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Old New
Energy

errlt%’r’%rgy Bands are the simplest way to generate significant amounts of energy
quickly and in an environmentally friendly manner

THE CONCEPT In Germany, more than 200 TWh of electricity can be generated per year if pdeige of our highways and @ortion of our
federalroadsas well as smatlortion of state roads are equipped with Energy Bands.

All components and techniques/olved with Energy Bands are well-established and "commodity". This mearise
construction could begin tomorrow. They only requiaesl that is in public handseveryhighway or federal road in Germany
can be equipped with them.

However, the most significant advantage of energy bands over conventional solar parks is their@oNiyewolatility
compensationn generation and consumption. They generate energy while "running toward" or "passing by" different
consumers with different consumption profilé$iey can also "connect” the harvested wasdvell as solar energies and
possibly hydropower over distances.
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erritonzy 2050, the shift of transport and heating to electric energy in Germany is
estimated to require over 2,400 TWh of electricity annually - and forecasts indicate
that this demand has an upward trend

According to scenarios presented by Braunhofernstitute, Germany will require approximately 2,400hof electricity per
year by 2050. To minimize dependence on foreign imports, Germany should produce at leaStVhoDdis electricity
domestically.

Energy Demanty 2050 according to Scenarios from 2018 and 2019

Endenergie 2050 Strombedarf 2050 Endenergie 2050 Strombedarf 2050
1.850 TWh 2.108 TWh 2.081 TWh 2.419 TWh
Gebaudewarme 525
PtX 172
Gebaudewarme 382 149
Erzeugung in
_ B Prozacon2erng Deutschland
[ &!"h-” S Industriewarme 1.000 TWh
naustnewarme Erzeugung in
Deutschland S S
Strom herk&mmlich =1.000TWh fom RErROMMIC
(992 TWh)
StraBen- und Bahnverkehr 264
Erzeugung im
r Flug- und Schiffverkehr Ausland
Flug- und Schiffverkehr ug d o erke 1.419 TWh

Erzeugung im
Ausland
1.116 TWh

Nicht energ. Verbrauch Nicht energ. Verbrauch
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erriéair)yler to generate 700 TWh/a electricity with wind and solar energy sources in
ermany, about 2.5% of the country's land area, equivalent to roughly three times
the size of the Federal State Saarland, will be needed: If the target is raised to 1,000

TWh/a, the required land area will increase up to 11,000 km?

Whether the WWF study assumes 70Q'h/aof electricity generatiomwill beneeded in Germanyy 2050 or 1,000 TWh/a as in the
Fraunhofer study, this does not change the challenge that extremelydargreasis needed.

AN < A studyconductedby the WWF omenewable
%y H o _ M

electricity supply in Germany came to the
conclusion:

A maximum of 2.5% of the state's land area

needed for the energlyansitiory with a higher

photovoltaic share in the electricity mix, 2.09
of the land area is2quired

This corresponds ta range 07,150 knd (2%)
to 8,950 km (2.5%) i.e. an area about three

times the size of Saarland (Saarland has 2,5
kn?).

The study wasonductedn 2018 on behalf of
the WWFand assumed the generation of 70(
TWh/a of electricity in Germany in 2050.

Accordingly, the values for 10080VHha are
likely to be significantly higher, even with
increased efficiency of RWodules and wind
trirbhinec
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erﬁﬂé)ﬁyre already several excellent concepts on how to expand photovoltaic energy
generation in Germany without the need for additional land usage by employing

Impervious surfaces

MountingPV modules between railroad tracks hasdiggificaniadvantage that there
are thousands of kilometers of tragkailableand "only" thepermissiorof Deutsche
Bahn and the Federal Railway Authastyecessary for installation.
Disadvantages; however, aRollution quickly reduces the efficiencyhigher
maintenance effort, as the system is located in the middle of trafheavy rainfall
submerge the entire system for a long timerisk of being stolen.

PV modules over industrial agricultural l&AdriPhotovoltaichave the advantage th:
the public does nobbservethem, and farmers have additional sources of income.
Disadvantages aralteringthe biological environment for insects, birds, animals an

| potentiallyhindering theharvesting procegsromoting monoculturesOn a large scale

AgriPhotovoltaids critical from a climatic point of viel’black areas appear on a la
scale instead of bright cereal field$oedo effect) leading to regional warming in
Germany.

PV modules can be installed along the highwaysng athe landowners are willing
to do so- a roltout is accordinglgnly possible to a limited exterftorested areas
along the highway are also have to be excluded for this purpose. For some syste
this type, glareshield devices must be installed fsivers Thisconcept is a very
valuableaddition to all othershut it can also have a negative impact on regional
climate if implemented on a large scale due to a potential increase in the albedo
effect..
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Covering highways with fdnels has the great advantage of installing dark surfac
over alreadymperviousdark surface.

The disadvantage is that a significagtigater construction efforis necessary in term
of statics, wind loads, snow loads, drainage, ventilation, lightingor better

' lighting, semiransparent PV modules can be planned, but they are less efficient.

Therefore, Fraunhofer Institute ISE has developed a more flexible solution for P
highway canopies, which can be installed eveaswhere the course of the
highway is straight and accordingly suitable for PV canopies. The installation is |
on both sides of the highway, 8@t efficientblack P\¥nodulescan be installed
without significantly affecting the lighting for the vehicles beldvis methodés

also less costly in terms of statics and construction.

In Germany, there are over 2,500 km of noise barriers with a total area of nearly
million square meters. It is wise to utilize these areas, particularly since
communities reside behind these barriers, allowing them to directly benefit from
the generated electricity and minimizing the costs of transmission/transformatior
and storage. However, the PV modules mugshbanted verticallyas facade
photovoltaics resulting ilower efficieng than PV modules installed at the optimal
angle.

Despite individual disadvantages, all concepts are necessary, because the required
amount of electricity can be generated by 2050 if all functional already used
(preferably dark surfaces) such as noise barriers, roofs, etc. are covered with PV
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EIT1AYGitional concepts are urgently needed, that do not darken previously bright
areas, as this can lead to regional warming on a large scale - even without CO,
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Old New errit@pyand area for renewable energy is already at risk of becoming scarce: since

Energy February 2023, a wind farm with eighteen 240 m high wind turbines has been under
construction in the "Marchenwald" (Reinhardswald) in northern Hesse - in
THE CONCEPT comparison, installing renewable energy along federal highways is much easier.
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erri ?,S;dingly, another solar energy concept has been developed: Energy Bands.
e

Ay
-

Copyright ©oy

are another key element in the search for areas for environmentally friendly

tung Altes Neuland Frankfi

e\

aeneration of enough renewable eneraqy.

Energy Bands can be installed on the right andiléftsof
highways oroads in the middle of them if there is wide
enough free space, or even across the highways or roads

Compared to otheconceptsalong the highways$he Energy

Bands have several design advantages

A They are not near the ground and get dusty so easily

A They have simple statics and do not require irrigation,
snow load constructions, lighting conce@s:.

A The PV modules are mounted at the optimum angle to
the sun and not vertically mounted as the facade PV
installation leading to high energy yield.

A They could be integerated with small wind turbines in
case of high wind potential.

A very significant advantage; however, is that their dark
surfaces are placed along or over already dark surfaces (
roads) at a height of 5 to 7 metess) that the albedo effect
Is negligible.

The most important environmentally friendly aspect: Energy Bands do not darken
previously bright surfaces as much as is the case with many large flat solar fields
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errith Ixx}ndy areas, it should be studied whether the photovoltaic modules can also
be supplemented with small wind turbines on and between the pylons

However, this leads to significantly more complex constructions. Therefore, the integeration of wind turbines with the Ener
Bands only makes sense in certain regions of Germany. Depending upon the regiom-ekaiméter wind turbine can
generate between 50 and 100 kWh/a of electricity.
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errit@‘e}r,gy Bands have three major advantages in a flexible but nationwide roll-out:
(1) easy installation, (2) volatility compensation in generation and consumption,
and (3) only the public sector stakeholders are involved in terms of land use.
They are located exclusively on public

land:no approvafrom privateproperty
ownersis required

They run from place to place acan
thus balance owrolatility. in both
generation and consumption

They areextremely easy to installl
components for them are available,
nothing has to be developed or research

Lo

Powergeneration .
PRODUKTION
PHOTOVOLTAIK

Volatile
Erzeugung
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Tnie [greatest advantage of Energy Bands: Distribution takes place during generation

Roads alwaysadtowards consumersand Energy Bands with thesisd In this way, generated energydislivereddirectly to the
consumer, oevery consumer they pass isyotentially also a recipient of energyith different load profiles, so that volatility is
balanced on the consumption side. Ehepluses of energgan be stored in batteries pumped hydroelectric energy storage system:
or consumed by electrolysers to produce hydrogen.

In addition, Energy Bands couatthnect differenkenergy sources with each othegmely wind power plants with Energy Bands and
thus,create maximum volatility compensation in generatidme Energy Bands pass regiorthligugh differentareas with different
weather conditiongeading tovolatility compensation ithe electricitygeneration

.. . andthe sunshinesin
the RhineMain region

Balancindbetweencommunities
whenit rainsin DUsseldorf . . .

Energyfrom
Photovoltaics
==) \Wind power
Hydropower
ooooog : I
[ ]
|~
% \ /‘\ /‘\
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erfl‘ﬂ@) st important lever for volatility compensation: regional solar energy should be
combined with wind power plants. The principle corresponds to the German north-
south power line, where the focus is on wind energy in the north and solar energy in
the south

But on a small scale and with the advantage that the smaillpower line€an beconstructedndependentlyfrom each other

anywhere in Germang: large closed infrastructure project is not needed, but it can be approdelcedtrallyin small steps.

Existing as well as already approved wind farms have already sold their capacity for years. In this respect, thisfiitgn of vol
compensationsonly expected in later phases of ttevelopment ofGerman Energy Bands.

Chemnitz

Copyright ©by Goggle Earth
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erﬁr[ggyBands run through a wide variety of weather conditions and, accordingly, can
often provide an excellent volatility balancing between wind and solar energy when
the Energy Bands are connected to the wind farms

Mean annual cycle of the capacity factor over
Germany's EEZ and land (between 1995 and 2015)

0.4 — * wind
* solar .
e combined

capacity factor

6/119/2019/
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Old New erritareygy Bands run along roads and thus automatically pass by a wide variety of

Energy consumers with different load profiles
During the planning dgnergy Bands, it is necessaryneestigatevhich consumers along the roads could be the potential LiEbes
THE CONCEPT more diverse the load profiles, the more successful the volatility compensation.
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[Emeray Bands can be installed quickly and easily on German roads - equipped with
bifacial PV modules (efficiency approx. 25%), they can produce over 200 TWh of
electricity per annum

THE CONCEPT

Street map energygeneration total length share with PV length with PV PV area Generatecenergy

per km (GWh/a) (km) integerated (km) (knm?) (TWh/a)
Highways 5,2 13.200 80% 10.560 248,2 54,8
Federaloads 4,9 37.800 65% 24.570 543,2 119,7
Country roads 3,1 86.900 10% 8.690 123,4 26,6
Highwaybridges 0,6 1.200 98% 1.176 1,8 0,7
Totals 44. 996 915 201

Approx 200 TWh/aepresenta considerable
amountof electricity For comparison: The
three German nuclear power plantsich

arestill in operation in 2022 will each
produce between 11 and 12 TWh/a, in total
34.5 TWh/a.
Forabout201 TWh/aanother14 nuclear
power plantsof this sizewouldbe needed

907

Anothercomparison TheThreeGorges Dam
in Chinasthe largestdamandhydroelectric
power plant irthe world. However, it only

< (m) (F) (@) (@ produces a totaénergyof 84.7 TWh per
vear



