage with their communities to pro-

peans from the price spiral of finite fossil fuels. By switch- mote climate protection. The European energy transi-

ing to domestic renewable energy sources, less money will tion does not only ensure quality of life and prosperity.

be drained from the EU to pay for energy bills. At the same This Europe-wide movement democratises our ener-

time, the local value generation is increasing. gy supply and gives new momentum to the integration
of Europe.

More and more EU citizens actively take part in the energy
transition thanks to renewable energy. They join togetherin

ROOFTOP SOLAR POWER IS USUALLY CHEAPER THAN THE AVERAGE RETAIL
PRICE OF ELECTRICITY IMPORTED FROM THE GRID

o i , |
e : Generating rooftop
E s i 0 \_»‘.r{- solar electricity is

52 - xcent cheaper per
P kilowatt-hour than
£ the average retail

electricity price.

Importing
electricity from
the grid at the
}{ average retail
%‘:‘-_ electricity price
T~ isxcentcheaper
f v {___ per kilowatt-hour
j ~ than rooftop solar
.+~ electricity.

*‘,I‘ :_-:" Euro/kWh

Source: Joint Research Centre (JRC): Cost Maps for
Unsubsidised Photovoltaic Electricity 2014, September
el 2014. Assumptions: 1,400 euro/kW system price

2 plus national VAT rate, levelised cost of electricity
generation with 20 years payback without subsidies or
compensation for electricity fed into the grid.

HOW IMPORTANT DO YOU THINK IT IS THAT
YOUR NATIONAL GOVERNMENT SETS TARGETS
TO INCREASE THE AMOUNT OF RENEWABLE
ENERGY USED BY 2030?

VERY IMPORTANT,
FAIRLY IMPORTANT:
89%

Not very important, not at all important:
7%

Don’t know: 4%

Source: Eurobarometer 459, September 2017

OUTLOOK EUROPE 2030

CROSS-BORDER GRASSROOTS MOVEMENT
FOR CLIMATE PROTECTION

/ over 7,500 signatories

222 over 235 million inhabitants

D more than 40% greenhouse gas reduction by 2030

Renewable energy is the fast track energy supply, as its
potential is available for decentralised use practically any-
where. The local level is therefore essential for the prac-
tical implementation of the energy transition and for the
involvement of the public.

After the EU set its climate and energy targets, ambitious
mayors joined forces to take it a step further. These mayors
and their municipalities have pledged to exceed the EU cli- "‘ Covenant of Mayors
mate protection targets of 40 per cent less greenhouse gas for Climate & Energy
emissions by 2030. With local climate and energy plans,

they systematically reduce their consumption while ex-

panding the use of renewable energy in a targeted manner.

WWwWw.eumayors.eu

EVERY OTHER EU CITIZEN COULD
BECOME AN ENERGY CITIZEN

More and more energy consumers are becoming ener-
gy producers thanks to falling costs, especially of pho-
tovoltaic installations. By 2050, 264 million EU citizens
could be active “prosumers” (= producer and consum-
er), for example through tenant models, renewable
energy cooperatives, in small businesses and public
buildings or by participating in demand response. This
could satisfy up to 45% of the power demand in the EU.

POTENTIAL FOR ACTIVE RENEWABLE PROSUMERS IN THE EU

2015 2030 2050
12 million 112 million 264 million
energy citizens energy citizens energy citizens

Source: CE Delft: The potential for energy citizens in the EU, September 2016



GLOSSARY

ACCEPTANCE

The public’s willingness to endorse something. In order to
switch our energy supply over to renewable energy resour-
ces, it is not only the technical development and profitabi-
lity of the resources that are crucial, but also their public
acceptance. Acceptance of renewable energy involves a
number of issues. These include the installation and opera-
tion of plants that use different types of renewable energy,
the costs involved in the energy transition, as well as the
acceptance of energy storage systems or the extension and
modification of the power grids, which are necessary for
the further expansion of renewable energy. On the whole,
renewable energy is widely accepted and extremely popu-
lar in Germany.

BALANCING ENERGY

Energy that is held in readiness to balance short-term fluc-
tuations in the production and consumption of electricity,
so that exactly the same amount of energy is fed into the
grid as is needed at any point in time. Balancing energy is
traded on the balancing power markets of the electricity
exchange. The market makes a distinction between posi-
tive and negative balancing energy, according to whether
there is a shortage or a surplus of capacity compared to the
power supply forecast. When there is a need for positive
balancing energy, additional power generation capacity is
made available for the short term. Steam turbine, storage,
pumped-storage and gas turbine power plants are used to
supply balancing energy; these plants are either operating
below capacity (partial load operation) or can be started up
as required. Negative balancing energy is necessary when
thereis a surplus of power. This happens when the demand
for electricity is unexpectedly low, or the solar radiation or
the wind level is higher than forecast. Negative balancing
energy can involve plants that have a high power capacity,
which can be switched on as additional consumers in order
to absorb the surplus power (e.g. pumped-storage plants
or other storage facilities). In principle, negative balancing
capacity can also be achieved by switching off wind farms,
for example. A distinction is made between the various
types of balancing energy (primary, secondary, tertiary re-
serve) in terms of the speed of activation or changeover to
provide power or to consume it.

BIODIESEL

Biodiesel is the most widely used biofuel in Germany. Bio-
diesel is produced from vegetable oil reacted with alcohol,
by means of a chemical process called transesterification.
The oil most commonly used in Germany is rapeseed. Sun-
flower oil, soya and palm oil may also be processed, if pro-
ducers provide evidence that they are meeting certain mi-
nimum ecological criteria. As well as using vegetable oils
for fuel production, residual materials such as frying fat or
dripping can be used for biodiesel production. Glycerine,
which is used in the chemical industry, is a by-product in
the production of biodiesel. Rapeseed meal, which is ano-
ther by-product of biodiesel production, is used as animal
feed. In Germany, biodiesel can either be used pure or can
be blended with fossil diesel up to a concentration of seven
per cent.

BIOETHANOL

In contrast to biodiesel, bioethanol can be used in petrol
engines. Plants that contain high levels of sugar or starch,
such as sugar beet, sugar cane, rye, wheat, maize and po-
tatoes, are suitable raw materials for producing bioethanol.

Grain and sugar beet are mainly used in Germany. As is the
case with normal alcohol, bioethanol is produced from su-
gar by alcoholic fermentation with the help of microorga-
nisms and then purified by a process of thermal separati-
on. In Germany, bioethanol can either be used pure (known
as E85) or can be blended with fossil-based diesel up to a
concentration of at least five per cent.

See also >Dried distillers grains with solubles

BIOFUEL

Fuel produced from biomass to power internal combustion
engines (e.g. in vehicles or cogeneration units) or heating
systems. Biofuels include biodiesel, bioethanol, biome-
thane (from biogas), pure vegetable oils and the synthetic
biomass to liquid (BtL) fuels.

See also >Biodiesel, >Bioethanol, >Biogas, >Biomass,
>By-products

BIOFUEL QUOTA

The biofuel quota sets the minimum percentage of fuel
sales that must be covered by biofuels. According to the
Biofuel Quota Act, at least 6.25 per cent of the fuel used
in Germany between 2010 and 2014 was covered by bio-
fuels. Since 2015, the biofuel quota has been determined
by the criterion of the contribution the biofuel in question
makes towards reducing greenhouse gas emissions. Since
2007, the Biofuel Quota Act has set the minimum quota for
biofuels in terms of fuel consumption. Oil companies can
achieve this percentage by mixing biofuel with fossil fuels,
by selling pure biofuel or by purchasing quotas of sold bio-
fuels from other providers.

BIOGAS

Biogas is produced when biomass, which is cut off from
light and oxygen in a fermentation container (the diges-
ter of a biogas plant), is broken down by certain bacteria.
Biogas consists of methane, carbon dioxide and oxygen,
nitrogen and trace gases (including hydrogen sulphide).
The main component, methane, can be used as a source
of energy. Biogas can be produced from energy crops (e.g.
maize, grain) as well as from residual materials such as
organic waste, crop residues and straw, and from animal
excrements such as slurry and manure. The biogas pro-
duced in a biogas plant can be turned into electricity and
heat in a cogeneration unit. If biogas is treated and purified
(to form the product known as biomethane) it can also be
fed directly into the existing natural gas network and blen-
ded with fossil-based natural gas, or used as fuel in ve-
hicles with gas-powered engines. See also >Cogeneration
unit, >Combined heat and power, >Biomass

BIOMASS

Biomass is a generic term for all material of organic origin,
which owes its growth ultimately to the use of solar energy.
From a bioenergy perspective, a distinction can be made
between

* plants and animals living in the natural environment,

« residues from these (e.g. dead plants such as straw) and
by-products (e.g. excrement such as slurry),

* in a broader sense, all organic material which is produced
by means of a technical transformation (e.g. paper, cellulo-
se, vegetable oil) or which is produced from another usage
(e.g. organic waste, waste from the food industry).

See also >Energy crops, >By-products, >Renewable re-
sources, >Residual materials, >Triticale

BIOMASS SUSTAINABILITY ORDINANCE

The Biomass Electricity Sustainability Ordinance (abbreviated
in German to BioSt-NachV) and the Biofuel Sustainability Ordi-
nance (Biokraft-NachV) have been in existence since 2009 and
serve to ensure the sustainable recovery and use of biomass.
They stipulate how liquid biomass, especially vegetable oils,
such as palm, soya and rapeseed oils, should be produced and
used. In the interest of nature conservation, environmental and
climate protection, the cultivation of these crops is not allowed
to destroy any areas that are particularly valuable from the
point of view of nature conservation (e.g. rain forests) or land
with high stocks of carbon (e.g. wetlands, peatbogs), and their
use for energy supply must lead to a reduction in greenhouse
gas emissions to a level that is at least 35 per cent lower than
those produced by fossil fuels. Social conditions related to the
cultivation of these crops are also taken into consideration.

BIOMETHANE

Methane is the main component of biogas, which is generated
from the fermentation of biogenic substances. After it has been
treated, in the course of which other biogas components are
separated out, it can be fed into the natural gas network. It is
then available for use in cogeneration units or as fuel for ve-
hicles, for example. Methane that is produced from biogas is
called biomethane.

BOREHOLE HEAT EXCHANGER

Borehole heat exchangers (BHE), also called downhole heat
exchangers (DHE), are installed in vertical boreholes with a
depth of between a few metres and over 100 metres. A heat
transfer fluid circulates in the borehole heat exchanger system
and absorbs the heat that is stored underground. The tempera-
ture is further increased by means of a heat pump and the heat
extracted can be used for heating and supplying hot water.
See also >Heat pump

BY-PRODUCTS

By-products are secondary products that arise during the pro-
duction of, for example, biofuel. Around 40 per cent of the land
used for biocrops also serves to produce animal feed, since
the production of rapeseed oil and bioethanol always gives rise
to animal fodder such as rapeseed meal and dried distillers
grains. Glycerine, which is also a by-product of the production
process, is used as a raw material in the chemical industry.
See also >Biofuel, >Biomass, >Dried distillers grains with so-
lubles

CARBON DIOXIDE (CO,)

Carbon dioxide is a colourless, odourless gas made up of oxy-
gen and carbon. It occurs when fuels containing carbon are
combusted, particularly fossil fuels. Carbon dioxide contribu-
tes substantially to climate change, which has led to an aver-
age global temperature increase of 0.8 degrees Celsius over
the past century. The consequences of this include sea level
rise, the increase in storms and droughts and the melting of
glaciers.

COGENERATION UNIT

A cogeneration unit (or combined heat and power plant, CHP)
is a power plant that simultaneously generates electricity and
heat based on the principle of combined heat and power. See
also >Combined heat and power

COMBINED HEAT AND POWER (CHP)
When electricity is generated in a thermal power plant heat is
also produced. In conventional power plants, this waste heat
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is emitted unused into the environment via cooling towers. In
a CHP unit, on the other hand, the heat is extracted and made
useable for local or district heating via a heating network. This
increases the efficiency of the plant and leads to a significantly
higher level of energy efficiency.

See also >Cogeneration unit, >District heating, >Local heating

COMBINED POWER PLANT

A combined power plant connects and controls a number of
small, decentralised power generation facilities. The combina-
tion of wind, solar, biomass and hydro-electric power plants
makes it possible to produce electricity at a level that is just as
reliable and efficient as using conventional large power plants.
With this system, wind turbines and solar panels make their
contribution to power generation according to the availability
of wind and sun. Biogas and hydro-electric power are used to
balance the supply when needed.

DEMAND SIDE MANAGEMENT / LOAD MANAGEMENT

Under the existing power supply system, the demand for elec-
tricity usually determines the level at which power plants ope-
rate. The electricity supply is adjusted to meet fluctuations
in demand by modifying the mode of operation of the power
plants. In the context of a power supply system that is increa-
singly reliant on renewable energy, it is important, in the fu-
ture, to adjust the demand to the supply to some extent, i.e.
above all to the availability of wind and solar power. In this way,
the need for fossil fuel power plants and storage capacity can
be reduced. This type of demand side management requires
the appropriate infrastructure however: consumers must be
constantly informed about the power capacity that is available
and given incentives to adapt their demand for electricity by
means of appropriate tariffs and price signals. In addition, it
must be possible to control and programme appliances such
as dishwashers, dryers and washing machines accordingly.
The potential of demand side management (load management)
is influenced by a range of different factors. The technical po-
tential of demand side management is very high and equates to
several gigawatts, but the practical and economically feasible
potential is considered to be significantly lower. Pilot projects
being run as part of the German Federal Ministry for Economic
Affairs and Energy’'s “E-Energy” programme are investigating
the range of potential related to demand side management and
experimenting with the digital networking and optimisation of
the power supply system by using advanced information and
communication technology.

DISTRIBUTION GRID

Includes low, medium and high voltage networks. They ensure
that electricity is distributed at the regional level. Consumers
ranging from households to medium-sized companies are
connected to the distribution grid, which is in turn connected
to the transmission grid (extra high voltage) via transformer
stations.

See also >High voltage, >Medium voltage, >Low voltage
>Transmission grid

DISTRIBUTION NETWORK OPERATOR

Distribution network operators are responsible for transpor-
ting electricity on the distribution grid and are therefore res-
ponsible for the local power networks. As well as servicing and
maintaining the networks and operating metering points, their
tasks include ensuring that electricity traders and suppliers,
such as operators of smaller renewable energy plants, have
access to the network. In 2010, there were around 900 distri-
bution network operators across the whole of Germany.
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DISTRICT HEATING

District heating is thermal energy which reaches consu-
mers through a system of insulated pipes. The energy is
predominantly used for heating buildings. The hot water
that is fed into the district heating network comes from
heating or cogeneration plants. The latter simultaneously
generate electricity and usable waste heat by means of
combined heat and power generation. Most plants are still
powered by coal or natural gas, but there are also plants
that use biomass (e.g. wood chips) or geothermal energy.
See also >Combined heat and power, >Local heating

DRIED DISTILLERS GRAINS WITH SOLUBLES

Dried distillers grains occur as a by-product in a plant
where bioethanol is produced on the basis of grains that
contain starch. During the production process, vapour
is generated, which leaves residues after cooling. This
by-product is called stillage. After it has been dried, the
product, which is then known as dried distillers grains, is
pelleted and used as storable animal feed.

See also >Bioethanol

EFFICIENCY

The relationship between energy used and output achieved
(e.g. electricity or heat). The overall efficiency of electrici-
ty generation plants is made up of electrical and thermal
efficiency. Consequently, it is possible to increase the effi-
ciency by also using the heat that is produced in generating
electricity.

See also >Combined heat and power

ELECTROLYSIS

In general, a process by which an electric current triggers
the exchange of electrons between two reactants. The
best-known example of this is the electrolysis of water,
where water is broken down into its two components, oxy-
gen and hydrogen, by means of an electric current being
passed through it. Electrical energy is thus converted into
chemical energy. Hydrogen can be used as a storage medi-
um for a period of months.

See also >Energy storage systems, >Power to gas

ELECTROMOBILITY

Covers all vehicles that run on electricity. Electrically-pow-
ered vehicles dominate the rail sector; electric bicycles are
also part of electromobility. Currently, however, electromo-
bility is predominantly associated with electric cars, which
are experiencing a renaissance on the roads, but have yet
to make it onto the mass market. Batteries or fuel cells that
are not yet powerful enough, high prices and a lack of char-
ging points are still considered to be barriers in this field.
The renewed interest in electromobility has resulted from
the potential combination of car, power grid and renewab-
le energy. If electric vehicles are charged with renewable
electricity or hydrogen, they can reduce the greenhouse
gas emissions from traffic and be beneficial from an eco-
logical point of view. If integrated into a > smart grid, elec-
tric vehicles with batteries can potentially play a significant
role as “mobile power stores”, which can provide > balan-
cing energy to a certain extent. This could make a signi-
ficant contribution to balancing the fluctuating electricity
production from wind farms and solar energy facilities and
to stabilising the power grid. A range of different forums,
funding programmes and strategies have been introduced
in Germany to promote research and the launch of electric
vehicles onto the market. Examples of these are the Na-

tional Electromoblity Development Plan and the National
Electromobility Platform. The Electromobility Forum, which
was set up in 2009, pools the research activities of the 33
participating Fraunhofer Institutes and their industrial
partners. Critics complain that electromobility with batte-
ries does not make ecological sense as long as the majority
of the electricity comes from fossil fuel sources. If the ad-
ditional electricity needed to power electric cars is genera-
ted by coal-fired power stations, carbon emissions will rise
even further. On the other hand, electromobility based on
fuel cells proves more ecologically sound if the hydrogen is
produced using electricity from renewable resources.

ENERGY CONSERVATION

Generally covers all measures to reduce energy consump-
tion. Energy conservation is not the same as increasing
energy efficiency, however: increasing energy efficiency in-
volves using technical means in order to expend less ener-
gy to achieve the same performance. In contrast, the term
energy conservation usually refers to a change of user
behaviour which reduces energy consumption. In the case
of motor traffic, for example, increasing energy efficiency
means that less energy in the form of fuel is needed for
the same distance travelled, by making technical develop-
ments. Energy conservation, however, can be achieved by
changing user behaviour, for example by reducing the dri-
ving speed or by using a bicycle.

See also >Energy efficiency

ENERGY CROPS

Energy crops are crops that are grown specifically for use
as a source of energy. In Germany, the arable crops that
are particularly suitable for use as energy sources are
grains such as maize, wheat, rye or triticale, as well as
other grasses such as miscanthus and ryegrass. Oil seeds
such as rape and sunflower are also used as energy crops,
as are palm oil and soya outside of Germany. Other dome-
stic energy crops include fast-growing trees such as pop-
lar and willow and also turnips and hemp. Whether arable
crops are used for energy may only be decided after they are
harvested, since most of the energy crops grown in Germa-
ny can also be used as raw materials for animal fodder and
food products, or for other material uses, e.g. in the chemical
industry.

See also >Biomass, >Renewable resources, >Residual ma-
terials, >Triticale

ENERGY EFFICIENCY

In general, the word efficiency refers to the relationship
between the resources invested and the return achieved,
i.e. the relationship between costs and benefits. With ener-
gy efficiency, it is a question of the highest possible effi-
ciency rate of energy conversion, or the smallest possible
energy consumption for buildings, equipment and machi-
nery. An increase in energy efficiency means that the same
(or a better) performance is achieved using less energy.

ENERGY INTENSITY

The relationship between the primary energy consumption
and the gross national product of a national economy. Ener-
gy intensity can also be calculated for smaller sectors or
for individual products. Energy intensity is a key figure that
provides information on the efficiency with which energy is
used. It is measured, for example, in millions of tonnes of
oil equivalents per 1,000 US dollars of gross national pro-
duct.

EXTRA HIGH VOLTAGE

In the electrical engineering sector, power lines over
200 kilovolts are generally described as extra high vol-
tage. They are chosen to transport electricity over long
distances in order to keep line losses to a minimum. The
extra high voltage network represents the top level of the
hierarchically-structured power grid. Large power plants,
such as nuclear plants, coal-fired plants or also offshore
wind farms, feed the electricity they produce directly into
the transmission grid (also known as the transmission net-
work), where the power is distributed over long distances.
Once it has been transformed to high, medium and low vol-
tage, the electricity is then further distributed until it rea-
ches the final consumers. See also >High voltage

FAULTS

Faults develop in the Earth's crust when the rocks react
to tectonic forces affecting it, usually causing fractures.
Faults can have significantly greater permeability than the
surrounding rocks. Rising thermal water therefore accu-
mulates in the fracture zones, so that heat is transmitted to
shallower depths. This makes faults attractive for geother-
mal use. So far, fault zones have not been used for extrac-
ting geothermal heat in Germany.

See also >Geothermal energy, >Hydrothermal geothermal
energy

FINAL ENERGY

Final energy is the term used for that percentage of the pri-
mary energy which is available for consumers to use, after
deducting transport and conversion losses.

See also >Primary energy

FOSSIL FUELS

Fossil fuels were formed over long periods of time due to
biological and physical processes in the Earth's interior or
on its surface. They include crude oil and natural gas, as
well as lignite and coal. When they are burned, greenhouse
gases such as carbon dioxide are released and these cont-
ribute significantly to climate change.

See also >Carbon dioxide (CO,)

GEOTHERMAL ENERGY

Thermal energy below the Earth’'s surface. In the case
of deep geothermal energy (from a depth of more than
400 metres), energy that comes to the surface from the
Earth’s interior is used to produce electricity and/or heat.
With deep geothermal energy there is a distinction bet-
ween hydrothermal geothermal energy and petrothermal
geothermal energy. Near-surface geothermal energy re-
fers to using the energy that is stored in the uppermost
layers of the Earth’s surface or in ground water. Even the
low temperatures that prevail here can be used in a range
of different ways. According to temperature and necessity,
they can serve both to supply heat and also provide air con-
ditioning. Heat pumps, horizontal ground heat exchangers
and borehole heat exchangers can be deployed to utilise
the energy that is available just below the Earth’s surface.
See also >Horizontal ground heat exchangers, >Borehole
heat exchangers, >Hydrothermal geothermal power, >Pe-
trothermal geothermal energy
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HEAT PUMP

A heat pump raises the temperature of the natural heat that
surrounds it (e.g. from the soil, the ground water or the air)
to a higher level. To do so, it makes use of the effect that
gases heat up under pressure (e.g. as in the case of a bicy-
cle pump).

See also >Geothermal energy

HIGH VOLTAGE

Voltages over one kilovolt are divided into medium voltage,
high voltage and extra high voltage. There are no standar-
dised delimitations for the different categories, however.
Normally, in Germany, voltage ranges between 30 and
110 kilovolts are considered to be high voltage. High volta-
ge power lines belong to what is known as the distribution
grid. They are used for the regional transport of electricity
and to supply smaller towns. Smaller and medium-sized
power plants, such as wind farms, solar power plants or
biogas facilities, are connected to the medium and high
voltage network. Even large electricity consumers, such as
industrial companies, are directly connected to the medium
and high voltage network in some instances.

HORIZONTAL GROUND HEAT EXCHANGER

Horizontal ground heat exchangers are laid horizontal-
ly at a depth of 80-160 cm. The exchangers contain a heat
transfer fluid which absorbs the heat passed into the
ground by the rain and the sun and transfers it to a heat
pump. Once the heat pump has increased the temperature,
the heat can be used for heating and supplying hot water.
See also >Heat pump

HOT DRY ROCK PROCESS (HDR)

The hot dry rock process makes it possible to use deep
geothermal energy where there is no thermal water pre-
sent deep below the Earth’s surface. The general term for
stimulation techniques that are used when there is a lack,
or too small a quantity, of thermal water, is Enhanced Geo-
thermal Systems (EGS), although the term HDR is more
popular. Under EGS or the HDR process, water is forced un-
derground at high pressure through a borehole to a depth
of more than 3,000 metres, which creates fissures in the
rock. Water is then piped through the borehole into the un-
derground system of fissures, where it heats up and is then
pumped back to the surface via another borehole. The wa-
ter supplied by the HDR process reaches temperatures that
make it possible to generate electricity.

See also >Geothermal energy, >Petrothermal geothermal
energy

HYDROELECTRIC POWER

Energy that is recovered from running water using water
wheels or water turbines. Hydroelectric power is a natu-
ral source of energy which is available in any place where
there is a sufficient quantity of water and/or constant-
ly running water falling from a sufficient height. A water
turbine drives a generator which produces electricity from
hydropower.

HYDROGEN

Chemical element. In the context of the transformation of
the energy supply system to rely on renewable sources of
energy, hydrogen is gaining importance as a storage me-
dium. This gas can be produced by splitting water into its
component parts, oxygen and hydrogen, by means of elect-
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rolysis. In future, temporary surplus quantities of wind and
solar power can be used for the process. Since hydrogen is
a fuel that can be easily stored and transported (up to five
per cent can be directly fed into the natural gas network), it
can be used for long-term storage and in a wide variety of
applications. Hydrogen can also be used to power cars that
run on fuel cells.

See also >Methanation

HYDROTHERMAL GEOTHERMAL ENERGY

Hydrothermal geothermal energy is the term used for the
generation of electricity and/or heat using thermal water.
The temperature of the water must be at least 80-100 °C
to make it possible to generate electricity. At temperatures
below 80 °C, newly-developed Organic Rankine Cycle (ORC)
facilities or the Kalina Cycle process are used. With these
two processes, materials that evaporate at lower tempe-
ratures are used instead of water (for example, pentane or
ammonia). Thermal water can be simultaneously or exclu-
sively used for supplying heat. The thermal energy of the
extracted water is given off into the heating network by
means of a heat exchanger.

See also >District heating, >Geothermal energy, >Local he-
ating, >Petrothermal geothermal energy

ICE STORAGE TANK

Ice storage tanks make use of what is known as latent heat,
which is produced in the transition from solid ice to liquid
water. A great deal more energy is actually required to heat
ice to above the melting point of 0 °C than is needed to effect
the same temperature change in the case of a materialin a
constant state of aggregation. This is because the forces of
attraction between the water molecules in the ice crystals
have to be overcome in order to turn solid ice into liquid wa-
ter. So if a kilogramme of ice is to be melted, approximately
as much heat has to be applied to it as would be needed
to heat the same quantity of water from 0 to 80 °C. Con-
versely, the equivalent amount of heat must be withdrawn
from the water to turn it back into its solid state. In order
to use this principle for heat storage in detached houses, a
storage tank with a volume of ten to twelve cubic metres is
buried in the ground at a depth of up to four metres and is
filled with tap or ground water a single time. The heat pre-
sent in the water can be removed by means of a heat pump
until the ice storage tank is completely frozen, i.e. emptied.
An ice storage tank is usually filled, however, with surplus
heat from solar panels, which makes the ice melt and also
possibly warms it up further. A full ice storage tank is th-
erefore filled with warm liquid water. The ground around
the tank also acts as an additional constant heat source,
since temperatures significantly above 0 °C prevail all year
around from a depth of one metre.

INSTALLED CAPACITY

The installed capacity indicates the maximum electri-
cal output of a power plant or of the entire power facili-
ty. For smaller power plants it is stated in kilowatts (kW),
otherwise in megawatts (MW) or even gigawatts (GW). One
megawatt equals 1,000 kilowatts. One gigawatt equals
1,000 megawatts, or the same capacity as that needed to
power 1 million kettles or hair dryers.

KALINA CYCLE

A process used to power steam turbines in order to pro-
duce geothermal power at relatively low temperatures.
Conventional steam turbines need temperatures of way

over 100 °C. In order to allow the use of temperatures of
around 90 °C to produce geothermal power, the heat of the
deep water is transferred into a mixture of ammonia and
water with a significantly lower boiling point. The steam
generated is then used instead of pure water vapour to po-
wer turbines.

See also >Geothermal energy, >Hydrothermal geothermal
energy, >0rganic Rankine Cycle

KILOWATT-HOUR

The unit used to measure quantities of energy. One watt-
hour (1 Wh) is equivalent to approx. 3.6 kilojoules (kJ).
1,000 Wh equal one kilowatt-hour (1 kWh) and 1,000 kWh
equal one megawatt-hour (MWh). The power consumpti-
on in Germany is around 615 terawatt-hours (TWh), which
equates to 615 billion kilowatt-hours. An average 3-person
household consumes about 3,500 kilowatt-hours of elec-
tricity a year. With one kilowatt-hour, for example, you can
listen to the radio for 15 hours, do one wash in the washing
machine or cook lunch for four people.

LOCAL HEATING

Local heating is the transfer of heat over relatively short
distances between buildings, using a local heating network
in order to provide heating. There is no legal distinction
between local and district heating. In contrast to district
heating, local heating is implemented in small decentrali-
sed units and is transferred at relatively low temperatures.
Heat can therefore be recovered from cogeneration units
but also from solar thermal or geothermal plants. The ex-
pansion of local heating thus has a major role to play as
part of the increasing use of renewable energy.

See also >Cogeneration unit, >District heating, >Solar ther-
mal energy

LOW VOLTAGE

Refers to the lowest voltage level, which reaches a maxi-
mum of 1,000 volts (1 kilovolt) in the case of AC voltage
and 1,500 volts (1.5 kilovolts) in the case of DC voltage. A
voltage of 400 volts is normal in the low voltage network. It
is used to distribute power to the final consumer and is the
most extensive network in the German power grid in terms
of the distance covered. Low voltage networks therefore
represent the lowest level of the hierarchically-structured
power grid. Households are supplied with low voltage elec-
tricity at around 230 volts.

See also >High voltage, >Extra high voltage, >Medium vol-
tage

MEDIUM VOLTAGE

In the power engineering sector, medium voltage usually
refers to a voltage range between one and 30 kilovolts (kV).
There is, however, no exact delimitation and voltages up to
75 kV are also often referred to as medium voltage. Me-
dium voltage is used in the medium voltage grid, which is
responsible for transmitting power within a region, over a
distance stretching between a few kilometres and 100 kilo-
metres. Medium voltage grids serve to supply power to in-
dividual urban districts, villages or industrial enterprises.
See also >High voltage, >Extra high voltage, >Low voltage

OFFSHORE WIND POWER

The generation of electricity from wind energy at sea. Elec-
tricity from offshore wind farms is expected to make a
significant contribution to Germany’s power supply in the
future. The high average wind speeds at sea promise a high

power yield. Offshore wind farms are already in place off
the coasts of Denmark, Great Britain and the Netherlands,
for example.

ONSHORE WIND POWER

The use of wind energy on land. Onshore wind power is the
renewable energy that provides the largest percentage of
the renewable electricity produced in Germany (approx. 6.5
per cent of the total electricity consumption in Germany in
2008).

ORGANIC RANKINE CYCLE (ORC)

An operating process by means of which steam turbines in
power plants are driven by a working medium other than
water vapour. The decisive factor is the lower boiling point
of organic substances, which makes it possible to increase
the vapour pressure at relatively low temperatures. This
process is used when producing electricity from geother-
mal energy, for example, in Germany's first geothermal po-
wer plant in Neustadt-Glewe. See also >Geothermal ener-
gy, >Hydrothermal geothermal energy

PEAK POWER OUTPUT

The power output rating of photovoltaic systems is stated
in kWp (kilowatt-peak units). “Peak” refers to the output
which is achieved under international standard test con-
ditions. This process is used for standardisation purposes
and to compare different solar cells. As rule of thumb, an
energy yield of at least 800 kWh per kWp of installed sys-
tem capacity per year can be achieved at our latitude.
See also >Performance Ratio, >Photovoltaics

PERFORMANCE RATIO

In reality, solar panels hardly ever achieve the stated nomi-
nal efficiency which is determined under standard test con-
ditions. This is because adverse conditions such as dust,
bird droppings, reflections, temperature increases in the
panels, wiring and inverter losses reduce the actual output.
Hence, we also speak of actual efficiency. The relationship
between actual efficiency and nominal efficiency is called
the performance ratio (PR). This is referred to as a quality
factor. New systems, which are installed in an optimal po-
sition on the roof and are not dirty, have a PR value of 0.85.
This means that 85 per cent of the power produced by the
generator is actually available for use. An average system
with slight losses due to shade has a PR value of approx.
0.7.

See also >Peak power output, >Photovoltaics, >Efficiency

PETROTHERMAL GEOTHERMAL ENERGY

In contrast to hydrothermal geothermal energy, petrother-
mal geothermal energy cannot rely on steam or thermal
water that occur naturally. Petrothermal geothermal ener-
gy uses the natural heat of the hot rocks that are found
at a depth of approx. 2,000 - 6,000 metres. The process
is therefore also known as the “hot dry rock process”. Hy-
draulic and chemical stimulation techniques are used to
produce or expand fissures and cracks in the rock. Water
is then forced into these fissures and cracks at high pres-
sure through an injection borehole. The water heats up in
the rocks, which have a temperature of approx. 200 °C. An
extraction borehole then is used to pump the hot water at
a temperature of approx. 90 — 150 °C back to the Earth’s
surface, where it can be utilised, just as in hydrothermal
geothermal energy, using the ORC (Organic Rankine Cycle)
and Kalina Cycle: the hot water transfers its heat to a heat
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carrier that turns rapidly to steam. This then powers a tur-
bine to produce electricity via a separate circuit. It is also
possible to connect to a local heating network.
See also >Hot dry rock process, >Hydrothermal
geothermal energy, >Kalina Cycle, >0Organic Rankine Cycle

PHOTOVOLTAICS

The conversion of solar energy into electrical energy. In
photovoltaics, an electric field is generated in solar cells
by means of incoming light (photons). Electrons can flow
through an electrical conductor. The electricity can be used
immediately or fed into the power grid.

See also >Peak power output, >Performance ratio

POTENTIAL ANNUAL ENERGY YIELD

The potential annual energy yield states how much electri-
city all the wind turbines that are installed in Germany by
the end of the year would produce, if they were generating
power under average conditions for one year. This parame-
ter differs to some extent from the actual power fed into
the grid since most new installations only start to operate
in the course of the year and wind conditions fluctuate from
year to year.

POWER GRID EXPANSION ACT (ENLAG)

The Power Grid Expansion Act, which was adopted in sum-
mer 2009, serves to speed up the expansion of the extra
high voltage transmission grid. The aim is to expand the
transmission grid in order to make it easier to integrate
electricity from renewable energy resources, connect new
power plants, facilitate international trade in electricity and
to avoid structural bottlenecks. To this end, the law deter-
mines the priority need for certain route corridors.

POWER TO GAS

Method of producing methane by using the surplus power
that is generated by renewable energy sources. In the fu-
ture, methanation should make it possible to store energy
for the medium and long term. If more electricity is pro-
duced from renewable energy sources than is consumed
or can be transmitted elsewhere via the power grid, then
this energy is used to split water into its constituents, hy-
drogen and oxygen, by means of electrolysis. Finally, the
hydrogen produced is transformed into methane (which
is like conventional natural gas) by adding carbon dioxide
(CO,) using the Sabatier process. This makes it possible to
use the transport and storage capacities of the natural gas
network. If necessary, the stored methane can be turned
back into electricity in a gas turbine power plant, for ex-
ample, but it can also be used to supply heating or to power
vehicles that run on natural gas.

PRIMARY ENERGY

Energy that is available in the form of sources of energy
that occur naturally. Primary energy is transformed into
energy that can be used, i.e. into final energy, by means of
various processes. An example is the production of power
and heat from the primary fuel, wood, in wood-fired power
plants, or the conversion of rapeseed oil into fuel that is
used to drive vehicles. The process of conversion always
involves a loss of energy, but the higher the efficiency of the
technology used, the lower the energy loss.

See also >Final energy, >Efficiency
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PROFITABILITY

The relationship between costs and revenue. Profitability is
a measure of efficiency. It determines whether a product or
technology is able to compete in the marketplace.

REDEVELOPMENT SITES

In urban planning, the term redevelopment is used to de-
scribe the reintegration of brownfield sites into the eco-
nomic and natural cycles. The equivalent term in German
(Konversionsfldachen) arose following the conversion of for-
mer military facilities and was used particularly for these.
Over the years, the term was also used for other areas un-
dergoing redevelopment.

RENEWABLE ENERGY SOURCES ACT (EEG)

The Renewable Energy Sources Act came into force in the
year 2000 and sets out the framework for the expansi-
on of the renewable energy sector in Germany. It supports
the launch of renewable energy onto the market and the
achievement of the European and German objectives regar-
ding the percentage of electricity consumption that has to
be provided by renewable energy. This is intended to reduce
the energy sector’s emission of greenhouse gases. The sup-
port scheme was initially based on fixed, technology-spe-
cific feed-in tariffs, which were guaranteed for 20 years.
The Renewable Energy Sources Act was amended in 2004,
2009, 2012, 2014 and 2016 in response to developments in
the market. Since the 1st January 2017, the level of remun-
eration for renewable electricity is no longer set by the go-
vernment, as was previously the case, but is determined
by competitive tenders. Small plants are exempt from the
tendering process.

RENEWABLE METHANE (ALSO KNOWN AS “WIND GAS”)
Renewable methane is a gas which is produced using elec-
tricity from renewable resources. In the first stage of the
process, hydrogen is created by means of electrolysis. This
is then converted into methane by adding CO,. The process is
also known as “Power to Gas” and makes it possible to store
energy for the longer term. However, the process is still at
the research, development and demonstration stage.

RENEWABLE RESOURCES

Wood and energy crops are renewable resources. Renewa-
ble resources, however, can also be cultivated for material
use, e.g. as building materials, as cellulose for the paper
industry, as lubricants, paint or other raw materials for the
chemical industry.

See also >Biomass, >Energy crops

REPOWERING

Replacement of old power plants with new, more efficient
ones at the same site. The term repowering is predomi-
nantly used in the context of replacing old wind turbines.
See also >Onshore wind power

RESIDUAL MATERIALS

In contrast to energy crops, residual materials are not
planted specifically for energy production, but have arisen
following another previous use of biomass. What appears,
at first sight, to be redundant waste is in fact valuable re-
sidual material, which can also be used to produce energy.
For bioenergy, biogenic residual materials such as crop
residues, organic waste, straw and animal excrement (e.g.
slurry and manure) are used.

See also >Biomass, >Energy crops, >Renewable resources

SMART GRIDS

The term “Smart Grid” is the generic term used to describe
a smart and efficient system of linking power production,
power transmission and load management, using the la-
test communication and information technology. Using di-
gital technology is expected to make it possible in future
to manage the power grid in an “intelligent” and automatic
way and also to integrate an ever-increasing proportion of
renewable and decentralised production technology into
the supply system. New, digital and “intelligent” smart me-
ters are one aspect of this modern system of power grid
management. They are intended to give the consumer
much more information than the meters that have previ-
ously been used and thus make him/her an active and res-
ponsible participant in the power supply system.

See also >Demand side management / Load management

SOIL SEALING

Soil sealing is a term used for the covering of the natu-
ral soil as a result of buildings constructed by people. It is
called soil sealing because precipitation can no longer pe-
netrate the soil and therefore many of the processes that
normally occur are stopped.

SOLAR COOLING

Air-conditioning using solar energy. In the case of solar
cooling, solar thermal energy is used instead of electric
current to operate cooling systems such as air-conditio-
ning units.

See also >Solar thermal energy

SOLAR THERMAL ENERGY

Using solar energy to generate heat. A typical way of using
solar thermal energy is via solar collectors, in which wa-
ter is heated and used for heating rooms or to supply hot
water.

TRITICALE

Triticale is a grain crop. It is a hybrid of wheat and rye. lts
grains are about 3-5 cm long and are four-sided. Triticale
combines high yields with modest requirements in terms
of climate and soil quality.

TRANSMISSION GRID

The power transmission grid is used to transport electricity
over long distances nationwide. Extra high voltage is cho-
sen for this in order to minimise transmission losses. Vol-
tage levels of between 220 and 380 kilovolts are generally
used. The transmission grid is connected to the regional
distribution networks by means of transformer stations.
See also >High voltage, >Extra high voltage

TRANSMISSION GRID OPERATOR

Operators of the extra high voltage networks, which trans-
port electricity over long distances. They have the task of
servicing and maintaining the transmission grid and ensu-
ring that electricity producers, traders and suppliers have
access to the network. Transmission grid operators also
compensate for fluctuations in the power supply by pro-
viding balancing energy. According to the law, they are the
system managers, which means that they are responsible
for guaranteeing security of supply.

See also >High voltage, >Extra high voltage >Balancing
energy

VIRTUAL POWER PLANT

A group of different decentralised power generating units
which are interconnected. A network of smaller producers
of this kind is controlled centrally. Due to the close inter-
connection of the individual units, the many decentralised
plants assume the character of one large power plant. A
virtual power plant may be made up, for example, of photo-
voltaic facilities, wind turbines, biogas plants, cogeneration
units or hydropower plants, but also energy storage units,
all of which are operated together in an interconnected
way. The strengths and weaknesses of the individual tech-
nologies can be offset by linking them. The interaction of
both fluctuating and adjustable energy producers guaran-
tees the secure and flexible generation of power. A virtual
power plant can smooth out load peaks or provide balan-
cing energy, for example. The term “virtual” refers to the
fact that the production network outwardly appears to be
one single large power plant, but in reality no single power
plant exists, rather several facilities distributed over diffe-
rent locations.

See also >Combined power plant, >Balancing energy

WO0O0D CHIPS

Wood chips are wood that has been chopped up into small
pieces by machine. Standards specify a maximum chip
size of approx. 3 - 5 cm?2. Not every modern fully-automatic
heating system that operates on wood pellets is also de-
signed to burn wood chips. Grants are available for wood
chip heating systems under the market incentive program-
me. See also >Wood fuel, >Wood pellets

WO0O0D FUEL

Alongside residual materials and energy crops, wood is the
most important pillar of the bioenergy sector in Germany.
Residual wood from forestry is obtained when wood is pro-
cessed from forests and industrial wood residues arise at a
further stage of production, for example as by-products of
sawmills. Waste wood (e.g. used wooden pallets, old woo-
den furniture) has previously been used for other purposes
and can be reused to produce energy. Wood residues from
landscape maintenance can also be used, for example.
See also >Wood pellets, >Wood chips

WOOD PELLETS

Combustible wooden material pressed into pellet form.
Fully-automatic modern heating systems can operate on
wood pellets. Grants are available for wood pellet heating
systems under the market incentive programme. Wood
pellets are pressed out of dried natural wood residues
(sawdust, shavings, residual wood from forestry) without
using chemical binding agents.

See also >Wood fuel, >Wood chips
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