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Abstract

To investigate the lifecycle energy consumption andssions of Plug-in Hybrid Electric
Vehicles (PHEVS) in China, this paper undertake$\all-to-Wheel” (WTW) lifecycle
energy consumption and carbon emission analysi€iiama 2020 using the latest GREET
1.8c.0 model from the US Department of Energy. Aetg of energy mixes and two travel
patterns for PHEVs are compared in terms of the@érgy consumption and emissions. The
study finds that PHEVs could have substantial gaiem terms of energy consumption
and GHG emission reductions in China. This benefiturn could deteriorate if travel
distances increased, which will happen as Chinas @wvnership rises and vehicle

operating costs go down.

Keywords: Plug-in Hybrid Electric Vehicles (PHEW)ifecycle Analysis, GREET 1.8c.0,

Electric Vehicles Charging.



1. Introduction

In contrast with Grid Independent Hybrid Electrievtles (GIHEVS), which convert the

vehicle’s kinetic energy into battery-replenishiedectric energy, or use the internal
combustion engine to generate electricity by smignan electrical generator to either
recharge their batteries or to directly power thecteic drive motor, Plug-in Hybrid

Electric Vehicles (PHEVS) get the electricity frotime grid and store it in an on-board
battery. If the electricity is generated in a loarwon way the potential for carbon emission
savings is important, relative not just to convendl internal combustion engine (ICE)
vehicles but also relative to GIHEVs. On top oftffRHEVs contain a dual power-train
system capable of both electric drive or ICE dralene and combined, unlike GIHEVS,

which can only work on a combination of both.

The current PHEVs prototypes, such as Toyota HymoRrius with an A123 battery

system, can provide competitive performance whenpased with mid-size conventional

ICE vehicles. Also, in contrast with other altemat fuel/vehicle systems, such as
hydrogen fuel cell vehicles (FCVs), PHEVs have @inastructure advantage, as they use
the electricity supplied by the already existerctic power grid. Moreover, because of
the reduced requirement of battery capacity, prodaacosts (and therefore the minimum
price at which manufacturers will be willing to sSBHEVs for) are not as large as those for

pure electric vehicles (EVS).

Also, the integration of ICE within PHEVs providasa effective improvement in vehicle
performance when compared to EVs, which furtheilifates market penetration of

electric technology, if PHEVS are seen as a tramstietween ICEs and EVs.

Nevertheless, PHEVs also face many challengeso@dth the batteries required are not as
costly as those required by pure EVs, the capatilyneeds to be high and that means

higher production costs than conventional ICE c@ine battery capacity is one of the main



problems that hybrid and pure electric vehiclegfas the (electric) driving range depends
on the battery. Also, as already mentioned abolke, reduction in carbon emissions
depends on how the electricity is generated. Binakople’s travel behavior is an issue
that is seldom mentioned but has an important tmlplay in carbon emission reduction,

not just in the case of ICE vehicles but also mc¢hse of PHEVS.

This paper investigates PHEVS' lifecycle energystonption and carbon emissions for the
case of 2020 China using the ‘Greenhouse Gas, ReguEmissions and Energy Use in
Transport’ (GREET) Model, which is essentially fediycle emission assessment model
from the US Department of Energy that covers tlet litecycle of feedstock recovery and
transport; fuel production, distribution and finedbnsumption of vehicle enginésThe
answers to a simple questionnaire conducted inaCaie also used to make assumptions
about travel behavior and energy consumption of Y$j&lthough there are some caveats

regarding their usefulness.

2. Methodology and Data

The overall energy consumption and carbon emisstérRHEVs are determined by two
factors: energy source and electricity/petroleumscmnption split. As already advanced in
the Introduction, in this study the GREET modelused to estimate lifecycle energy
consumption and emissions. The parameter valuest impo the model correspond to
China, and were sourced from Chinese data basas.ah®ady standard practice, lifecycle

is divided in two stages: Well-to-Pump (WTP) andripeTo-Wheel (PTW).

2.1 Well-to-Pump Stage

The energy recovery and refining data input ontoEGR for WTP simulation were

! The version used here is GREET 1.8c.0.



retrieved from the latest nationwide statistics amdearch reports, as well as from
interviews with experts. The exact source of eaelaegof information is further detailed

below.

Because this study focuses on the energy consumptiol emissions of PHEVs, both
electricity generation and gasoline production patys are specifically reviewed, while
other alternative vehicle fuels such as dieselumahtgas based fuels, hydrogen and
biomass-based fuels are not included, although tbhey also be used by the

dual-power-train systems of PHEVSs.

2.1.1 Gasoline pathway

The two key questions when modeling the gasolingavpay are how is the gasoline

produced (energy feedstdckypes) and how it is processed and transported.

The recovery efficiency of petroleum energy feedstioas improved for all the three major
oil companies in China over the last 30 years. H@aregiven that many oil and gas fields
in China are approaching their late-stage of ektrgdife, the efficiency improvement rate

could decline gradually in the next few years. Theovery efficiency assumptions for

2020 are therefore conservative. The crude oil vexgo energy efficiency gap between
China and the US in this study is assumed to re@iafi¥%, or in other words, the crude oil
recovery energy efficiency in China in 2020 is &sed to be 93%, against 98% in the US

(Zhang et al, 2007, p.37).

Since 1999, Chinese domestic gasoline productienniiet domestic demand. Therefore,
this study only considers the refining efficiencly@hinese refineries. The two main oll
companies, China National Petroleum Corporation FCN and China Petroleum and

Chemical Corporation (Sinopec), jointly supply 9@¥the gasoline in China. Therefore

% Feedstock is defined as energy resources forefeetticity products.
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the domestic fuel production energy efficiency 8¥8is assumed, in contrast with 92% for

the US (GREET 1.8c.0, 2009) estimates for CNPCSindpec 2020 levels.

Apart from the energy efficiency of oil recoverydamgasoline production, its energy
feedstock and fuel product transport also playnaportant role in the lifecycle. In China
the distances that the fuel needs to be transpared¢hrge and this causes relatively high

energy consumption and emissions during the erteaggport process.

Figure 1 summarizes the shares of oil sources fona as well as the transport modes

used and the average distances.

Currently, China’s imported crude oil accounts tfiwore than 40% of national demand and
this figure could reach 60% to 80% by 2020 (Zhah@le2007, p. 36, Table 3.1). The
imported crude oil is largely transported by océamkers (90%), except for the crude oil
from former USSR countries, which is usually delecthrough pipelines (NDRC, 2006a).
There is also some oil imported from South EastAsid Russia, which is transported by
railway. Taking into account transport routes amstashices from Middle East (38.5%),
Asia-Pacific (17.4%), west Africa (19%), north Afai (1.9%), southeast Africa (2.7%),
Latin America (6.7%) and Europe (0.2%), we can amsan average transport distance of

11,000 km by ocean tankers.

Domestic and imported crude ailithin China is transported by three modes: pipeline
(61%), barge (7.8%) and railway (31%). Accordingthe National Development and
Reform Committee (NDRC) statistics (NDRC, 2006hg aiverage distance that crude oil
was transported in China in 2005 was 390 km. Themia of barge-based crude oil
transport in China takes place along the East CBiea and the Yangzi River, and the
average transport distance is between 100 and ADQWknistry of Communications and
Transportation-MOC, 2005a). Because barge flee@hina are comprised largely of small
boats fueled by residual oil, energy consumptia2-tstimes higher than in the US. The oil
transported by railway has increased relativelwbsia@ompared with the increase in crude
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oil demand. The average transport distance by agilvanges from 860 km to 960 km.

Most trains are fueled by diesel (61%) and eleityr{89%).

Figure 1 Crude QOil Transport Pathway in China 2020
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Source: estimates produced by the authors usirgfisah Jia (2003a), China Logistics
Association (2005) and MOC (2005a)

Since domestic gasoline meets and will continuen&®t national demand in 2020, this
analysis only considers the transport of gasoliitimvChina. The main transport modes
for fuel products currently are pipeline (15%),way (50%), barge (25%) and highway
(10%) (Jia, 2003a). These shares are assumedrtteefen2020. A considerable amount of
gasoline has to be transported long distancesilbwasa from the north-east and north-west
to the eastern provinces. The average transpdendis by train is around 800 to 1000 km

(China Logistics Association, 2005).

Because the major Chinese oil refineries are locateng the east coast and the Yangzi
River, barge is also an important transport modefdel products. MOC (2005b) and Jia
(2003b) estimate that 20% to 30% of oil product€hina are transported by barge. Here

an average of 25% is assumed, and an averageadistari200 km. Finally, gasoline and



diesel from oil depots to service stations is tpamted by road, and an average distance of
50 km is assumed. Although fuel transport via pifesd has increased in the period 2000 to
2010, its share among total transport remains miAssuming the share of pipeline
transport continues to increase at 1.2% per yba,analysis assumes 30% of total fuel
products will be transported by pipeline in China2®20. Because pipelines currently are
mainly applied for short distances the averagesprart distance is assumed to be 160 km.
However, with the progress of new “North-to-Sou#rid “West-to-East” energy transport

projects, the distance in 2020 is assumed to b&kBOINDRC, 2006c¢).

2.1.2 Electricity Pathway

At present, China’s national grid is operated by tstate-owned companies: State Grid
Corporation of China (SGCC) and China Southern Poed (CSPG). In both cases
electricity is mainly generated in coal power sas. The new generation clean-coal
technologies, such as Integrated Gas Combined Gh&leC), are currently only used to
produce 1.25% of overall coal-based electricityldwang coal, hydropower ranks second.
The shares of natural gas, residual oil and nutlased electricity generation are minor.
wind and biomass-based electricity generation atheir trial phase in some provinces

only, including Inner Mongolia and Tibet (China ietal Statistics Bureau, 2006)

According to data from the National Development &eform Commission (NDRC) in
China, the shares of capacity installation andtetéty generation in China in 2020 will be

as depicted in Table 1 (Wang, 2005, in Zhang, 200.784).

Given the NDRC'’s plans to implement a renewablegnprogram by 2020, the share of
hydro, nuclear and wind power will increase, altjiorcoal will still remain the major
resource in the medium term. The electricity traissman loss is predicted to be around 7%
by 2020, a slight improvement compared to the 2646l of 7.1% (Zhang et al, 2007b, p.
95).



Table 1 National Grid Energy Feedstock Share in Clma 2020

Coal Qil Natural Gas [Hydropower Nuclear Wind & Biomass
Installed Capacity 59.0% 1.2% 6.3% 25.0% 4.2% 4.3%
Generation Share 63.0% 1.0% 6.8% 19.0% 6.7% 3.5%

Source: Wang (2005), in Zhang (2007, p.94)

2.2 Pump-to-Wheel Stage

Two essential assumptions are needed for Pump TeeWRTW) simulation: the selection
of a reference plug-in vehicle for modeling and share between electricity and petroleum
energy consumption during vehicle operation. Irotiiethe share between electricity and
gasoline use is determined by kilometers traveledgbarge, which further relates to the
vehicle’s electric operation range, and the reguirequency of recharging. This in turn
can be linked to driving behavior. A combinationaohigh-charging frequency rate and a
low-driving distance per charge could offer neaaty all electric driving of PHEVs. This
pattern would, for example, illustrate the drivinghavior of workers commuting short

distances by car and recharging the vehicle’s batteome every night.

To address the share of electricity and petrolemsemption, the concept of “Utility
Factor” (UF) has been introduced in recent PHEV @&s®nomy studies (Elgowainy et al,
2009a) to represent the percentage of a PHEV'Sreliég consumption over its entire
energy consumption during vehicle operation. Nolynal daily charging basis is assumed
and so a Daily Kilometers Traveled (DKT) becomes #ey factor that needs to be
identified. For this, daily travel behavior infortian is required. However, there is
currently no such a nationwide level survey avaddator China. This study hence has
conducted a non-representative simple travel atithdihal survey. The results of this
survey are used with much caution and a numberaeéats highlighted when deriving

conclusions.

% If resources had permitted the survey would hasenbrepresentative. The costs of surveying a large
enough sample to make it representative of the ev@linese population and the costs of conductieg th
survey face-to-face, by telephone or post wereipitbre in the order of hundreds of thousands afiqus.
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2.3 The Survey

The survey was conducted on the ‘Auto.Sohu’ welssiid the results reported in this paper
correspond to responses posted in the period 2du&gbto 26 March 2010. Being an
Internet based questionnaire, millions of Chinesapfe without access to the Internet were
automatically excluded. Also, the survey was vamtand only those willing to spend
time answering the questions were included in #mpde. Given the nature of the website
and the survey, respondents were likely to be miaesested in cars, which poses an
additional selection bias. The best way forward Mobe to conduct a nationwide
representative travel survey in China, but gives ¢bsts of such a task, financial support
from the Chinese government or some other orgaaizatogether with additional human
resources, would be required. Unfortunately, tlaksfbeyond the scope of the authors’

resources to conduct the present study.

The survey consisted of 30 questions, designedidid: ) people’s attitudes to EVs and
PHEVs in terms of relative prices with respect @kElvehicles (for both the cost of the
vehicle and the operation cost), performance eapegtand other concerns; 2) their travel
behavior including mode of transport used, dadyél distance, speed and driving/parking
habits, and; 3) personal socio-economic informationluding income, gender and

home/work addresses.

331 usable responses were collected and are ugbis ipaper. The histogram in Figure 2
illustrates the distribution of DKT across the say'8 observations. The majority of daily
distances for all transport modes, including buas, eetro, cycle and walk, and trip
purposes, including commuting, shopping, recreataomd also work-related trips, as well
as all other trips (such as attending doctor’s apgpeents, etc) are concentrated from 20

km to 60 km.



Figure 2 Frequency Distribution of Daily Kilometers Traveled
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Figure 2 is a snapshot of a very small and not sezrdy representative group of Chinese
people. The geographical distribution of the regj@mts is also uneven. For example, 22%
of the responses came from Beijing, where only %@ the Chinese population lives; and

almost 17% of the responses came from Shanxi, wirdye2.85% of the population lives.

The histogram in Figure 3 illustrates the distrittof DKT by car across the survey’s

observations. All trip purposes are still includad the only transport mode considered in
this case is the private car. As it can be seee, average distance is higher, now
concentrated between 25 and 70 km. The numberspbreses was obviously limited by

the number of respondents who actually own or leeess to a car. It should be born in
mind that car ownership in China is still very lomith only 36 in 100 households owning

a car in capital Beijing (Beijing Statistics Buredd009, section 9 — Transport, Post and
Telecommunications), in contrast with the UK, wh&686 of all households have regular
access to at least one car (UK Department for pams2009, Table 9.15, p.166).
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One important consideration in this context, whrelgards travel behavior, is that the
private car brings freedom of movement and conve@eand car owners tend to travel

longer distances more frequently in time. We retorthis point later.

3. Data Analysis

If and when a consumer decides to buy a PHEYV rdtier a conventional ICE vehicle, he
will typically consider a number of issues on tdptlee cost of the vehicle itself and the
cost of operating it, including battery capacitg, (for how long he can drive without

re-charging the battery) and maximum possible speed

Needless to say, and there is no need to ask ahéy potential buyer, the higher the
battery capacity and maximum possible speed the mttractive the PHEV will begteris
paribus. One (heroic) assumption we make in this studth&t drivers will expect the
battery capacity to meet at least their daily traequirements (or DKT), without the need
of recharging the battery until they are back hamthe evening With this in mind, the
DKT by car at present by the survey respondentassamed to be the minimum required

battery capacity and used for modeling lifecyclgegasment in this study.

3.1 Utility Factor

As already explained above, PHEVs can run on cdiomad oil-based fuels and electricity

from the grid.

Since their storage capacity is limited, PHEV batte can only supply electricity to drive

* This assumption is actually a standard assumjitidhe literature. Even the documents producedhey t
Society of Automotive Engineers (SAE) in the USuwmss that batteries are only recharged once a day
(Bradely and Quinn, 2010).
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the vehicle for a limited number of kilometers. &sesult, PHEVs operate in two modes: ‘a
charge-depleting mode where the stored batteryggramtributes to the propulsive energy
consumedy driving the vehicle, and a charge-sustaining epadherehe net energy from
the battery is essentially zero’ (Bradley and Quiz0iL0, page number to be added when the

paper comes out).

The UF can be defined as the ratio of the numberkidmeters driven under

charge-depleting mode to the total number of kiltarsedriven:

min(d, Rcp)

UFRjistancdRcp) = d

where d is the distance driven angbRs the charge depleting range. As Bradley and Quin
(2010) put it, the distance UF of a PHEV is eqoathe ratio of the charge-depleting range
to the distance travelled:cdRd if d < Rep, and 1 if d > Rp.

Following Elgowainy et al (2009), in order to idéypthe UF for various PHEV models (or

battery energy storage capacities), the surveyreasens are categorized in 12 groups in
terms of DKT, as shown in Table 2. Only the respsnom car drivers are taken into
account for these calculations, as DKT by other @sodould not be a good estimate of

drivers’ behavior.

Table 2 can be read as follows. The first two calanndicate the limits of the range of
DKT. For example, the first range corresponds gpoadents who travel between 0 and 10
km per day. The ‘Frequency’ column is simply thenter of respondents who gave that
answer. The ‘Share’ column is the percentage giaedents with a DKT falling in that
range. The rest of the columns give the UF foredéht Rp. For example, when thecRis

10 km, drivers with DKT between 0 and 10 km will dtgle to drive all those km on charge
depleting mode. In fact, as long as thg i higher than the DKT the PHEV will be able to
drive on charge depleting mode alone. When tggi®50 km but the DKT are between 80
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and 90, drivers will be able to drive the first @ on charge depleting mode but they will

drive the remaining 30 to 40 km on conventional.fi@e PHEV Utility Factor on the last

row indicates the percentage of total DKT by survegpondents that can be driven on

electricity. If the Rp is 10 km only 32.28% of DKT by all respondents ¢tgndriven on
charge depleting mode, whereas if theoBs 70 km then 94.63% of DKT by all survey

respondents can be done on charge depleting mode.

It should be noted that thecRdenotes the charge depletion range on the assampftia

PHEV operating on an ICE-battery combination maat@er than purely on electricity, as

one important characteristic of PHEVs is that treymbine both sources of energy,

oil-based fuels and electricity.

Table 2 Utility Factors for PHEV with R ¢p of 20, 40, 60, 80, 100 and 120 km

DKT (min - max, km) | Frequency| Share 20 40 60 80 100 120
0 10 12 5.15% 5.15%| 5.15%| 5.15%| 6.15%| 5.15%| 5.15%
10 20 33 14.16% | 14.16%| 14.16%| 14.16%| 14.16%| 14.16%| 14.16%
20 30 32 13.73% | 10.99%| 13.73%| 13.73%| 13.73%| 13.73%| 13.73%
30 40 17 7.30% 417%| 7.30%| 7.30%| 7.30%| 7.30%| 7.30%
40 50 59 25.32% | 11.25%| 22.51%| 25.32%| 2532%| 25.32%| 25.32%
50 60 20 8.58% 3.12%| 6.24%| 8.58%| 8.58%| 8.58%| 8.58%
60 70 2 0.86% 0.26%| 0.53%| 0.79%| 0.86%| 0.86%| 0.86%
70 30 21 9.01% 2.40%| 4.81%| 7.21%| 9.01%| 9.01%| 9.01%
80 90 1 0.43% 0.10%| 0.20%| 0.30%| 0.40%| 043%| 043%
90 100 30 12.88% 2.71%| 542%| 8.13%| 10.84%| 12.88%| 12.88%
100 110 0 0.00% 0.00%| 0.00%] 0.00%| 0.00%| 0.00%| 0.00%
110 120 2 0.86% 0.15%| 0.30%| 045%| 0.60%| 0.75%| 0.86%
120 Max 4 1.72% 0.21%| 0.43%| 0.64%| 0.86%| 1.07%| 1.29%
PHEV Utility Factor 233 100.00% | 54.69%| 80.78%| 91.78%| 96.82%| 99.24°%| 99.57%

Source: Calculations by the authors, using suresganses
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Figure 3 shows the daily distance UF curve for PHEWVthese were to be driven by the
survey respondents, and if the respondents dig¢harige their DKT as a result of driving a

PHEYV rather than a conventional ICE vehicle.

The daily distance UF on the Y-axis representstia@e of km in the total DKT by all survey
respondents that could be driven in charge depletiode if they all drove PHEV. As it can
be seen from the figure, the UF of PHEVs increasesdiminishing rate with the increase of
Rep.

Figure 3 Utility Factors of Different R¢p
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Source: calculations carried out by the authomsgusurvey responses

A PHEV with a Rp of 60 km offers a UF of 91.78%. In other words,7®26 of all DKT by

all survey respondents could be driven in chargdetien mode, provided they all drove
PHEVs. It would be interesting to conduct a nati@®eatravel survey and be able to compare
the Chinese UF with the one computed by Elgowainyak (2009b) for the US.
Unfortunately the authors do not count with theassary financial resources to conduct a

representative household travel survey in China.
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4. Life Cycle Assessment Results

Figure 5 graphically summarizes the lifecycle egargnsumption and emissions for PHEVs
with Rep of 60 km relative to ICE vehicles. GHG emissions 26% lower and total energy

consumption is 34% lower. Assuming that grid eleityr in China continues to be mainly

generated in coal power stations, coal consumptbriously increases. One clear
conclusion from these estimates, which is furthecuksed below, is that for PHEVs to be
truly environmentally friendly and make significamiprovements on energy consumption
and GHG emissions, the electricity to power thenedseto be generated using clean

technologies.

Figure 4 Lifecycle Energy Consumption and Emissionfor PHEVs with R¢p of 60km

relative to ICE Vehicles in China 2020 for the trael survey sample
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Source: estimates produced by the authors usingg3REBc, using parameters derived

from the travel survey they conducted

Note: For the year 2020 fuel economy for PHEVs idgvin charge depleting mode is
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assumed to be 15.14 km/l and fuel economy for I€Riales is assumed to be 10.8 km/I.
GREET always assumes PHEVs to have a fuel econd#®f Hetter than that for ICE

vehicles.

5. The Effects of Travel Distance Increase

The rather high daily distance UF of 91.78% for shevey respondents is simply the result
of their low daily travel distances. If travel distes were larger, and this is likely to happen
with both increases car ownership and lower veloplerating costs, the UF would be lower,

and the potential for reduced energy consumpti@hesmissions would be diminished.

That car ownership increases travel distances weladocumented fact in the transport
studies literature. Not surprisingly, this is exadhe case for the small sample of survey
respondents used in this study. Figure 5 showsy dhgdtances traveled by drivers and

non-drivers.
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Figure 5 DKT Distributions between ‘Driver’ and ‘No ndriver’
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As it can be seen on Figure 5 the ‘driver’ groug hahigher average daily travel distance

with a greater standard deviation compared with'mbe-driver’ group. Having said that, it

is worth highlighting that, perhaps because themot widespread penetration of the private

car in China yet, daily distances traveled by nameds are only 18.4% lower than those

traveled by drivers.

Figure 6 presents the daily distance UF curve &orous PHEVs with B, of 10 km to 120

km for average daily distances of 53.14km, 79.7Had 106.28km, which is the average,

1.5 times and twice the average travel distan¢beofdrivers’ in our small sample.
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Figure 6 Daily Distance UF Curves for DKT, 1.5 DKTand 2 DKT
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Lower vehicle operating costs cause a ‘reboundceféend this is also a well-documented

fact in the transport studies literature (Evan€&@orham, 2002, Portney et al, 2003).

6. Conclusions

Using the responses to a small survey conductethdyauthors in China, this paper has
conducted a fuel cycle energy consumption and Ghigsons assessment for PHEVs on

the basis of China’s electricity generation mixe2020.
For our small sample, PHEVs have large potential educing petroleum fuel use,
compared to ICE vehicles. The potential for redgc®HG emissions could be larger if

electricity in China were generated using cleaaehmologies rather than coal.
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The potential of PHEVs for reducing gasoline congtiom amongst our survey respondents
is important due to their low daily travel distaac# this were found to be the pattern in the
whole of China, the Chinese daily distance UF fHIER's would be higher than that in the
US. The UF of a PHEV with & of 60 km in our small sample is of 91.78%, which
indicates a large share of charge depleting mod®H&EV total energy consumption.
Although such a high UF is expected to decreask avitincrease in daily travel (very likely
if car ownership increases and vehicle operatingfscdecrease), the reductions in energy

consumption and GHG emissions can still be imporfaovided Rp can be increased.
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Appendixes

Appendix 1 PHEV-CD-60km Parameters

Simulation Options

Fuel Consumption in CD Mode (Btu_fuellkm) 601.304
Electricity Consumption in CD Mode (Whikm) 134.410
MPG Change in CS Mode relative to ICE vehicles (%) 140.00%
Operational charge-sustaining range {kmj 60
Share of kilometers traveled for CD Mode (%) 91.9
Share of kilometers traveled for C5 Mode (%) 8.1
Electric Charger Efficiency (%) 85

Test Prius-Hymotion PHEV
Vehicle Configuration: pre-transmission parallel
Vehicle Class: Mid-size
Vehicle Test Mass: 1661kg
Front Area: 2.2m2
Drag Coefficient: 0.29
Transmission S-speed manual
Accessory Lead Electrical 200watt average
Electric Machine: 75kw peak at base speed of 3000rpm
Battery Model SAFT-JCS VL41M
Capacity 418h at 3lc
Operating Vaoltage 194-288V
Continuous Current 150A for 30sec at 30°C
Discharge Power E5kw for 30sec at 50% SOC at 30°C

Sources:Rousseau A, et al, 2007

24



