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What is a hybrid system? P
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1. Can a hybrid system be : < O N
- e

WIND TUZBINE /

developed full filling the needs of
the Danish Municipalities? R

2. Is there a business model?

e Stand alone solution

- Installation, pole, luminaire =
free

— No cabling
- Free energy

- Wind turbine, solar panel,
battery
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Wind and solar energy in Denmark

83%39°90"North, 12°3576"East, nearest citu: Kosbenhawn, Denmark

Vindenergi-index, Danmark (medel=100)
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Society driven innovation

Internationally leading research Producers
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Project contents |

v'Market Screening
v Which solutions exists
v Test and characterize a selection
v' Develop Mathematical model
v Dimensioning of the system
v Validation using measurements on commercial systems
v"Mapping the potential energy as a function of street lighting class
v Select street lighting class for the design process
v Lab model
v"Mock up
v'"Renderings

Pre-study Technology dev. Market introduction
Tool development Fieldtest

2011 Phase 1 2013 Phase 2 2015
| |
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Screening of hybrid system market
e 29 hybrid systems identified (January 1st 2012)

e Official document m o
— Director Center for Traffic CPH G -
— Price S B
- Delivery time e

— Data sheets
e Suppliers
— Primarily in China (some with EU sales office)
- 2 USA
- 2 Canada

- 2 Korea —
- 1 France o

Primarily wind turbine suppliers
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4 commercial systems was chosen

Delivery time

Rotor types

Specifications

Different distributors
Different parts of the world

L

’ -

d

China Green Power United Electricity Nheolis
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China Green Power

' -

800

forbrug Rendering Temperature
Neohybrid 60 W 73.0 7202 0.0073 (false)

61.5 W 74.4 6663 0.0010 (true)
United Electricit 83.2 4693 0.0041 (true)
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Wind turbine power curves

e Average wind speed in the urban
environment: 1,5 m/s

e Challenges in turbine design and generator
design

0.45 sEaes T J T s :
: : : : —&— Theoretical CP Curve .
—&— Measured CP Curve

..................................................................... —

X : . :
2 4 B 8 10 12 14 16
Wind Speed [m/s]
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Wind turbine power curves

e Average wind speed in the urban environment: 1,5 m/s
e Challenges in turbine design and generator design

0.7 ) ! ! ] ' ' :
: —&— Theoretical CP Curve
08 B be Nk . ........ ........ ........ +Measured CP CUNe VER2

Wind Speed [m/s]
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Solar panels
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Solar Energy

Mast1 Potential
Mast3 Potential
*  Mast1 Harvest
*  Mast3 Harvest

Feb
Time
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Batteries

e Very cheap lead acid batteries
e 1 VRLA battery
e Short life time
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‘ ‘ ‘ Mast 3
40 | —— Wwind energy 40.0 KWh Generated (Estimation incl Iossesi 60 7‘ T
L — PVenergy 5.8 KWh Generated 4 ——— Wind energy 52.2 KWh Generated
| — Led Energy 36.1 KWh Consumed i | ——— PVenergy 2.4 KWh Generated i
| — Batteryenergy 9.7 KWh ] ——— Led Energy 61.0 KWh Consumed
L J [ —— Battery energy -1.6 KWh
30 — —
-~ | 1 40
S | ] >
g 20 - ] =
. ] c
L i L
i i 20
10 — —
ok FE \ \ | 0
0 20 40 60 80 ‘ | | L ‘ | L | ‘ | L | ‘ | L | ‘ L
Time (Days from start) 0 10 20 30 40 50 60
Time (Days from start)
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Mathematical AN o | |
+ lighting requirement+ GPS coordinates

model

Solar data

LED energy use

wind datasz ? Battery tech.

Mathematical Model

.

Solar panel area, angle, orientation
Rotor area, placement, rotor type
Battery capacity
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Mathematical model
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mddataft] [ ----- location | o--.-... o local wind
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i
wired turbine i
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sundataft] |o---- location  |o-----| et | loml sun i
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T
1
i
1
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| -{ orientation of P¥"s | -] temperatwreft)] |---__!
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LIGHT \

location temperature ft] |- &

sresteategory | oo :ir::;ﬂmn o LEDfllload :>
lighting stratesy

N i

October 3rd 2013

Prartiea = F ift, losc, pos,
turbine type ...}

controller

Pum'|= h:Pl..er Py,
brybrid controfer)

Py, =, temp, loc, pos,
orientation, PV type ...

|
temperatune [t] i
loating :
characteristics .
E E
battery converber
losses losses
‘\ d
4 ¥
[Peurtine. Be] = [Prurtire. Bp] =
f Ljcost) f 2jonet)
P'm.ll'\p.lm =f [t. temip,
intensity, LED type )
"
amount of } Py sndnt = F {Peoommptice. amourt of
powened masts [—> powered masts, losses in cables |
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Energibalance - NHEOLIS

A =17Tm% A =2m?
[

rotar
3 ! . ! I ! I \
: ; : : I to be covered
: ' : : I v cnergy
5l : : : : : I turbine energy | |
: : : N consumption
: : : : —o— battery activity
2 ; n
15 |
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Street classes in Copenhagen
Red: "Regional roads”

Dark blue: “Distributuon streets”
Light blue: “Larger city streets”
Orange: "Pedestrian streets”
Dark gray: "Local streets”

™~

E2 Roads > 70%
2.5 lux
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CopenHybrid vs internationalt state of the art

| »
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Test platform for hybrid systems
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Future work

October 3rd 2013

mplicity

e Wind energy optimization unit (generator starting at low torque, MPPT on
electronics, gear)

e Optimization of solar cell unit (primarily electronics)
e Adjusting the LED unit and implementation of intelligent control
e Optimizing battery pack
e Optimizing the electronics
e Optimization of mathematical modeling system for the design of systems
e Optimization of mechanical engineering / design
— Weatherability
— Strength
— Production
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Conclusion
1. Can a hybrid system be developed full filling the needs of the Danish
Municipalities?

WELL - it seems possible!
2. Is there a business model?
Maybe! ©

Labor cost -> high

1000 $/m in Copenhagen cabling cost
Solar panels cheaper than ever
Small wind turbine maturing
LEDs 2x efficiency in 2015
Battery prices going down on e.g. LiFePo4
Sensors/intelligence

3. International markets?
Some commercial systems are already installed
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October 3rd 2013 )G

- Thanks to ELFORSK PSO 343-021, funding
- Thank you for your attention

Internationally leading research
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