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Renewable Generation in Built Environment (I)
General Characteristics:

o highly variable (spatially and temporally)

= micro/small systems — Micro-generation

= highly dispersed (e.g. in a large urban area)
= mix of different technologies (wind, PV...)

Similarity with Load Analysis, e.g. Demand Side Management (DSM)
(both are Energy Management functionalities in future “Smart Grids”)
Large number of small in size and highly dispersed individual units, connected

in parallel to LV networks, exhibiting short, medium and long-term variations, as
well as large changes from one geographic or network location to another




Renewable Generation in Built Environment (2)

The analysis of MG is connected with uncertainties and requires
assessment of stochastic variations

When present in high numbers, aggregate effects of MG & DSM
(e.g. at bulk supply points at MV) can be significant. ..

After introducing
Feed-in Tariffs in
., theUK...
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Lecture Overview

Energy Management in Households/Built Environments:
Assessment of PV and Wind Micro-generation
(and Demand Side Management)

Effects of MG & DSM (individual/combined) on network operation/performance:
o Detailed network model (typical LV/MV residential distrib. network)
o Two renewable MG technologies: PV and pWind
o Assessment of input solar and wind energy resources
o Description of residential load mixes and daily load curves
o Aggregate residential load model (with identified DSM-portion)
o Correlation of pPY and uWind outputs with loads/demands

a |llustrated using Midlothian region in Scotland, UK
(around the city of Edinburgh)




Aggregation Methodology
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Active power demand (p.u.)
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Aggregate LV Load Model (1)

Daily Load Curves Available (at |1kV or higher levels)
Should be “Decomposed” in Main “Load Categories”

<— Available for DSM




Aggregate LV Load Model (2) @
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Aggregate LV Load Model (3)

From (End-use) Load Type to (Modelling) Load Category
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It is only an example — can be applied to all other types of
loads...
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LV Network Model

Typical LV/MV Residential Network (Configuration & Parameters)
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10




Aggregate Micro-generation Model (|

Assessment of Input Energy Resources:
City of Edinburgh (15km x |15km)
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Aggregate Micro-generation Model (2

Assessment of Wind Energy Resources: 5 Sites, 14 Days
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Aggregate Micro-generation Model (3)

Assessment of Wind Energy Resources: 5 Sites, Averages
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Aggregate Micro-generation Model (4)

Assessment of Wind Energy Resources: All Sites, Max/Min/Ave
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Aggregate Micro-generation Model (5)

Assessment of Power Outputs: Generic yWind Models:

o Database with ~190 uWTs from 60+ manufacturers

= Manufacturers from US, UK, China, Canada, Spain, Ireland. ..

o Horizontal/Vertical Axis Systems (168xHAWTs, 20xVAWTs)

o 95% with rated power <10 kW

o For ~140 pWTs, power curve provided in specification

o Four Generic UWTs > represent majority of pWTs on the market

Por 1 ==729v+3.120" , for v224m/s ....coeeirrennnnnn Generic pWT_I

vr 2 =—114Tv+4.260° —0.120° , for v23m/s .....oeenn.. Generic HWT_2
Powr 2 =—13.10+434° —0.16V° , for v232m/s «evevvernnns Generic uWT_3
P 4 =—062v+2.860°—0.110° =6, for ¥=33m/s «eonveen. Generic pWT_4
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Aggregate Micro-generation Model (6)

Generic pWind Turbine Models: Power Curves
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Aggregate Micro-generation Model (7
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Aggregate Micro-generation Model (8

Aggregate (‘“‘Master’’) Generic y\Wind Turbine Model
Mix/Aggregation of Generic yWWTI - 18%, Generic y£WT2 -32%
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Aggregate Micro-generation Model (9)

LWind Power Outputs for Estimated Wind Resources
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Aggregate Micro-generation Model (10) ©

Assessment of Solar Energy Resources: Following the Same
Procedure as for Wind Energy Resources...
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Aggregate Micro-generation Model (1)

Assessment of Power Outputs: Generic yPV Models:

o Database with 240+ pPV systems from few dozen manufacturers
o Again, manufacturers from around the World

= Four main technologies

o Monocrystalline, polycrystalline, thin film and amorphous

o Manufacturer’s specifications thoroughly examined

o Four Generic uPVs - represent majority of pPVs on the market

L e eeennnnnnnnn Generic pPV_|I
o Generic pPV_2
B R e Generic pPV_3
R e Generic pPV_4
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Aggregate Micro-generation Model (12)

Generic JPV Models: Efficiencies
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Aggregate Micro-generation
Generic HPV Models: Efficiencies

Model

13

0.20
0.18 4
0.16
0.14]
- 5 012
H 2
15 5 0104
2 L2 J
£ £ 0.08
] 0 0]
0.04 0.04 4
—— Generic uPV 1, P, Generic uPV 2, P,
002 ' - 002 ] v
0.00 T T T T T T T T T 0.00 1 T T T T T T T T T T
o 100 200 400 600 700 800 900 1000 1100 1200 0 100 200 300 400 500 600 700 80 900 1000 1100 1200
Solar Irradiance (W/m?) Solar Irradiance (W/m?)
0.20 0.20
0.18 0.18 4
0.16] 0.16 ]
0.14 0.14]
E 0.124 = L>’, 0.12 4
% 0.10 ] ,5 Ll g
£ 008 'S 008]
£ sl )
0.06 Wooosd
0.04] 0.04]
Generic uPV 3, P_ ., Generic uPV 4, Py,
0.024 Gyl 0.02 4
0.00 - T T T T T T T T T 0.00 —=% T T T T T T T T T T T
0 100 200 400 600 700 800 900 1000 1100 1200 0 100 200 300 400 500 600 700 800 900 1000 1100 1200

Solar Irradiance (W/m?)

Solar Irradiance (W/m?)

23

Aggregate Micro-generation Model (14

Aggregate (‘‘Master’’) Generic yPV Model

Mix/Aggregation of Generic PV - 40%, Generic JPV2 - 43%

Generic y4PV3 - 9%, Generic y4PV4 -8%
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Aggregate Micro-generation Model (15) =’

ULPV Power Outputs for Estimated Solar Resources
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Aggregate Micro-generation Model (16) ©

Combined uWind & uPV (50%-50%) Power Outputs
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Impact & Performance Assessment (1)

Change in Active Power Demand:
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Impact & Performance Assessment (2)

Change in Voltage Profiles:
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Current THD (%)

Impact & Performance Assessment (3

Harmonic Distortion (MG & Incandescent > CFL):

|| = "Near future" scenario 3.0 3% it for THD V112
14 4| = ="Uncontrolled" scenario with maximum uDG |77 mtioer HY (12]
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THANKYOU!

Discussion & Questions?
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