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2. Is there a business model? /
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e Stand alone solution

- Installation, pole, luminaire =
free

— No cabling
- Free energy

- Wind turbine, solar panel,
battery
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Project contents

v'Screening of commercial hybrid systems
v'Purchase and installation of the 5 best commercial systems on RIS@
v'Characterization of energy systems
v’ Logging on the energy systems
v'Mathematical model
v Feedback from commercial systems
v Validation of mathematical model
v'Analysis of energy systems and components in commercial lamps
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
v'Reporting
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Phase 1 of larger project
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- Analyzing and modelling
Phase 1

e Phase 2
- Implementation

- Prototyping
— Optimization
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Screening of hybrid system market
e 29 hybrid systems identified (January 1st 2012)

enern faktor3d oo

!

e Official document m
— Director Center for Traffic CPH "
— Price
— Delivery time
— Data sheets

e Suppliers
— Primarily in China (some with EU sales office)
- 2 USA
— 2 Canada
- 2 Korea —
- 1 France

Copenhagen January 24th 2012

Primarily wind turbine suppliers

e
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PV power

PV technology

PV size

Placement

PV characteristics
Wind power

Wind technology
Rotor size

Rated wind speed
Power curve available
Cut in wind speed

Cut out wind speed
Start up wind speed
Survival wind speed
Blade material

Noise level

Light power

Light technology
Light output

Light efficiency

Light horizontal plane
Color temperature
Color rendering index
Covered area

Battery capacity
Battery technology
Number of batteries

# of days without wind+sun

Lights # of hours
Pole height

Cost

Voltage level
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Everlast Lighting
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MacroWind

. Nanjing
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Jiangsu KingSun
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4 commercial systems was chosen

e Delivery time

e Rotor types

Specifications

Different distributors
Different parts of the world
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Test platform for hybrid systems
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N 1 R et
o . Rendering Temperature

- 60 W 73.0 7202 0.0073 (false)
- eI A 61.5W  74.4 6663 0.0010 (true)

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 TR T ! T : :
: : : : —&— Theoretical CP Curve _
—&— Measured CP Curve

.......................... O T T S I IR

o

—_

m
T

..........................................................

2 . 1 = 3
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
06 B oy N . ........ ........ ........ +Measured Cp CUNe VERQ

o - 3 4 6 8 10 12 14 1B 1B 20
Wind Speed [m/s]
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Solar panels
Solar Energy
Mast1 Potential ]
Mast3 Potential
*  Mast1 Harvest
*  Mast3 Harvest i
Feb

Time
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Batteries

e Very cheap lead acid battires
e 1 VRLA battery
e Short life time

sense and simplicity
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Energibalance

Mast 1
n | | | ]
40 . Wind energy 40.0 KWh Generated (Estimation incl Iossesi

— PV energy 5.8 KWh Generated
— Led Energy 36.1 KWh Consumed
— Battery energy 9.7 KWh

30 - -

Energy

20 - -

10 —

| | |
0 20 40 60 80

Time (Days from start)
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Energibalance
Mast 3

— Wind energy 52.2 KWh Generated
- —— PV energy 2.4 KWh Generated

— Led Energy 61.0 KWh Consumed
- ——— Battery energy -1.6 KWh

0 10 20 30 40 50 60
Time (Days from start)
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Masts — deliveries - mechanics

e Extremely interesting deliveries (mast 1 had it all)
- Mast 2 (without battery, mast, fittings, wiring - all in Chinese)
— Mast 3 (lamp did not work - all in Chinese)
- Mast 4 (without batteries, wires, brackets - all in Chinese)

e Mast 2 - damaged bearing after a week (change)

e Systems corrode violently

6. november 2013
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Delkonklusion markedsanalyse

e Umodent marked - primaert domineret af kinesiske leverandgrer
e Virksomheder saelger sma vindmgller

Uoptimerede tekniske Igsninger

Uegnede til danske vejr

UrbanGreenEnergy virker som en serigs leverandgr
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State of the art - benchmarking

e Challenges on the delivery side — missing components
e Documentation

e Optimization of the wind turbine unit (generator starting at lower torque,
gears, etc.)

e Optimization of solar panels (primarily the electronics — angling)
e Better LED units (CCT = 3500-4000, higher CRI)
o Better batteries
e Optimization of controller unit (intelligence)
e Optimization of mechanical system
— Weatherability
— Strength
e Better design!!!
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Mathematical }3 o | |
model + lighting requirement+ GPS coordinates
Solar data

LED energy use

Wind data

//

L‘? Battery tech.

Mathematical Model

N

Solar panel area, angle, orientation
Rotor area, placement, rotor type
Battery capacity
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Mathematical model
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Street classes in Copenhagen

”

6. november 2013 )E

Red: "Regionale veje”
Dark blue: "Fordelingsgader”
Light blue: "Bydelsgader”
Orange: "Strgggader”
Dark gray: "Lokalgader”

E2 veje
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Wind energy - street classes

crobabildy |%)

palabd by [%]
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o o
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&

Fig. 106: Weibull distributions for different sites and satellite pictures of the sites
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Wind energy — street classes

Fig. 33: CASE4: a) static pressure distribution; b)-d) tke iso-surfaces (tke=0.5; 3; 6m’/s’) with velocity component v
distribution
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Solar energy- street classes
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Potential for hybrid street lighting

E1- local streetsin  E2 - Local streets in  L7a - Traficked streets 14 - Large heavily
the inner city the suburbs in the city traficked roads
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Energibalance - NHEOLIS

A =17Tm% A =2m?
rotar [

3 T T T T T I
: : : I to be covered

I v cnergy
I turbine energy | |

251 : ' f : :
: : : N consumption
: ; : : —o— battery activity
2 | |
1.5 |

[KWh/day]
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ak i e i
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Energibalance - ChinaGreenEnergy

A =14m% A =2m?
[

rotar

! ! . ! ' !

!

I I
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250 : : : : : : I turbine energy ||

: f : N R s consumption
: : —S— battery activity

5]

Q - | - |
p ]
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Energibalance - United Electricity

A =38m%A =1.5m?
<13

rotor
3 T T T T I I I
' I ic be covered
A ¢ cnergy
25 I turbine energy ||
————— consumption
—<— battery activity
20 ' .
1.5 _
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Energibalance - UrbanGreenEnergy

A= 24M5 A = 1.17m’

rotar
3 ! T T T T I I
; : : ; I to be covered
: : : : : - pv energy
asl : 7 ; : : : I turbine energy | |
: : ; : N i consumption

—<— battery activity

1.5

[KWh/day]

0.5
k- e _
15 | I | I I I I I
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Energibalance Windella

A= 14m A =0.385m”

rotar

3 T T T T T I I
: : I ic be covered
A ¢ cnergy
250 : : : : ; : I turbine energy ||
: : : : N consumption
—<— battery activity
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Delkonklusion matematisk modelvaerktgj

e Staerkt dimensioneringsveaerktgj/simuleringsveaerktaj tilvejebragt
e Designprocessen af eget hybridsystem

¢ Valideres for nuvaerende med data fra kommercielle systemer
e Gennemsnitsbetragtninger

>/

st o faktor3d =2

e Udbygning - punktbetragtninger
— Google Grabber
- Interface med arkitektsoftware
- API
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e E2 roads
e Lighting
- Max 350 Wh/day
— Illuminated area 30x13 m
- 80% light falls on the street
- 85 lumens/watt (3000 K)
— 2 X 32 LED units Philips
— Driver Philips
e Wind
— Savonius
-2,3m?2
e Generator
— Dia 30 cm, height 15 cm
e Solar panels

- 150 Wp
Savonlus
DTU Wind Energ DTU Electrical Engineering DTU Fotonik
Department of Wind Energy Department of Electrical Engineering Department of Photonics Engineering
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E2 - Lokalvej

e 2,5 lux (hemisferisk illuminans) = 1900 Im
e Farvetemperatur pa 3000 K
e Ra-veerdi > 80

Manedligt energiforbrug

S
>

O NWRAMULIOONA

\

/
\

\/
A A o) N N A 5 < < < N
& @,0« o < ?Qﬁ & N \9& (50@ &606 ((@e ((@@
2 ) Q
13,4 W (140 Im/W) —16,7 W (112 Im/W)
DTU Wind Energy DTU Electrical Engineering DTU Fotonik
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CopenHybrid vs internationalt state of the art

| »
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DTU Wind Energy DTU Electrical Engineering DTU Fotonik
Department of Wind Energy Department of Electrical Engineering Department of Photonics Engineering


http://www.philips.dk/index.page

56

*
-

A s .
Iil _.'_'__\__/_'; Egedal J i
S Albsrishund Kommune e DONG Cfaktora 33

K@BENHAVNS KOMMUNE “
HENNINGLARSENARCHITECTS PHILIPS 6. november 2013

Challenges in phase 2

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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Konklusion |

o Afdekning af kommercielle systemer
— Design, Energisystem - forbrug - vejr, Rotordesign, Kvalitet
— Elektriske system, Generator
Matematisk modelsystem
— Vurdere potentialet for kommercielle systemer
— Designhe nye systemer
- Feed back fra kommercielle systemer
Mapping af energipotentiale som funktion af vejklasse/gko.
Designproces/Funktionsmodel
Kan et hybridsystem fungere i dansk context:
— Ja, men er worst case i forhold til resten af verden
Er der en forretningsmodel?
- Ja, Kabling er ekstremt dyrt. Solceller billige, LED eff, sensorer.
— Eksportpotentiale stort
Fase 2 ansggt ELFORSK/EUDP
— Generator, energisystem, optimering, produktionsmodning
— Investorer

|
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Tak til ELFORSK o

ELFORSK 343-021 - CO, neutralt byrumsarmatur

ELFORSK

Tak for jeres opmaerksomhed!
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