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Solar Info Center — Freiburg, Germany
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Solar Info Center, Freiburg e A

center

© The service center for all aspects of sustainable
building and habitation: energy efficiency, renewables
and ecological building materials

o 15.000 m? for research, development, application,
design, consulting and education

o 45 companies and institutes with more than 350
employees

© The platform for a growing branch

© [nnovative solutions at conventional costs

© Owner: Oppenheim ImmobiIien-KapitaIanIagegesellschat
Provinzial Rheinland Lebensversicherungs AG, Disseldorf

www.ened.com



What customers find...

o

o

o

technical competence : :
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planning, consulting, project developing, product engineering

education & training

exhibitions, public relations

e Lounge & Solar Casino

Es

Infotage violin concert

www.ened.com



What a Solar Info Center offers for customers... :
solar info

center

Innovation and established concepts

« The building concept of the Solar Info Center combines mature
technologies with the state of the art

« The applied concept reflects actual economic solutions but in some
parts of the building, research and development of new technologies
never stops

www.ened.com
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Research and Development
in the Solar Info Center

Not far away, we get to the
Fraunhofer SOBIC. This
demonstration center is part of
the Fraunhofer Gesellschaft and it
works in the field of construction
techniques for industrial and
office buildings.

The SOBIC exhibits examples for
summerly heat protection,
jalousies, adaptable glazing, solar
claddings
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Courtyard

On sunny days you
can sit in the
courtyard

You can see the
Photovoltaic elements
from this place. The
main part of the
photovoltaic
installation is on the
roofdeck

solar

www.ened.com




SIC International international Networking solar info

center

» technology centers network net-e
« Exchange and collaboration for
expertise in renewable energies

SIC
- " \Kasachstan

— ( Ost-Asien

/ e
« South Korea
 Japan

Latein
Amerika

Asia Pacific
Port « Singapore (AREC)
. greg:gina * Indonesia
. « Philippines
ouba * India

www.ened.com




solar info
EnEd - International Education Center center
for Energy Solutions

© consulting

- institutions

o plattform for education - governments / administrations

omganies
uman ressource management

© education for facility manageeatsngal seminars

- vodalitagteaidingsl estate managers
© international education acattaelss tedi@iagsaintenance technicians
- HERetgiReRE@nsitional countries

o university education - KnowsRavEHaRsT eARIANOM A% JERRMARND IS
- EHSpERtiBNS MR UNiFEISIEESYand
- (el CRIRAEIShRINGTaHIRRects
components www.ened.com




solar info
EnEd — International Education Center center
for Energy Solutions

© Seminars in Singapore and Indonesia

» Wind Energy
» Energy Efficiency
» Solar Cooling

» Biomass Cogeneration

www.ened.com



EnEd — International Education Center solar info
for Energy Solutions center

©  Workshop in Freiburg

for technical engineers from Gambia > Photovoltaic — stand alone systems

www.ened.com



EnEd — International Education Center solar info

for Energy Solutions center

© Seminar in Santiago
Universidad de Chile
» Wind Energy
» Biomass
» Solarthermal

> Energy Efficiency

www.ened.com




EnEd — International Education Center solar info
for Energy Solutions center

© Seminar for architects in Seoul, South Korea,

Hanyang University

» environmental — friendly

and sustainable construction

www.ened.com
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End Energy Consumption Worldwide

Definition: transport 28 9
End Energy

industry 26 %
Energy input to the
heating, cooling or hot private 30 %
water system to satisfy

trade 16 %

the energy need for
heating, cooling or hot

Wate I Quelle: Arbeitsgemeinschaft Energiebilanzen

www.ened.com




Global energy demand

WeIIenergiebedarf in Millionen Tonnen Olc’iquivolent [OF]

Energiebedarf gesamt Sonstige Energietrager

Wachstumsrate in % Wachstumsrate in %
1980-2000  2000-2020 1980-2000

Wind und Solar
Sonstige

Kohle

Biomasse
Erdgas

Nuklear
Mineraldl

Wasser

‘80 ‘90 2000 ‘10 20 ‘80 90 2000 10 ‘20
veld@tal energy demand other sources of energy
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Wind und Solar
Wachstumsrate in %
1980-2020
Wind

Solar

‘80 90 2000 ‘10 ‘20
wind and solar

www.ened.com
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Regional Indicators*
(CO2/Population [t CO2/capita])
12,00 - 10,99
10,00 -
800 - 7.75
6,00 -
4
3,88 38
4,00 -
243 2,00
2,00 - 1,13 . 0,89
0,00 [ ] 1
World OECD Middle Former Non- China Asiao** Latin Africa
East USSR OECD America
Europe

International Energy Agency, WEO 2004

www.ened.com




USD (2000) per kW

solar info
center

Capital Costs af Renewable Energy Technologies
Electric Power per kW

@ 2002 m 2030
7.000

6.000

5.000

4.000

3.000

2.000

1.000

Wind Wind Hydro Geothermal Biomass Solar Tide/wave Solar/PV
onshore offshore thermal

International Energy Agency, WEO 2004

www.ened.com




Solar Energy

solar info

center

Low-grade thermal energy for heating
our homes and businesses

Medium-grade thermal energy for
running some industrial processes

High-grade thermal energy for driving ‘
turbines to generate electricity Insolation annually

Electrical energy, converted directly
from sunlight, to provide electricity for
all of its myriad applications and even

Thermal energy in hydrogen (via water
splitting using photovoltaic of
thermo-chemical processes to split
water), for use in fuel cells and a broad
range of electrical, heating, and
transportation applications

Uranium

Natural gas

Petroleum

Coal

World energy
consumption
per year

www.ened.com




Energy Efficiency solar info

Primary Energy, End Energy, Used Energy center

process chain of energy source

extraction

conversion

/

/ Iy
primary P end energy P used energy

energy

Source: Fraunhofer ISE www.enhed.com
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Solarthermal - water heating systems

= simple systems
= optimized design instead of high technologies

requirements:

low costs
save use
low energy
low noise
comfort

www.ened.com




Proposal solar info center: solar info

center
Solarthermal Power Plant

Juragua, Cuba
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biomass
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Proposal SIC:

Solarthermal Power Plant

Juragua, Cuba

auxilliries

other options

ENERGYPRODUCTION :POWER BLOCK : USE OF WASTE HEAT
| =
- -] Pl B
s - ~ — storage v
/ ’ \ —_ : turbine | - —I renewable fuel I—
solar : :
—I drying I—
—I biomass I— seewufer— [
G cooling - Z— - —| destillation |—
—I waste I— ey . ; =
_I geothermal I— : —
I wind I
I chimney I
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Fotovoltaik — stand alone systems

www.ened.com




solar info
PV in architecture: Bremgarten, publishing company center

quelle: triolog-freiburg

www.ened.com



solar info

PV in architecture: Freiburg, Badenova - Stadium center

s R L

quelle: badenova

www.ened.com




solar info

PV in architecture: Freiburg, Heliotrop center

ErvTRRT .

quelle: Nemec

www.ened.com
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PV in architecture: Denzlingen, community center center

quelle: triolog-freiburg

www.ened.com
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PV in architecture: Freiburg, New Trade Fair

quelle: triolog-freiburg

www.ened.com
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PV in architecture: Freiburg Vauban, Solar Garage

quelle: triolog-freiburg

www.ened.com




solar info

PV in architecture: Freiburg, Fischer-Production center

Besucher / Visitors

Wareneingang / Deliveries

quelle: triolog-freiburg

www.ened.com
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PV in architecture: Freiburg, catholic rooming house EenKes
[, mEAREEREReE. S EENaN
> »> f
e o
* * @
> Q Solarmodul
> o Tragrahmen
> b <> Warmedammung
*T (*» Betonlisene
& E E 3

quelle: triolog-freiburg

www.ened.com
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PV in architecture: Freiburg, Main Station, Tower

quelle: Fraunhofer ISE | harter + kanzler

www.ened.com
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PV in architecture: Freiburg, Solar-Fabrik AG center

www.ened.com
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PV in architecture: Freiburg, Christaweg

2 o0h . U

www.ened.com
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PV in architecture: Freiburg, Fraunhofer ISE center
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quelle: Fraunhofer ISE

www.ened.com
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PV in architecture: Freiburg, Fraunhofer ISE center

quelle: Fraunhofer ISE

www.ened.com
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PV in architecture: Freiburg, Fraunhofer ISE center
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quelle: Fraunhofer ISE
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Possibility for lowering the causes of Emissionen from CQO:

Substitution of CO:z- highly
Saving Energy by CO:z reduced sources
of energy

Reduction of  Rational Intensified  Intensified

f use of
Energy energy reﬁﬁgme n
atural
demand use energies gas

lowering the energy associate with the emissions of COz

www.ened.com



Low Energy Non-Residential Buildings solar info
Reques’[ center

Integral Design and Simulation

*minimized heat loss
* minimized cooling loads optimal quality
*heating and cooling with environmental energy

- effective sun protection

e optimal use of daylight

www.ened.com
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Day light and Shading

Active simulation during planning
bright office space through intelligent planning

No overheating in summer because ofsystematic shading

systems

The adjustment control of the blinds reacts on temperature as

well as individually for each office unit

Tageslicht-
quotientin %

L T

M oo

www.ened.com
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Automatic Ventilation
e Exhaust air ventilation in combination 7\ Abluftventiator
with air intakes in the walls assure LA (2] THKem)
constant fresh air Biiros 5.0G
e Cooling in summer through night air K T
COO' I ng Blros 4.0G
e The massive walls store the cool K T
temperatures from night into the day
. Biros 3.0G
e No suspended ceilings _ &=
K
Biros 2.0G
|
K
Biros 1.0G
|
K

www.ened.com
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Reduction of Emissions

There is a pipeline running through the site coming from the
district heating system network at the university hospital.

We use the pipeline and receive the heat from a newly
installed heat recovery system at this district heating system

The production of the thermal heat is emission-free by 100%.

e— Umwandlungsverluste e Abwidrme 570 MWh
720 MWh (bisher: 800) (bisher: 2.600)

Absorptions-
Brennstoff 5.000 MWh . kdlteanlage
(bisher: 6.800) Heizkraftwerk

Dampf 270 MWh (bisher: 1.200) e Kiithlwasser 300 MWh

(bisher: 1.400)

?I;;gl:r;rl:?;%o) :;I;'lc;:::tsoren Luftung 230 MWh
______ Druckluft 70 MWh
© triolog-freiburg
Fernwarme Wi . . Abwdrme Kompressor
3.410 MWh arfneruck-
(bisher: 3.100) gewinnung . Rauchgas 100 MWh

Kesselspeisewasser 800 MWh

www.ened.com



Solar Info Center - building

Contracting

The Solar Info Center finances part of the
newly installed heat recovery system by
contracting

The heat recovery system delivers more
energy than the Solar Info Center needs

No additional cost for user and investor
compared to conventional system because
of the reduced energy consumption of the
building.

Result of the monitoring of the first 3 years:

The heat recovery produces double the heat
consumption of the Solar Info Center

solar info

center

Heat Recovery
certified planning figures

600
400 496

Heat Recoverv
1 Iwea L AYASAS B Av] | ’

monitored results 2005 - 2007

1.120

800

400

445

o I | |

heat requirement of the sic
available heat from savings-contracting

www.ened.com
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Overview Energy Concept

useful floor area

gross volume

external surface
heating energy demand
energy requirement
without working tools
installed light performance
heat output

fotovoltaik

solar thermal
technology costs

14.500 m=2
58.000 m3
0,25

23,4 kWh/m2a

24 kWh/m?2a
10W/m?2
450 kW

65 kWp
38m?=2

ca. 200€/m?2

www.ened.com



solar info

Solar Info Center — Freiburg, Germany center

e solar warm water production
e photovoltaic solar power plant
e ventilation
e night cooling (summer)

Solare Warmwasserbereitung Photovoltaikkraftwerk ° photovoltaic front

|

. ! Die integrale Planung
Solarstrom

|

ermoglichte die opti-
male Abstimmung der

Direkte Solargewinne Einzelkomponenten
(Winter)

AN,

eines beispielhaften

geregelte Abschattung L Liiftung Energiekonzepts

verbesserte Dammung

2 S
|
L]

improved insulation

Solarstrom &— Nachtkiihlung (Sommer) re.gL”ated Shaqlng .
| direct solar gains(winter)

Photovoltaikfassade

[ ]

© / e cooling seminar area
< Q@@“’Q N e earth probe (80m deep)

. A

& et o e heat recovery

solar info center i i)
” 100% Strom aus erneuerbaren Energien

Fernwédrme aus Warmeriickgewinnung

i

Erdsonde (80 m tief)

www.ened.com
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Rainwater concept

e The courtyard is full of plants. The whole rain water of the site
can drain away on the planted areas.

e The draining water meets the ground and goes through pipes
down under the basement where it can drain away.

Belebte
Bodenschicht

Granflache/Kies Belebte
A Y Belebte Bodenschicht ¥ _—aBodenschicht

i

Entwasserung UG

Rigolenversickerung

www.ened.com



district heating

What is "local heat"?

central heat station, distribution net, transfer
station, consumer

Local heating is a forward-looking infra struc-
ture. It allows the implementation of renewable
energies and cogeneration units (chp).

solar info

center

consumer

local heat distribution net

central heat station
where the heat is generated

consumer

N <

heating
surfaces

shower

hot water tank

heat genertor /

transfer station

property line

www.ened.com
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center

Ecological Energy supply

District heating systems

cogeneration unit disposal gas
fermentation of bio waste
rape- cogeneration plant
wood-fired cogeneration plants

www.ened.com



district heating

solar info

center
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district heating

solar info

center

I ' Condensor « Reliable technology

Feed water pump

Deaerator

pec”

J{;iﬁ'

Generator
Turbine

VS
7|ué gﬂs

Steam boiler
Furnace

4

>,

Condensate pump

Al

www.ened.com




district heating solar info

OPTIMIZE THE ENERGY REDUCE ENVIRONMENTAL IMPACTS center
MIX

+ In 2000, Installation of continuous emission measurement and analysls
« Fuel used: equipment
- Heating oll: 43% + Renewable encergy as a percentage of the total energy consumed: 15%
- Gas: 42% + Emisslons avolded:
- Wood: 15% - 6,830 metric tons of 0Oy In 2002; 19700 metric tons of 003 In 2006
= Rellance on heating oll: 100% - 30% less dust particles compared with 2002
I 2000, only 40% In 2006 L 44% less sulfur dioxide compared with 2002 )

L

AWAREMESS OF
REDUCED

CONSUMPTION

+ Brochure with Information to
Improve awareness of
sustainable development and

energy management

Heating network
Heating and domestic hot water

40 kilometers

Heat: 115,740 MWh
Hot water: 286,122 m?

Electricity network
Electricity: 115,740 MWh

www.ened.com
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b e P C CROLI center

 Biomasse-
'i heizwerk

www.ened.com
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district heating
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center

tight transfer station

www.ened.com




district heating
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center

transfer stafion (basement)

20/74 www.ened.com



district heating

solar info

center

insulated fubes

www.ened.com
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Heat plant, University hospital, Freiburg

o Substitution of a dieselengine emergency power generator by a gasengine-cogeneration unit (CHP)
o integration of unit in the steam generation process

o Combinated process: engine waste heat and exhaust gas heat (500 °C) used for preheating of boiler
feed water

o Stand-alone system in case of a power supply system breakdown

Capacity of the CHP
electricity: 1552 kW

heat: 808 kW from engine waste heat

869 kW from exhaust gas heat

Cogeneration unit (CHP) of the month, February 2007

Quelle: E&M Magazine, 15. February 2006

www.ened.com




Heat plant, University hospital, Freiburg solar info

center

CO2 - reduction [ g/kWh ]

800

700 ~

600 -

500 -

-77,6 %

400 ~

300 ~

200 -

323,0 4

_ =

average for electricity generation in emission in 2003, after installation of accomplished niveau in 2006, after
germany a 5 MW gas-turbine integration of gas-engine
cogeneration unit

100

Return of investment: 2.6 years!

Quelle: E&M Magazine, 15. February 2006

www.ened.com




solar heating — saisonal storage <olar info
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Collector

i:
Collector cycle

www.ened.com



solar house in Gundelfingen (13 apartments) .
solar info

center

B_‘ o Y
Blll““‘\\
LUV VNN

Das Energieautarke Solarhaus. Sidansicht.

Jelle: Koslik

Source: Fraunhofer ISE, Freiburg www.enhed.com




solar house in Freiburg

solar info
center
PV- direct current
Generator electrolyzer battery fuel cell R
: alternating
H.0 oo inverter current "
20> 2 —
- 1 | r il o< 7-“’ AC g
1 - T - 1 =
i = - | | i @]
L ] ] L @
I - 1 I
1 - 1 1
1 i 1
i I ) i
1 1 ] 1
1 i ] 1
1 i ] 1
1 1 [ 1
1 - 1 1
: : : :
1 | I -t y  — 0 Of water
.. I
e Electrlt:|tyi E .
R ' gas tanks - %
= heat - - p==9 COOKing g
i 1 i &

L==» heating

Source: Fraunhofer ISE, Freiburg
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Total energy requirement

solar info

center

for the production, use and maintenance during a period of 80 years

30
Solarhaus GUNDELFINGEN |
25 = _
- . == Neubaustandard .
_ ' _
U Energieautarkes Solarhaus FR .
E .
1. P
< ‘ /
2 ‘/
10 ‘ / lllllllllll llllllllllll llllllll
. / lllllll lllllllllllllllllllll
lllllll lll‘lAlllllllllllllllll
5 lllllll ) /
k
0 r
° 20 40 - -
Jahre

Source: Fraunhofer ISE, Freiburg

www.ened.com
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Thank you very much for your attention ! center

[I—

Rolf. C. Buschmann Prof. Aux. UCLV Willi Krebser, Dipl.-Ing. www.ened.com



