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Chemical

Complete the flow diagram, using the boxes at the bottom
of the page, plus any others that come to mind. Think
carefully where “Hydrogen” and “Fuel Cell” fit in the
diagram. What about other storage technologies? (Hint:
Use the ‘Connectors’ command in the ‘Autoshapes’ option
of the ‘Drawing’ toolbar to join the boxes)
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Figure 4. The Van de Hoven Spectrum showing the amount of variation in wind
speed on a particular time-scale.
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Table 1: The advantages and disadvantages of synchronous and induction generators

Synchronous Generators

Induction Generators

Advantages

® More efficient

e Reactive power flow can be

Controlled

e Suitable for variable speed

operation through an electronic

interface

e Suitable for connection to very weak
networks

Disadvantages

® More expensive

e Responds to gusts in an oscillatory
manner

e Requires precise synchronisation to the
mains

e May lose synchronism under
network transients

o Never used now for fixed speed operation

severe

Advantages

Less expensive

More rugged and robust

Responds to gusts in a non-oscillatory
way

Small change of speed with applied
torque reduces stress in drive-train and
spikes in power fed into network

Can be simply synchronised to the mains

Disadvantages

Consumes Reactive Power

Requires power factor correction

Not suitable for connection to very weak
electrical networks
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Table of UK Offshore Round 1 Sites

Location Status Capacity Developer Type
North Hoyle Operating (Dec 2003) 60 MW npower (Vestas 2 MW) Single
Scroby Sands Operating (Dec 2004) 60 MW E.ON (Vestas 2 MW) Single
Kentish Flats Operating (Sep 2005) 90 MW Elsam (Vestas 3 MW) Single
Barrow Operating (Sept 2006) | 90 MW Centrica/DONG (Vestas 3 MW) Single
Gunfleet Sands | Approved 30 turbines GE Energy Single
Lynn/Inner

Dowsing Construction Started 60 turbines Centrica Double
Cromer Approved 30 turbines Norfolk Offshore Wind/EDF Single
Scarweather

Sands Approved 30 turbines E.ON UK Renewables/Energi E2 Single
Rhyl Flats Approved 30 turbines npower renewables Single
Burbo Bank Operating (Oct 2007) 30 turbines DONG (Siemens 3.6MW) Single
Solway Firth Approved 60 turbines E.ON UK Renewables Double
Shell Flat Submitted 90 turbines ScottishPower/Tomen/ Shell/Elsam | Triple
Teesside Submitted 30 turbines Northern Offshore Wind/EDF Single
Tunes Plateau * | Submitted 30 turbines RES/B9 Energy Single
Ormonde * Submitted 30 turbines Eclipse Energy Single

* These two projects were outside the original Round 1 process but conform to its terms, Ormonde is an innovative wind-gas hybrid project.

Shell WindEnergy

[fi' 11 kLB~ [ offshore BHAY HEA £ iR - H H@”%‘f?ﬁﬁ%?ﬁi@ﬁ*
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A Shell Renewables company

Major Capex Items — NSW 108MW Farm

15

@

NZW Capex Breakdown

9% 3%

36%

O Wind Turbines

O Array Cable

O Transmission Cable

B Scour Protection

O SCADA System

B Cable Lay pre Survey
O Cable route Survey

B Electrical Infrustructure

37%

O Commissioning
0 50/50Contingency
B Project Management

B Foundations + Transition Pieces

@ Port assembly & loadout Facilities

* Actual £1.35M /MW for turnkey wrap

Shell WindEnergy
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Figure 2: Development of a wind turbine wake downstream of the rotor disc.
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Tyvpes of Load

Operating
® Steady
® Cyclic

® Transient

L

Stochastic

Stationary
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Fatigue

TR AN 5T R R A [ A
jﬁélEFJEB‘H 73

L RREEIES: IR s -

2. A EEE PR A lﬁliﬁ}%ﬁﬁjﬁp s R ST
3. ?’TTE‘I%F[E& o F RS ©

4. [FEES1E 1l o p IR o

[l - 1 L

IO ]

2. A S piEk

3. ENR I

Natural frequency 3

Natural frequency 2

Frequency

Natural frequency [

Fotational Speed

Figure 12: An example of a Campbell Diagram.
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Figure 19. Turbine selection charts for small to large-scale turbines.
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Open-Cycle OTEC

WATER VAFOR

OTHER USES

MIXED DISCHARGE
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PRI 8.6%
NREL in USA says OTEC not economic
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McCabe Wave Pump Archimedes Wave Swing
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Input Output Qutput Input
Solar Radiation Short-Wave Radiation ~ Long-Wave Radiation Tidal Energy

A

Tidal Power

M&_» Space Heating
|_cvaporstion of waler o Hivdro Power

Storage Input Input
Fossil Fuels Gravitational Energy ~ Geothermal Energy
Figure 7. Energy Flows of the Planet Earth. The graph illustrates the

importance of the solar radiation with respect of the eco system, nearly all
forms of energy are based on this.
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Figure 10. lllustration of the Air Mass. The AM depends on the angle of
incidence and is defined as the ratio of the actual path through the atmosphere
and the thickness of the atmosphere. In Loughborough the AM varies from
1.14 10 3.96 for noon, it is obviously higher in the morning and the afternoon
because of lower elevation angles of the Sun.
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Figure 17: Current-voltage and power-voltage curves
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Figure 5 Grid Back-Up PV System
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Figure 6 Grid Connected PV System
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World PV Market 1980 - 2004 (MW)

1000

ooo

500

500

500

400

300

200

100
) m,m,n,m,ﬂﬂﬂ,

1600 1901 1202 1903 1994 1005 1006 1907 1908 1000 2000 2001 2002 2003 2004

@ Offgrid @ On-grid
Figure 1: Growth of the global PV market, 1990 - 2004
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Installed PV System Prices in Japan (Yen/W)
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Figure 2: PVsystem cost decline, 1993-2004 (This example is for residential
systems in Japan of 3 - 4 kWp size)
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Comparison of estimated costs achievable with different PV technologies as a function of

manufacturing cost (€ /m2) and conversion efficiency [Courtesy M. Green, UNSW].
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Fig. 47. A schematic presentation of a dye solar cell showing its various
components
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Fig. 51 . Energy levels representation of solar cell action in organic PV device.
&:workfunction,y : electron affinity, IP. ionisation potential, Eg: optical bandgap.
[H. Spanggaard, F.C. Krebs / Solar Energy Materials & Solar Cells 83 (2004) 125—146].
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Table 2. Energy Consumption person/year in Giga J (10°)

Country Consumption
India 10
Germany 180
United Kingdom 170
USA 370
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Figure 3(b). Mass transfer in the Total Carbon Cycle in 10° tonnes/annum.
(Arrows represent fluxes).
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Figure 8. Biomass Processing.
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NEX R —Fﬁ'ﬁgﬁ A
F1& "j:?’ﬁ% AT E PSR SR [ > $5BHEE ] Inverter ™ Convertor
mﬁfgj FTHL /’”’%ﬁ‘ﬂf‘j [if: (/pqgﬂl 52 o

Generator characteristics by energy source

Energy source Typical unit size Variable Predictable Dispatchable
Coal 500 Mw No Yes Yes, but requires several hours
notice
Nuclear 500 MW No Yes No — best run at constant output
Gas Up to 500 MW No Yes Yes, but affects the gas network
Hydro with reservoir | Up to 500 MW (40MW No Yes Yes and fast response
in Scotland)
Fumped-storage Up to 500 MW Yes Yes Yes and fast response, both
Hydro pumping and generating
CHP Up to 100 MW Usually Usually Normally no.
Yes with heat store.
Crops and waste Up to 40 MW No Yes Yes, but too small
{in UK)
Wind 2 MW Yes Partly Mo
Landfill gas 1 MW No Yes Yes, but too small
Run-of-river hydro Some kW (in UK) Yes Partly Mo
Photovoltaic 1 kW Yes Mainly No
Wave No examples Yes Partly No
Tidal No examples Yes Yes No
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Figure 2: The Power Transfer from Wind Turbine to

Generator
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Figure 3: Input Signal #, Output Signal y, and Noise ¢
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Figure 4: The Procedure of System Identification
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Fizure 8: Ficure After Detrend and Filter
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Table 2: The model & order and fit

model & ARX ARX ARX ARX
order 10101 441 222 100
fit 73.28 72.46 69,88 67.12
- . U+uur-e:1m-—':mlerw-1n9:!ﬂlmr .
o} |
= al | | 1 / [
T R T T f:: Zm  amn @m0 o

Figure 9: Figure of Different Kinds of Order
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Table 3: Prediction Data and Measure Data

Generator | Temperature
Time Date Power difference  [ARX100 |ARX222
2006/9/1 02:40 3537 11]- -
2006/9/1 02:50 B63.5 11] 10.9901 -
2006/91 03:00) 11619 12] 10.9901 g
2006/971 03:10) 16743 13| 119892 125207
2006/9/1 03:20) 17719 15] 129883 13.7009
2006/9/1 03:30 1909 17| 149865 15.9984
2006971 03:40) 18722 19] 169847 17.66
200691 03:50) 18402 19] 159826 19.6948
200691 04:00) 19151 21| 189829 19.0272
2006091 04:10[ 16104 21| 209811) 21.5473
¥l 58

[ 58 ELSRIFET= R Y S -
For ARX222:

Vit)=1.259(t-1)-0.2617y(t-2) -0.0008745u(t-2) +

00008165 14 1-3) - -onwemmememmmmemememee e e eeeee o (6)

and the fit is 69.88
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