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EV charging networks highlights

« Charging Points (CP)
— Slow charge (230-380 V /16-32A/ 3.6-7.2 kVA — 8 hours)
— Fast charge ( 500V DC / 200 A — 20 minutes)

 Europe
— London, Oslo, Paris, Helsinki, Frankfurt, Lisbon, Amsterdam

— EV charging network is designed for:
« Daylight parking (in the evening cars will charge at “home”)
* 5-10% in street parking / 90-95% parking garages

« Autonomy anxiety control
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EV network design challenges

 Most charging will be made at home
— Upgrading infrastructure / power reinforcement

* Public network
— Anxiety control

* Visible places (main streets, shopping malls)

— Long distance drivers (taxi drivers, tourists)

» Public parking places

 Touristic places
— Integrated service with parking

— Commuters recharge (S. Miguel)
» Work place

» Fast charging It is all about where people park their car
- Detailed mobility patterns studies
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Early Adopters

« European studies
— Man under 35 or above 55
— High, middle high class
— Higher education instruction

— Two cars
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MOBI.E Highlights

¢ M O B I . E Viana do Castelo \ g Bragangs
. P - Gunma?;zga -"”M |
— 1100 CP in 25 municipalities Ports g "
VilaNova de Gaia -//. .
: Viseu
« 1 master+ n slaves up to 2011 Aveiro ——— *’}: -
Coimbra —————@
- Street parklng — Castelo Branco
Santarém \% &”/
- pUb“C parklng garages Torres Vedras \\ﬁ b/ Portalegre

Smtra

* Municipalities choose CP location  csseis \-"L“'“
Lls:::ﬂj/f %———_ Evora
— Public space electric parking el .
* have to be connected to MOBI.E

—

Faro
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MOBI.E Charging Points

‘ Coordenadas 38.71970, -9.14561

Rossio, Av. da [ |
Carregamento Normal - Disp ‘ Estado Disponivel ‘

’ Tipo de abastecimento Normal

Ultima actualizagéo: 11/03/11 17:20

Aqui perto

®

Pesquisa

PESQUISA SIMPLES PESQUISA DE ROTAS

Localizagio De.
Lisbon, Portugal

drea de Pesauisa para
oo o]

59 pontos de carregamento encontrados

Google
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MOBI.E framework

D
uxo Energia

k'Wh
PARQUES COMERCIALIZACAO
USER i T
H EAPIDA : PRODU{;E&D
i DISTRIBUICAC
REDE PUBLICA

Fluxo Informacao Gestdo de Transaccdes
Fluxo Finacneiro Operadores e Comercializadores
Intermediagdo e Integracao
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Methodology to design EV charging network

1. Estimate EV penetration in the vehicle fleet

— Using MOBI.E study from Roland Berger

— Consider a service rate to define number of required CP
2. Characterize region/city/neighborhood
3. Define Criteria for location of CP

4. Use a decision-making algorithm

—  Multi-Atribute (PROMETHEE)
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Methodology Implementation

ﬂcision-aid tool \

EV projections for For each year (2010 - ...):
region/city/neighborhood

1. Evaluate alternatives
2. Compare alternatives
3. Alocate CP to alternatives

Parking characterization of
Region/city/neighborhood
(alternatives)

Final CP allocation
(alternatives)

Location Criteria
(Decision makers)
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1 - EV Projections assumptions
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1 — Service Degree

Service degree (gr)
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2 - Characterization of the City
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3 - Criteria

0,3 0,3 0,15 0,25
W/ W/ W W
[ Criteriarelated to |[ Criteriarelatedto |[ Otherrelevant |[ Dynamic evaluation )
offer demand criteria criterion
* Parking offer * Parking * Percentage * Number of
on the public 0,1 demand 0,15 of still 0,05 charging 0,25
thoroughfare pressure vehicles points
* Parking offer + Occupation * Parking
inparks of 0,1 ratio during 0,05 balance for 0,05
public access the day residents
* Public access + Occupation * Unmet
parks for 0,1 ratio during 0,1 parking
long time the night demand for 0,05
periods residents




4 — Decision Making algorithm (PROMETHEE)

1. Initialization

— Alternatives A={a,a,as,..,a,}
— Criteria G ={g91(a;), g2(a;), ..., gr(a;)} a;, €A
) . . 91(a) 92(a) e gk (a)
— Relative weight of criteria Wy W W
k v =1

— Preference function

e Maximize / Minimize 1
|
« Shape /
|
|
n s p
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4 - Decision Making algorithm (PROMETHEE)

Unmet
Parking parking
offer in Occupation Occupation Percentage Parking demand
Criteria Parking offer parks of Parking ratio ratio of still balance for Number
on the public  public Deterrent demand duringthe duringthe vehicles for residents charging
thoroughfare  access parking pressure day night [%] residents [%] points
91 g2 g3 g4 gs Je g7 gs 99 g d
Weight [%] 10 10 10 15 5 10 5 5 5 25

Objective Maximize  Maximize Maximize Maximize Maximize Maximize Minimize Minimize Minimize Minimize

. V-shape V-shape V-shape Level V-shape V-shape V-shape V-shape V-shape V-shape
Preference function

p=14367 p=7357 p=1950 p=q=0,5 p=1,31 p=1,56 p=68 p=9100 p=55 p d

1 Carnide Norte 2934 1000 1000 0,5 0,67 0,95 57 1700 0 0
2 Lumiar Norte 813 1581 0 0 0,97 1,49 33 400 0 0
3 Charneca 3337 0 0 1 1,11 1,33 45 200 0 0
4 Benfica 9275 514 0 1 1,17 1,14 46 -800 5 0
5 Carnide sul 3746 7357 415 0,5 1,33 1,36 23 -600 10 0
6 Lumiar sul 7299 2200 1950 0 0,98 1,18 31 4600 0 0
7 Aeroporto 3 600 0 0 0,92 1,08 0 0 0 0
8 Olivais 7390 2193 0 1 1,11 1,17 14 -1800 16 0
9 Oriente 7155 6715 0 0 0,93 0,44 30 4100 0 0
0 0

=
.- O

Monsanto 164 0 0,5 1,1 1,32 0 -600 55
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4 — Decision Making algorithm (PROMETHEE)

2. Evaluation

— Difference table 4 (a; “’)zgf(a')_gf(“l)
— Aggregation m(a;, al)—ZP(a a)w;
— Outranking flows @ =~ 12”(" D P =—= n@n
aq a as an
a; 0 n(ay,a;) m(ag,az) ... m(ay,ay) o (ar)
a, | m(az, a;) 0 m(az, az) .. m(az ay) ¢+(a2)
asz | w(az, a;) m(as, az) 0 .. m(az, a,) | ¢*(az)
ay | 7@y a) m(aya) mapas) .. 0 | ¢H(a,)

¢ (1) ¢ (az) ¢ (a3) .. ¢ (a,)

aP"b iff ¢(a) > p(a)
alb iff ¢(a) = p(a)

— Preference
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4 — Example of application

MIT

Example: CG - Campo Grande

AL — Alvalade
Parking offer on the Percentage of still gg,
public thoroughfare 10% vehicles ’
d(AL,CG)=4052 d(AL,CG)=16
d(CG,AL)=-4052 d(CG,AL)=-16
P P
1| ! N T T T 1
| |
| |
| |
| |
0,28 |- | | ---10,29
| | | |
0 | ! ! ' 0
d(CG,AL) d(AL,CG) 14367 d 55  d(CG,AL) d(AL,CG) d

Alvalade > Campo Grande



4 — Decision Making algorithm (PROMETHEE)

+
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5 — Results (2011 -125CP)
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5 — Results (2015 -1009 CP)
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ANGRA DO HEROISMO (TERCEIRA)




1 - EV Projections assumptions

* The ratio between Angra do Heroismo and Portuguese

fleet will remain constant (15.5 k /4.5 m 0,34%)

« Same penetration rate as in Portugal

— Lisbon considered that at the beginning 50% of EV will be

located there and will decrease to the average

— In Azores, with GIP, it may be expected also higher rates
 The considered area (downtown represents 25% parking

places in Angra)
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1 - EV Projections results

Electric Vehicles Projections for Portugal and Angra do Heroismo
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1 - Service Rate

* In 2010, 1 CP for each 2 EV (50% service rate)
* In 2020, 1 CP for each 5 EV (20% service rate)

Razao Postos Carregamento por VE
0,6

0,5
0,4 \
—- Razdo Postos
0,3 Carregamento
porVE

0,2
0,1
0,0 T

o — ~ 1) < n

- - - - - -
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2 — Characterization of city

.
~
Parque de
Santa
Luzia
Parque da |
Queimada |-
Parque do
Baildo
i [ ZONA G =7us=s:
| ZONA A ougem ZONA D i ESTACIONAMENTO GRATUITO
ZONA B 51w ZONA E ™7\ | ESTACIONAMENTO COM
TARIFA REDUZIDA frasa de Toiros 000
] ZONA C e 7] ZONA Fmtumes Il ESTACIONAMENTO GRATUITO [f/rae natia 300
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2 — Number of public parking places

Lugares de Lugares em
estacionamento Parques

Parque de Santa Luzia 0 80
Parque do Baildo 0 389
Parque da Praga de 0 340

Touros
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3 — Criteria for Location
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Angra do Heroismo CP network - Criteria

Lugares de Lugares em Pontos de
estacionamento Parques carregamento

Peso dos critérios 30% 20% 50%
273 0 0
510 80 0
265 0 0
378 0 0
360 80 0
410 95 0
337 0 0
:z:gaue de Santa 0 30 0
Parque do Bailao 0 389 0
Parque da Praga 0 340 0
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Angra do Heroismo CP network - Results

| 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020_
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Angra do Heroismo CP network — 2010 (1CP)
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Angra do Heroismo CP network — 2015 (12CP)
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Angra do Heroismo CP network — 2020 (27CP)
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Why EVs in Azores?

18000 - 18000 -
15000 - ] . 15000 -
Il = ] [ | — . Residential
12000 - I B ® Renewables ) R
N = 12000 + [ Public Services
[ | m Kerosene
m Commerce
9000 - m Butane - 9000 -
Industry
Gasoline
6000 - 6000 - Agriculture
Diesel
Electricity Productior
3000 - m Fuel Oil 3000 -
® Road Transportation
0 - 0

2001 2002 2003 2004 2005 2006 2007 2001 2002 2003 2004 2005 2006 2007

« 33% of the primary energy is Azores Is used on road
transportation

— 1,38 millions of barrels of ol
— 85 millions € [ 80$ per barrel, $=1,3€] + refinery and transportation costs
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Electric Mobility Impact (SM)

Primary Energy Electricity Production
45000 2500
40000
35000 2000
30000
- 25000 - 1500
= 20000 = 1000 M FOSSIL
15000 H RENEWABLES
10000 500
5000
0] 0]
2007 2013 2018 2007 2013 2018

« Significant reduction in fossil fuels consumption
— Mild electricity consumption increase (with energy efficiency)
— Has to be based on renewable electricity
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Terceira as the “earlier adopter”

Percentage of Total Primary Energy Sources and Sector Consumption by Island, 2007

(DGEG 2008, EDA 2009a; EDA 2009b)

Primary Energy Sources Primary Energy Consumption
100% 100%
90% 90%
80% 80%
70% 70%
60% 60%
50% 50%
40% 40%
30% 30%
20% 20%
10% 10%
0% 0%
S P G R I P GO
é‘\&) Qf\d& < Q 00 @’b (b‘} ey é‘\&) éoe' < Q o\o @Q’ (b‘} & @
40 A Py é@’ < 40 « P é@’ &
L)‘b L)‘b
¥ Fuel Oil U Diesel ® Road Transportation ™ Electricity Production ™ Agriculture
¥ Gasoline ¥ Butane ¥ Industry B Commerce B Public Services
B Kerosene ¥ Renewables ¥ Residential

« Lower energy consumption for road transportation in Terceira in

average

— 11% of SM
» Local agents (municipalities, consumers) want EVs!
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The plan for Azores (public network)

« Allislands
— All municipalities?
» Technical vs Economic vs Social
« Fast charging
— Eventually on SM

 Creating value

— Business models
» Car sharing for tourists
« Transportation (taxi, shuttles)

« Parking / energy management

— Reconversion
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Designing Electric Mobility for Azores

9

DTEA
P

Gdmec

kWh

3
M uxd Energia —) ﬁ
PARQUES

COMERCIALIZACAQ
USER o~
A HORMAL

i

PRODUGAD

DISTRIBUICAO
EDE PUBLICA

T Gamec
Cai

Fd
A

Fluxo Informagao

Gestao de Transacgoes
Fluxo Finacneiro

Cperadores e Comercializadores
Intermediacdo e Integracdo
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Case Studies

» Charging network

* Fleet
* Production
* Distribution * Fleet

* Production
MIT ®



Patricia Baptista

FLEET ANALYSIS (FLORES)
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Methodology

/—> LCA for each individual vehicle technology & fuel pathway

Materials Cradle-
to-grave

5 BB B
5 o8 55 B

RBIB | ( )

Portuguese fleet LCA structure.

“ Fuel usage stage,
Tank-to-Wheel

« Materials and WTT:. GREET, Simapro

* Life-cycle analysis

e Gt Un
Veicle Input

and other databases

“ehicle Cyde
[GREET Z Series)

Geometry
Displacement ()
Nt cyinders
Compression talio
Nt vabves/cytnder
Diammeter EV/Bore

Fual Cycle Welto-Wwhee =)
[GREET 1 Series)

Diametes [V/Bore.
Bore/Stoke
Cylnder aniangement

D
engine speeds (rpm)

Mo [0

SR 0) dung

Well to Pump

| £
®
i

A

een Isig, 5
o %%, <=
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Diesel Engine Map Builder

Displacement [em’] RET YEAR |EXIRY
Maximum Power [kW] / {rpm]
Maximum Torque (N} JEEM /' KRN - KRR (ol
|__Input__|

Load Points Step [X

Engine Speed [T [rpm]

« TTW: ADVISOR, Demb, Siemp, RVS

® Biodiesel

» Diesel

m 2 |
p = KTl

LHV = ElllMJ/kg




Flores Fleet historical data and evolution (ISP)

Category 2000 2001 2002 2003 2004 2005 2006 2007 2008
Light duty vehicles -
Passengers 881 974 1,233 1516 1610 1,698 1,761 1,800 1,702
Light duty vehicles -
Goods 4 50 52 61 60 55 73 8 73
Light duty vehicles -
Commercial 48 309 332 298 306 323 305 296 244 . H H
T Qe B B B B PR SR 225 LDV Motorization index at 498 veh per
Rent-a-car vehicles 14 19 37 16 19 8 19 12 8 H
Other light duty 1000 Inhab
vehicles ... 10 ... 11 12 10 . 10 . N 13 12 .. 12
Total LDV 971 1,379 1,683 1,914 2,018 2,106 2,181 2,213 2,049 aye
Heavy duty vehicies » expected to stabilize at around
- Goods 40 40 45 37 37 39 42 41 44 .
Heavydutyveh|c|es ................................................................................................................................................ 520 Veh/ per 1000 Inhab.
- Passengers 5 9 . 8 . [ A A 6 ... T 5
Other heavy duty .
vehicles © 788 .7 ..7..7..8 .9 1 <+ HDV stabilizes at around 15 veh per
Total HDV 52 57 61 51 51 53 56 57 59 .
Tractors for 1000 |nhab

others . 0 0 0 L 0 1o 1o 8 ] 3
TOWS 8 19 13 SR 6 4 4 2 2
Machines (industrial

orothers) ... 8 0 0 LU 0 0 ... 0. ... 0 ... 0
Total Flores 1,353 1,695 2,018 2,225 2340 2,429 2,505 2,527 2,349

een Isig,
> /7%

MIT 9

AZORE



Scenario — Electricity Powered (New Vehicles)

1.800

1600 -

Number of vehicles

200 ¢

1400 A

1200 A

1.000 A

800

600

400

100%

90%

80%

70% ® unchanged market

 Gasoline LDV 60% M EVs

M LDV Diesel

50% PHEV diesel

HEV diesel
M HEV gasoline

40% W PHEV gasoline

PHEV gasoline

= PHEV diesel [ HEV diesel

30%
EVs

20% B HEV gasoline

New vehicle sales shares (%)

10%

Sc. 2 Policy
oriented

Sc.1Baseline
trend

0%

Sc. 3 Electricity
powered

QA = ®Mm n N OO <4 Mm 1 N O A MmN A MmN N A
O = o o o odG o4 o4 o4 o4 o4 o 0o o 0o 60§ g g g <
O O O O O O O 0O O O O O O O O O o o o o o
N N d N N N d N J S~~~ QS S

Alternative fuels: 10% biodiesel in 2020 and 25% in 2050;
In 2050 90% of vehicle sales will have been shifted from conventional technologies.

An electricity recharging infrastructure will be available. Both PHEV and EV technologies start
entering the market right away.

The assumed HEV:PHEV:EV ratio for 2050 was 30:50:20; and
The diesel/gasoline share stabilizes at a 75/25 ratio.
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Scenario — Electricity Powered (Energy Tank To Wheel)

. 1,20e+08 9,00E+07
=
E 8,00E+07
% 100E+08
<)
2 7,00E+07 - .
£ 800E+07 mEVs v
: Electricity
2 PHEV diesel 6,00E+07
=
@ 6,00E+07 )
g' B PHEV gasoline 5,00E407 Loy
° . .
g ) biodiesel
‘2 4,00E+07 FCV HEV 200es07
g B FCV PHEV ’
w
S 2,00E+07 B HEV gasoline 3,00E+07 n I('jDV
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& M HEV diesel
& 0,00E+00 2,00E+07
S o o o o ® LDV Diesel B LDV
i — ™ 3 |
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g z z
° o 35
a a I

Basline 2030

0,00E+00
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André Pina

ELECTRICITY PRODUCTION (FLORES)




Flores electricity production system

* The electricity system is a

combination of Wind-Hydro- Table I: Installed generation capacity in Flores
Diesel.
Plant Group Year Capacity
(KW)

« To maintain frequency and

. : 2

voltage stability at the grid level, . , : 1966 ,j%

3 flywheel energy storage Além-Fazenda I 1966 296
- (Hydro) I 1966 296

system is in place

— The system is able to achieve 100% v 1983 512
renewable electricity VII 1991 500

— In 2009, this happened for several hours Além-Fazenda  VIII 1995 500
of the day in at least 12 days of the year. (Diesel) X 2001 500

* Future investments: — J XX 20[]2 f]O
_ Hydro, 1600 kW, 2011. Boca da Vereda I 2002 300

— Hydro, 1040 kW, 2012. (Wind) [l 2002 300
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Flores electricity production historical data

Electricity production in Flores, 1994-2009

14

12

Wind

B Hydro
B Diesel

=T
Lu )|
Ly
—

1985
1996
1997
1998
2008
2009

1999
2000
2001
2002
2003
2004
2005
2008
2007

Population of ~4200 habitants
e Areaof ~141 km?
e 54% of renewable electricity in 2009
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Approach taken

—
Consumption Flectric Vehicles Base Year for Scenariol Scenario2 Scenario3 Scenariod |Scenario5 |Scenario6
Growth Rate Available Price of Fuels 2010 0% 0% 0% 0% 0% 0%
Base 3.0% No 2007 2015 0% 0% 0% 1% 6% 4%
Scenario 1 3.0% Yes 2007 2020 0% 0% 0% 22% 23% 22%
Scenario 2 1.5% Yes 2007 2025 0% 0% 0% 399 41% 39Y%
; o i 5
Scenal‘fo 3 4.5% ‘x’cs 2007 2030 0% 0% 0% 56% 589% 56%
Scepnario 4 3 (0% Ve 2008 o . o . o o
Scenario S 1.5% Ves 2008 2035 23% 16% 23% 100% 100% 100%
Scenal-lo 6 4_5“0 ‘x 25 2008 2040 60% 54% 60% 100% 100% 100%
—/

MIT

een Isig,
I %,

Az0R8

Main uncertainties studied:
Growth rate for electricity demand

Fuel prices (2008 prices much higher than 2007 or 2009)
EV penetration in fleet




Renewable energy penetration in electricity
generation

18
16
14
12
10

GWh

MIT

o N b OO
| | |

Energy mix in 2035

Scenario 1 Scenario 2 Scenario 3 Scenario 4

f\@»

Scenario 5

96%
94%
92%
90%

88% -

86%
84%
82%
80%
78%
76%

Scenario 6

BASE

M Diesel
B Wind
W Hydro

Electricity generated from renewables

===Scenario 1
e==Scenario 2
e==Scenario 3

Scenario 4

e=Scenario 5

2015

2020

2025

2030

2035

2040

e=Scenario 6

== BASE




Joel Soares

GRID MANAGEMENT (FLORES)
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Network Topology
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Load diagrams
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Diagramade Carga Caracteristico do VERAO
Agosto/2008 (4" Feira-20, Sabado-23, Domingo-24)

kW

Diagrama de Carga Caracteristico do INVERNO
Dezembro/2008 (4" Feira-17, Sdbado-20, Domingo-21
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Scenarios characterization

. 50% EV penetration - 1000 EV:
- 20% PHEV - 1.5 kW rated power/ 70% EV1 - 3 kW rated power / 10% EV2 - 6 kW
rated power.
. 550 EV charging simultaneously at a charging rate of 0.8 C - 1321 kW + 800 kW of
conventional load = total load of 2121 KW
Three scenarios were studied considering 100% renewable electricity:

- 0% of adherents to the smart charging scheme (0 EV) - it was impossible to manage
EV load for primary frequency control;
- 25% of adherents to the smart charging scheme (250 EV) - it was possible to manage

EV load between 1108 — 1392 kW for primary frequency control;

- 100% of adherents to the smart charging scheme (1000 EV) - it was possible to

manage EV load between 344 - 1647 kW for primary frequency control..
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Converter Response

* Frequency disturbance impact on the battery charging current
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Dynamic Simulation Results

*Wind speed decrease = Shortfall of 450 kW in the wind power production
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