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Zuwachs an Heizanlagen pro Jahr
800G 7

70001
G006 1
5000+

w001

3.236

J000 4 2 9gp L4532

20007 1548 1501 4443 1.479 1.579

10007

I:I-

4.186

1.276

2,615

1988 1989 1990 1991 1992 1993 1994 1995 199c 19497 1998 1999 200 2001

B Hackgutheizungen EPelletsheizungen

Cz-At Energy Experts group, Winter/Summer School 2008, Technical Solutions for Renew. Energy

Streicher

TU

G-BE4

2002

Grazm
Graz University of Technology

Str 4



'WTJ“G Yearly increase of wood chip Y,

heating systems in Austria

Jahrlicher Leistungszuwachs bei Hackschnitzelanlagen
(1998 - 2002)
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« Positioning that several rooms can be heated, with water HX inside a
coupling to a water heating system can be done

« Efficiency about 60-70 %

« High startup emissions (cold burning chamber)
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« Positioning that several rooms can be heated, with water HX inside a coupling
to a water heating system can be done

« Efficiency about 60-70 %

» High startup emissions (cold burning chamber)
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Similar maintenance a soil or gas burners

Similar emissions as oil burner

Slightly higher investment than oil burner

Biomass store has to be reached yb the blowing tube of the truck
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Heat pump

Quelle: Kaltschmitt, Streicher, Wiese, 2006
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‘ Parallel connection Shaft\&

Section A-A

trreeeeenn

Type of soil Withdrawn heat capacity
Dry, sandy soil 10 — 15 W/m*
Humid, sandy soil 15 — 20 W/m?
Dry loamy soil 20 — 25 W/m?
Humid loamy soil 25 — 30 W/m?
Water saturated sand/gravel 30 — 40 W/m?

CQ%teélr]eergﬁlgesr%%mdg’V\%&ggé%rnr%gf é’é(l%%?&)()g (Pepcﬁﬁic\all ch)lutéi]c')nsél' er Renew. Energy Streicher Str 17
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. — | 25-32 -
Floor heating system mm A @

P

Hot water ‘ ‘ 50-70 mm 70-80 mm
storage
U-probe Double-U-probe
Drilled . . Heat pump
probe Pile-driven probe
Ground probe -7
A— - —A
~ 70 mm
Coaxial probe Complex coaxial probe

Quelle: Kaltschmitt, Streicher, Wiese, 2006
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1 800 h/a 2 400 h/a

General guidelines
Bad subsoil (dry lose rocks) 25 W/m 20 W/m
Solid rock subsoil, water-saturated lose rock 60 W/m 50 W/m
Solid rock with high heat conductivity 84 W/m 70 W/m

Individual soils
Gravel, sand, dry <25 W/m <20 W/m
Gravel, sand, carrying water 65 - 80 W/m 55 -65W/m
Gravel, sand, strong groundwater flow, for small systems. 80 - 100 W/m 80 — 100 W/m
Clay, loam, moist 35-50 W/m 30 -40 W/m
Limestone (solid) 55-70 W/m 45 - 60 W/m
Sandstone 65 — 80 W/m 55 -65W/m
Acidic magmatites (e. g. granite) 65 — 85 W/m 55-70 W/m
Alkaline magmatites (e. g. basalt) 40 — 65 W/m 35-55W/m
Gneiss 70 — 85 W/m 60 — 70 W/m

lhe requirement for using the table: only heat withdrawal (heating incl. hot water) takes place; length
)f the individual ground probes between 40 and 100 m; smallest space between two ground probes
vould be a minimum of 5 m for ground probe lengths of 40 to 50 m or at least 6 m for ground probes
vith lengths of over 50 to 100 m. Suitable ground probes are double-U probes with an individual tube
liameter of 25 or 32 mm or coaxial probes with at least a diameter of 60 mm. The values given above
san fluctuate considerably, depending on rock formations such as crevasses, foliation and weathering.

Quelle: Kaltschmitt, Streicher, Wiese, 2006, VDI 4640
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Thermal Energy Use
Forced Circulation Systems
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Thermal Energy Use
Natural Circulation Systems
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 Domestic hot water (DHW)
e Space heating + DHW

e District heating networks

e Swimming pools

e Cooling

 Process Heat

 Electricity production
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Source: AEE-Intec

Costs of Solar Combisystems in different European Countries
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reeeoemeenGimple dimensioning of solar DHW syste
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Institut fir Warmetechnik S i m p I e d i me ns i o n i n g of Graz University of Technology
Solar DHW systems

Solar-climate-zone Hours of sunshine Global iradiation
[h/year] kWh/m?2 day kKWh/m?2 year
I < 1500 ca. 2.5 ca. 920
1 1500 - 1700 ca. 2.8 ca. 1030
1 1700 - 1900 ca. 3.1 ca. 1115
AV 1900 - 2100 ca. 3.4 ca. 1230
V 2100 - 2300 ca. 3.7 ca. 1370
Vi 2300 - 2500 ca. 4.1 ca. 1490
VI > 2500 ca. 4.4 ca. 1610

Source: Wagner &Co
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sttt o Warmetechnl Sensitivity analysis of
reference combisystem
SFc dependency on slope and azimuth

0
1 — | solar fraction
> \\ 15 (% of maximum)
[ T
30 90-100
’ m 80-90
45 _ | 070-80
\ 2. 1 060-70
60 & m50-60
@ | m40-50
75
h 90

90 60 30 (0] -30 -60 -90
east collector azimuth [°] west

(c) Institut fir Warmetechnik, TU Graz, SHW 2/96
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Institut fur Warmetechnik Graz-

Hemispherical irradiation on surfaces-of- -~
different orientations for a
middle European climate

250

2-axes tracking

£~
200 ~

- orlzontal “\

150 -

100 -

50 -

monthly irradiation [kWh/m? month]

JAN FEB MAR APR MAI JUN JUL AUG SEP OKT NOV DEZ

Cz-At Energy Experts group, Winter/Summer School 2008, Technical Solutions for Renew. Energy Streicher Str 47



IWTTU Graz TU

Grazm

Institut fir Warmetechnik Fagade COI Iecto rs Graz University of Technology

« Optimal slope equals to lattitude of loaction

e Optimal orientation about 5° west (northern hemisphere)

e Little decrease of SF_ by opt. slope + 25°

« Little decrease of SF_. by opt. azimuth + 30°

« Slope of 90° south is far better than horizontal collector
(wall collector)
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Institut fur Warmetechnik

Sensitivity analysis of
reference combisystem

TU

Grazm
Graz University of Technology

SFc dependency on store volume and collector area

Total Solar Fraction as a Function of
Store-Volume and Collector Area

spec. Collector Area

Total Solar Fraction as a Function of
Store-Volume and Collector Area

[mzlkWHeat Load]

spec. Collector Area

(c) Institute of Termal Engineering, TU Graz, SHW 2/96

Specific Heating Store Volume [M¥*kW et Loadl

80
[mzlkWHeat Load]
100
70 —+—20.00
—e—10.00 20.00
60 200 —e—10.00
E o - —¥—7.00
=
§ 3 —a—3.00 e 500
B —=—2.00 2 300
= 40
£ —e—1.00 E —=—2.00
o 1 —o—1.
S 30 s »
[<}
n
20 +
S0 S *
10 +
0 ‘ ‘ ‘ ‘ ‘ Spec. Store Vol > 1: Store Insulation 15 =>50 cm
‘ — \ \ ‘ 0+ f f f f ; t t t ; ;
0.0 0.1 0.2 0.3 0.4 0.5 0.7 0 2 4 6 8 10 12 14 16 18 20 22

(c) Institute of Termal Engineering, TU Graz, SHW 2/96

Specific Heating Store Volume [M*kW yeat Loadl

AcoII_p = Acolll Qload and

Vstore_p = Vstore/ Q load
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Example of purely solar heated house ...

Iw ITU Graz
Institut fur Warmetechnik
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IWTTU Graz

rwnmamecen Example of purely solar heated house -

TU

Grazm
ersity of Technology

one year energy balance (June 97 — March 98)

Collectorer yield

Heat to store top
Heat to store middle
Y Heat to store

Heat delivered top
Heat delivered middle

Heat to space heating
Heat fo DHW

16.700 kWh (220 kWh/m?)

2150 kWh
14280 kWh

16430 kWh

145 kWh
728 kWh

1090 kWh (is it worth this ??7?)
520 kWh (50 l/d ???)
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Institut fur Warmetechnik

Simulation programs for

TU

Grazm
Graz University of Technology

solar thermal systems: SHWwin

Datei  Simulation  Ansicht  Datenbank

mEEEl =[S

IKaItschm 5. Mahwarmenetz, Wiirzb. Itr_l,IEst'I try

Ferrwwarmesystem

L

Projekt ] AI

|Zur Simulation freigegeben

a3 To

Buolaring gra0-93 78.4 1Aw'hg
Einstrahlung'afand

T Bw

EfH. zolare BW-Ber. Zitk
EfH, zolare BW-Bereitung
EfH. zolare BW-Bereitung [War]

Graz
Graz
Graz:

Simulation | Kallektor ‘u_\-"\-\-"-Speicherl ﬁteuerungl Warmwasserverbrauch Gebaude + Heizung + P/ |£esse|| Erc-tc-k-:lll

Gebdude+Heizung  Fermwame |

Taglicher YWerbrauch: 18500 15T ag] Heizlast: 1003000 [
Soll-Temperatur des Warmwassers: il ['C] Auzlegungstenmperatur: 12 ['C]
Mittlere Grundwassertemperatur: o ['C] R aumtemperatur: 15 ['C]
Direhzahlgeregelte Pumpe v Heizbeginntemperatur: 15 ['C]
120 1300
1104 - = | -
T 8 L1 200
1004 2 L1100
- [
an = _g |-1.000
&0 4 RS T 500
- =]
704 RS S —— =011
-
Y B0 L |-700
504 ~ — lemo
- |-
o
.
30 - N | =00
20 RESY 200
10 T 100
0 . = 0

L e e e L e e T T T
-20-18-16-14-12-10 -8 -6 -4 -2 0 2 4 6 & 1012141
AuRentemperatur

T T
6 18 20 22 24

Yorlauftemperatur

Riicklauftemperatur:

e

[ 18 rema

EfH. zolare B\ -Bereitung, extern, high

EfH, zolare B\W-Bereitung, extern, low

EfH, solare B\ -Bereitung, extern, low Zin

EfH. solare BwW-Bereitung, extern, low, schic
Sclaranlage EfH, 5 kw, teilzolare B aumbz
Solaranlage EfH, 5 kW, teilzolare Rhz, 90-99
Solaranlage EfH. 8 kKM, teilzolare B aumbz |

Graz
Graz
Graz:
Graz:
Graz
Graz
Graz:

i
80 g

Ty Auswahl Warmwasserspeicher

Datei

+2EE|X

Original

eicher sol

Fw-5peicher

Speicher | Erergiezufuhr

— A= is— g ey v

—Speicher
Woalurmen; 05 [mF]
Hiahe: 1.E [m]
LI Breie: 063 [m]
D anrndicke: 0.1 [m]
Leitwert der D'ammung: 0.05 [wfdmk]
hditt. wert. ‘W Srmeleitwert: 1.8 [wAmk]

 Brauchwasserentnabme————————————

Zuflul: 0 [m]
AbHURBT: 1.6 [m]
AbUBZ: 1.6 [m]
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Grazm

Institut fur Warmetechnik Simulation programs Graz University of Todrolooy
for solar thermal systems: Polysun

Test-Hollektor | zusatzheizung
elektrisch

|
Warmwasser

Temperaturl 50,0 °C W
wWerbrauch 144 lid .ﬁl

v Zusatzheizun
d Kes=el 9 ﬁl

NPT

Kollektor

Test Mr. O
Ahsorberfléchel 220 m2

Steuerung
Anstelwinkel I 550 =
Orientierung I oo o= —|":f

Horizont A Tein 80 “C

) ATaus 30 |°C
frei

ﬁ_lﬁ‘:ﬁl——»

Leitungslange aussenl 100 m innenl 10,0 m

Inhal
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IWT:, oo Simulation programs
for solar thermal systems: TSOL

Or.-Ing.G.¥alentin+Partner GbR
VALEHTIH Energiesoftware

“ariante 1 T*S0L 4.0 Demo

Proyetl: Proatl 1 D um : 05 09 02

Solaranlage mit biv. WW-Speicher

Ju Sandard Flachtalkzyar

Nzimu, ;0
Mzl 45"

160 LienTag

@

Ergebnis=se der Jahressimulation

Bn=strahlung Kollehtorfldche: 3,36 hAih 1119459 kuh/m®
Ahgegebene Energie Kollehtoren: 1646 64 kb 49,82 Khim*
Fhgegebene Energie Kollektorkreis: 14248 .84 kvh 476,28 khdm™
Energielieferang Trinkwarmwasserenedmmung: 2380,71 kb

Energie Solarsystem an Wamwasser: 1425 84 kb

Zugefihrte Energie Zusatzheizung: 1128,79 kh

Brennstoffeinsparung: 214,21
Werrniedere COZ-Ermissionen: 5764 kg

Deckungsanteil YWarrnwasser: 55,8 %
Systernnutzungsgrad: 42,5 %

Cz-At Energy Experts group, Winter/Summe ticher

TU

Grazm
Graz University of Technology
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Institut fur Warmetechnik

Grazm
Graz University of Technology

Energy and Environment

Technical Solutions to use Renewable Energy
Carriers

Part B: Electricity Applications
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Institut fiur Warmetechnik H yd roe I ectrl C Graz University onghrni.fg-y

BP, stat review 2007
Cz-At Energy Experts group, Winter/Summer School 2008, Technical Solutions for Renew. Energy Streicher Str 57
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Institut fur Warmetechnik

Energy line

Hydro Power

TU

Grazm
chnology

VI'/'/
2 7

I a7
Headwater | =

Scregr? /‘ II@
/(///////////// R

- -

Co Pipe’
Stoplogs han
Quick-action
stop valve

~ ofthe

-

Pressure--
head

stream line

/

-y
-—
- -

/////

T--_

Useable

Generator

/// ////

///

1 //\/ .

~ Geodetic elevation \

\

Energy loss

_Velocity head

head

- Velocity head

//////////////

///////////
/

Energy line

Tallwater

/ ////////// § Draft tube

Reference level

Source: Kaltschmitt, Streicher, Wiese, Renewable Energy
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Institut fur Warmetechnik Power and Energy from Water

According Bernoulli
P+ pwa 9D+ %IOWa VVZ\/a = const .
This can be restructured to height-values
2
P i h +£VWa = const .
IOWa g 2 g
The useful height can be derived by , ,
_ V. —V
o = PPy () s~
IOWa g 2 g
The power from hydro use is calculated by

I:)Wa — IOWa g an hnutz
The total energy of a reservoir therefor is
EWa — pWa g hnutz VSpeicher

Cz-At Energy Experts group, Winter/Summer School 2008, Technical Solutions for Renew. Energy Streicher
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Institut fur Warmetechnik
y ro owe r Graz University of Technology

Hydroelecitric power stations

Y Y Y

Low-head Medium-head High-head
power stations power stations power stations
Run-of-river Storage
power stations power stations
| I
Detached Joined Submerged
power stations power stations power stations

-
Series of power stations with

head reservoir ' ' '

Run-of-river power stations Storage power stations

Source: Kaltschmitt, Streicher, Wiese, Renewable Energy
Cz-At Energy Experts group, Winter/Summer School 2008, Technical Solutions for Renew. Energy Streicher Str 60
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Institut fur Warmetechnik
y ro Owe r Graz University of Technology

Intake

Screen
' Intake

— Power house

diversion-type power station

run-of-river power station

Source: Kaltschmitt, Streicher, Wiese, Renewable Energy
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Institut fir Warmetechnik Sto rage Hyd ro Power Station Graz University of Technology

Speicher Zillergriindl der Kraftwerksgruppe Zemm/Ziller
: At -

_ WASSERSCHLOSS

psaon Source: Kaltschmitt
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Institut fur Warmetechnik Hyd ro Powe

Grazm
Graz University of Technology

q

Mounting cran

7 O

7777777777777,
W//////
Generator '

run-of-river power station
with Straflo Turbine

Source: Kaltschmitt,
Streicher, Wiese,
Pelton Turbine  Renewable Energy

Quelle: Voith Siemens Hydro Power Generation
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Institut fur Warmetechnik

2,000
1,400
1,000

700
500

300

200 |

140

Head in m

50

20Ff

10

100 |

Flow rate in m?/s

Source: Kaltschmitt, Streicher, Wiese, Renewable Energy
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reeemece - Share of hydro in electric generation
[Energy Information Administration, 2007]
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Institut fiur Warmetechnik H Yd roe I ectrl c Graz University onght,?.f;

Consumption by area
Million tonnes oil equivalent

B Asia Pacific 700
B Middle East & Africa
" Europe & Eurasia

B S. & Cent. America

North America

500

400

300

200

100

8182 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 O

Hydroelectric power generation rose by 3.2% in 2006. Increased Asia Pacific, South American
and US output offset declines in Scandinavia and Canada.

BP, stat review 2007
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Grazm

ettt i ameteenniy Environmental effects of
Hydro Power Stations

e Building Phase

— Water pollution caused by construction material or fine soils getting into the stream,
release of fine particles caused by excavation, improper cleaning of building machinery,
etc.

— Oil losses due to improper handling during construction and maintenance works.

— Oil seepage, commonly from hydraulic systems, e.g. during demolition works.
 Operation River Dams

— Increase of sediments in the reservoir

— Higher deepening of the river bed downflows due to lack of sediments (e.g. flushing of
Grand Canyon)

— Fish-barrier (fisch ladders)

— Change of ecosystem in reservoir and downstream

— Effect on ground-water

— Rest-Water for diversion type power stations

— Danger of landslide for steep coasts of river dams
» All effects are more or less locally

Cz-At Energy Experts group, Winter/Summer School 2008, Technical Solutions for Renew. Energy Streicher Str 67
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Institut fur Warmetechnik s
I n n e rg y Graz University of Technology
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Grazm

et farwametechni Flow through an idealised
wind energy converter
Source: Kaltschmitt, Streicher, Wiese, Renewable Energy

1 . 1 .
Rui = E m\Ni,freeVVZ\/i,l = EIO\Ni SRotV\?Vi,l with Myi = Pwi Si Vwii = const.
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Grazm

et farwametechni Flow through an idealised
wind energy converter
Source: Kaltschmitt, Streicher, Wiese, Renewable Energy

A

Maximum power coefficient (16/27 bzw. 0.593)

O*a
=
2
O
©
o
o
o ' '
; tip speed ratio A
V
P
1/3 1.0 /1 — .
Wind speed ratio v, ,/Vyy; 4 VWi Rot

useful power of a wind power station P -

Frec = CoMmech—slec. i
Cz-At Energy Experts group, Winter/Summer School 2008, Technical Solutions for Renew. Energy Streicher Str 70
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Grazm

ettt fur warmereshik Flow conditions and forces
of the airfoil lift principle

Source: Kaltschmitt, Streicher, Wiese, Renewable Energy

IVI Vwi Rot
<<

VR _I,-:D,a Direction of rotation

| Auftrieb

Unterdruck

%fjﬂe

Anstellwinke|

Anstrom-
geschwindigkeit

Uberdruck
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~wrmmecr@§chematic of horizontal axis converters

TU

Grazm
Graz University of Technology

equipped with gearbox (right) and gearless (left)

Source: Kaltschmitt, Streicher, Wiese, Renewable Energy

Rotor blade
adjusting
device

e
Anemometer
Rotor bearing

Nacelle adjusting
device

Rotor blade

Foundation

Stator retaining ring
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Pol pieces

Rotor retaining ring

Disk brake

Electric switchboard

| *\ and control system

Nacelle bearing

Tower

Grid connection

Rotor hube with
blade adjusting
device

I
|
|
|
\
|
-+

Rotor blade

Foundation

Rotor brake

Gear box

Electric switchboard
and control system

?

14 J{ Anemometer

Ca

Generator

Nacelle bearing

Tower

Grid connection
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TU
InstituthrWérmetechni20 Years of Wind Energy Development GrazUniversityofTchhrrglfg-y

source: Kaltschmitt

Development from 20 kW bis 4,5 MW

1982 1984 1986 1988 1992 1994
1996 2000 2002
Aeroman Vestas  Nordtank  Micon  Enercon E40  Nordex N54 Enercon E66
20kW  55KW 50w 250kw 500kW 1000KW 1500kW NCZ)rSdOeOXkVNVSO Enigcgé‘ks\}l?
@11,5m @ 17m
@ 25m @ 30m @ 40m @ 54m @ 66m 3 80m 2 112.8m
Cz-At Energy Experts group, Winter/Summer School 2008, Technical Solutions for Renew. Energy Streicher

Str 73



IWTTU Graz TU

Grazm

Institut fur Warmetechnik 5 MW p I a nt : source: Kaltsch m itt Graz University of Technology
-:-:‘

|
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nstitat Tar Warmetechnii Offshore plants: source: Kaltschmitt

v world wide largest offshore
turbine

v" deep water installation

v installation of fully pre-

assembled turbine

Transport

Installed
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Institut fur Warmetechnik

Power coefficient (cp(A))

. Grazm
Graz University of Technology

curve of different wind energy converter designs

Source: Kaltschmitt, Streicher, Wiese, Renewable Energy

0.7

o o o o
w IN & o

Rotor power coefficient
o
N

MaX|mum power coeff|¢|ent of an ideal wlnd rotpr

******************************************************************************************

‘Two blade rotor

Three:blade roto‘

””””””””””””””””””””””””””””””””””””””””””””””

Amerlcan One bladé rotor
wind| m|II

| Darrleus rotor
| |
|

' Dutch

wind mill
01 '\~ e e e
Savonius
rotor
O I I I I I I I I
0 2 4 6 8 10 12 14 16 18
Blade tip speed / wind speed
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racenamecanic NMlean investment, operation and
power generation costs

Source: Kaltschmitt, Streicher, Wiese, Renewable Energy

TU

Grazm
Graz University of Technology

Capacity in KW 1,500 2,500 5,000
Investments
Wind energy converter in k€ 1,250 2,180 4,150
Grid connection in k€ 185 200 380
Miscellaneous in k€ 205 219 418
Total in k€ 1,640 2,599 4,948
Yearly costs® in k€/a 95 151 295
Power generation costs
1,800 h/a in €/kWh 0.082 0.078 0.075
2,500 h/a in €/kWh 0.059 0.056 0.054
4,500 h/a in €/kWh 0.033 0.031 0.030

% operation, maintenance, insurance, miscellaneous

Cz-At Energy Experts group, Winter/Summer School 2008, Technical Solutions for Renew. Energy
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Share of European wind

TU

Grazm
Graz University of Technology

electric generation [European Commission, 2007]

4.0%

3.5%
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2.5%
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Wind Share of Electric Generation

0.5%

0.0%

Denmark 18.2% 2005

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
YEAR
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e | ocal areas with wind speed > S m/s  owoemaraty

source: Kaltschmitt
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~weerijgeable local areas with wind speed > 5 m/

source: Kaltschmitt
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Institut fir Warmetechnik P hotovoltaics E nergy Graz University of Technology
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PV-Theorie: Donation of SI-Cristal

Source: Kaltschmitt, Streicher, Wiese, Renewable Energy

IWTTU Graz
st )

cceptor
atoms

A

§8 888 mEEEE
J 88888 508500
258 55005 5

-4 O

88888 (888 H @7
88888 (@5 (56

8808 8 85 s
SEORCIENE ) SONOROION0
BE@s s s a @ w
88 8s s ks alann
§8 88 88s s w50

Str 83

icher

Stre

Cz-At Energy Experts group, Winter/Summer School 2008, Technical Solutions for Renew. Energy



IWTTU Graz

Institut fur Warmetechnik PV_Theorie: Barrier at p-n-junCtion

Source: Kaltschmitt, Streicher, Wiese, Renewable Energy
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e PV-Theorie: Structure of Solar Cell  «-vewena

Source: Kaltschmitt, Streicher, Wiese, Renewable Energy
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source: Kaltschmitt
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rwnmameerh ogges Of a Solar Cell (Example values) v o
source: Kaltschmitt
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e P\-Theorie: Cell charactersitic

(irradation and temperature)
Source: Kaltschmitt, Streicher, Wiese, Renewable Energy
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e Garies and parallel connection of Module
Source: Kaltschmitt, Streicher, Wiese, Renewable Energy
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Institut fur Warmetechnik Island Systems Graz University of Toohnatoay
Source: Kaltschmitt, Streicher, Wiese, Renewable Energy

PV DC load
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Battery controller

Direct current
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Institut fur Warmetechnik IS I a n d Syste m S Graz University of Technology
Source: Streicher

10 Year old system in Syria,
Modules Batteries ??
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Institut fur Warmetechnik G ri d co nn ected Syste ms Graz University of Technology

Source: Kaltschmitt, Streicher, Wiese, Renewable Energy
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reeemeceni - (Grid connected Systems, Costs
Source: Kaltschmitt, Streicher, Wiese, Renewable Energy r

System | System || System 11

Nominal system capacity in kKW 3 20 2,000

Full load hours Site 1 in h/a 800 800 900

Site 2 in h/a 1,000 1,000 1,100

Site 3 in h/a 1,200 1,200 1,300

Investments

Modules in k€ 7.8 46.3 4,134
Inverter in k€ 1.1 7.8 741
Further components in k€ 1.2 7.9 872
Miscellaneous in k€ 2.9 16.0 1,667
Total in k€ 13.0 78.0 7,414
Operating costs® in k€/a 0.03 0.8 108
Power generation costs  Site 1 in €/kWh 0.42 041 0.36
Site 2 in €/kWh 0.34 0.33 0.30
Site 3 in €/kWh 0.28 0.27 0.25

% operation, maintenance, miscellaneous.
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Institut fur Warmetechnik -
o n c u s I o n Graz University of Technology

Technology is well developed

Annual electric efficiency is about 10 %

Prices are slowly decreasing but still very high
Island plants are economically feasable

Grid connection plants are only economic with
funding schemes

Share of PV in the energy system is very small

vV V VY V VY V V
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e Spanish Solar Thermal Power Plant oo oo
Activities
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S o I a rt h e rm a I P owe r P I a n ts Graz University of Technology
. uelle: Weinrebe
Heliostats Quelle: WelnrebeSaP

Quelle: Weinrebe/SBP

Source: Kaltscmitt
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Solar Two Molten Salt

Source: Kaltschmitt
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Parabolic Trough
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Direct
solar radiation
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Supporting stand
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tracking

Parabolic trough
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~r‘_“- L] .
gL N Solarfeld-Verrohrung
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Quelle: Weinrebe/SBP

Source: Kaltschmitt
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Institut fir Warmetechnik Systemlayout of the AndaSOI_PIant Graz University of Technology
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Source: Kaltschmitt
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Graz University of Technology

Dish Stirling Principle
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Source: Kaltschmitt, Streicher, Wiese, Renewable Energy
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Institut fir Warmetechnik P rl n CI p I e Of Graz University of Technology

solar updraft tower power plants

Tower exit: warm air

relatively cool
ambient air

()
(o)
2 \
c
()

”3,) - density difference

= temperature difference:

—> pressure difference

- updraught

collector entry: greenhouse effect
ambient air

=) =

ground functions as natural thermal storage

Quelle: Weinrebe/SBP
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Institut fir Warmetechnik E I ectri city fro m B i O m ass Graz University of Technology
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W e Efficiency of Plants g
Wood 0.55 %
Gras land 0.30 %
Cultivated Land 0.30 %
Sweet Water 0.50 %
Ozeans 0.07 %

Intensive cultivation

Sugar Cane 4.8 %
Corn 3.2%
Sugar beet 5.,4 %
Theoretical Efficiency 33.5%

source: Kaltschmitt
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- Pellets -

Pelletproduction,—production capacity and domestic need in various
European States
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Institut fir Warmetechnik Biogeneous Solid Fuels Graz University of Technology
- Pellets -

B net export of wood pellets
= netimport of wood pellets
[] developing pellet markets

Canada ‘

Pellets Trade in
and to Europe

y

South America
South Africa

source: Kaltschmitt
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[ Energy crops j [

Residues

J [ Byproducts

TU

Grazm
Graz University of Technology

Miscanthus, Triticale etc. Straw, forest residual wood etc. Manure, industry residual wood etc.

) v )

Sewage sludge,
slaughterhouse waste etc.

Harvesting, collecting, efc.

Y

Preparation (pressing, drying,
mixing etc.)

Transport (truck, tractor, conveyor
belt, pipeline, ship, train etc.)

silo, pile etc.)

Storage (tank, storehouse,

Thermo-chemical conversion

I I
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Bio-chemical conversion
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source: Kaltschmitt, Streicher, Wiese
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o wame Electricity Production

"Biogeneous Solid Fuels " source:
Kaltschmitt

Worldwide Electricity Production from solid Biomass

« World
e Installed Electric Power : 37 GW (2004) (ca. 50 % OECD, 50 % not
OECD)
 Potential Electricity Production : 150 to 260 TWh/a (225 TWh)
(2004) (OECD 2004: 16,1 GW bzw. 97 TWh; about 60 % from
KWK)
 EU
e Installed Electric Power : 6,2 GW (2004)
 Potential Electricity Production : 35 TWh (2004) (+23 % ggb. 03)
* (Org. Waste Fraktion)
» (OECD-States: Installed Electric Power : 7,6 GW
Potential Electricity Production : 21 TWh (rund 1/3 aus KWK))
* (EU-15: Installed Electric Power : 3,3 GW
czaRatentialdl @ctrioity: Rroductiom:] st@nf MAmpw. nergy Streicher Str 108
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Institut fur Warmetechnik Electricity Production Graz UniversityofTe((?ht‘]zlzg-y
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source: Kaltschmitt
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Share non-hydro renewables

TU
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Graz University of Technology

In power generation [Energy Information Administration, ‘07]
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Share of Nuclear

TU

Grazm
Graz University of Technology

In power generation [Energy Information Administration, ‘07]
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Institut fur Warmetechnik

Grazm
Graz University of Technology

Energy and Environment

Technical Solutions to use Renewable Energy
Carriers

Part C: Transportation
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Source: Riahi 2007

Cars
(ca. 1920) (19935)

Engine efficiency, % 10
Wastes
Solid
Liquid
Gaseous,
including:
Carbon (COy)?
Carbon (CO)
Nitrogen (NOy)

Hydrocarbons

d Total carbon content of fuel
£ Methane
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Institut fir warmeteclE m iss i O ns - I i m its Pase n g e r_Ca rs E u ro pe Graz University of Technology
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Institut fur Warmetechnik Poss i bi I ities for COZ_E m ission Graz University of Technology
Reductions

Effective but ,,psycholgically problematic* solutions

* Less Mobility (Internet Conferences etc.)

« Shift to public transportation, bicycle, walking

 Smaller cars (3-1/100 km car was already on the market, VW-Lupo)
e Only cars with maximum speed of 130 km/h

More common solutions
* More efficient engines

 Gas engines (but gas is less efficient and has therefore only little less CO2
emissions)

« Biofuels (problematic with food production)
 Hydrogen (where does it come from), Fuel cell ?7?
* Electric vehicels (range, batteries??)
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Institut fir Warmetechnik EXIStI n g LOW E n e rgy Ve h I c I es Graz University of Technology

Some newer examples of efficient commercially available
internal combustion-propelled vehicles:

Audi A2 (3I) 1.16 MJ/km (3.0 | Diesel/100 km / 94 mpg UK / 78 mpg US)
(discontinued)

VW Lupo (3l) 1.16 MJ/km (3.0 | Diesel/100km / 94 mpg UK / 78 mpg US)
(discontinued)

VW Polo BlueMotion 3,(8—4,0 /100 km Diesel (RL80/1268/EWG) 99-104 g/km 1,4 |;
59 kW)

Kia Eco C’eed 3,9 I/100 km Diesel (2009) 4seater
Citroén C1 HDi55 (4,1 1/100 km Diesel (RL80/1268/EWG) 109 g/km 1,4 1; 40 kW)
Toyota Prius 1.45 MJ/km (Hybrid) (4.2 1/100 km / 67 mpg UK / 56 mpg US)

Honda Insight 1.49 MJ/km Hybrid vehicle (4.3 /100 km / 65 mpg UK / 54 mpg US)
(discontinued)

Honda Civic Hybrid 1.59 MJ/km (4.6 1/100 km / 55 mpg UK / 46 mpg US)
Citroen C3 1.94 MJ/km Stop & Start (5.0 | Diesel/100 km / 56 mpg UK / 47 mpg US)
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e c rl c e I c es Graz University of Technology

Source: Wikipedia,
Indian Vehicle REVA

Cz-At Energy Experts group, Winter/Summer School 2008, Technical Solutions for Renew. Energy Streicher Str 117



IWTTU Graz TU

Grazm

Institut far WérmetechnikCurre nt Problems Of Electric Veh icles Graz University of Technology

» Only a few important European car producers offer affordable EVs in
selected markets, but at prices that are higher than those for comparable
conventional vehicles.

» European manufacturers are designing better internal combustion engine
vehicles with enhanced power trains and gasoline direct-injection (GDI)
and turbo direct-injection (TDI) drives, which offer energy efficiency and
high performance.

» Attractive EVs from Japanese producers are available only in very selected
markets and in small numbers.

Car dealers around the world are not motivated to offer or sell EVs.

New vehicle and technology concepts, such as "3-litre cars" in Europe (80
mpgq) or fuel cell vehicles make potential customers uncertain as to the
current state of EVs and induce them to put off the buying decision.

Cz-At Energy Experts group, Winter/Summer School 2008, Technical Solutions for Renew. Energy Streicher Str 118



IWTTU Gra.z
Institut fir Warmetechnik Current EV Market

TU

Source IEA, IA Electric and Hybrid Vehicles

Year 2004 2005 2006
Vehicle Type EV? HEV EW! HEV EW!
Austria 515 0 517 75 1,300
Belgium 60 131 503 602 503
Canada*

Denmark 5,300 15 5,650 35 5,650
France 11,013 650 ~11,000 3,650°% ~11,000
Italy 113,201 720 132,491 1,110 NA
Netherlands3 500 2,000 500 3,000 500
Sweden 400 1,355 360 3,300 335
Switzerland 10,780 1,057 13,140 2,469 17,590
Turkey?

United States 55,852 196,293 68,000 404,400 76,200
IA-HEV Members Total 197,621 202,221 231,708 418,641 112,625
China3 13,000,000 NA 23,000,000 NA 33,000,000
Japan3 NA 120,000 NA 150,000 NA
Taiwan3 75,000 NA 94,000 NA 100,000
GRAND TOTAL 13,272,621 322,221 23,325,708 568,641 33,212,625

ncludes e-bikes and e-scooters, where data available
2NA = not available

HEV
75
1,493

60
10,0003
2,179
7,500
6,100
4,722

656,300
688,429

NA
260,000
NA
948,429

Cz-At Energy Experts group, Winter/Summer School 2008, Technical Solutions for Renew. Energy

2007 thru Oct. 1

EV? HEV
NA2? NA
0 2,665
10,6503 100
NA NA
NA 2,295
NA NA
324 9,500

23,500 7,760

120,000% 975,000
154,474 997,320

45,000,0003 NA
NA NA
106,0003 NA
45,260,474 997,320
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Wirkungsgradvergleich

Fuell cell versus Diesel
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Graz University of Technology
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Institut fur Wérmetet@@os GHG emiSSions comparisons for advanced Graz University of Technology
powertrains and alternative fuels [Brinkman et al, 2005]
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Potentials of renewables for oo

electricity production in Austria
(from Neubart, J., Kaltschmitt, M. 2000)
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Potentials of renewables for oo

heat use in Austria
(from Neubart, J., Kaltschmitt, M. 2000)
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Institut fir Warmetechnik Pote ntlals of renewables oo UniverSityonghzageg

for motor fuels in Austria
(from Neubart, J., Kaltschmitt, M. 2000)
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et Wit Costs and equivalent BB

CO2-emissions heat production, EFH-II
(from Neubart, J., Kaltschmitt, M. 2000)

Heat production cost in ATS/kWh
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Institut fur Warmetechnik

TU

Costs and equivalent ot

CO2-emissions of electricity production
(nach Neubart, J., Kaltschmitt, M. 2000)
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Institut for Warmetaonan Costs and equivalent

CO2-emissions of motor-fuels

(from Neubart, J., Kaltschmitt, M. 2000)
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