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1 Introduction

The project’s objective was to develop four maindeds/computational applications
regarding:

1. A fleet model for road vehicles scoping the timerigee 2010-250 by
characterizing scenarios for energy and emissibiy CO, NOx, PM, CQ)
according to different choices of fleet turnovetesa technology penetration
rate, biofuels rate of entering the market, popataaind mobility. Economic
interaction between technology prices, energy prit¢axation policies and
demand included;

2. A vehicle-grid interaction model to evaluate voliagpntrol ability by electric
vehicles (both pure electric or plug-in hybrid teologies), including grid
networks characterization, stochastic electric elekidemand in fast, normal
and home chargers, voltage congestion profiledereéiices regarding dumb
and smart-charging in terms of minimum waste oévesble sources;

3. A vehicle-grid interaction model to evaluate fremqoye control ability by
electric vehicles (both pure electric or plug-irbhy technologies), including
grid networks characterization, frequency contrbilig minimizing the
differences between offer and demand at regiordirater-regional levels;

4. A economic model giving insight at electricity precand user running costs
for different electric vehicles amount and eledtyienixes with more or less
renewable (mainly hydro power) incorporation.

And, finally, develop an integrated applicationadf models at island and mainland
scales.

These models have the potential to answer thewollp questions:

« What would be the impact on energy and emissiorikarroad transportation
sector of introducing alternative powertrain tedogees in Portugal, mainland
and islands?

« What would be the impact of introducing vehiclequieing electricity on the
electrical grid? What changes would be necessasgtiefy the demand?

* What would be the technology price evolution fortBgal, user point of view
and society point of view?

Main innovative aspects of the project are:

» Life cycle integration for energy, GOemissions and local pollutants of
different alternative vehicle technologies and ggesources pathways with
forecast/backcast tool

* Scenario uncertainty, and estimation of maximum @amimum border lines
for multi-scenario analysis of the road transpastasector in the time horizon
2010-2050

* Inclusion of trucks and buses

» Cost and price analysis in the time horizon 2018e2@r Portugal
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* Regarding power system analysis:
o For steady state:
= Impact evaluation tool considering the stochasabavior of
EV
= Smart charging algorithm from different playersrgmectives
o For dynamic:
= Scenarios with generation based only on renewabkrgg
resources
= Droop control implementation on EV
e Joint evaluation of LCA and power system analydiswang a full extent
study from the transportation and electricity sexto

The project physical research indicators were ssfady accomplished and
surpassed as can be seen in Table 1.

Table 1 Predicted and accomplished physical researéhdicators

Predicted Accomplished

A - Publications 2 15
Books 0 5%
International journals 2 10
National journals 0 0
B - Comunications 4 39
Internacional meetings 3 33
Nacional meetings 1 6
C - Reports 3 4
D — Organizations of events 0 0
E - Thesis 6 10
PhD 3 4
MSC 3 6
Other 0 0
F - Models 1 4
G — Computacional 1 4
applications

H — Pilot instalacions 0 0
I — Laboratory prototypes 0 0
J - Patent 0 0
L- Other 0 0

*Book Chapters

Section 2 presents a detailed description of eask ©f the project and respective
publications. Section 3 presents the main conahssaj the project.

1]
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2 Detailed Task description and achievements
The project was divided in 9 Tasks, respectively:

» Task1: Characterization of the electric power grid

» Task 2: Characterization of the existing light-dtieet

e Task 3: Life cycle energy consumption and &missions

* Task 4: Fleet model development

e Task 5: Electric power systems model development

* Task 6: Impact on the electric power grid modeledepment/smart-grid
* Task 7: Cost benefit analysis

» Task 8:Final model development and application

» Task 9: Dissemination

During the first year, special focus was given @sK1-4. Portugal mainland and
Flores Island from the Archipelago of Azores werearacterized in terms of
generation system, distribution grids and energpatel. A detailed characterization
of the existing Portuguese light-duty fleet wasf@ened. The top sale light-duty
vehicles (LDV) were identified having a typical pesweight ratio of 55W/kg. The
fuel consumption and COemissions of such vehicles and future powertraihs
electric, hybrid and fuel cell vehicles were simethand validated. A master thesis
was developed regarding the study of driver behactwarging frequency, road grade
and cargo influence on vehicle/prototypes auton@mg electric and chemical fuel
consumption. A complete life cycle analysis waseased for the light-duty fleet
representative actual and future technologies,rdagg conventional diesel/gasoline
fuel pathways, biofuels pathways for blending irsdi/gasoline fuels, electricity
production (actual and future), hydrogen productigia on-site electrolyses,
centralized natural gas reforming, biomass ferntemaThe Portuguese fleet model
development, including light-duty and heavy dutyiekes, historic data on vehicle
density per inhabitants, historic data of fleeintwrer, historic data of sales, historic
data on biofuels blending and historic data ondueinsumption was sketched and 7
scenarious were studies with inputs from GALP comypaSCENARIO 1 -
BASELINE TREND (8% of LDV fleet displaced); SCENARI2 — LIQUID FUELS
BASED (70% of LDV fleet displaced); SCENARIO 3 —QUID FUELS BASED
WITH LOWER DIESEL SHARE (70% of LDV fleet displacedSCENARIO 4 —
POLICY ORIENTED (44% of LDV fleet displaced); SCERAO 5 -
ELECTRICITY POWERED (90% of LDV fleet displaced);CENARIO 6 -
HYDROGEN POWERED (90% of LDV fleet displaced), fobV; and SCENARIO

7 — HDV and BUSES (30% displacement in heavy dughcides) to add the
contribution of HDV and buses to the total roadhs$f@ortation sector. A preliminary
sensitive analysis of the developed model regardetegtricity mix generation
evolution effect on life cycle results was perfothand also a preliminary application
of the model to S. Miguel Island. Task 5-7 werdiatéd and was assessed a power
electronic converter model capable of managingiefitly the energy flow between
the Low Voltage grid and the EV battery and wassssd the Flores Island power
system dynamic behaviour when different quantitieEV adhere to a smart charging
scheme that provides an ancillary service, nambly participation in primary
frequency control. , a preliminary energy systenueleing was applied to the Island
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of S&o Miguel in Azores; was discussed the potertienefits of expanding
responsive demand to help displace electric engegerated by fossil fuel power
plants by adjusting the shape of the demand cusvendrease use of electricity
generated by renewable sources. Potential benafifast charging and strategic
marketing plan for battery electric vehicles wemnalgzed.

During the second year, special focus was givehagk 6-8. Preliminary Computer
applications for vehicle-grid interactions were tsked. A grid steady state analysis
model with a Monte Carlo approach for simulating transitions of EV loads within
a distribution network buses along a given perioguts: EV penetration, types of
EV, mobility patterns (daily commute profiles), Edwner charging behaviour,
conventional load diagram. Outputs: Load diagraM+&bnventional load), voltage
profiles, branches congestion profiles, losses.lidapon: Flores island, S. Miguel
island and typical networks from Portugal mainlaid.grid dynamic simulation
platform using a primary frequency control model &Y in isolated grids, based on a
droop control implementation, using numerical iméign method with a variable
time step to perform the necessary simulationsutBlEV penetration, types of EV,
mobility patterns (daily commute profiles), EV owneharging behaviour,
conventional load diagram, generation units reprag®ns for dynamic studies,
disturbances on the network or on resource avétlabiOutputs: voltage and
frequency fluctuations, machines power and torgi¥eand conventional load active
and reactive power. Application: Flores and S. Migislands. Electricity price
evolutions, cost-benefit analysis from the user asmtiety points of view,
management and business insights were further elo

Concerning Task 4 the PATTS was further developsdi the biohydrogen energy
vector was studied aiming it's incorporation insttplattform. A first attempt of
integration of the fleet model with vehicle-grid deb in Flores Island was completed.

During the third year, all models/computational laggtions regarding the fleet model
(PATTS), the vehicle-grid interaction applicatiofsr voltage/frequency control
analysis and the economic, energy and environmemhcts simulator (EEEIS),
developed based on simulating the Iberian spot etarking the hourly buying and
selling bids available at the Iberian ElectricityaMet Operator, were finalized.

2.1 Task 1- Characterization of the electric power grid

A typical electricity distribution network for asmlential area in Portugal was used in
order to assess the impact of integrating diffetemtls of pure electric vehicles and
plug-in hybrid vehicles in the grid. Fig. 1 desestthe electricity distribution network
used in this research, corresponding to a typeealigirban, 15 kV, Medium Voltage
(MV) grid. The clients of this type of grid are mbj residential consumers, providing
a good platform for studying the impacts of EVshnection. It was assumed that
each MV/LV (Low Voltage) transformer, representeg & triangular shape in the
figure, plus the downstream LV grid, have the cdpggtio accommodate all the EVs
considered in each scenario without suffering amgniicant impacts. This
assumption allows focusing the study in the MV gasd it is intended with this work.
This grid despite being meshed is explored usiragal configuration. There are two
feeders energizing two separate areas, represbptdte round shapes in the figure,
whose specified voltage is 1.05 p.u..
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Typically, associated to these networks there e rhain problems that arise wi
the increase in load. The branches around therfgeabints are expected to ree
high congestion levels, while the buses more etatly distant from the feedin
points are expected to face voltage drop probl
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Figure 1 Medium voltage distribution network (15 kV). The numbers 1 to 5 identify the buses that are mor
prone to having voltage problems. The letters A t& identify the most corgested branche:

In order to evaluate the impacts in terms of loadfiles, a 24 hours simulation w
performed, considering two typical daily diagramse for a typical summer day a
other for a winter day. For the grid under studye typical load iagrams for
Portuguese consumers are depicted in Fig. 2 ¢
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Figure 2. Load profile during a typical summer day.
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Figure 3. Load profile during a typical winter day.

The household, commercial ¢ industrial diagrams were combined taking i
account the proportion of installed po related with each type of these consum
Thus, the final diagram has a contribution of ne@6% of the household, 28% of t
commercial and 6% of the industrias these are the proportions of installed pc
related with each type of load within this g The consumption in this grid for
summer day is 309.3 MWh, while for the winter day355.8 MWh. The yearl
energy consumption is 121.4 GWh, which represe0.33% of all the energ
consumed in Portugal during one y

In Portugal the electricity energy generation mixthe year 2006), includes; hyc
generation (24%), wind generation (6%), energy peced in coefired power station
(30%), energy produckein oil-fired power stations (11%), generation from nat
gasfired power stations (25%) and generation fromnias-fired power station
(4%) (Eurostat, 2008 his generation mix, combined with Spanish impoftaround
20%, yields an emission fac of ca. 497 g/kWh and an energy ratio of 2.33 MW
primary energy per MWh of produced electric enefgythermore, carbon monoxi
(CO), hydrocarbons (HC), nitrogen oxides (NOx) aparticulate matter (PN
emissions factors for the total electricity duction were also considered (0.10, 1
1.48 and 0.17 kg/MWh respectivel(Lewis, 1997).This data is used to evaluate
pollutants’ emissions related with electricity geateon

The steadystate grid analysis is fully described in the PHi@sis: Filipe Soares.
Impact of the Deployment of Electric Vehicles inid>©peration and Expansion, Pl

thesis, FEUP, 201
http://metalib.fe.up.pt/V/INJOVRVVTA4CQPREV6PMGISSHEGX9KICC2NDF

XPU9F7Y2TI9M-10585?func=quic-3&short-

format=002&set number=259357&set_entry=000001&fdrB8¢

and in Annex " Vehiclagrid interaction mod~-computationahpplication for voltag

control analysis".

Regarding dynamic studies of the grid, isolaregions,e.g. Flores Islar, and
mainland regionsge.g. PortugiSpain-French bordersyere analyzedTwo stages
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were considered on the research. First, a singieirtdance on Renewable Energy
Sources (RES) power availability was simulated iideo to illustrate a worst case
scenario. Second, a chain of events was defined avgiven period of time,
consisting on RES resources fluctuations, basegardata for this case study.

To perform both stages of the work the methodologgented next was followed:

1. The isolated network dynamic model was chareeérin terms of electricity
grid and generation system.

2. With the defined disturbances, a dynamic sinmatvas conducted for the
case where EV are regarded as simple loads.

3. The same simulation was conducted using EV timpe frequency control.

The isolated network power system was modeled ufiieg simulation software
Eurostag.

A complete representation of the MV distributiontvmark was made, including the
step-up transformers from the existing generatitsu

The obtained results allow analyzing the poweresyisteaction in terms of frequency,
the dispatched conventional units power and torgnd the EV load. The grid
diagram for Flores Island can be seen in Figuréh# island of Flores has a 15 kV
distribution network with a peak load of 3500 kWdaa valley of 750 kW. The
generation system is composed by four diesel gareravith the nominal power of
625 kVA, two wind turbines of 330 kVA and four hydunits, three of 370 kVA and
one with 740 kVA. All hydro turbines are installedthe same reservoir with a head
height and length of the conduit of 106 m and 260respectively. For the studied
case a valley hour was chosen and so EV load wdedao the conventional load. To
attain the load from EV it was considered that 25%he island’s vehicle fleet (2300
vehicles) was replaced with EV and all of them weneart charging adherents, as
defined in Pecas Lopes et al, 2009. The EV fleesiciered was composed by three
vehicle types, 20% of which with 1.5 kW of ratedwaw for battery charging, 40%
with 3 kW and 40% with 6 kW. A full charge cycle 4 was assumed for all the EV.

Swing Bus

Thermal Power Plant Hydro Power Plant

@ Bus

—> Load

—O  Power Plant
— Line

Figure 4. Flores island distribution network
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Aiming at the evaluation of the dispatch robustriessind power fluctuations, two
scenarios of wind power variations were studied:

1. Single disturbance — a sudden shortfall of 40%hé generated power was
simulated over 10 seconds; the wind farm poweruttgopresented in Figure 5;
2. Continuous disturbances — an intermittent wipekesl behavior, based on a

real data series, was simulated over 1000 sectimelsespective wind farm power
output is presented in Figure 6;

0.5}
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l:‘W\nd Mw)

0.2

0.1fF

0 L T N S T S T SO SR T N
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Time (s)

Figure 5. Wind farm power output during the single disturbance simulation
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Figure 6. Wind farm power output during the continuous digurbances simulation

As far as primary Frequency Control is regardedatated systems where there is a
lot of unexplored RES availability and low systerad,

» Dispatching rules must include conventional genenainits for stability
purposes

e Hydro units with high head and long conduits arenmmally included in
frequency control actions due to premature meclhéniear and tear

« The usage of EV to perform fast control actions/ptbto be efficient and
enabled the usage of the hydro units in load / g¢io® balancing

* As EV have a faster reaction, the ramping of hydrits is smoother and
requests for sudden changes usually do not occur.

For secondary Frequency Control — AGC Operatioegmain conclusions that can
be drawn for situations where participate in systeamagement (see Figure 7):

* Improvement of the system robustness of operation

1]
E Unido Europeia — Fundos Estruturais ": Governo da Republica Portuguesa
12



* Increase of the system reserve levels that cafféetieely mobilized for
secondary control use, while decreasing the needddhe conventional
secondary reserve

* Increase safe integration of renewable power saurcthe system
Adicionally:

+ Fast reaction of EV + communication + control aietiure = fast and
effective AGC operation

* When EV are participating in secondary frequenaytr@d, further integration
of IRES in interconnected grids is possible

Figure 7. Demand and offer control across three ags, without EV participation (Left) and with EV
participation (Wright).

The dynamic analysis of the grid is fully descrilbedhe PhD thesis: Pedro Almeida.
Impact of vehicle to grid in the power system dymabehaviour, PhD thesis, FEUP,
2012.
http://metalib.fe.up.pt/VINJO9VRVVTA4CQPREV6PMGISSHEGX9KICC2NDFX
PU9F7Y2TI9OM-11351?func=quick-3&short-
format=002&set_number=259362&set_entry=000001&fdrB89; and in Annex
"Vehicle-grid interaction model-computational ajgplion for frequency control
analysis".
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2.2 Task 2- Characterization of the existing light-dutyfleet

The Portuguese fleet characterization in terms ie$al/gasoline distribution,
weight and engine displacement vehicles’ distrimutis presented in Table 2
(Azevedo, 2008). To estimate the Portuguese fleetgy consumption and derived
emissions COPERT 4 (Dimitrios et al, 2007) was usddch is an European tool for
estimating the emissions and energy consumptiapedific fleets (with conventional
vehicle technologies). A typical annual and dailjeage of respectively 12800 and
35 km was assumed (Azevedo, 2008). For COPERT aamixban (24% of total
distance), rural (57% of total distance) and high{E9% of total distance) driving
was considered. The results obtained for the cdroral fleet energy consumption
and annual emissions of carbon dioxide g;©arbon monoxide (CO), hydrocarbons
(HC), nitrogen oxides (NOx) and particulate matfeM) are presented in Table 2,
according to the categories of vehicle considefadble 3 shows the results of energy
consumption and emissions at vehicle usage stagk-(o-wheel, TTW).

Table 2. LDV fleet characterization in terms of fueldistribution and engine displacement (year 2005).

Displacement # vehicles Fuel % Total LDV fleet

<141 2336655 43%

14-201 469837 Gasoline 9% 53%
>2.01 52187 1%
<2.01 1801273 33%

Diesel 46%
>2.01 699510 13%
>2.01 22440 LPG 0.42%
# Total vehicles 5381902 100%

Table 3. Annual TTW characterization for the Portuguese light-duty fleet in terms of energy consumption
and emissions.

Energy consumption Emissions (kton)
Vehicle category
1/200km TJ (ef€] CcO HC NQ PM
Gasoline <1,4 | 6.9 56163 4058 112 15.7 16.0 0.0
Gasoline 1,4-2,0 | 8.2 15223 1100 18 2.5 2.6 0.0
Gasoline >2,0 | 10.3 2150 155 1.2 0.14 0.15 0.0
Diesel <2,0 | 6.1 63989 4724 5.8 0.94 20.0 21
Diesel >2,0 | 7.9 28651 2115 29 0.83 7.1 1.0
LPG 2.92 936 61 1.1 0.17 0.18 0.0
Total 7.2 167112 12213 141 20 46 3

2in n? of liquid propane gas per 100 kPgasoline equivalent.

1]
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Summarizing, the Portuguese light-duty conventiomehd transport sector
consumes 167112 TJ of fossil fuel energy and igaresible for a global annual GO
emission of 12213 kton and for a local emissiori4t kton of CO, 20 kton of HC,
46 kton of NQ and 3 kton of PM. For small scale regions suchrmedia or Flores,
the regional Inhabitants combined with the Portggueehicle density 510 vehicles
per 1000 Inhabitants (ACAP, 2006), (INE, 2008),egiva scale factor for the fleet
size.

For specific taxi fleets, a methodology to stuadetlconversions was derived, that can
be useful to characterize future technology powars of other vehicle types. The
focus was a possible approach for simulating tersion of a conventional internal
combustion engine drivetrain vehicle into a sehgbrid (HEV) and plug-in hybrid
(PHEV) drive. The main object refers to the tarell of Lisbon and London, but can
be used for any vehicle. Both cases are studietiydimg the distinct driving cycles,
vehicles, taxi service and vehicle occupancy i@terging frequency is part of PHEV
analysis. Vehicle drivetrain component selectiorhighlighted, aiming for energy
consumption and CQemissions reduction. Vehicle Specific Power (V&Pysed in
driving cycle analysis and for the selection of weneed vehicle components
characteristics. When compared to the conventidrskel (ICEV) taxi for Lisbon and
London case respectively, the HEV drivetrain cordduce energy consumption by
37% and 9%, and the PHEV by 45-82% and 8-77% (ckpgnf battery is recharged
once a day or at the end of each service). A VeeWheel (WTW) analysis showed
that the conversion to HEVs could reduce energy @@d emissions by 37% for
Lisbon and 9% for London taxi fleets. The best itasswere achieved by the PHEV
that could allow an energy reduction up to 60% Woth Lisbon and London taxi
fleets, and C@emissions reductions of 70%.

Lisbon and London are two different cities, serbgdtwo different taxi services as
presented in Table 4 and Table 5. Real driving datasbon downtown is used to
represent the driving schedule for this case. @higng cycle were measured within
Lisbon Metropolitan area, by using a speed sers@PS system equipped with a
barometric altimeter and data recovery from the OBDn-Board Diagnostic)
interface in the vehicle during the measurement. Eandon an official driving
schedule is used, PCO-CENEX (Baptista et al, 20&ijure 8 and Figure 9 show
both driving cycles profile. To simplify, from noRCO-CENEX will be regarded as
CENEX, and Lisbon downtown as LisbonDt.
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VSP, have been used to represent the power requiesta the driving cycle to the
vehicle per unit of mass (or vehicle’s weight), atah be related to the energy
consumption or even pollutant emissions (Frey ,e2@0D7) (Frey et al 2009). In Table
4 and Table 5 the taxi servicing and driving cysleharacteristics are presented. It
can be verified that both taxi fleets and servicen@ very different. NEDC is
presented as a reference.

Table 4 Taxi servicing: respective driving cycle, nurer of fleet vehicles, daily distance travelled, dtance
per service, and average occupancy rate. [25] Tranept for London, http://www.tfl.gov.uk/accessed 20165-

28; [26] IMTT - Instituto da Mobilidade e dos Transportes Terrestres,
http://www.imtt.pt/sites/IMTT/English/accessed on 201407-05
Ta‘“ Daving Cvele|N® vehicles| Daily distance (km/dav) | Average service distance (knyser) D_'C'Cupﬁﬂl:__\ -
servicing (passenger/service)
London[25]] CENEXY 20000 251 133 14
Lisbon[26] | LishonDr 3490 207 73 1.2
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Table 5 Driving cycle’s characteristics: duration time, distance, average speed, positive average
acceleration, maximum VSP, positive average VSP, mber of stops and idle time. [27] Diesel8et,
http://www.dieselnet.com/ accessed on 2011-06-11

Driving Time (<) Distance | Avg Speed | Pos. Avg. | Maximum VSP | Pos. average VSP | stops Idle time
Cycle 1 (km) (kmh) Accel. (m's’) ( KW kg) (KW kg) o (s)
CENEX[25]| 2700 133 16.54 0.53 3.28E-2 243E-3 26 244
LishonDt 1485 73 17.74 0.84 T40E-2 6.63E-3 27 464
NEDC[27] | 1184 10.0 3321 0.54 2 57E-2 5.16E-3 13 208

The current taxi fleets to be analysed are compbgdbe conventional ICEVs shown
in Table 6. Vehicle A correspond to a Lisbon takisbonDt driving cycle) and
vehicle B corresponds to the London taxi (CENEXvidig cycle). The HEVs and
PHEVs to be studied in order to substitute the ICH&ét are powered in a series
configuration. The series configuration doesn’t enaw mechanical connection
between the ICE and the wheels. This is an advardgage the ICE can operate at
any point of speed—torque (power), and then, airfong more efficient point. Also,
because electric motors have a torque—speed magonehe required in traction, the
series drivetrain can discard a transmission. Qheee isn’t a mechanical coupling
between the ICE and the wheels, the control styaded the physical configuration in
the vehicle glider may be easier than other drares; favouring the conversion of
vehicles.(Ehsani et al, 2010).

Table 6 Conventional, reference, ICEV taxis.

Vehicle A |Vehicle B
Weight (kg) 1405 1895
Nominal Power (kW) {100 73
ICE |N.m @ rpm / maximmum | 270@2000/ |240@ 1800
Speed (rpm) 4200 4000
Accessory Power (W) 1000 1000
Tire rolling radius (m) 0.320 0.325
Aerodynamic Drag coefficient|0.28 [l 44
Frontal Area (nr) 2.50 278
Time(s) 0-100kmh 11 25
Max speed (km'h) 210 144

To achieve the previous series HEV (or PHEV) canfigion, the fuel converter was
downsized, and the vital component selection wadenmaccording to the following
steps (see Figure 10):

1. Using a VSP based methodology (Frey et al, 2@Biiy et al 2009)the wheel
power requested to the vehicle per unit of mass/kKk)Vwas determined for each
driving cycle. A maximum requested power per uhin@ass was outlined (Figure 11).
2. Average driveline efficiencies were taken into@unt. The electric traction motor,
EM, was sized to fulfil the wheel requested powergue and speed. Using a specific
power density assigned to the component the weigist determined (the same was
done for all the following components). For the EDAQ90 kW/kg was used (UQM,
2011).
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3. In order for the ICE to operate in the moreassint range possible, it was designed
for the

average requested power of each the driving cgchetnear the range of 2/3 to 3/4 of
the ICE maximum power (Heywood, 1989). The ICEasigned to supply the steady
(average) load as possible (Larminie, 2003) (Ehsaral, 2010). A specific power
density of 0.383 kW/kg was assigned to the ICE i{famto the ICE used in
conventional vehicle, Table 6)

4. The battery was designed to respond mostly @éodynamic loads, therefore the
difference between the average and the maximunndriwycle requested power must
be fulfilled by the battery. For the PHEV, when BB mode is engaged (all electric
mode) the battery must be able to supply the folvgr requested from the EM.
However in most cases the pulsed power is enougimereded to supply continuous
peak power. For the PHEV, a high power Li-Polymattdry was assigned with 1.345
kW/kg and 0.135 kWh/kg, for the HEV an ultra higawer Li-Polymer was used,
with 6 kW/kg and 0.150 kWh/kg (KOKAM, 2011).

5. The powertrain architecture in terms of compdsmemd auxiliaries will determine
not only the vehicle’s available power but alsovitsight. A maximum available
power per unit of mass was outlined regarding éspective vehicle (Figure 11).

6. The intersection of the driving cycle kWrequdgtg curve with the vehicle’s
kWavailable/kg, a minimum/optimum value of kW/kgjuested from the vehicle is
achieved, in order to fulfil the driving cycle raspments (Figure 11).

7. The vehicle with the corresponding componentsimgulated in the respective
driving cycle , by using ADVISOR software (Wipkeat 1999). The vehicle must be
capable to fulfil the requested performance, if, tlo¢ vehicle components have to be
re-defined.

Driveline efficiencies and component charactersstitust be adjusted. For this study
the PHEV uses a similar powertrain from the HEMwabme component changes and
with the difference that it can have its batteljyfeecharged by an external electricity
source. The PHEV battery must be have sufficierdrgyn capacity to allow a
reasonable electric range, so having 4-5 timestiaddi capacity, and also enough
power to fulfil the motor requirements in CD mode.
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This method Is fully explained in Jodo P. Ribaurl&€&. Silva. Conventional to

Hybrid and Plug-In Drive-train Taxi Fleet Convensid&curopean Electric Vehicle

Congress, EEVC, Brussels, Belgium, 26-28 Octob&d.20
http://www.sia.fr/files/evenement/onglet/2672/Pamme_EEVC.pdf

These fleet characterizations are a good appraactirne frozen" analysis (see Task
4). For time dependent evolutions, e.g. 2010-2@&doric data concerning fleet
turnover, vehicle sales, fuels used, mobility asspagersxkm, must be considered.
This is fully described in PhD thesis: Patricia Bsta, Evaluation of the impact of
new vehicle and fuel technologies in the Portuguead transportation sector, PhD
thesis, IST, 2011.
https://dspace.ist.utl.pt/bitstream/2295/11037 B34 3%20PhD%20Thesis.p

df.

2.3 Task 3-Life cycle energy consumption and C@emissions

This task allowed having a database of values tadeel In Task 4 Fleet Model. To
better understand how road vehicle technologiesggneonsumption and GO
emissions compare with the fuel cell vehicles, lalite cycle perspective is used.
This full live cycle comprises the fuel life cycnd materials cradle-to-grave life
cycle.

For this analysis the two fuel cell configuratiatescribed above were compared with
the following vehicles/fuels with similar power teeight ratios (55 W/kg) (Silva et
al,2008):

- ICEV (Gasoline, E10, E85, E100): internal commmrsiengine vehicle that can run
with gasoline and blends of gasoline and ethandl, EB5 and E100, with a four
cylinder explosion engine with 63 kW of power antht weight of 1139 kg;

- ICEV (Diesel, B10, B20, B100): internal combustiengine vehicle that can run
with diesel and blends of diesel and biodiesel BBR0 and B100, with a four
cylinder Diesel engine with 67 kW of power and tataight of 1210 kg;

- PHEV (Gasoline, E10, E85, E100): plug-in hybridctric vehicle that can work
with gasoline and blends of gasoline and ethandl, EB5, E100 and electricity. 53
kW internal explosion combustion engine/generatbrkW electric motor, Ni-MH 45
Ah 335 V battery , series technology with a totaigit of 1323 kg;

- PHEV (Diesel, B10, B20, B100): plug-in hybrid elec vehicle that can work with
diesel and blends of diesel and biodiesel B10, B2ID0 and electricity. 53 kW
internal Diesel combustion engine/generator, 75 é&Mttric motor, Ni-MH 45 Ah
335 V battery, series technology with a total weighl323 kg;

- HEV FULL (Gasoline): hybrid electric vehicle witbarallel and series technology,
43 kW internal explosion combustion engine, 31 kMtic motor, Ni-MH 6.5 Ah
308 V battery, 15 kW generator and 1332 kg;

- EV (100% Electricity): pure electric vehicle wigh75 kW electric motor, Ni-MH 90
Ah 268 V battery, and a total weight of 1389 kg.

The program ADVISOR (Wipke et al, 1999) was usedsimulate the energy

consumption and emissions of each vehicle in tieeiBpd driving cycle (see Figure
12).
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Table 7 shows the in-use energy consumption and €@ssions (Tank-to-Wheel
part of the fuel life cycle).

For the fuels production and distribution stage péits life cycle “Well-to-Tank”
analysis WTT, a database (Edwards et al, 2008) (#2M2) was used for the
calculation of the energy spent and £&issions for different fuels and different
pathways. The fuel cycle has been defined as teygrspent to bring the fuel to the
vehicle, not including the energy of the fuel its€br each type of fuel a path was
defined since its acquisition or production urttisiavailable for use in the vehicles.
The fuels used were gasoline, diesel, ethanol Bogar beet, pulp to heat (ethanol
A), ethanol from sugar beet, animal feed expottgetl B), biodiesel from rapeseed
(biodiesel A), biodiesel from sunflower (biodie&)| electricity, hydrogen from
central natural gas reforming plants with steangeneration (hydrogen A) and
hydrogen produced in refuelling stations via onslextrolysis generation (hydrogen
B).

o
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Table 7 shows results for complete fuel life cycle.

For the study of the materials life cycle (cradiegtave) the program GREET was
used. The program consists of a worksheet that deasloped in open-source
(Burnham et al, 2007) (that deals with the matsrieycle since the extraction,
assembling till the dismantling and recycling). Télectric mix of the database was
adapted to European reality (Silva et al, 2008hld & shows the materials life cycle
(“cradle-to-grave”) results including tire, batteayd fluids maintenance throughout
150000 km useful life.

Figure 13 shows the combination of tank-to-whedghwvell-to-tank for the fuel life
cycle with the materials cradle-to-grave for seddctehicles. For the total life cycle
only the combustion of fossil fuels is consideregptoduce CQ The combustion of
biofuels is considered to produce zero Gfnissions because the same amount of
CO; is captured by the plants that produce the bidtself.

o
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Table 7. Fuel life cycle energy and COWTT and TTW results for pure electric, fuel cell hybrid and hybrid
plug-in, gasoline full hybrid, conventional and hyhids plug-in diesel and gasoline with biofuels bleds.

WTT TTW
. Energy (60} Energy CGo,
Vehicle (MI/km) (g/km) (MJ/km) (g/km)
EV (Eletricity) 1.06 72.9 0.57 0.0
FC-HEV (A) 0.62 95.4 1.08 0.0
FC-HEV (B) 3.89 223.3 1.08 0.0
FC-PHEV (A) 0.31 56.7 0.55 0.0
FC-PHEV (B) 1.97 96.4 0.55 0.0
HEV Gasoline 0.26 23.2 1.85 135.0
ICEV B10 (A) 0.43 28.5 1.63 110.7
ICEV B10 (B) 0.40 24.9 1.63 110.7
ICEV B100 (A) 1.90 74.3 1.60 0.0
ICEV B100 (B) 1.57 39.5 1.60 0.0
ICEV B20 (A) 0.59 33.6 1.62 98.8
ICEV B20 (B) 0.53 26.5 1.62 98.8
ICEV Diesel 0.27 23.7 1.67 124.4
ICEV E10 (A) 0.50 27.9 1.96 133.3
ICEV E10 (B) 0.61 33.4 1.96 133.3
ICEV E100 (A) 2.56 58.5 1.97 0.0
ICEV E100 (B) 3.66 113.3 1.97 0.0
ICEV ES85 (A) 2.22 534 1.97 30.4
ICEV ES85 (B) 3.15 99.9 1.97 304
ICEV Gasoline 0.27 24.5 1.96 143.0
PHEV B10 (A) 0.70 47.8 1.31 73.6
PHEV B10 (B) 0.68 454 1.31 73.6
PHEV B100 (A) 1.82 83.5 1.40 0.0
PHEV B100 (B) 1.57 57.8 1.40 0.0
PHEV B20 (A) 0.77 51.4 1.32 65.7
PHEV B20 (B) 1.31 46.6 1.32 65.7
PHEV Diesel 0.60 44.6 1.34 82.8
PHEV E10 (A) 0.65 41.6 1.13 61.3
PHEV E10 (B) 0.70 441 1.13 61.3
PHEV E100 (A) 1.65 56.9 1.17 0.0
PHEV E100 (B) 1.83 83.2 1.17 0.0
PHEV E85 (A) 1.50 54.9 1.18 14.8
PHEV E85 (B) 1.96 77.5 1.18 14.8
PHEV Gasoline 0.55 40.1 1.13 65.7

Table 8. Materials energy and CQ cradle-to-grave for pure electric, fuel cell hybrd and hybrid plug-in,
gasoline full hybrid, conventional diesel and gaswle, and hybrid plug-in diesel and gasoline vehicte

Vehicle Energy (MJ/km)  C&(g/km)

EV 0.77 47.8
FC-HEV 0.73 48.4
FC-PHEV 0.77 49,5
HEV 0.58 37.7
ICEV Diesel 0.50 32.0
ICEV Gasoline 0.48 30.7
PHEV Diesel 0.70 43.8
PHEV Gasoline 0.70 43.7
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Figure 13. Full life cycle energy for selected vetlies (fuel cell hybrid plug-in, gasoline hybrid plg-in, pure
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Current databases of WTT do not have algae/cyatetimcas a feedstock for
hydrogen production. This innovative hydrogen puaitiun pathway was attempted
and a Life Cycle Inventory (LCI) was assessed bggukaboratory tests conducted at
LNEG-Laboratério Nacional de Energia e Geologidhe LCI assessment (energy
consumption and CQemissions) covered biological hydrogen producpathways
by potato peels, sugarcane, cyanobacteria’s antbalgae. Sugarcane and potato
peels results are fully described in Ferreira Akbal JP, Silva CM. Energy
consumption and C{emissions of potato peel and sugarcane biohydrpgetuction
pathways, applied to Portuguese road transportatioternational Journal of
Hydrogen Energy. 36, 13547-13558, 2011.
http://www.sciencedirect.com/science/article/pi380319911018544

Table 9 shows a brief review of hydrogen productiop cyanobacteria and
microalgae studies including the respective hydnogeld. The life cycle and scale-
up was not included in these studies, thereforestdoting a major research
breakthrough.

Table 9: Brief review of biological production of hydrogestudies.

w
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Microorganism

Fuel yield

Method Substrate (H,/substrate) Ref.
Cyanobacteridnabaena Photobiological - 8.2 umol/mg., o /2days (Ma;%iii AE
Cyanobacteridnabaena Photobiological - 8E-05 K@io/KJ gry biomasth (Bezrggglu,
Biophotolysis (Dasgupta
Cyanobacteridnabaena Photofermentation - 0.25 pmol/mgy/h 20%0;) ’
(review)
. Photoautotrophic method ) (Yeager,
Cyanobacteridnabaena and glucose addiction 1 to 50 pmol/mgy a/h 2011)
Enterobacter cloacae DM11 Fermentation Glucose 3.8 mo}io/mol giycos (Kotay, 2008)
n.s.* . Organic urban solid Valdez,
Fermentation 9 waste 0.283 MHy/Kg yolatite solids ( 2009)
Enterobacter aerogenes . Biodiesel residues . (Marques
Fermentation containing glycerol 1.056 mol/MGjceroi PASS, 2009)

*not specified

In the specific case of LNEG laboratory experimeritsee patways fo

Electricity, nutrients,

J ¢¢ Electricity
St Vi

Microslgac
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hydrogen production are depictecFigure 14and Figure 15.
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Figure 14: Scheme of the tw possible biok production pathways which were analy. PBR —
photobioreactor; Pd/25 %A- Paladium with 25 % silver membra
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A representation of the flows required to character& unit process
depicted in Figure 16.Typically, numerous such processes are require
manufacture most productSullivan, 2012)For example, in microalgeproduction,
unit processes are needed for production of nugjegases, artificial ligh Only
operatimal processes were accounted in this study i.e.imduding machinen
production, vehicle production, storage, and ressdveatmer

Wasles/'Emissions
&

Energy Co-product

AT o Linit Process
M.m.ru!ls_ Product

Figure 16.Generalized unit process (Sullivan, 2012)

The SimaPro 7.1 software was used casdatabase to fertilizers, nutrien
water and gases arabapted for the Portuguese electricity generatiox, other
mixes are also exploited bearing in mind other ¢aes realitie. The remaining
energy inputs, from the equipment/lighting used, renederived by devici
specifications and working hours. The functionat ohenergy consumption and (,

emissions are defined as MJ and grams per 1 M., produced, respective

Biohydrogen is compared with hydrogen production byindustrial CSR (Central Steam Reforming),
electrolysis and other energy resources sucls gasoline and diesel (

Figure 17).
The laboratory hydrogen production from the ferraoh of the sugars «
microalgae biomass by/product hydrolyzate consu2@&tl2 - 404.9 MJ/MJt, of
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energy and emitted 24000 — 29000 g »B@H,. Considering the microalgae
growth/culture the while process consumed 7270 3081IMJ/MJH of energy and
emitted 670000 — 4200000 g g@JIH,.

The cyanobacterium Horoduction consumed 1538 MJ/MJHf energy and emitted
114640 g C@QMJH,. The use of phototrophic residual cyanobacteria sgbstrate in
a dark-fermentation process consumed 12.0% morenefgy and emitted 12.1%
more CQ showing that although the process increased tlexabivefficiency of
hydrogen production it was not a viable energy @d emission solution. The scale-
up to industrial production is not envisaged, butumerous possibilities of process
optimization are identified for future implementati
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Figure 17.Energy consumption and C@emissions of different hydrogen production (biologal and
industrial CSR, electrolysis) and other fuels, gasime and diesel.

Regarding Cradle-To-Gate results, for the Porsglcontext, the studied feedstocks
for hydrogen production, potato peels and sugarcaaee potentially lower energy
consumption and CQO emissions than hydrogen production from naturat ga
reforming and electrolysis. Potato peels have dditianal merit of contributing to
Portuguese energy independency. Potato peel hydnogeluction could potentially
supply up to 8-24% of Portugal’'s LDV fleet, redugid5-52% of WTW energy
consumption and 65-69% of WTW G@missions in comparison to diesel and
gasoline conventional vehicles. This same hydrqmethway could supply the entire
taxi fleet of Lisbon. However, for the same purmsen the sugarcane case,
approximately 2.8x10tons of sugar per year has to be considered ferséme
hydrogen potential achievement. A WTW analysis sttbwhat, energetically and
environmentally speaking, the use of fuel cell ilwehicles can be competitive in
comparison with conventional ICE vehicles. Undettavaries WTW results in 10.8-

w
H Unido Europeia — Fundos Estruturais Governo da Republica Portuguesa

27



15.6% for vehicles using battery power only, 10134% for vehicles using internal
combustion engine power, and 4.8-9.4% for vehigksg hydrogen fuel cell power.
Hydrogen photoautotrophic production by Anabaenaveps studied for different
light intensities and gas atmospheres (pathway #he conducted laboratory
experiments revealed that the best hydrogen yi€l@128 kgH/kgpiomasy Was
achieved for Ar+C@+N, gas atmosphere with high light intensity (678 VWhis
hydrogen yield was further increased by 8.1 %, bya the recovered or residual
cyanobacteria through a fermentative process (matha).

Concerning energy consumption and £gmissions, the best value fog production
ratio versus was obtained for Ar+g©20 % N2 gas atmosphere and medium light
intensity conditions. The hydrogen yield value tlois case was 0.0114 kghgpiomass
which had a rough energy consumption of 1538 MJ/MJkhd produced
114640gCQ@MJIH, (pathway #1). This hydrogen yield was increased010126
kgH/kghiomassPy means of using the residual Anabaena biomasssabstrate in the
fermentative process (pathway #2). However, thigease was at a detriment of
higher energy consumption of 12.0 % and ,C@missions of 12.1 %. The
sensitiveness study of energy and,G@lues for the hydrogen yieldyl,) and the
renewable energy percentage in the electricity was considered. It revealed that an
improvement in the hydrogen vyield to 0.1 k@fdhiomass @ Value competitive with
glucose yields, and using 80 % renewable eleatrioik, allowing a 95 % decrease in
energy and 96 % decrease in Ggnissions. IlhH2=1 and used a 100 % renewable
energy mix, this would allow a near 99% decreasenargy and C®emissions to
values of 2.6 MJ/MJKHand 72 gC@MJH,, respectively. This approach of recycling
cyanobacteria biomass residue after photoautotcoghiproduction, in a sequential
fermentative process, as well as the energy and l@&ance applied are clearly
innovative.

In this work it was not intended to provide thelsaap of the process at this stage,
although the potential transfer of this methodologgems feasible with some
improvements which allow decreasing the energynsitg of the whole processes,
such as:

» elimination of the centrifugation process for cybacteria pre-concentration;

* replacing existing laboratory equipment with monergy-efficient ones;

e using wet cyanobacteria biomass (by decantation) sabstrate for
fermentation, eliminating the centrifugation anglidg steps;

e elimination of artificial light during the cyanolacia culture by using solar
light, which may have an effect on the hydrogerdyiat least on an hourly
basis;

* using alternative renewable energies in the dryeg. solar dryer, wind
tunnel) and other unit operations involved in thecess;

e using wastewater rich in nutrients instead of disied water.

As far as wastewater use is concerned, the regydfnharvested water and using
sea/wastewater as a water source, was already damated by other authors
(Clarens, 2010; Chinnasamy, 2010; Yang, 2011 anghS2011).

The elimination of the centrifugation, for the sam@lrogen yield and electricity mix
in the laboratory experiments, can have a posithgact by reducing energy and €0
emissions by 66 % with respective values of 535M482 and 39916 gC4ZMJH..
With a hydrogen yield of 0.1 kgikgmiomassand an 80% renewable electricity mix, the
values decrease to 26.5 MJ/MJ&hd 1659 gC&MJIH,.

Finally, this analysis shows that the biologicalguction of hydrogen must be further
investigated to make cyanobacteria-based biofuebdymtion, energy and
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environmentally relevant. Biological hydrogen protlon by Clostridium butyricum
from Scenedesmus obliquus hydrolizate attaineeld wf 2.9 + 0.3 molbImolsygars
This H, yield was obtained at the expense of 7270-51309MWH2 of energy
consumption and 674 - 4232 kg&MJH, of CO, emissions, considering microalgae
culture, harvesting, and drying and the subsequmurolysis and fermentation
processes (fermentative medium preparation, degaisiin and incubation). These
values are 3 orders of magnitude higher than cdioread industrial hydrogen
production. Special attention should be paid inuogtg the use of artificial
illumination during the microalgae culture stagel &m the use of more renewables in
the electricity mix used in the whole process.

Biohydrogen from cyanobacteria/microalgae are ratigcluded in the fleet model
due to its extremely high-energy consumption ansultjlg CQ emissions at
laboratory scale.

2.4 Task 4-Fleet model development

Some static approaches (year frozen) were folloveedl tested before the
implementation of dynamic (year forward 2010-208@proach. Examples of static
approaches can be found in: P. Baptista, M. TomdsGa Silva. Hybrid plug-in fuel
cell vehicles market penetration scenarios. Intewnal journal of hydrogen energy
Vol. 35, Issue 18, Pg. 10024-10030.
http://www.sciencedirect.com/science/article/piid80319910001576 and,
Carla Silva. Electric and plug-in hybrid vehiclegluience on C@and water vapour
emissions. International Journal of Hydrogen Ener8¢, 13225-13232, 2011.
http://www.sciencedirect.com/science/article/pi3$0319911016442

The dynamic approach is fully described In the Ptiesis: Patricia Baptista,
Evaluation of the impact of new vehicle and fuehteologies in the Portuguese road
transportation sector, PhD thesis, IST, 2011.

https://dspace.ist.utl.pt/bitstream/2295/11037 831 3%20PhD%20Thesis.p
df. The scheme for such approach is presented in Fit@girdor the computational
application PATTS- Projections for Alternative Tsmortation Technologies
Simulation tool.

o
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(PEDY and Bunen e Ml Output results
HDV and Buses Output results
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Fleet target: Light duty vehicles + Heavy
duty vehicles + Buses, Time frame: 2050

Figure 18. Scheme of the PATTS model.

Fmisgions; ; = Frission foctors,; x Vehicle. kilometers,

PATTS allows to have as output discrscenariogor time evolutions 201-2050 (see
Figure 19 or combinatory analis scenario$or a combinations of desired inputs (:
Figure 20) the user can be given the choice on severalhlas
» Population, vehicle stock, diesel share in velsele:
* Mobility vs BAU, congestion, mobility decrease cto shift to alternative
technology
« Vehicle technolog
e Vision of road transportation sector (liquid fuelded, diversified, electricit
hydrogen)Availability, Aggressiveness, Maximum le
* Energy source (Maximum level for biofuels, Eledtsigeneratin mix)
These allow t@assess the results of a large number of scenarimsgh impac
indicators:
Evolution indicators (energy and emissions TTW, WaWd LCA reduction
compared to 2010)
» Efficiency indicators (fleet’s average performaic®lJ/km and g/kr in
TTW, WTW, LCA)
* Mobility indicator (influence of mobility in TTW r&ults’
« Shift indicators (shift in energy consumption tteatative fuelled vehicles «
alternative energy pathways, TTW and W1
* Boundary indicators (defining energy consumptiod amssions within the
country, LCA national vs tote
The final objective i€reating easy to use cision support guiding maps for plann
and decision makers.

(#
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WTW Energy consumption (PJ)
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Figure 19 Discrete scenario evaluation:

WTW M) Reduction

BAU, Policy based on cumt targets for electric vehicle penetration i
renewable energy sources integration in the trateiian secto

The Medium scenarios allowed-16% reductions in 2050 compared to
BAU and the Policy scenario a 5% reduct

Maximum limit (obtained cnsidering a high population, high vehicle den
fleet profile, without mobility reduction, in a ve that does not shifts
alternative vehicle technologies): 32% increas2df0 compared to the BA
both for energy and C,.

Minimum limit (obtained onsidering a low population and fleet profiles,iw
mobility reductions happening, in an hydrogen ecticity powered visiol
and a high shift to alternative vehicle technolsyi®2% reduction in 20%
compared to the BAU for energy consumption and for CC, emissions.
LCA at national scale =1% higher than WTW.

LCA at international scal¢=25% higher than WTW.

WTW Energy consumption reduction in 2020, 2030 and 2050 compared to 2010 as a
function the shift to alternative energy sources

2050

- Inall the tested scenarios, up to 45 and
62% energy is shifted to alternative
vehicle technologies or energy
pathways.

- Anincreasingtrend in WTW energy
consumptionreduction is revealed as

- ) i o alternative technology enters the

market.

shift energy WTW

Figure 20 Combinatory analysis -Indicators

2.5 Task 5-Electric power system model developme

The steady-state igr analysis is fully described in the PhD thesFilipe Soares.
Impact of the Deployment of Electric Vehicles inidsOperation and Expansion, Pl

thesis,

FEUP, 201

http://metalib.fe.up.pt/V/INJOVRVVTA4CQPREV6PMGISSHEGXIKICC2NDF

XPU9F7Y2TI9M-10585?func=quic-3&short-

format=002&set number=259357&set entry=000001&fdrRac

- Unido Europeia +undos Estruture

“ Governo da Republica Portugu

31

2050 -

—BAU

—— Policy
M1

== M2

R VE]



and in Annex " Vehicle-grid interaction model-congtional application for voltage
control analysis".

The dynamic analysis of the grid is fully describedhe PhD thesis: Pedro Almeida.
Impact of vehicle to grid in the power system dyrmabehaviour, PhD thesis, FEUP,
2012.
http://metalib.fe.up.pt/V/INJOVRVVTA4CQPREV6PMGISSHIBGXIKICC2NDFX
PU9F7Y2TI9OM-11351?func=quick-3&short-
format=002&set_number=259362&set_entry=000001&fdxa89;

and in Annex "Vehicle-grid interaction model-comgtidnal application for
frequency control analysis".

2.6 Task 6-Impact on the electric power grid model deMepment/Smart-grid

Task 5 models, namely, the voltage control steaate grid analysis allow to observe
the dumb charging versus the smart-grid approacketrof management and control
strategies that may be used by DSO and aggregatormanage the EV charging in
real-time, which allow attaining the following objeses (see Figure 21, Figure 22):
* Minimizing the deviations between the energy boughthe markets by the
aggregators and the energy sold to EV owners;
» Flattening, as far as possible, the load diagramgi¥en network;
* Minimizing the renewable energy wasted in systentls avlarge integration of
intermittent RES;

Optimal Load Defined by the Aggregator ‘

| o A

wv

Load (MW)
sy

DSO Smart Charging

Network Load Without EV

T = N OO T DO N0 OO O =
~N - -

Figure 21. EV participation with DSO Smart Charging.
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Wind Production Consumad by EV e Wind Production Consumad by Conventional Loads

------- Consumption Without EV Dumb Charging (50% EV Integration)

2.71 MWh 5.95 MWh

wasted wasted

| j
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Load [MW)

W ind Production Consumed by Conventional Loads Wind Production Consumed by EV

------- Consumption Without £V Smart Charging (50% EV Integration)

54 —
0.03 MWh 0.28 MWh
wasted wasted
4 4
3 4 \

Load (MW)

Tuesday Wednesday

Figure 22 EV participation in minimizing RES waste. Dumb vs $art Charging.

2.7 Task 7-Cost benefit analysi
In this section is psented thamethodology main results and conclusions foch
achievement within this tas
» Costbenefit from the users and society point of \;
» Scenarios for fuel prices and alternative technelépr road vehicles i
Portugal, between 20-2050;
* Ecaomic, Energy nd Environmental Impacts Simulator (EEE.

2.7.1 Cost-benefit from the users and society point of vie

This work has the objective of performing a «-benefit analysis of th
implementation of CSegment passenger electric vehicles in Porturom the user
and the society point of vie\

From the user’s point of view, all costs and revenassociated to the vehicle w
considered: its acquisition and resale, maintenaecergy, insurance, perioc
inspection and vehicle-tgrid, comparing theelectric vehicle to the best availal
technologies in the market for internal combustemgyines, gasoline and die-
powered and series and se-parallel hybrid gasoline vehicles.

From the society’s point of view, the emission @fsgs, at the tailpe and at the
power plant, for the different vehicles were stddand their costs for society. T
contribution of the technologies in study for ther&pean 2020 goals were a
considered, as well as all costs supported by theement due to the itallation of
the electric vehicle public charging network, tmeantives for the acquisition
vehicles and the changes in tax reven

At current prices and incentives, the electric gkhis the most favorable technolo
for the CSegment considerii the costs for the user, as long as the range
charging conditions are not a problem. From theetgs point of view the electri
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vehicle incurs in a cost to human activity ass@ddb externalities that is dependent
on the source of the electricity used and may ansiderably.

The C segment includes the majority of vehicles #olPortugal. All monetary values
are presented in 2010 Euro values and no inflatias considered. When comparing
different LDV options, the best available technadsgin each type of technology
were chosen, with an average engine power of 80 KWe fuel or energy
consumption was calculated using the NEDC, combinyade mode, which is the
Standard Driving Cycle in Europe and for which adlalyzed mobility options were
assessed, with the exception of the PHEV, which eedsulated using data released
by Opel. Referred fuel consumption and Cénissions are approved by the
Portuguese Institute of Land Transports (IMTT, 201Considering the best
commercial technologies, the vehicles in study are:

* Internal Combustion Engine Vehicle Gasoline - VWfAo2 TSI Bluemotion,
with a 1197 cc engine, maximum power output of Vb, lacceleration (0-100
km/h) of 11.3 seconds and a combined fuel consumpf 5.5 1/100km with
corresponding Ceemissions of 129 g/km;

* Internal Combustion Engine Vehicle Diesel - VW GdK6 1.6 TDi
Bluemotion, with a 1598cc engine, maximum powerpautof 77 kW,
acceleration (0-100 km/h) of 11.3 seconds and abawed fuel consumption
of 3.8 1/100km with a corresponding &€mission rate of 99 g/km;

* Hybrid Electric Vehicle (Series-Parallel PowertpainToyota Prius 1.8 HSD,
with a 1798 cc engine, maximum power output of Y8 {gasoline engine)
and a 60 kW electric engine, which achieves a coatbipower of 100 kW
and an acceleration (0-100 km/h) of 11.4 secondba$ a combined fuel
consumption of 3.9 I/100km with a corresponding:@@ission rate of 92
g/km; Plug-In Hybrid Electric Vehicle (Series Potvamn) - At the moment
this Thesis was written, only one commercial PHEYhva Series Powertrain
was available: the Opel Ampera (also known as thevéblet Volt) equipped
with a 111 kW electric engine, 16 kWh Li-lon batesrand a 1400 cc/53 kW
Gasoline ICE working as a Range Extender. The astichacceleration (0-100
km/h) is 9 seconds. Currently there is no officlata for fuel consumption for
the European Standard or £€missions. Opel refers a 1.6 I/100km (range
extender) and 29.6 kWh/100km (considering 90% iefficy in the battery
recharge process);

* Electric Vehicle - At the moment of this work, tlemly C-Segment EV
available commercially was the Nissan Leaf, whiels 80 kW engine and
an electric consumption of 16.7 kWh/100km (conside©0% efficiency in
the battery recharge process), supplied by Li-iattebies with 24 kWh
capacity. The estimated acceleration (0-100 kn¥/®) seconds.

Regarding the Lifecycle analysis, the Cradle-tov@rawWell-to-Tank and Tank-to-
Wheel stages were considered. In terms of the €itadGrave Analysis (materials
lifecycle), this analysis was performed for ener@¥», NOxand PM. These results
were defined using the GREET software adapted ¢oBEiwropean reality of vehicle
production, which deals with the materials cyclencei extraction, assembly,
dismantling and recycling (Baptista, 2010) (Baud@®d07).

As for the Well-to-Tank and Tank-to-Wheel Analysisel lifecycle), it was used to
compare energy consumption, £MO« and PM emissions for different mobility
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options (Baptista, 2010). The TTW values are defibg the Portuguese Institute of

Land Transports (IMTT, 2010).

2.7.1.1 Cost-benefit analysis — user point of view

The core of this work is the development of an athm capable of calculating the
cost-benefit analysis for the user, since there difierent classes of costs and
revenues to be considered by the end user whersicigpa vehicle, the following
model was developed:
Final Cost = (Aquisition Cost) — (Sale Revenue) + (Legal Cost)
+ (Operational Cost) — (Operational Revenue)
For the end user, many of the technological andremwmental impacts are unknown.
The logic of “paying up-front”, opposed to the ogtgonal lifecycle cost of the
vehicle, distorts the true cost of a vehicle, ahdutd be explained to the end user.
Therefore, the tool developed in this work shouldiags be considered when
choosing a vehicle, allowing for a lifecycle costabysis (the Total Cost of
Ownership) and revealing the true cost-per-kilometeeach mobility solution.
Three Fuel Price Scenarios were defined, as se@abie 10 (Valente, 2010) (IEA,
2008). In the 2010 cost-benefit analysis, currdrit®@prices converge to those of the
fuel price scenarios. For the 2020 analysis, tie¢ fuces defined in the scenarios are
considered to remain constant. Electricity pricesease 2.5%/year.
For 2020, ICEVs compliant with Euro 6 and EU regiolas on CQ emissions (95
g/km) will be considered.

Table 10 - Fuel Scenarios for Impact on Tax Revenues

Gasoline [€/1] | Diesel [€/I] | Electricity [€/kWh]
Fuel Scenario A 2.00 1.75
Fuel Scenario B 1.75 1.50 0.1015
Fuel Scenario C 1.50 1.25

(1)

2010
For this analysis the following economical and temlbgical assumptions have been
considered:
Table 11- Economical and Technological Assumptions for 2010
Energy Vector Technology Vehicle Model Consumption
1.412€/L 5.5 1/100km
Gasoline base price ICEV Gasoline | VW Golf MK6 Bluemotion 1.2 TSi
P 0.043 €/MJ 1.79 Mi/km
1.160€/L )
Diesel base price 60€/ ICEV Diesel VW Golf MK6 Bluemotion 1.6 TDi 3.81/100km
0.032 €/MJ 1.36 MJ/km
0.087€/kWh 3.91/100km
Electricity base price HEV Toyota Prius 1.8 HSD
yhasep 0.024 €/MJ Y 1.27 Mi/km
Lifetime 12 years 1.6 1/100km
Distance Traveled per year PHEV Opel Ampera 0.52 Mi/km’
- 29.6 kWh/100km
Regular Commercial 1.07 Mi/km?
13000 km 24000 km EV Nissan Leaf 16.7 kWh/100km

! Range-extender drive mode.

2 . .
Full-electric drive mode.
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0.60 MJ/km

The internal variables for electricity price andEPHconsumption assumptions are

presented inTable 12.

Table 12 - Internal variables for electricity price and PHEV consumption for 2010

Cost [€/kWh / PHEV (Baptista et al, % of
[V)
EV % of use €/MJ] 2012) use
Peak hours 20% 0.1382/0.038 Electric drive 80%
Off-peak hours| 80% 0.0742 /0.021 Range-extender 20%

The first commercial batteries are expected to tmlitetime of 5 years (or 120000
km, whatever is reached first). Therefore, durimg EV lifetime, it will need to
acquire a new battery, which is expected to havepanational lifetime of 7 years due

to the subsequent technological improvements.

When considering a commercial-use vehicle, whievdls an average distance of
24000 kml/year, this maximizes the use of the oaigifwo market scenarios are

defined:

* Scenario | (SI) - Government Direct Incentives 606€ which correspond to
a 5000€ purchase incentive plus the 1500€ “Caslattokers” incentive;

e Scenario Il (Sll) - only the 1500€ “Cash-for-clun&eincentive (this is the
scenario for commercial fleets, which are not blgi for the 5000€
government incentive).

In both scenarios, there is no Vehicle Tax (ISVY &irculation Tax (IUC) on

EVs.
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Table 13 - Cost-per-km results for 2010
Cost-per-km ICE\./ I.CEV HEV | PHEV | EVSI | EVSII

Gasoline | Diesel
Regular User (13000 km per year)
Fuel Price Scenario A| 0.309 € |0.266 €|0.309 €|0.322 €|0.255€|0.287 €
Fuel Price ScenarioB| 0.302 € [0.262€|0.304€|0.322€|0.255€|0.287 €
Fuel Price Scenario C| 0.296 € |0.257 €|0.299€|0.321€|0.255€|0.287 €

Commercial User (24000 km per year)
Fuel Price Scenario A| 0.248 € |0.222€|0.241€|0.243 €|0.188€|0.205 €
Fuel Price ScenarioB| 0.242 € |0.218€|0.236 €|0.243€|0.188 €|0.205 €

Fuel Price Scenario C| 0.235€ |0.213€|0.231€|0.242€|0.188€|0.205 €

Considering no government incentive, the break-é¢xsreled distances for EVs
compared to Diesel ICEVs are 17000 km (Fuel Primen&rio A), 18400 km
(Scenario B) and 20000 km (Scenario C).

2020

The first commercial batteries sold by Nissan id@@ost approximately 450€/kWh.
Considering the effects of cost-reduction, two sces for 2020 for the cost of EV
batteries were considered. Battery Scenario | @wasive - BSI): 300 €/kWh and
Battery Scenatrio Il (favorable - BSII): 200 €/kWh.

In both scenarios it is considered that the enegpacity of the batteries remains the
same, and that the maximum overall age duratiadgheobattery is 12 years.

Table 14 - Technological Assumptions for 2020

Technology Consumption Lifetime | 12 years
ICEV Gasoline 41/100km Distance Traveled per
1.30 MJ/km year
. 3.6 1/100km .
ICEV Diesel 1.29 M/km Regular | Commercial
3.31/100km 13000
HEV Gasoli
asoline 1,08 MJ/km km 24000 km
1.31/100km
: 0.42 MJ/km’ 15 kWh/100km
PHEV Gasoline | 5 o \wh/100km EV 0.54 MJ/km
0.85 MJ/km*

Electricity prices will be 0.18€/kWh (peak hoursida0.1€/kWh (off-peak hours).

Table 15 — Cost-per-km results for 2020
Cost-per-km | ICEV Gasoline | ICEV Diesel| HEV | PHEV | EV BSI | EV BSII
Regular User (13000 km per year)

Fuel Price 0.348 € 0.323€ 0.363€ 0.330€ 0.280€ 0.262€
Scenario A
Fuel Price 0.338 € 0.314€ |0.355€|0.329€/0.280€|0.262 €
3 Range-extender drive mode.
* Full-electric drive mode.
M| . g y
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Scenario B
Fuel Price 0.328 € 0.305€ |0.347€0.329€|0.280 € 0.262 €
Scenario C
Commercial User (24000 km per year)
Fuel Price 0.237 € 0.232€ |0.241€|0.216€|0.174€ 0.166 €
Scenario A
Fuel Price 0.227€ 0.223€ |0.233€ 0.216€ 0.174€|0.166 €
Scenario B
Fuel Price 0.217 € 0.214€ 0.224€|0.215€ 0.174€ 0.166 €
Scenario C

Increase in range — the break-even cost of EVs

It is possible to calculate the break-even costtlierincrease in range of EVs when
compared to the best of the remaining mobility @pdi To do so, the cost-per-km of
ICEV Diesel (the second best mobility option foR22Dis compared to that of an EV
and the increase in battery capacity that is aecllevwith the break-even cost is
calculated. The results are presented in

Table16. For the purpose of this calculation, it is coesadl that the consumption of
the EV doesn’t increase although the increase itetyacapacity will add weight to
the vehicle.

Table 16 - New EV range due to increase of battery capacity up to break-even cost of ICEV (Diesel) per km

Fuel Price Scenario | EV Battery Scenario | | EV Battery Scenario Il
A 275km 405km
B 258km 306km
C 234km 270km

Plotting for 2010, when considering a regular ubat travels 13000 km each year,
the best cost-benefit option is the EV (eligible flle 5000€ government incentive),
followed by the ICEV Diesel. Even without governrhencentives, the EV has a
lower Total Cost of Ownership (TCO) than Gasolimsvpred ICEV, HEV and
PHEV. When considering a user that travels 24000ekich year the EV is the best
mobility option. When considering the evolution luzést available technologies, fuel
and electricity prices for 2020, for a distance/¢iad of 13000 km per year, the EV is
the best mobility option. These results, howevensimbe considered over two
different perspectives. In one hand, no tax pol@s been included in the EV
scenarios, which results in a lower TCO than thhictv is actually expect to exist
after 2012 (with the terminus of the Portugues®tfRleriod for electric mobility).
Since this is a completely political decision, aayempt to take into account the
effects on new taxation is subjected to dubiousrapsions.

2.7.1.2 Cost-benefit analysis — Society point of view

To assess the cost benefit from the society pdivitesv, several areas of impact must
be examined, such as the impact in tax revenuesttandifecycle assessment of
emissions and their cost.

The Impact on Tax Revenues in ye@TR?!, in €) consists on several components:

ITR = TISP! + TVAT! — GVAT! + TLCT' + TVT! — GVVAT" (2)

1]
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WhereTISP - Loss of Fuel Tax on Fuel Produc®YAT - Loss of VAT on Fuel
ProductsGVAT - Gain of VAT on electricityTLCT - Loss on Circulation TaxiVT -
Loss on Vehicle Tax an@VVAT -Gain on VAT on EV sales. When considering the
society point of view, we will take into accounttbmissions of all mobility options,
whether they are caused directly by the internahlmgstion engines or on the
electricity power plant. Therefore, Total EmissiGosts,TEC;, for mobility optioni

(in €/km):

TEC; = z EC] 3)
] j
WhereECiJ are the emission costs for mobility opticend pollutan (in €/km).

Due to the introduction of EVs in Portugal, the @&oment will commit several

resources in order to promote the acceptance ofptiic and the shift towards

electric mobility. To calculate the total costsuned by the Government, and their
social advantages, the diverse areas that thetgltts will affect will be defined.

Calculating the Impact on Tax Revenues due to EVifEh
Considering the evolution of EV market in PortughFigure 23, it is calculated that
the shift towards electric mobility will reach 2G®EVs in 2020.
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Figure 23- Implementation of EVs and Public Charging Points (PCPs) in Portugal (MOBI.E, 2009) (APREN, 2010)

The Light-Duty Vehicle fleet in Portugal is compdsef 53% gasoline-powered
vehicles, 46% Diesel-powered vehicles and 1% fobeioenergy vectors (Pecas Lopes
et al, 2009). As a simplification method, it is@s®d that gasoline represents 54% of
the LDVs in Portugal, and 46% of the LDVs are diggmvered.

To calculate the impact of the shift towards eleatrobility, one must firstly consider
the amount of fuel which is substituted for elasity. This fuel is currently subjected
to double taxation: the Tax on Oil-based ProdulS®) and VAT. Electricity, on the
other hand, is only subjected to VAT and with auestl category.

Secondly, EVs, at least until 2012 are free fronc@ation Tax (IUC) and Vehicle
Tax (ISV), so when an EV is purchased, the Stageddhis income. Vehicles are also
subjected to VAT, which needs to be compared wipgtied on ICEV or EV.

For the purposes of this model, it was considehad the cost of EVs will decrease
due to mass production and experience curve effeedpecially in batteries.
Therefore, the annual gains in VAT on vehicle tadl wteadily reduce until
approximately converging with ICEV prices.

&
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The impacts on taxation are presented in Tablelfl@nly the pilot period (2010-
2012) is considered, the impacts on tax revenwea@roximately 5SME€.

Table 17 - Impact on Tax Revenues for the 2010-2020 period

2010-2020
Fuel Scenarios Scenario A Scenario B Scenario C

Accumulated Fuel Tax (ISP) losses in revenues -265.063.759 €

Accumulated VAT (IVA) losses in fuel revenues - - -
208.667.831 | 185.044.330 | 161.420.829
€ € €

Accumulated VAT (IVA) gains in electricity revenues +10.417.386 €

Accumulated Circulation Tax (IUC) losses in revenues -84.501.595 €

Accumulated Vehicle Tax (ISV) losses in revenues -316.748.000 €

Accumulated VAT (IVA) gains in vehicle sales revenues +237.820.290 €

Total impact on Tax Revenues - - -
626.743.510 | 603.120.009 | 579.496.507
€ € €

Calculating the reduction in the import of fossilEls

Plotting the averted consumption of fuel, takingpiaccount the three fuel price
scenarios, the total amount of fuel not consumetitih@ corresponding cost not spent
on imports of fossil fuels was calculataalifle 18).

Table 18 - Fuel not imported (amount and cost) for the 2010-2020 period
2010-2020

Gasoline [kton] 198

Fuel Not Consumed Diesel [kton] Y
Fuel Price Scenario A [531.734.241 €
Cost of Fuel not imported | Fuel Price Scenario B | 424.470.933 €
Fuel Price Scenario C|307.172.928 €

Cost of Governmental Incentives and the Public Charg Network

Considering that the first 5000 EV will receive @0B€ governmental incentive, this

will result in a total investment of 25M€. Furthesre, due to tax deductions for

companies (IRC) and citizens (IRS), there is anggtdefined revenue in these taxes
that will be lost.

The initial price of 3500€ was considered for ansltharge point, with a 25% linear

reduction in price until 2020 due to experienceveugffects, scale economy and offer
increase due to new competitors.

Therefore it is defined that the total cost for fheblic EV Slow and Fast Charge

infrastructure will be approximately 79M€, divideder the next ten years.

Lifecycle Analysis of Mobility Options
For the EV, WTT values have been calculated consigehe electric mix for 2009
(VCA, 2010). From Table 19 it is derived that th&@ Wenergy spent for EVs is 0.88
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MJ/MJel. The energy spent (MJ/Md) in each of the processes calculated in the
present study excludes the energy transferrecetéinhl fuel.

Table 19 - WTT energy values for EV - Portuguese electric mix 2009 TabIeIZO -WITT em.ission values
Natural for Nissan Leaf (using the 2009
Renewable | Coal | Nuclear Portuguese electric mix)
Gas EV Model | Nissan Leaf
efficiency co, 69 g/km
factor 1 2.70| 3.03 2.17 NO, 138 ma/km
% of mix 43% | 24% | 10% 23% PM__ | 3.53 mg/km
Weighted
efficiency 0.43 0.65| 0.30 0.5
factor

Therefore a complete lifecycle analysis for enef@®,, PM and NQ was performed,
as seen iable 21.

Table 21 - Complete Lifecycle analysis for mobility options

ICEV Gasoline | ICEV Diesel | HEV Gasoline | EV ICEY IFEV HE\,/ EV
Gasoline | Diesel | Gasoline
Energy [MJ/km] PM [mg/km]
C2G 0.48 0.50 0.58 0.77 | C2G 23 31 32 46
WTT 0.36 0.48 0.51 0.88 | WTT 6 4 8 4
TTW 1.79 1.36 1.27 0.60| TTW 0 0 0 0
Total 2.63 2.33 2.36 2.25 | Total 29 35 40 50
CO, [g/km] NO, [mg/km]
C2G 31 32 38 48 | C2G 26 31 33 52
WTT 23 20 33 69 | WTT 110 110 156 138
TTW 128 99 89 0 |TTW 42 129 6 0
Total 182 151 160 117 |Total 178 270 195 190

Considering the methodology previously defined, daenage costs of Table 22 and
Table 23 will be used.

Table 22 - Driving mix %%t €@ 2010 Eytarnality Costs

for PV, 5 Furopean Commission, 2005) Table 23 - Damage Costs for different types of

(European Commission, 2005)

Driving Mix | Cost [€/kg] | % of use pollutants
Urban 1578 24% NOy | HC | PMys
Sub-urban 115 19% golft 39 | 11 | 4092
Rural 15.2 57% [€/ke]
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Total Life Cost (TLC) is calculated for a 12 yeahicle life and 13000 km travelled
yearly (Regular User) and 24000 km (Commercial YJsEne comparative total cost
of emissions for LDV options can be seen in

Figure24.
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Figure 24 - Total Cost of Emissions for LDV options for a regular user profile (2010 electric mix)

For a vehicle acquired in 2010, considering theucddn in CQ emissions and
lifetime costs due to the EV shift, calculating thee 2010-2020 period, and taking
into account the improvements in ICEV technologywell as the average ICEV GO
emissions and improvements in EV £@missions (WTT) of 1%/year due more
Nuclear or Renewable electricity sources, considean average cost of 20 €/ten
(Cozinjsen, 2010), with C£emissions from ICEV LDVs converging to the Eurapea
cap of 95 g/km in 2020, the Total @Cost avoided is 6.4ME€.

When considering all costs and benefits for theetpcif we take into account only
the economically accountable factors, it is easyewstandable that without the
introduction of taxation on EVs, there will be aisas loss in tax revenues (370 to
193M¢€, depending on fuel price scenarios until 28628king into account the costs of
the public charging network: 79M€, government iricas for EVs: 25M€, loss in tax
revenues: 579 to 627M€ and benefits of 307 to 532M&ductions of fuel import
and 6M€ due to C@Onot emitted). But if we consider the reductionewhissions,
especially of Particulate Matter in urban areas, itidirect economical benefits on
urban air quality and subsequent impacts on hurealtthwill be substantial.

For each user that opts for an EV, the Portuguesee@ment will avoid a CO
emission cost that varies from 107€ (ICEV Dies&B4€ (HEV Gasoline) or 107€
(HEV Gasoline) during 12 years. These calculatiamsbased in the 2009 Portuguese
electric mix, which means that with the increas&irclear or Renewable Electricity
Sources, the C{Qreduction potential can be even higher.

With the current electric mobility ranges, it islikely that the majority of the
population will shift towards EVs. Although 80% tife average Portuguese driver
trips are less than 60 km, the impossibility tosélaover the battery range without
stopping to recharge the batteries is an effecbeerier against EV mobility,
specifically when EV prices are high.

In the near future, it is expected that only speaiiches of users will choose EVs,
such as users with a personal parking spot (at hammag¢ work), or those which will
buy an EV solely for commuter and urban use. ComiaetDV fleets will also
profit from a conversion of their vehicles.

&
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2.7.2 Scenarios for fuel prices and alternative technoldgs for road vehicles in Portugal,
between 2010-2050

This work simulates conventional and alternativenisle costs from the user
standpoint in the period from 2010 until 2050 floe tPortuguese case. Two baseline
internal combustion engine vehicles (ICEV), onehwgasoline engine and the other
with diesel engine were considered, while altexgatiehicles include Hybrid (HEV),
Hybrid Plug-in (PHEV), all Electric (EV) and Fuekl (FC) powered vehicles which
are being proposed as alternatives to the traditioshicle.

To simulate their costs in the Portuguese realitpst per kilometre driven and total
cost of ownership analysis was conducted. In tieakmilations, Portuguese taxes and
fees were taken in account. In order to study dffe possibilities and pathways for
evolution, three scenarios were created for tedgyokvolution: 1 — Focusing on the
introduction of hybrid and electric vehicles in tHeet from 2025 onwards; 2 —
Electrification of the fleet with a strong predorante of electric vehicles and
hybrids; 3 — Hydrogen world, with Fuel-Cell vehidbeing introduced in the fleet
until 2050. Additionally three scenarios for thecprof fossil fuels were created: A -
low price; B - moderate price; C - high price.

Through the application of this methodology it wamcluded that the alternative
vehicles are economically capable of competing with ICEV, therefore being very
interesting for the consumer in the medium ternurieit In 2050 all vehicles will be
similarly priced if tax policies are maintained,d#dnally the daily mileage is a
determinant factor for choosing the most economiggthicle, as the difference
between gasoline and diesel prices may offsetritialiprice premium paid for diesel
alternatives. Technical characteristics assumedefwmh alternative are shown on
Table 24.

Table 24: Technical characteristics for all vehicleassessed.

ICEV ICEV HEV HEV PHEV PHEV

Petrol  Diesel Petrol Diesel Petrol Diesel EV FC-HEV  FC-PHEV
Engine size (cr) 1399 1599 1299 1499 1249 1299
ICE power (kW) 63 67 43 45 53 53
Electric Engine Power (kW) 31 31 75 75 80 75 75
Fuel Cell stack (kW) 50 50
Fuel tank (L) 4.2 4.2
Battery (kWh) 13 13 16 16 24
Weight (Kg) 1139 1210 1332 1402 1323 1323 1389 1353 1355
Power to Weight Ratio 0.055 0.055 0.056 0.053 0.057 0.057 0.054 0.054 0.055
Consumption (MJ/Kg) 1.96 1.67 1.85 1.57 1.13 1.34 0.57 1.08 0.55
Emissions (g/km) 143 124 135 123 65.7 82.8 0 0

To determine the costs for the private user theufsaturer suggested retail price
(MSRP) is obtained using a building blocks methodglto which current Portuguese
Taxes, tax over vehicles (ISVImposto Sobre Veiculpare added, no changes in tax
policies were equated in this study (Equation 4,6ph, Then running costs are
included, these are divided between Fixed Costs) @t Variable Costs (VC).
Portuguese market maintenance, fuel, parking fees raad tolls are considered
variable with driven kilometres; while insurancajnaal vehicle tax (ISV) and
mandatory safety check (IPO) are considered fixestisc

Total ownership costs are calculated adding to lthse price, the costs incurred
during each of the vehicles twelve years, varigbkgts are calculated in accordance to
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each year expected driven kilomet Cost per kilometer is calculated through
division of total costs, purchasing price and twelears of fixed and variable co
for total kilometers driven in each vehicle’s lifee.

These costs are calculated for nine different gseesiawhich reslt from the
combination of three fleet composition scenariod #iee scenarios for oil pric
Scenarios are present Figure 25for oil prices, while fleet mix composition
preented in Figure 2&igure 29, Figure 30Prices for Hydrogen and electrycity «
based on only one scenario for aded simp Figure 26, Figure 27.

Average Anual Price for Barril Brent (USD/Bbl) - IEA Scenarios
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Figure 25: Oil Barrel price Scenarios A- Low Price (blue); B -Medium Price (green); C- High Price (red).

F—— Price evolution Scenario for Electricity In Portugal (€cent/kWh)
45,00

40,00
35,00
30,00
25,00

= Light Industry
20,00

——Average Domestic

15,00

10,00

Q'\"‘.":bhb'\%“}@’\'\.'&%‘q‘c'\‘bﬁu\ﬂ,"},}‘ob
o LR R Ry P LA P R . L . R P R
R A L A L S

%

A b 9 O T S Y )
&7

Figure 26: Scenario assumed for electricity price in Portugh
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Price evolution for Hydrongen (€/MlJ)
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Figure 27: Price evolution considered for Hydrogen as a road fuel in thistudy.
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Figure 28: Fleet mix for scenario 1
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Fleet composition - Scenario 2
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Figure 29: Fleet mix for scenario 2.
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Figure 30: Fleet mix for scenario 3.
MSRP = (BP +VT) x (1 + VAT) (4)
12 12
TOC = (BP + VT) x (1 + VAT) + Z FC; + Z(VC" x Km;) 5)
0 0
(BP+VT)x(1+VAT)+Y}2 FC; 12
€/Km= X H (4 (6)

THKm;
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Each of these mixes assumed for the fleet rent different evolution pathway
which result in different prices during the yeaffrough a learning curve mode
possible price variation for batteries and fuel isebbtainec

Table 25 Kilometres driven in each year of useul life. (P.Baptista, 2009)

ICEV ICEV
EV
HEV HEV
Year FC
PHEV PHEV
FC-PHEV

Gasoline Diesel
0 16820 21730 16820
1 16144 20983 16144
2 15496 20261 15496
3 14873 19564 14873
4 14276 18891 14276
5 13702 18241 13702
6 13152 17614 13152
7 12624 17008 12624
8 12117 16423 12117
9 11630 15858 11630
10 11163 156313 11163
11 10714 14786 10714
12 10284 14278 10284

In forehand it is presented the price evolutiopeted for each scenario of fleet r

Scenario 1 and 2 are similar in the beginning veitsimlar starting price in 201
However the larger number of alternative vehiconsidered for scenario 2 alow:
lower pricer sooner. In 2015 it can be expected BHEV and EV to have a simil
price to a Diesel powered ICEV redng their price form close to 4000€ to 33
00CE an 18% reduction in 5 years, whilist on scenarg equivalent reduction wi
only happen close to 2020. In comparison with IG&A&oline the will is expected

achive a similar retail sale price by 2030, if sm@&m 2 conditions are met whilist «
scenario 1 it won't be abel tto undercut the ICE&SGIne sale price.

The results obtained show that in the medium teiarrative vehicles will have

similar, if not lower, retail price to the matchinGEV. No changes in tax benef
were considered for this study. This benefit repnés a 50% rebate fHEV’s and
PHEV’s in ISV and 100% for EV and FC vehicl

(#
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Figure 33: Retail sale price evolution for scenario 3.

Scenario Al

In a world where oil barrel prices are kept betwé&6#/bbl and 80%/bbl tradition
ICEV have greater resilience to alternative velsictHEV can underci they're ICEV
counteparts in the short term in terms of cost per kidben driven. This is owned
the lowering of their sale price, but also to tHewer fuel consumption. Even in
low price scenario fuel costs represent an avegé0% to 20% of cost pe
kilometer diven in 2050 as opposed to 3 to 15% in 2010. Metkngly, in both
cases the impact of fuel cost is lower in the Edyéver in this scenario e scores
biggest climb.

ICEV’s TOC shows a tendency to increase until 2@0.the other hand HEV’s ar
PHEV see a sharp decrease until 2015. This happendodadowering in the sa
price for alternative vehicles. However the EV sissTOC rise again from 203
onwards due to the escalation of electricity pridd&EV and PHEV vehicles are
clear alternatie to ICEV recording savings in cost per kilometad TOC, althoug
this occurs in different timings and with differenimbers. While the PHEV Gasoli
manages to catchp the HEV Gasoline by the end of our study, PHEMSBI is
always 5% more expensito run than the HEV Diesel.
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Figure 34: cost per kilometre driven (€/Km) for Scenario Al.
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Figure 35: TOC (£) for scenario Al.

Scenario C2

It's very likely that if faced with higher fuel ctssconsume will adopt alternative
vehicles much faster.

This is the scenario in which HEV Diesel, PHEV [@kean EV are closer in tern
cost per kilometer. The EV exhibits an initial higbst, although lower than Gasoli
ICEV and HEV alternatives, but by 2025 already equivalent to Diesel alternati\
at about 0.45 €/Km.
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The alternatives now appear more scattered in @€ graph, with the EV showir
the lowest TOC followed by PHEV Gasoline. On digsalvertrains HEV and PHE
still are very equivalent which curs due to our initial assumptions for both ¢
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Figure 36: Cost per kilometre driven (€/Km) for Scenario C2.
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Figure 37: TOC (£) for scenario C2.
Scenario C3

If FC powered vehicles are introducec a high oil barrel price scenario we ¢
expect them to be competitive. However the fuel thaschieve this it's fundament
that a low price for Hydrogen is achiev
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The results obtained show that-HEV and FCHEV can be competitive with bo
Gasoline and Diesel alternatives making a compelling casenfrthe consume
standpoint. It's possible to achieve a€/km for both vehicles after 2040, a va
which is less than 5% higher than that of PHEV Hi/ Diesels

Overall TOC for FC vehicles are the lest of any alternatives after 2035 in t
scenario.
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Figure 38: Cost per Kilometre driven (€/Km) for Scenario C3.
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Figure 39: TOC (£) for scenario C3.

If we plot the average results for cost per kietre obtained for each vehicle ir
graphic, Figure 40we obtain the variation intervals for each vehitl this study
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This graphic is time blind, not showing when thessults are obtained. It do
however show that EV vehes have the smallest variation; this is dude ty onle
price evolution scenario for electricity but alsflects that battery evolution is nc
assured. On the opposite FC vehicles show theagteariation, this is explained
the assumptions maderfthe development of Fuel Cells. With FC excludédther
alternatives cost per kilometre driven are withih3€/km of each others, which f
an average annual mileage of 12.800 Km equates9R® € spent. This is th
difference between EV and ICEV (oline in scenario C2.

Results for Cost per Kilometer driven (€/km)
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Figure 40: Average cost per kilometre for each alternativevith maximum and minimum bars.

The results obtained point to an increased attraicéiss of alternative technolog
with the rising of fuel price. Even in low price scenarios EV TOC is attraciivéhe
medium term when compared with traditional ICEV.eDto the Portuguese fu
market price gap diesel cars are always compeltirtgrms of operating costs, HE
Diesel showed himself a solid perfcer in cost per kilometre, even in low pri
scenarios which is a good indication for this tesbgy which is at present very litt
explored in commercial terms. With Hybrids expagdin Europe we’re more likel
to see more of the technology deployethe future.

In 2050 all vehicle prices are comprehended inQ®CE price interval. The mo:
expensive being the FEHEV, while the cheapest is the HEV Gasoline. Fliicles
suffer a strong price reduction in an initial staglaving a competitive fuel pric
seems pasble, therefore for only the premium that will beansferred for th
consumer in order to pay for the deployment ofrieeessary infrastructure requit
remains uncertain.

PHEV technology offers mixed results, in face of\HEor a higher initial prici little
or no saving is achieved even on high oil pricenades with the PHEV Diesel whe
compared to the HEV Diesel, only in scenari2 it saves 0.0€/Km. The PHEV
Gasoline achieves better results, even in a medilprice it can beat the HE

While the sale price is strongly influenced by teallogy and by taxes, operating cc
are decided by fuel costs. These can also be tijiraffected by tax policies. |
these study no changes to the actual policy whediesl, however it seems unlike
that in the horizon considered road tax for EV BREV is likely to happe
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2.7.3 Economic, Energy and Environmental Impacts Simulato (EEEIS)

This research is concerned with studying the p@kmipacts on the electric utilities
of large-scale adoption of plug-in electric vehscfeom the perspective of electricity
demand, fossil fuels use, G@nd other GHG emissions and energy costs. These
impacts are studied for two types of electric aysterealities: A large electric system
synchronized with other electric systems within #aene region (a continental land)
and a small isolated system (an island).
For the first case study, the Portugal mainland usedd as an example of a robust
electric system with many technologies (natural, gasal, hydro, wind, solar,
biomass, etc.) incorporated, and where an eldstriciarket (MIBEL) operates
dictating the prices and the supply technologies.
For the other case study, the Azores island S. 8iguas used as an example of a
small, more fragile electric system with less vigrim the generating technologies
(geothermal, small hydro, wind and fuel-oil) andend there is the necessity of
implementing adequate strategies to avoid a blatkpossibility that would bring
more redundancy and cost increase to the systethiditase, there is no electricity
market as the electricity supply service belongs teertically integrated monopoly
company.
These two different realities will lead to diffeteeffects in terms of energy
requirements and energy prices.
The analysis of the impact on the electric utiitef large-scale adoption of plug-in
electric vehicles from the perspective of eledlyiaclemand, CQ® and other GHG
emissions and energy costs from the year 2010 268D was conducted with the
help of two tools developed in MATLAB:

* Economic, Energy and Environment Impacts SimuléE&EIS)

e Electricity Market Simulator (EMS)
The following scheme (Figure 41) shows the mairuisapand outputs and how the
simulators are integrated to be used in the cashest
There is a region, with an electrical system anttaasportation system working
separately. The first inputs are a characterizadibthe electrical and transportation
systems (available useful data), represented byetfhdranded box. Then, the data
available for each system needs a treatment toesasvadequate inputs for the
simulators to obtain the desirable output, the deimand supply data, representing
the electrical system, was split and arranged nmgeof typical hourly load profiles
and generation technologies. The EV’'s daily energgeds, scenarios of EV
penetration and recharge profiles are inputs pealidy this and other research
studies.
Based in the past data and expected power installégde next 10/20 years ahead,
scenarios of electricity demand (load profiles withEVs) and supply technologies
available are generated as well as scenarios dfdozile for EVs recharge.
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This model/computational application is one of thain results of the project and
fully described in the anne> Economic mode&conomic, energy and environmer
impacts simulator (EEEI", in the PhD thesisCristina Camus. Economic, ener
and environmental impacts of plug in vehicles ie #lectric utilitt systems. PhD
thesis, IST, 2012", in the research articlCristina Camus, Tiago Farias, Jo
Esteves, Potential impacts assessment of-in electric vehicles on the Portugue
energy market, Energy Policy 39, pp. 5-5897, 2011.
http://www.sciencedirect.com/science/article/pid8042151100498¢"Cristina
Canus, Tiago Farias, The electric vehicles as a meaeduce Ck emissions and
energy costs in isolated regions. The sdo migusrés) case study, Energy Poli
Volume 43, Pages 15365, 201
http://www.sciencedirect.com/science/article/pid804215111052¢', and In the
book chapter " Cristina Camus, Tiago Farias, Jorge Esteves, Chapt
INTEGRATION OF ELECTRIC VEHICLES IN THE ELECTRIC UTLITY
SYSTEMS, In Tech Open access publisher "Electrehivles the Benefits ar
Barriers" Edited by Seref Soylu011 http://cdn.intechopen.com/pdfs/18668/InT-
Integration_of_electric_vehicles_in_the_electridityt systems.pd".

2.8 Task 8-Final model development and applicatio

This task was not fullyaccomplishe; however, a first attempt of Tasl-7 model
integation in Flores Island was attempteThis is fully describedin the annex
“Integration of models at Flores Islanc

The TOCTotal Ownership Cost as included in the PATTS modas described in
the PhD thesisPatricia Baptista, Evaluation of the impiof new vehicle and fue
technologies in the Portuguese road transport sector, PhD thesis, IST, 20]
https://dspace.ist.utl.pt/bitstream/2295/11037A1/213%20PhD%20Thesis.['.
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2.9 Task 9-Dissemination

Regarding the dissemination of the project regayditerim and final results, the
following publications were achieved (in a total6a):

1. 2012 Silva C. Research on Electric drive vehicBsgencontro de Jovens
Investigadores do LAETA, 10-11 de Abril, 2012.

2. 2012 Baptista, P. C. Energy, environmental and @ronimpact evaluation
of the massification of ICT solutions in urban mniipi GET 2012, 5-6
January 2012, Tomar, Portugal.

3. 2012 Ana F. Ferreira, Patricia Moura, Luisa Gouvaral Carla Silva.
Cyanobacteria and microalgae biohydrogen productidfe Cycle Inventory
approach and process improvements. WHEC2012 — \Mithd Hydrogen
Energy Conference, Toronto, Canada, 3 to 7 of Jukel2.

http://www.whec2012.com/wp-
content/uploads/2012/05/WHEC _ConferenceProgrameP&s&ssions. pdf

4. 2012 Cristina Camus, Tiago Farias, ELECTRIC VEHIGLES A MEAN
TO REDUCE, ENERGY, EMISSIONS AND ELECTRICITY COSTEEM
12 — The 9th International Conference on Europeagrdy Market, Florence
May 10-12, 2012.

5. 2012 Cristina Camus, Tiago Farias, The electricolet as a mean to reduce
CO2 emissions and energy costs in isolated regibms.sdo miguel (azores)
case study, Energy Policy, Volume 43, Pages 153-1@B12;

http://www.sciencedirect.com/science/article/pid80421511010524

6. 2012 Ana F. Ferreira, Ana C. Marques, Ana P. Bati®aula A.S.S.
Marques, Luisa Gouveia, Carla M. Silva. Biologibgtirogen production by
Anabaena sp. -Yield, energy and CO2 analysis imotutermentative biomass
recovery. International Journal of Hydrogen Ene3@y179-190, 2012;

http://www.sciencedirect.com/science/article/pii380319911021690

7. 2012 Cristina Camus. Economic, energy and environahénpacts of plug
in vehicles in the electric utility systems. Ph@dls, IST, 2012.

8. 2012 Filipe Soares. Impact of the Deployment ofcEle Vehicles in Grid
Operation and Expansion, PhD thesis, FEUP, 2012.
http://metalib.fe.up.pt/V/INJO9VRVVTA4CQPREV6PMGISSHEGX9KICC
2NDFXPU9F7Y2TI9M-10585?func=quick-3&short-
format=002&set_number=259357&set_entry=000001&fdrB89

9. 2012 Pedro Almeida. Impact of vehicle to grid ie fower system dynamic
behaviour, PhD thesis, FEUP, 2012.
http://metalib.fe.up.pt/V/NJOVRVVTA4CQPREV6PMGISSHEBGX9KICC
2NDFXPU9F7Y2TI9M-11351?func=quick-3&short-
format=002&set _number=259362&set_entry=000001&fdr89
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10.2012 F. J. Soares, P. M. Rocha Almeida, J. A. Pegpss, Rodrigo Garcia-
Valle, "State of the Art on Different Types of Etec Vehicles,” in “Electric
Vehicle Integration into Modern Power Networks,rigger, 2012.

http://www.springer.com/enerqy/systems%2C+storagd+harvestin
a/book/978-1-4614-0133-9

11.2012 F. J. Soares, P. M. Rocha Almeida, J. A. Pegpss, "Advanced
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13.2011 P. M. Rocha Almeida, C. L. Moreira, F. SoarksA. Pecas Lopes,
“Exploiting the Potential of Electric Vehicles tomprove Operating
Conditions in Islanded Grids”, CIGRE 2011, Bologttaly, September 2011.

http://cigre-
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2011, Trondheim, Norway, June, 2011.
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15.2011 F. J. Soares, J. A. Pecas Lopes, P. M. Rothaida, C. L. Moreira,
Luis Seca, “A Stochastic Model to Simulate Electiehicles Motion and
Quantify the Energy Required from the Grid”, PSCQGl2, Stockholm,
Sweden, August, 2011.  http://www.pscc-
central.org/uploads/tx_ethpublications/fp359.pdf

16.2011 Ana F. Ferreira, Joana Ortigueira, L. Alveajsa Gouveia, Patricia
Moura, Carla M. Silva — “Energetic and environméngvaluation of
microalgae biomass fermentation for biohydrogen dpotion”. 4th
Internacional Seminar: Advances in Hydrogen Endrgghnologies, Viana do
Castelo, Portugal, 10- 11 November 2011.

http://repositorio.lneq.pt/handle/10400.9/1432

17.2011 Joéo P. Ribau, Carla M. Silva. ConventionaH{drid and Plug-In
Drive-train Taxi Fleet Conversion. European Electiehicle Congress,
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18.2011 A.F.Ferreira, J.Ribau and C. Silva. Analise Gielo de Vida do
Biohidrogénio — sua aplicagdo a transportes emuBalt GET 2011, 5-6
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https://dspace.ist.utl.pt/bitstream/2295/93697@&2/3011.pdf
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3 Conclusions

Main conclusions are as follows:

For Portugal, roughly 80% energy and £&@duction is only achieved by 60%
renewables, high level of vehicle electrificatiamddow levels of mobility. It
is concluded that the TOC for the several altemeatehicles (different
powertrains) will converge over time.

For the case of Flores Island, The results shoty thao alternative solutions
are adopted, the road transportation sector LCAggneonsumption will
increase 58% in 2050, compared to 2009. In the ratsactive scenario
studied regarding EV integration in Flores, the LEAergy consumption in
2050 decreases by 34% and Lénissions by 39%, when comparing with
Scenario 1. Moreover, the island’s electricity netikvis ready for EV arrival,
at least until 2020. Thereafter, a smart chargirgpesie should be
implemented to manage the vehicles’ energy demeoarding to the network
technical limitations and the presence of RES ghdug reinforced, to
decrease the island’s dependency on fossil fuets aonsequently, CO
emissions.

For the case of S. Miguel, The penetration up & %5 electric based vehicles
allows an energy consumption, €énd pollutants emissions reduction, even
in a life-cycle framework (up to 15, 20 and 37% pedively). As was
presented, the impacts of scenario 1, which coomdpto solely a low public
transportation fleet replacement, is clearly insight. Only if the light-duty
fleet is considered will the consequences in tesfnsnergy and emissions be
significant. Another important issue is that, basad today’'s electricity
generation mix, the electricity based vehicles wilbstly be recharged by
fossil fuels, since fuel oil will be used to fulfilemand needs. This leads to
lower reductions in terms of WTT energy consumptoi emissions than if
the electricity was produced from renewable souréssexpected, scenarios
of higher renewable integration in electricity gext®n are favorable for the
introduction of these types of vehicles. Due to tiwaracteristics of the
renewable resources in S&o Miguel, and the tydaad profiles there are
synergies between EVs and electricity productiaat thill, if fitted together,
reduce overall emissions in the Island and fuelartgo The mass penetration
of EVs, with the guarantee that they charge madiigng off peak hours, has
the advantage of capturing the geothermal and venergy produced in
excess, in those hours, and avoid the investmewater pump power plants
that should be needed to accommodate the excegsvable production
during valley hours.

The simulation platform developed for vehicle-gideraction in terms of
voltage control proved to be very efficient in merhing a realistic evaluation
of the impacts that result from a massive integratdf EV in distribution
networks. Besides the evaluation of the steadg sfa¢rating conditions of the
grid, it also allows identifying the most criticaperation scenarios and the
network components that are subjected to more deéimguconditions and that
might need to be upgraded. For the case of Flgtaad, the island network is
very robust, being therefore capable of integraingarge number of EV
without the occurrence of line loading and voltéigets violations. With 25%
of EV only a small number of voltage lower limitolations were recorded
along the 10000 iterations performed. Howeverhm $cenario with 50% of
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EV the number of violations registered was greailyreased. These results
show that while the network resists to a 25% repiant of the conventional
vehicles fleet by EV, it is impossible to proceedat 50% replacement rate
without making large investments in network reicfEments, in order to
tackle the low voltage problems identified. Impattéindings were also made
regarding the energy losses. Their value grows &8% the scenario without
EV to the one with 25% of EV and 140% to the onthvd0% of EV. These
values show that, for higher EV integration levétsses are likely to become
a very important issue for the system operator. r8foee, in such
circumstances, the system operator should lookefficient mechanisms to
manage EV charging, in order to avoid wasting lang®unts of money in the
energy distribution process and in network reindonents.

« With the development of vehicle-grid frequency &se it was possible
understand how using EV to provide primary freqyeoontrol impacts not
only the power system but also the SOC of the Eftehas. In the case of the
island of Flores there is a lot of unexplored RE&ilability as the system load
is low and typical dispatching rules must alwaylude conventional
generation units for stability purposes. Moreouvde existing hydro units
would not be included in frequency control acti@ssthe high head and the
long conduit would cause premature mechanical \aedrtear. The usage of
EV to perform fast control actions proved efficiamd enabled the usage of
the hydro units in load / generation balancing EAshave a faster reaction the
ramping of hydro units is smoother and requestsstmiden changes seldom
occur. With EV control the system frequency ostaiain turn of 50 Hz in a
band of 0.3 Hz, whereas if hydro units alone wdmdused to perform this
control frequency would oscillate in a 1 Hz band. €harging process was
almost not affected as the amount of consumed gnaegiated from the
expected value by 0.08 %.

» The charging profile in a high EV penetration secenhas great impacts in the
hourly market price. In a scenario of low hydro gwotion, the price could
reach 20 cents/kWh, for 2 Million EVs charging mgiat peak hours. In a
high hydro production and low wholesale prices,oéinpeak recharge could
reach the 5.6 cents/kWh. In these extreme conditiBV energy prices were
between 0.9-3.2€/100km.

* Biohydrogen from cyanobacteria/microalgae is ndtipeluded in the fleet
model due to its extremely high-energy consumptéond resulting CQ
emissions at laboratory scale.

* Vehicle drivetrain component selection is highlgght aiming for energy
consumption and COemissions reduction. VSP is used in driving cycle
analysis and for the selection of converted velgolmponents characteristics.
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AGC
cCc

CD
CS
CTG
DSO
EEEIS
EMS
EM

EV

FC
FCPHEV
GHG
HDV
ICE
ICEV
IPO
ISV
ITR
IuC
LCA
LCI
LDV
MSRP
PATTS

PHEV
RES
SOC
TEC
TLC
TOC/TCO
TTW
VAT
VvC
VSP
WTT
WTW
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5 Nomenclature

Automatic Generation Control

Cubic centimeters

Charge Depleting

Charge Sustaining

Cradle-to-Grave

Distribution System Operators

Economic, Energy and Environment Impactsuftor
Electricity Market Simulator

Electrical Motor

Electric Vehicle

Fuel Cell

Fuel Cell Plug-in Hybrid Electric Vehicle
Green-House Gas emissions

Heavy-Duty Vehicle

Internal Combustion Engine

Internal Combustion Engine Vehicle

Inspeccdes Periodicas Obrigatérias (mandaimiety check)
Vehicle Tax (Imposto Sobre Veiculos)

Impact on Tax Revenues

Circulation Tax (Imposto Unico de Circulagéo)
Life Cycle Analysis

Life Cycle Inventory

Light Duty Vehicle

Manufacturer Suggested Retail Price
Projections for Alternative Transportatiorclieologies Simulation
tool

Plug-in Hybrid Electric Vehicle

Renewable energy Sources

Battery State-of-Charge

Total Emission Costs

Total Life Cost

Total Ownership Cost

Tank-to-Wheel

Equivalent to IVA-Imposto sobre Valor Acrest¢ado
Variable Cost

Vehicle Specific Power

Well-to-Tank

Well-to-wheel
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