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Communicating life cycle

information to the consumer:
challenges and opportunities

1. MAIN CAR BUYER MOTIVATIONS / TRUST
2. WHY IS LCA IMPORTANT TO CONSUMERS?
3. WHAT LCA INFORMATION IS AVAILABLE ?

4. HOW TO COMMUNICATE LCA INFORMATION?
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Private car buyer:

Motivation

purchase factors

> 1. Fuel economy (‘traded-off’ against price)

2. Size/practicality

3. Vehicle price

“It was cost effective because it was

so cheap to buy and it’s cheap to run

and good at parking”
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LowCVP Car Buyer Survey 2010



Gap between ‘real-world’ and type-
approval CO2/MPG is increasing

135% -
130% -
125% -

120% -

115% -

110% - s

105% -

'real-world' vs. manufacturers' type-approval CO, emissions

7}"’52‘; 7/

o T1CS (Switzerland)

Trust

LeasePlan (Germany)
On-road, ~15,000/a

Honestjohn.co.uk (UK)
On-road, ~3000/a

Travelcard (Netherlands)
On-road, ~15,000/a

WhatCar? (UK)
On-road, 174 vehicles

Spritmonitor.de (Germany)
On-road, ~5,000/a

On-road, ~20/a
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Impact beyond the Life cycle
tailpipe is increasing

(Upstream) fuel life cycle emissions

Vol e » B

Primary fuel Fuel Fuel Fuel
\ production refining distribution station )

g .
_ 3 TR

Materials Vehicle Vehicle Vehicle
\ production manufacture transport ) \ use )
Vehicle life cycle emissions (est) Tailpipe emissions
Exporting emissions from operation to production ICE > BEV

Next Green Car 2013



Impact beyond the
tailpipe is increasing

Fuel Economy

VED band and CO,

CO, emission figure (g/km)
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Electricity cost (estimated) for 12,000 miles

13.7p/kWh.
VED for 12 months

vehicle.

A guide price for comparison purposes is calculated using the combined drive cycle (town centre and £ 4 58 24
motorway) and electricity price. Cost is recalculated annually. Unit price as at March 2012: electricity

Vehicle Excise Duty (VED) or road tax varies according to the CO, emissions and fuel type of the £ 0 4] £ 0 @

Annual energy cost

1st year rate Standard rate

@
Electric energy consumption: 3 . 6 Miles/kWh

Electric range: 1 09 Milesm

Ricardo-AEA 2011

Life cycle

Tailpipe CO2
emissions reducing
with electrification

Indirect (‘upstream’)
CO:2 increasing with
electrification

Indirect CO2 almost
50% for battery
electrics

Increasing disconnect
with label information

Vehicle specifications based on roadmap projections for 2015.
Assumed lifetime mileage 150,000 km. Fuels E10 and B7.
Electricity carbon intensity assumed to be 500 gCO/KWh.



What is the demand for |nformation
life cycle information?

= Consumers: Evidence that consumers aware of indirect emissions —
may not know how EVs work, but conceptually understand that
emissions may be generated ‘elsewhere’ (at power station);

= Fleets: Under the Companies Act 2006 (Strategic and Directors’
Reports) Regulations 2013, quoted companies are required to report
their annual GHG emissions in their directors’ report — advised to
include Scope 2 (indirect) emissions;

= Policy: Increasingly needs to be based on life cycle impacts (e.g.
Embodied energy of EVs) — CO2 & AQ reduction priorities converging;

= OEMs: Brand, reputation, competitiveness, marketing — Combining
promotion of EV with renewable electricity increased U.S. consumer
interest 25%—2>31% among buyers of conventional vehicles

Ecolane 2009, Carbon Trust 2013, Low Emission Strategies, Axsen & Kurani 2013



What life cycle |nformation
information is available?

= Consumers: No ‘official’ B2C model specific info other than NEDC
Type Approval data — independent 3™ party online tools / websites —

no national/international consumer ‘brand’ (such as Euro NCAP);

= Fleets: Multitude of corporate consultancy provided LCA services —
extensive LCA datasets (ecoinvent, SimaPro, US GREET, EU JRC) —
SMEs: DIY LCA supported by Defra GHG Reporting Guidance —
International standards well developed: 1SO 14040/44, PAS2050;

= OEMs: Increasing number of OEMs do produce o
model range LCA reports — but not distributed
widely — tend to be B2B focused




European vehicle Rating systems
rating systems

LIFE CYCLE
|

Ecoscore (Belgium, TA'+LCA data, 2003?-13) -l =
Belgian system developed by Vrije Uni. Brussels, VITO & CESSE — well supported live database

Green Car Rating (UK, TA+LCA, 2006-13) greencar rating”

Developed by Next Green Car, UK based on EU Cleaner Drive — well supported live database

Cleaner Drive (EU, TA+LCA data, 2001-2004)

Car life cycle ratings — EU project 2001-2004 led by Energy Saving Trust, UK — discontinued
VCD Environmental Car List (Germany, TA data, 2002-13)

Basic points system based on Type Approval data generated annual Top Ten list — Annual

Ecomobiliste (Switzerland, TA data, 1997-2009-13)

Dev by Institute Energy and Environment (IFEU), Germany — basis for Top Ten list — Annual

CAIR Environmental Rating system (UK, TA data+, 1998-20067)

Centre for Automotive Industry Research (CAIR) at University of Cardiff, UK — discontinued

ETA Car Buyer’s Guide (UK, TA data, ??-2012)

Environmental Transport Association — based on Type Approval data — Occasional updates

EcoTest (EU, Real world tailpipe, 2003-13) o

Jointly developed by the FIA foundation and ADAC — 150+ cars tested annually real world cycle

1 —TA: Type Approval



European vehicle Rating systems
rating systems

= Ecoscore (Belgium, TA+LCA data, 2003?-13) ecoscore

Belgian system developed by Vrije Uni. Brussels, VITO & CESSE — well supported live database

Green Car Rating (UK, TA+LCA, 2006-13)  greencar rating"

Developed by Next Green Car, UK based on EU Cleaner Drive — well supported live database

= Cleaner Drive (EU, TA+LCA data, 2001-2004)

_ Car life cycle ratings — EU project 2001-2004 led by Energy Saving Trust, UK — discontinued

LIFE CYCLE
u

Four key LCA stages:

Definition

= Scope definition

Direct Applications
e Prod ment

" |[nventory analysis

Interpretation <>

= Impact assessment

" [nterpretation

www.lcanz.org.nz/introduction-lca



Ecoscore (Belgium) Rating systems

ecoscore

Partners

>~ Vito

1 - http://www.ecoscore.be

ecoscore.bel is a free to use consumer website

developed by Vrije University Brussels, VITO & Centre
of Economical and Social Studies of the Environment
(CESSE) Universite Libre de Bruxelles.

Includes LCA methodology related to fuel cycle and
expresses car’s life cycle environment impact as a
score out of 100: 100 greenest to 0 most polluting

Methodology includes 3x GHG emissions, 6x AQ
regulated pollutants and noise — assesses impacts on
climate change, air quality (human health and
ecosystem).

Website is free to use and allows users to search for
specific models, provides ‘Top 10’ lists by vehicle class
and a calculator to score any emissions dataset.



Ecoscore methodology

Rating systems

* Includes CO2+noise and all regulated emissions as measured by NEDC

= Other GHG and AQ emissions considered to compare all fuel types

= ‘5-step’ LCA methodology covers fuel life cycle (vehicle manufacture not included)

Weighting is set by
methodology at:

GHG: 50%

AQ (health): 20%

AQ (ecosystem): 20%
Noise: 10%

Broeikaseffect

B e

50 %

10%

1 — CLEVER Project reports 2007, 2011

Fuel
cycle

CO,
CH,
N,O
CO
HCs
PMo
NOx
SO,

Inuse
CO,
CH,
N,O
CO
HCs
PMo
NOx
dB(A)

= Tailpipe NEDC: grams/km, dB(A)
=Data: Technicar, Belgian Ministry for Transport & Febiac

Highscore= 100 greenest to
Lowimpact 0 most polluting

Ecoscore
methodology:
Inventory, 3 scores
classification, (x/100)
characterisation, GHG
normalization AQ
and weighting TOTAL
= Reference vehicle:
= ExternE NEDC 120 gCO2/km
"EUR/g Petrol Euro 4

= Units: grams/GJ delivered (WTT)
= Data: MEET; VITO; Electrabel

2 — http://www.ecoscore.be/en/ecoscore-information



Ecoscore results Rating systems

2012-13 models shown using reverse 2-D plot of AQ-GHG ecoscores — Belgium context

AIR QUALITY IMPACT =* GHG/AQ/dB weighting 50:40:10
100 80 60 40 20 0 - set by methodology

=Score is logarithmic — all +ve

= Good spread on AQ axis as ref
is Euro 4 but data clustered on
lower GHG axis as ref vehicle is
120 g/km (ecoscore of ref=70)
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1 — ecoscore methodology applied to UK sourced Type Approval data



next "
greencar

Car Search News & Reviews

Try our new search
New Car Search Used car search »

Search by make and model

Select a manufacturer...

All models

Search by vehicle class

Select vehidle size..

Next Green Car (UK)

Hybrid & Electric

Greener Fuels Car Costs

Car technology grabs attention at CES

e ¥ NEWS: At the 20123 Consumer
Electronics Show {(CES) in Las

Vegas, social media analysis
has foun... more»

Detroit to host NAIAS Motor Show 2013
| NEWS: The 2012 North

? American International Auto

et | Show (NAIAS) will be held

| from 14th to 27th J... more»

= Nextgreencar.coml is a free to use UK

consumer website

designed to help car

buyers find, compare and buy greener

cars — Est. 2006

* |ncludes Green Car Rating which
expresses car’s life cycle environment
impact as a score out of 100:

0 greenest to 100 most polluting

1 - http://www.nextgreencar.com

Find Out More

KjLk= 351 w Foliow 1

NIS3AN Leaf

RENAULT
Hatch

Approved Cars

Top 3 small family cars

AP mn

Green Car Ratinc

Select manufacturer

Select model

THE FULL HYBRID
RX 450h.

Gesaus

ing”

tin

greencar ra



Next Green Car method Rating systems

®= Includes CO2 and all regulated emissions as measured by NEDC
=  Other GHG and AQ emissions considered to compare all fuel types (excl. dB(A))
= External costing method — GHG/AQ weighting determined by costs and ref. vehicle

= Modelled on = Tailpipe NEDC: grams/km
proportion of = Data: Vehicle Certification Agency + 3rd party CO2
12 material Vehicle| Fuel Inuse
types for PET, cycle | cycle . EU 0 ot
DSL, LPG, CNG, COZ CDE EDI Cleaner Lﬂw ?(:Ur'&= greenes O.
HEV, BEV, PHEV CH‘ DH‘ CH* Dri\rE Low Impal:t 100 most p0||utlng
" Expressed in N,O | N,O N,O : attlng 3 scores
grams/1000kg co |co co ystem (x/100)
= Data: MEET; HCs | HCs HCs Em}saiﬂns il-tlzﬁ
JRC Con.caWE; PM“, PM“, PM1u :::?:Erl’;tlig TOTAL = Normalised
GREETAE:ardO- NOx | NOx NOx to external = 100 baseline:
S0;| S0, costs NEDC 300 gCO2/km
= ExternE Petrol Euro 3 (2000)

= UK estimates: grams/GJ delivered (WTT)
= Data: MEET; JRC Concawe; GREET

1 — www.nextgreencar.com/ratings.php



Next Green Car results Rating systems

2012-13 models shown using 2-D plot of AQ-GHG ratings coordinates — UK context

GREEN CAR IMPACT RATINGS "GHG/AQ weighting 60:40
approx. — arises purely out of
100 PORSCHE Cayenne PET PP . P y
48 Turbo CO2:270 gikm relative value of external costs
and emissions of baseline veh.
80 .
VW Touareg DSL = Good spread of data points on
K A\ 30TDIC02:193 glkm GHG axis as ref is 300 g/km
<
% = But data points tend to cluster
i 60 on lower AQ axis as ref is Euro 3
U]
w Ford Focus DSL .
a " 2.0 TDCi C02:124 glkm Life cycle CO2
0 -
T | TOYOTA . B Veh ™M Fuel m Tailpipe
= | Prius89gikm VAUXHALL Ampera REEV
O Av UK mix ?I o
20
f,{ 60% -
Ampera ‘I‘ NISSAN LEAF EV
Renew-Elec Renew-Elec 40% -
0 20% -
0 20 40 60 80 100 0% - , , ,
AIR QUALITY IMPACT Cayenne Focus  Prius LEAF
PET DSL HEV BEV

1 — Next Green Car dataset 2013



Providing consumer and The challenge
fleet LCA information

* Include life cycle emissions (beyond tailpipe) — enables a fair comparison of all
vehicle types — and means that zero-emission vehicles can be fairly compared

" Include all measured air-based emissions (not just CO2) — allows a realistic
comparison between different vehicle and fuel types (PET vs DSL)

= |[ncorporate an impact assessment — accounts for impacts of different emissions and
enables: (a) comparison between emissions (b) emission vectors to be aggregated

" Include vehicle manufacturing cycle (as well as fuel cycle) — while manufacturer of
ICEs only contributes 10-15% of life cycle CO2, this is set to dramatically increase

= Be simple for non-experts — common approach is to use a score out of 100 — but
also be able to provide all relevant reporting data (fleet)

= Be a trusted source of information — common standards available include ISO
14040-14044 standards and PAS2050 accreditation

= Branded: instantly recognisable by mass audience

AP .

ENERGY STAR



Providing consumer and The challenge
fleet LCA information

None of the global fuel economy labels include LCA data:

Fuel bor - Used Cars Reg No. ABC 1224 Energia ( Combustivel) MZO‘O? L Transport §Q Autborit oA ) /// \~
Categera do veiculo. Compacto ﬂ*ﬂﬂﬂﬁlﬁiﬂ /i / 4 4 4 ,
Lt AUTOMOBILE FUEL CONSUMPTION LABEL / \
e fomaton) / ¥ \
ey S o MORE SAVINGS ‘
i PRt e . v -
T . — il i - Fuel Savings
i povivast S RO - Guide
Con i - "‘.—- e £
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tirana. o et ko « doa habidon da motoria
i ¢ et e e s 0 et N S

Brazil China

Eficiencia Energética

EPA

por Fuel Economy and Environment

PN MPGe “omrmisn e You SAVE
9 10385 3. $9,600

in fuel costs
‘‘‘‘‘‘ over 5 years

South Korea
ICCT 2013



Providing consumer and

fleet LCA information

The challenge

Designing consumer metrics can be a challenge in itself:

VED band and CO,

C 114 g/km

Fuel cost (estimated) for 12,000 miles £830
VED for 12 months

Fuel Consumption: s/1
Urban
Extra-urban

Combined

4.3

v

To compare fuel Bsts and CO, emissions ot W

visit www.vcacarfueldata.org.uk

Test label based on current UK label

LowCVP Car Buyer Survey 2012

NISSAN LEAF S o
Hatchback 80kw 2012 1109 PS |Automatic (CvT) Pure electric
TRICITY USE
kWh/100km
combined
o
electric range 80 miles

Vehicle Excise Duty (VED) kilowatt hours per 100km

Test label for battery/electric vehicle

Very low level of
understanding of ‘Wh/km’
and ‘kWh/100km’




Life cycle information The opportunity
provision and marketing

= Consumers: able to make simple but informed choices
(eg ICE vs EV) — retain trust in industry and brand loyalty;

= Fleets: able to report and audit GHG + AQ emissions simply,
accurately and to agreed common standards;

= Policy: able to make informed technology choices based on
balanced approach to CO2 & AQ — better company reporting =
better national emissions auditing;

= OEMs: Brand strength, maintain reputation, increase
competitiveness 2 new marketing opportunities (e.g. EV sales,
data for fleets)




Life cycle information The opportunity
provision and marketing

“If you’re in the
showroom... rather
than ask the
dealer, you’ve got
the information to
hand — it’s great”
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LowCVP Car Buyer Survey 2012
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Green Car Rating calculation (UK)

p; = emission of pollutant i in grams/km
¢, = external cost of emission of pollutant j in EUR/grams

" External cost Qg /nq (EUR/km) = X, p,.c;

GHG Rating = 100 x Qg (vehicle) / Q;,,;(maximum)
AQ Rating =100 x Q,,, (vehicle) / Q,, (maximum)

Green Car Rating = 100 x Q,;,, (vehicle) / Q;5r,, (Maximum)

Example: Toyota Prius 1.8 VVT-i T3 HEV MY2013 89gC02/km?

GHG external costs COo, CH, N,O TOTAL

Tailpipe emissions (g/km) 89 0.012 (est) 0.005 (est) -

Tailpipe ext costs (EUR/km) 0.00409 0.00001 0.00007

Indirect ext costs (EUR/km) 0.00221 0.00004 0.00000 -

GHG external costs 0.00630 0.00005 0.00007 0.00642

Max GHG ext cost 0.01718

AQ external costs co HC NO, PM SO, TOTAL
Tailpipe emissions (g/km) 0.258 0.058 0.006 - - -
Tailpipe ext costs (EUR/km) 0.00000 0.00000 0.00000 0.00000 0.00000

Indirect ext costs (EUR/km) 0.00000 0.00069 0.00031 0.00012 0.00095 -
AQ external costs 0.00000 0.00069 0.00031 0.00012 0.00095 0.00208
Max AQ ext cost 0.01165

GHG Rating = 100 x 0.00642 / 0.01718 = 37.0
AQ Rating = 100 x 0.00208 / 0.01165 = 19.0
Green Car Rating = 100 x 0.00959 / 0.02883 = 30.0

1 - http://www.ecoscore.be/en/ecoscore-information 2 —VCA (UK) NEDC data



Ecoscore methodology Rating systems

= Ecoscore = 100*exp[-0.00357*(A*CO2 + B¥*HC + C*NOx + D*CO + E*PM + F*BV + G*dB(A) + H)]
= Ecoscore GHG = 100*exp[-0.00357*2*(A*CO2 + f1*BV + h1)]
= Ecoscore AQ = 100*exp[-0.00357*2.5%(B*HC + C*NOx + D*CO + E*PM + f2*BV)]

BV = fuel economy in lit/100km, m3/100km or kWh/100km
Coefficients A, B, C, D, E, F, f1, f2, G and the constants H, h1, h2 correspond to fuel type and Euro standard

Example: Toyota Prius 1.8 VVT-i T3 HEV MY2013 89gC02/km2

GHG calculation CO, BV constant TOTAL

€02 (g/km) & FC (1/100km) 89 3.9

Coefficients 0.36 1.12 0.71 -

Exponent 32.04 4.368 0.71 37.118

GHG ecoscore 76.7

AQ calculation co HC NO, PM BV TOTAL

Emm (g/km) & FC (I/100km) 0.258 0.058 0.006 - 3.9 -

Coefficients 0.011 23.17 101.88 1407.75 5.89

Exponent 0.0028 1.3439 0.6113 0.0000 22,971 24.929

AQ ecoscore 80.0

AQ calculation co2 co HC NO, PM BV dB(A) constant TOTAL
Emm (g/km) & FC (I/100km) 89 0.258 0.058 0.006 - 3.9 69.0 -
Coefficients 0.36 0.011 23.17 101.88 1407.75 7.01 0.333 -12.63

Exponent 32.04 0.0028 1.3439 0.6113 0.0000 27.339 22.977 -12.63 71.684
AQ ecoscore 77.4

GHG ecoscore = 76.7
AQ ecoscore = 80.0
TOTAL ecoscore =77.4

1 - http://www.ecoscore.be/en/ecoscore-information 2 —VCA (UK) NEDC data




