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OUTLINE

The energy transition challenge and transportation electrification
A survey analysis of UAE drivers’ perception of EVs

Overcoming technical and economic barriers

— Climate and range

— Charging Infrastructure

Potential opportunities and diffusion patterns



THE ENERGY TRANSITION CHALLENGE

- Fossil fuels are on the way out —better design our future infrastructure accordingly

Source: Sgouridis, Csala, Bardi (2016)



A LOOK AT THE ENERGY PICTURE FOR TRANSPORT

(%0Z~) Aoualolye asn 1Semo]
(%6¢) Joyoas Buizinn Abisus }sabie

Thank you



SOURCE TO WHEEL EFFICIENCY

RTW efficiency: 16.6%

Refinery & dist. efficiency: 83% ICE efficiency: 20%

@ li é RTW eff|C|ency 33%

NG CCGT: 45% Transmission & charging: 92% Battery & E-motor efficiency: 80%

Transmission: 95%%}

Fuel Cell: 70% E-motor efficiency: 80%

Fuel Cell
RTW efficiency: 16.8%

Electrolysis & H2 dist: 70%



SOURCE TO WHEEL EFFICIENCY

RTW efficiency: 16.6%

Refinery & dist. efficiency: 83% ICE efficiency: 20%

@ RE+BEV
RTW efficiency: 66%

PV and CSP + storage: 90% !ransmission & charging: 92%  Battery & E-motor efficiency: 80%

Q Fuel Cell
RTW efficiency: 16.8%

Fuel Cell: 70% E-motor efficiency: 80%

Transmission: 95%

Electrolysis & H2 dist: 70%

- Higher cycle efficiency - Renewables can be directly integrated



ELECTRIFICATION AS THE FUTURE

The future of Energy is Renewable (centralized & distributed) so
the future of Transport is Electric

(with some biofuel/ammonia/hydrogen carriers)




A WHAT IF? CHALLENGE 50% Electrification

3X Biofuels
o o . ..
Transport Energy 2011 (IEA data) 24%=> 50% RE in Electricity
u QOil products
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Total Energy: 1779Mtoe

The challenge is that in 5 decades it should be 100%



AWARENESS AND EFFICIENCY

A smart city should be self-aware of its use intensity of material and
energy resources and continuously strive for improving their efficiency



ENERGY AND EMISSIONS BY HOUSEHOLD WITH DENSITY

Our (transport) choices are infrastructure-biased

We have to build the alternatives, before they can be used

Conscious acts of planning

- EV Charging Infrastructure

- Rail and Metro (cf. the astonishing success of Dubai Metro)
- Car and the urban environment

- Bike-ways & pedestrian access



An integrated Approach to Study the
Feasibility of EVs and Public Transportation




HOW DO WE GET TO ELECTRIFICATION?

Economists advise planners and policy makers that:

» the best choices will be given to consumers automatically
(markets)

« Consumers will choose the best for themselves (rational
choice theory) and

 the optimum societal outcome will “magically” emerge
(invisible hand)

Alas reality is not

A fairy tale ...

Image: http://www.smallanddeliciouslife.com



http://www.smallanddeliciouslife.com

MARKETS INFRASTRUCTURE AND SOCIETY

Unavailability of charging stations — 64%

asseofchargng. | 559,
High price —_ 58%
Short- range —_ 51%
Battery life —_ 50%
Small size —_ 39%
Concern of performance in high temperature climate _ 38%
Don’t know how much the vechicle will be worth when _ 34%

73

| come to sell it

Limited top speed (e.g. 130Km/h) [ 259,
Unavailability/long waiting imes || 21%

None J- 9%

Westerner Asian (n=82) Arab Expat Emirati (n=113)
(n=102) (n=87)

HYes ®No

Source: Sgouridis, Al Hadrhami (2012)



SURVEY

>70% of average daily trips could be covered by current EV s
Source: Sgouridis, Al Hadrhami (2012)



BEV IN HOT CLIMATE

Reduced battery lifetime due higher
operating temperatures?
— Li-lon batteries are sensitive to overheating.

— Operating temperatures max of 50C to prevent accelerated cell deterioration —
ambient outdoor parking temperature in UAE!

— Options include:
 active cooling (e.g. Tesla Model S),
« air cooling (Nissan Leaf 2014-16)

« advanced battery chemistry ( e.g. Nanophosphate EXT Li-lon allows higher
operating temps)

Fig. source: http://www.a123systems.com/lithium-ion-battery-technology.htm



http://www.a123systems.com/lithium-ion-battery-technology.htm

AIR CONDITIONING USE AND TEMPERATURE
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- AC use reaches about 10% of the fuel consumption of the vehicle in the warmest days

Source: Sgouridis, Al Hadrhami, Helmers (2016)




CHARGERS: HOW MANY DO WE NEED?

Availability of Electric Vehicle Supply Equipment (EVSE):

— Providing the required infrastructure is essential to incentivize the public to adopt
the new technology

* Amsterdam 1000 public charging stations in 2013

* Barcelona: 4400 slow charging stations and 20 fast charging stations in
2014

* UK: 8,500 charging points

* Shanghai: ratio of 1.2-1.5 charging stations per EV

» Kanagawa: install 1,000 100/200V outlets and 100 DC quick in 2014.
* Dubai: 100 public charging stations in 2016

Source (CO2 Emissions Mix): City of i -
Portond ang Molomah oty UAE does not have to follow exactly the same with longer-range EVs

Climate Action Plan, 2009. EV & : H . . . .
EVSE ohoto oroviaed by Fortand coming online but still charging infrastructure will be needed

General Electric



UA,EARGERS: HOW MANY DO WE NEED?

 Availability of Electric Vehicle Supply Equipment (EVSE):
— Installation of Charging Stations

» Providing the required infrastructure is essential to incentivize the public to adopt the
new technology

* Amsterdam 1000 public charging stations in 2013

* Barcelona: 4400 slow charging stations and 20 fast charging stations in 2014
* UK: 8,500 charging points

* Shanghai: ratio of 1.2-1.5 charging stations per EV

* Kanagawa: install 1,000 100/200V outlets and 100 DC quick in 2014.

* US: EV-readiness building codes, Charging stations, upgrade transforms...etc.

UAE does not have to follow exactly the same with Ionger-lgrégteg'n US
but still charging infrastructure will be needed



Charging Rate 2 to 5 miles/hour 10 to 20 miles /hour 60 to 80 miles in 20

minutes
Charging Time (for a 16.4 to 41 hours 4 to 8 hours 16 to 22 minutes
20kWh, 82-mile of range (80% fast charge)

EV)

120 v 240 v or 208 v 480 v input to EVSE



Type Level 3 (Fast Charger)

Price of Unit ($) Less than 500 1,000 to 7,000 20,000 to 50,000
Installation Cost (S) 500 to 860 1,000 to 7,400 7,400 upwards

Reported Total Up to 1,000 12,000 to 18,000 45,000 to 100,000
Installed Cost ($)

Cost of Additional Unit |§ 4,000 — 8,000 -

Cost of Maintenance 25 to 50 per year 25 to 50 per year 25 to 50 per year
($)



MARKETS INFRASTRUCTURE AND SOCIETY

LDV BEV ICEV
Rated Battery size / Fuel Tank 23 kWh (Li-ion, liquid-cooled) 47 liters
available
25 kWh nominal (max discharge
92%)
Rated battery cycles 2500 N/A
Power 107kW (143 hp) 119kW (160 hp)
Glider cost (incl. engine) (3USD) 24,500 (estimated) 25,500
Battery cost (JUSD) (@$425/kWh) 10,625 N/A
Vehicle cost ($USD) 35,125 (including 6.6kW on-board 25,500
charger)
Maintenance cost (3USD) $50/10,000km $250/10,000km
Charging efficiency 92% N/A
Motor efficiency 90% 33%
KWh/100km I/200km (kWh/100km)
Estimated Consumption (EPA- City Highway | Combined City Highway | Combined
cycle based) 192 214 201 | 8.7(783) | 64 (7.1) | 7.6 (682
Curb weight (kg) 1633 1380
Range (km) City Highway | Combined City Highway | Combined
120 108 114 540 740 620

Battery capacity will be much higher in the next iterations. Tesla Model 3 > 300km. Same

for Chevy Bolt and the new Leaf

Source: Sgouridis, Al Hadrhami, Helmers (2016)




MARKETS INFRASTRUCTURE AND SOCIETY

Bus (2-axle)

EB (long-range)

EB (short-range with
rapid charging)

ICEB (Euro 4)

Rated Battery size / Fuel 220 kWh (Nominal) 110 kWh (Nominal) 300liters
Tank 203 kWh (available @ 101 kWh (available @
92% discharge) 92% discharge)
Li-Fe, Liquid Cooled Li-Fe, Liquid Cooled
Rated battery cycles 3000 3000 N/A
Power 2x110kW 2x110kW 199kW
Glider cost (incl. engine) 290,000 290,000 300,000
(3USD)
Battery cost (3USD) (@ 93,500 46,750 N/A
S425/kwh)
Vehicle cost ($USD) 383,500 336,750 300,000
Maintenance cost ($USD/yr) 30,000 30,000 66,500
Estimated Consumption 115kWh/100km 115kWh/100km 550 kwWh /100km
Urban Cycle (50 1/200km)
Curb weight (kg) 14300 13300 12180
Range per full charge (km) 176 88 600

Buses present a very different business case but require fast charging and charge-at-stops

Source: Sgouridis, Al Hadrhami, Helmers (2016)




EV ECONOMICS IN UAE

Key parameters for
a single EV
evaluation

Battery capacity 20 [kKWh
Usable battery capacity ratio 0.9
" Cycles 4000
2 Battery  |Hot weather battery life penalty 0.9]ratio of actual to spec cycles
2 Battery life 3312 ]|days 9.1|years
2 Max vehicle life 7|years
o Battery-dependent vehicle life 7.0
.g Consumption (combined assuming reg 150 | Wh/km
o Consumption [Hot Weather effective consumption 216.7 | Wh/km
-_“E’ Average effective consumption 195.7 | Wh/km
~ Displaced |Consumption 10{1/100km
ICEV Maintenance penalty ICEV 100($/10,000km
EV Range Standard 120 | km
Hot weather range 83.1|km
Battery cost 500] $/kWh
ase vehicle cos
Vehicle Economics |Incremental premium for EV 0| $/vehicle
EV cost 20000($
EV Premium 10000|$
: I Average speed 60 | km/h
Vehicle utilization (g iilization 100 [km/day
Environmental # days with average temp > 25C 250 days/year
Hot weather AC consumption penalty 4000 | Wh/hour
Gasoline price 0.47 | $/lit 1.72|AED/lit
Liquid fuel |Unsubsidized gasoline cost 0.79(%/lit 2.9|AED/lit
Gasoline subsidy 0.32] $/lit
> Electricty price 0.027 | $/kWh 0.1|AED/kWh
o Unsubsidized electricity cost 0.10]|$/kWh 0.367 | AED/kWh
<—§ Electricity |[Electricity subsidy 0.07 | $/kWh 0.27 | AED/kWh
oy Electric grid CO2 intensity 0.4|kg/kWh
o CO2 price 30 [ $/tonne
Infrastructure cost share by user 30%
EV Inventives|EV premium share by govt 5%
Discount rate 5%
© Level 2 charging station cost 2000|%
2 Level 3 charging station cost 50000($
= Chargers |[Level 2 stations per vehicle 0.8
ﬁ Level 3 stations per vehicle 0.02
£ Charger life 10 | years




EMISSIONS VALUATIONS

Gasoline Diesel Bus | Electricity EV  auto | e-bus Suggested

ICE Vehicle | Vehicle Grid (combined) | (combined) | UAE value

(combined) (USD/ton)

g/km g/km g/KWh g/km g/km

CO, 174.8 1150 499.0 100.3 573.8 88
CcO 1.0000 4.6 0.0328 0.00659 0.0377 886
VOC 0.1000 1.265 0.0020 0.0004 0.0023 5,289
NO, 0.0600 8.05 0.0738 0.01483 0.0849 6,888
SO, 0.0033 0.01 0.0024 0.000478 0.00274 20,418
PM 0.0045 0.1725 0.0019 0.000391 0.00224 397,397

Monetizing the emissions makes sense for buses more than LDVs

Source: Sgouridis, Al Hadrhami, Helmers (2016)




VALUATIONS

AC use reaches about 10% of the fuel consumption of the vehicle in the warmest days

Source: Sgouridis, Al Hadrhami, Helmers (2016)



VALUATIONS

_
-258.6 _——

S “__ 0.2 -360.4
5 _ DN ss02 | 6196 2590 1016 __
S5 DO 12390 | 8784 [ 5178 @ 1571 2035 | -564.1
SY DN 1497.8 || 11372 | 7766 | 4159 553 -305.3
o= [NEITNNN 17566 13960 10354 | 6747 = 3141 465
§ [l 20026 16206 12385 8565 4745 925

oI 22429 18303 1417.6 10049 5922 1795

PN 24833 20399 15965 11534 709.6 2662

Benefits directly correlate to utilization!

Source: Sgouridis, Al Hadrhami, Helmers (2016)



THOUGHT #2 ELECTRIFICATION

If the UAE followed the same trajectory,

A Smart City should mter'ﬁa“fihﬂ“&dtﬁé mfgvom}é?gy is
Renewable (centralized & 1999.9£e'a|)§¥§

hence the future of Transport is Electric

(with some biofuel/ammonia/hydrogen carriers)




MARKETS INFRASTRUCTURE AND SOCIETY

Cumulative Costs Cumulative Benefits :
Year (discounted $2012) (discounted $2012) Net Benefit
EV Premium Infrastructure Fuel Savings Ancillary
2015 $ 428,596 | $ 81,720 | $ 208,227 | $ 102,304 | $ (199,784)
2020 $ 33,250,967 | $ 26,025,861 | $§ 59,977,300 [ $ 58,167,663 | $ 58,868,135
2025 $ 135,927,670 | $ 95,910,390 | $§ 238,557,485 | $ 203,129,832 | $ 209,849,256
2030 $ 258,568,606 [ $ 195,104,139 | $ 513,405,170 | $ 403,675,042 | $ 463,407,467
Cumulative .
Year # Car EV # Bus EV Gasoline/Diesel a(i/l:)ri':;:elgt(ltz enggsz)
Saved (000 lit)
2015 166 0 442 431 642 0.2
2020 8101 303 107,951 146,790 100,193 34.3
2025 28258 621 513,019 656,384 270,204 92.5
2030 51604 956 1,269,034 1,585,536 461,603 158.1




Thank you



CLOSING REMARKS

“It is important to have an integrated view of the city.

It is like the turtle embodying life, work and movement.

If the turtle’s shell is fragmented it will die.”

“If you want creativity cut one zero from your budget.
If you want sustainability cut two zeroes.

If you want to make it happen, do it fast!”

Jaime Lerner, Architect and Mayor of Curitiba

Source: http://vimeo.com/12499536, http://development.thinkaboutit.eu/think3/post/an internationally famous city/



http://vimeo.com/12499536
http://development.thinkaboutit.eu/think3/post/an_internationally_famous_city/

Potential for BEV Adoption in Abu Dhabi and Implications to the Grid (2013)

Researchers involved

— A. Farid, S. Sgouridis & Reem al Junaibi, M. Al Hadrhami
Sponsors / Stakeholders

— METI, Japan / Mitsubishi Heavy Industries, AD DOT

Objectives

BenefitBreakdowndin®/year)a

Refueling®imel
savings,®.08

CO2@missionst
savings,[3305.32

— Investigate policy options for supporting the adoptio
BEVs and examine their societal, economic, and
technical challenges.

Outcomes to date

— Completed analysis of policy options, survey local
drivers and users, BEV economic model, and adoptio
rates. EV use simulation and grid limitations.

Electricity@ost?
(govt),@13570.52

\

EV@Premium@
(govt),@708.78



http://www.google.ae/imgres?um=1&hl=en&tbo=d&biw=1366&bih=587&tbm=isch&tbnid=wFJRDAkJMyGqdM:&imgrefurl=http://www.auto-types.com/autonews/sometimes-you-have-to-wonder-who-is-smoking-what-9422.html&docid=bUb_9e5ITTYwzM&imgurl=http://www.auto-types.com/images/_autonews/Tesla-Model-S-Performance_51.jpeg&w=2100&h=1386&ei=2p_tULyVJM3J0AWCroCYDw&zoom=1&iact=hc&vpx=197&vpy=303&dur=1326&hovh=182&hovw=276&tx=170&ty=94&sig=105804124668355118187&page=3&tbnh=141&tbnw=212&start=42&ndsp=24&ved=1t:429,r:43,s:0,i:269
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http://nissanqc.com/images/advanced.png
http://nissanqc.com/images/advanced.png

Researchers involved

— S. Sgouridis & K. Mueller (MSc)
Sponsors / Stakeholders

— Masdar City
Objectives

— Investigate the PRT system capability and
operational optimization under diverse loads.

Outcomes
— Advanced PRT simulator (discrete-event)

completed. BRT sensible for key OD and peak
times



Researchers involved Abu Dhabi
— S. Sgouridis & M. Sharhan (MSc)

Stakeholders
- AD DOT, RTA

Objectives

— Investigate the preferences and perceptions of UAE
transport users for public transit.

Outcomes Alternative Mode if not Metro

Metro Users

— Car owners entrenched. Less than 25% of Dubai Metro
users surveys owned a car. Metro increases mobility —
provides alternative to car for ~50% of the pax trips.

7 iyif\

— System dynamics model initiated. ( i ) PN -

Car Owners




