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Background information for Steve Ciatti

Argonne researcher in engine and emissions research for 6 years

More than 17 years experience working with transportation
engines

— Northwest Airlines
— Burlington Northern Railroad

Ph. D. in Mechanical Engineering from University of Wisconsin-
Madison’s Engine Research Center

— Taught thermodynamics, fluid mechanics and heat transfer
Specialist in advanced diagnostics for combustion

— Optical

— X-ray
Current research focus on alternative fuels

— Hydrogen

— Ethanol, biodiesel



Argonne’s Transportation Research

A multi-disciplinary organization that researches transportation
technologies using a variety of tools and techniques

— Engines and Emissions

* Operate engines and use advanced diagnostics to evaluate
performance

— Vehicle systems

* Use experiments and simulation to evaluate the most advanced
powertrain combinations; hybrid, FC, others

— Technology assessments/Systems analysis

« Simulations and large-scale data to determine the effects of
transportation technologies upon the economy and environment

— Materials and Tribology

« Study new materials like near-frictionless coatings, nanofluids for
heat transfer, new manufacturing processes

— Vehicle recycling
* Developed a pilot plant to recycle the foam from vehicle interiors
— Batteries and Fuel Cells
— Combustion Chemistry
— Advanced Photon Source



ANL engine research has wide variety of
applications and technologies

Several engine sizes

— Locomotive single cylinder
« EMD 2 and 4 stroke

— Heavy duty truck
 Caterpillar 3401

— Automotive
* International diesel 4.5 L
 GM/Fiat diesel 1.9 L

* Ford Hydrogen single
cylinder 0.5 L

* Ford Hydrogen 2.3 L
« GM ES85 EcoTech 2.2 L



Advanced tools provide unique abillities

Advanced Photon Source
— High intensity x-rays
* Fuel sprays
* PM formation (Chemistry Dept.)
Transmission Electron Microscope
— One of the largest in the U.S.
* PM characterization
— Morphology, composition

— PM dependence upon
injector nozzle

AVL VisioScope

— Endoscope access into engine
combustion

* Real engine conditions

» Excellent data when coupled with
other diagnostic tools

» Functional on hydrogen engine



Experimental Setup

Schematics of combustion h
Endoscop
chamber access shown here and sleeve

Intake valves i

Injector tip

Optical fiber

/ Intake valves
Window and sleeve

Injector tip

Spectrograph Spark plug

ICCD

Exhaust valves

Fiber-optic setup Endoscopic setup



Sample view of combustion chamber
through endoscope/lens combination

Intake Valve

Piston crown

Exhaust Valve

Representative view of
Ford H2 combustion
chamber

Provides large field of
view

NoO engine operating
restrictions

— Full speed/load
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Part 2: What does any of this study of
technology mean to me (the taxpayer)?

The Department of Energy (DOE) has as part of it's core mission the
responsibility seek ways to increase energy efficiency and reduce
dependence upon imported oil

All of this must be done while still meeting very stringent EPA standards
for exhaust emissions

The technologies of interest depend greatly upon what is determined to
be “valuable” (more on that later)
— Alternative fuels
 Bio fuels like ethanol and bio-diesel
* Hydrogen
 Liquid diesel fuels made from coal, natural gas, or wood chips
— Advanced technologies
* Hybrids
* Fuel cells

Pursue technologies that have the greatest potential to actually make an
Impact to the end customer and the nation



What exactly is “green” and why should
we care?

“Green” — minimizing the impact of human

society upon the earth and the earth’s
resources




How does transportation directly impact
the earth and the earth’s resources?

Fabrication and manufacturing

— Vehicles are made from a variety of materials that all need to
be extracted from the earth in a number of ways

— Manufacturing processes consume energy and other
resources (water, air, etc.)
Operation

— During the useful life of the vehicle, operational resources are
consumed (fuel, oil, rubber) and emissions are created
(exhaust, fuel vapor, windshield washer fluid, etc.)

Disposal

— At the end of a vehicle’s useful life, the venhicle is partially
recycled and partially disposed

— Directly related to fabrication and manufacturing to determine
how much can be recycled



Indirect effects of transportation to
environment

Transportation allows for the manufacture or creation of goods to
be used anywhere in the world

— Produce (almost exclusively grown in warmer climates)
— Durable goods
— Energy supplies
— Basically anything that is not consumed where it is created
Significant societal impact as well
— Allows people to live in suburban or rural areas
« Self-sufficiency is no longer required
— Roads and infrastructure are required to sustain transportation
* Fuel
* Roads
* Resources
All of these benefits come at a COST



What influences the choices most people
make when choosing transportation?

Style or image
— What perception of me does this vehicle choice give to others?
e Tough
* Rugged
 Independent
e Sporty
° Sexy
 Etc...
Power, Power and more Power
Cost
— Not always overall cost, but “Am | getting a deal?”
Manufacturer reputation



Transportation through history — or how
did the automobile get invented?

Mode Speed Propulsion System | Fuel
Walking 3 mph Legs Food
Horse 5-20 mph Legs Food
Sailboat 3-20 mph Sail wind
Train 5-60 mph Steam Coal
Bicycle 5-20 mph Legs Food
Skis 3-40 mph Sliding Gravity
Automobile 5-200 mph |IC Engine Gasoline

For the first time in history (!), a method of personal transportation
developed that was high power, high speed, highly dependable,
low cost and required only one operator (no fireman, no salil
operator; just about anyone can afford to buy and operate)!




Automobiles revolutionized society

Enough power to transport several people and cargo in an
enclosed, weather resistant package

Enough energy storage to allow the vehicle to go 300+ miles
without needing re-fueling

The ability to move relatively long distances on your own schedule

Low enough cost that just about everyone in America (and now,
most other parts of the world) could afford to own and operate one

Reliable enough to require relatively little maintenance for a
machine with so many moving parts

Mobility freedom has drastically altered the interaction of people in
society, on ALL levels.



Mobllity freedom also has significant cost

Humans consume more resources (and at a record rate!) than at
any other time in history

— Metals

— Petroleum

— Plastics

— Concrete and other paving material

Humans have also been pouring staggeringly large amounts of
pollutants into the air (and water)

— Vehicle emissions

— Power plant emissions

— Industrial processes

How do we minimize the impact upon the environment?

Can it be done without drastically altering lifestyles or society?



Power — the critical component to just about
everything in life

Energy, by itself, does not provide much use for any device or
system

— If it did, we would all be riding the most advanced bicycles
ever invented, because the human body is an amazing device
for consuming and using renewable energy

— However, speed and the ability to carry passengers or cargo
would disappear

The RATE of energy transfer, or power, is critical

The ability to generate power and utilize it most effectively, then,
becomes the most significant obstacle to overcome

Generating power, by definition, will create losses and cause
Inefficiencies that cannot be recovered. In fact, the more power
density that is created, the higher the percentage of losses

Going to the pump and putting 15 gallons of gasoline into your car
In 90 seconds equates to 20.8 MW power transferred
(comparison???)



How do we assess what a “green”
vehicle really i1s?

Assuming our definition of “green” is
correct — minimizing the impact of
automobiles upon the environment —
we need to look at many critical issues

Infrastructure
_ Roads What do we value and how
— Manufacturing do we assess value???

— Raw materials
— Fuel processing

Vehicle operation First, we need to know the
~ Fuel consumption total environmental impact

— Emissions generated

— Other resources consumed Of eaCh teChnOIqu!!!

Venhicle disposal
— Recycling and waste




GREET — Greenhouse gas, Regulated
Emission and Energy use in Transportation

GREET model analyzes vehicle impact upon the environment and the
economy from a large scale perspective

GREET was developed by an Argonne researcher, Dr. Michael Wang,
also from CTR

GREET is interfaced with Argonne’s vehicle performance analysis
code, PSAT (Powertrain Systems Analysis Toolkit), for further
accuracy in evaluating vehicle performance

Argonne uses this GREET simulation, which has won several DOE
and industry awards, to evaluate transportation technologies and their
Impact

The following study was conducted by a colleague, Andrew Burnham



Life-Cycle Analysis for Various
Vehicle/Fuel Systems

Vehicle Cycle
(GREET2 Series)

(Under development with
support from OFCVT)

(Ongoing development
since 1995)
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Number of Registered GREET Users Has Increased Stea dily
to More than 3,000 as of 2006
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GREET Users by Organization Geographic Distribution of GREET Users



GREET Includes More Than 90 Fuel Production
Pathways from Various Energy Feedstocks

Petroleum: Corn
Conventional
Oil Sands
Soybeans
Cellulosic
Natural Gas: Biomass:
NA | Switchgrass
Non-NA Fast growing trees
Crop residues
Nuclear Residual Oll
Energy Coal
Natural Gas
Nuclear
Coal Biomass
Other Renewables




Calculation Logic for a Given WTP Transportation
Activity iIn GREET




GREET Includes More Than 75 Vehicle/Fuel
Systems

Conventional Spark-Ignition Vehicles Compression-Ignition Direct-Injection Hybrid

Conventional gasoline, federal reformulated Electric Vehicles: Grid-Independent
gasoline, California reformulated gasoline and Connected

Compressed natural gas, liquefied natural « Conventional diesel, low sulfur diesel, dimethyl

gas, and liquefied petroleum gas ether, Fischer-Tropsch diesel, E-diesel, and biodiesel
Gaseous and liquid hydrogen

Methanol and ethanol
Battery-Powered Electric Vehicles
» U.S. generation mix

Spark-Ignition Hybrid Electric Vehicles: » California generation mix
Grid-Independent and Connected * Northeast U.S. generation mix
Conventional gasoline, federal reformulated * User-selected generation mix
gasoline, California reformulated gasoline
Compressed natural gas, liquefied natural Fuel Cell Vehicles

gas, and liquefied petroleum gas « Gaseous hydrogen, liquid hydrogen, methanol,
Gaseous and liquid hydrogen federal reformulated gasoline, California
Methanol and ethanol reformulated gasoline, low sulfur diesel,
ethanol, compressed natural gas, liquefied
natural gas, liquefied petroleum gas,
and naphtha

Compression-Ignition

Direct-Injection Vehicles Spark-Ignition Direct-Injection Vehicles

« Conventional diesel, low sulfur diesel, » Conventional gasoline, federal reformulated
dimethyl ether, Fischer-Tropsch gasoline, and California reformulated gasoline
diesel, E-diesel, and biodiesel * Methanol and ethanol




GREET 2 Simulates Vehicle Cycle
Energy Use and Emissions from
Material Recovery to Vehicle Disposal

Raw material recovery

Material processing and
fabrication

Vehicle component production
Vehicle assembly

Vehicle disposal and recycling



GREET 2 Process - Energy and
Emission Calculation Logic

REET 2 process energﬂ [ GREET 2 non- }

G . ) combustion emission
intensity (mmBtu/ton) factors (g/ton)

GREET 2 breakdown of
energy intensity into specific
process fuel shares (%)

v \ 4

GREET 2 energy use & emissions per
ton of material (mmBtu/ton & g/ton)




GREET 2 Vehicle Cycle Technology Options

Compare vehicle propulsion technologies
— Internal combustion engine vehicle (ICEV) =baseca se
— Grid-independent hybrid electric vehicle (Gl HEV)
— Fuel cell vehicle (FCV) with hybrid configuration
Evaluate vehicle material compositions
— Conventional
— Lightweight (LW)
Include different vehicle types

— Light-duty vehicles: passenger car , SUV, light truck &
minivan

— Heavy-duty trucks: long haul, dump, platform, tanker &
garbage



GREET 2 Vehicle Cycle Component

Breakdowns

ICEV

Gl HEV

FCV

Components

Body system

Powertrain system

Transmission system

Chassis system

X [ X | X [X

Traction motor

XX [ X[ X[X

Generator

Electronic controller

XXX [X [ X|X|X

Fuel cell auxiliary system

Batteries

X

X

Fluids (w/o fuel)

X

X

Total Vehicle Weight

XX [ X[ X | X




Vehicle Cycle Analysis Welghts of
Midsize Passenger Car

Weight (Ib) | ICEV | Gl FCV LW LW Gl | LW FCV
HEV ICEV HEV

Components | 3200| 2632| 2832 1853 1863 2140

Batteries 36 107 132 23 66 84

Fluids 94 71 56 94 71 56

Total 3330 2810| 3020 1970 2000 2280

— Gl HEV: 23 kW Ni-MH battery

— LW GI HEV: 14 kW Ni-MH battery

— FCV: 70 kW stack & 30 kW Ni-MH battery

— LW FCV: 54 kW stack & 19 kW Ni-MH battery




Vehicle Component Material Composition (%)

Gl LW Gl
Materials ICEV HEV FCV | LW ICEV HEV | LW FCV
Steel 61.7 65.2| 56.4 31.6 31.6 21.4
Cast iron 11.1 6.0 1.8 4.2 3.7 2.6
Aluminum 6.9 6.9 9.1 21.6 20.4 21.4
Copper/brass 1.9 4.3 4.8 3.2 54 5.5
Glass 2.9 2.9 2.6 3.0 3.0 2.8
Plastic 11.2 10.6| 10.2 14.0 12.6 11.7
Rubber 2.4 1.9 1.8 2.6 1.9 1.8
Advanced composites 0.0 0.0| 10.0 17.4 18.4 28.8
Nickel 0.1 0.1
Perfluorosulfonic acid (PFSA) 0.4 0.4
Carbon Paper 0.4 0.4
Polytetrafluoroethylene (PTFE) 0.1 0.1
Carbon & PFSA suspension 0.05 0.05
Platinum 0.0005 | 0.0003 | 0.007 0.0009 0.0003 0.007
Others 1.9 2.2 2.2 2.2 2.5 2.5




Material Energy Use and Emissions

(mmBtu/ton material anc

kg/ton material)

Total Energy
Materials Use| GHG| VOC NO, | PMyg SO,
Steel 32.4| 4908 0.3 2.6 9.5 2.6
Cast Aluminum 94.4| 7513 0.7 91| 149| 181
Wrought Aluminum 181.7 | 15026 1.4 17.7| 33.5| 41.2
Plastic 52.4| 4289 0.5 6.0 2.9 8.1
Advanced Composite 128.7 | 10287 1.0 154 49| 17.6

Steel: 70% recycled & 30% virgin split

Cast Al: 59% recycled & 41% virgin split
Wrought Al: 11% recycled & 89% virgin split
Plastic: weight average of three major plastics

Advanced composite: carbon-fiber reinforced plastic




Increase In Total Energy Use for FCV primarily due
to Heavier Weight and Use of Advanced

Composites
Vehicle Cycle Results - Total Energy Use
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Increase in GHG emissions for LW vehicles Primarily
due to Use of Aluminum and Advanced Composites

Vehicle Cycle Results - GHG
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Methanol Released from Windshield
Fluid Causes High VOC Emissions

Vehicle Cycle Results - VOC
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Use of Advanced Composites, Paint Production
and Painting Significantly Contribute to NO
Emissions
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Vehicle Cycle Results - NOy
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Replacement of Steel with Advanced Composites
and Plastics in LW Vehicles Results in Reduced

PMio Emissions
Vehicle Cycle Results - PMg
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High SO« Emissions from NI -MH Batteries
Primarily due to Nickel Processing

Vehicle Cycle Results - SOy
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Two Sets of Sensitivity Cases Were
Conducted for FCVs

Size of stack and battery
— 60 kW stack & 40 kW battery
* Base case
— 80 kW stack & 20 kW battery
* Max system efficiency
— 40 kW stack & 60 kW battery
* “Plug-in” type
Energy intensity for mining/processing platinum group metals (PGMs)
— North American & South African weight-based case
* Energy allocations: 1% PGMs, <1% gold, 40% copper & 59% nickel
* PGMs account for <0.02% of total FCV vehicle cycle energy use
— North American market value-based case
* Energy allocations: 93% PGMs, 2% gold, 1% copper & 4% nickel
* PGMs account for ~11% of total FCV vehicle cycle energy use



FCV Energy Use and GHGs Emissions Increase with
Stack Size and Using PGM Market Value Allocation
Method

Vehicle Cycle Results — FCV Sensitivities
B Total Energy [OFossilEnergy HEGHGs
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Two Sets of Sensitivity Cases Were Conducted for
HEVs

Two battery types
— Ni-MH battery
* Currently being used in HEVs
* Specific energy of 60 Wh/kg, specific power of 600 W/kg
— Li-lon battery
* Could be used in HEVs soon
* Specific energy of 109 Wh/kg, specific power of 1500 W/kg
Two HEV types
— Grid-independent HEV
* 38 kg of Ni-MH battery
* 15 kg of Li-lon battery
— Grid-connected (Plug-in) HEV (PHEV)
* 20 miles of electric range from 95% to 20% SOC
* 111 kg of Ni-MH battery
* 61 kg of Li-lon battery



As Size Increases, LI -lon Batteries Have
Significantly Less Energy Use and GHG Emissions
as Compared to Ni-MH

Vehicle Cycle Results — HEV Sensitivities
W Total Energy O Fossil Energy EGHGs
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Total Energy Cycle Major Assumptions

Lifetime VMT of vehicle: 160,000 miles
Fuel cycle assumptions relied on GREET 1.7
— ICEVs & HEVs fueled with RFG w/ ethanol
— FCV fueled with gaseous H,
* SMR of NA NG at refueling stations
* Compressed at 6000 psi for 5000 psi onboard storage
Vehicle operation:
— Tier 1l Bin 3 for ICEVs
— Tier 1l Bin 2 for HEVs
— Tier Il Bin 1 for FCVs
— Fuel economy based on PSAT simulations
* LW vehicle assumptions from mass sensitivity analysis



Improved Fuel Economy is Achieved by
Lightweight Vehicles over Conventional
Counterparts = 25% ICEV, 15% HEV, 14% FCV

40%
- - ICEV —#—HEV —&—FC Hybrid
~ ~ . ] 30%

1 20%

1 10%

Fuel Economy Change

T T I 0%
-40% -30% -20% -10% 0%

Vehicle Weight Change

From PSAT simulations



Manufacturing/Disposal Fraction of Total Energy
Ranges from 10% (ICEV) to 22% (LW FCV)

Total Energy Cycle Results — Total Energy Use
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Manufacturing/Disposal Share of GHG Emissions
for Vehicle Cycle Ranges from 11% (ICEV) to 25%

(LW FCV)
Total Energy Cycle Results - GHG

600
500
B Vehi. Operation
400 U Vehicle Cycle
© Fuel Cycle
£ 300
(@]
200
100
0
H2 FCV LW RFG LW RFG LW H2
FCV

RFG ICEV RFG HEV
ICEV HEV



Manufacturing/Disposal Share of VOC Emissions
Ranges from 40% (ICEV) to 91% (LW FCV)

Total Energy Cycle Results - VOC
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Share of NO x Emissions for Vehicle Cycle
Ranges from 19% (ICEV) to 46% (LW FCV)
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Share of PM 10 Emissions for Vehicle Cycle
Ranges from 50% (FCV) to 60% (HEV)
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Share of SO x Emissions for Vehicle Cycle
Ranges from 57% (ICEV) to 79% (LW HEV)
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GREET 1 plus GREET 2 = Comprehensive Life-
Cycle Analysis

Manufacturing/Disposal (Vehicle cycle) does not tell whole
story

— Still it is a nontrivial part of the life-cycle

Vehicle cycle energy use and emissions, in general,
Increase for advanced powertrains

— Use of energy intensive materials in additional components

Vehicle cycle energy use increases for lightweight
vehicles, depending on recycled content
— Emissions do not follow that pattern; pollutant specific

Total energy cycle energy use decreases for advanced
powertrains & lightweight vehicles
— Improved fuel economy offsets increase in vehicle cycle energy
— Emissions do not follow that pattern; pollutant specific



Example study for ethanol (EtOH)
conducted by Dr. Michael Wang



Key Issues for WTW Analysis of Bio-Ethanol

Key stages affecting WTW GHG results
— Use of fertilizer in farms
* Nitrogen fertilizer
* Lime
— Energy use for farming
— Energy use of ethanol production
— Co-products
« Animal feeds for corn ethanol
* Electricity for cellulosic ethanol
Energy embedded in farming equipment is NOT a significant contributor
— The number of equipment per farm
— Size of farm
— Life time of equipment
— Energy for producing equipment materials (such as steel)

— Argonne’s recent examination concludes that energy embedded in
farming equipment is only about 1% of total ethanol cycle energy use



Accurate Ethanol Energy Analysis Must Account
for Increased Productivity in Farming Over Time
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Energy Balance Results of Ethanol Depend
Heavily on System Boundary Choices

System boundary issue can be limited by comparative analysis of products.



Energy in Different Fuels
Can Have Very Different Qualities

Fossil Energy Ratio (FER) =
energy in fuel /fossil energy input
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Debate on Energy Balance ltself May
Have Little Practical Meaning

Though self evaluation of a fuel’'s energy balance is easy to
understand, to do so for a fuel in isolation could be arbitrary

All Btus are not created equal. The energy sector has been
converting low-value Btus into high-value Btus, with energy
losses — 2" | aw of Thermodynamics

Society has not made energy choice decisions on the basis
of energy balance values of individual energy products

Issues of concern, such as petroleum consumption and GHG
emissions, should be analyzed directly for fuels

A complete, robust way of evaluating a fuel’s effects is to
compare the fuel (e.g., ethanol) with those to be displaced
(e.g., gasoline)




EtOH Study Conclusions

Any type of fuel ethanol helps substantially reduce fossil
energy and petroleum use, relative to petroleum gasoline

Corn-based fuel ethanol achieves moderate reductions in
GHG emissions

Cellulosic ethanol can achieve much greater energy and
GHG benefits

For ethanol analysis in particular, and transportation fuel
analysis in general, we need to ask what relevant issues
we intend to address

Admittedly, GREET addresses only some of the relevant
Issues



How can | make the issue even more complicated?

Price is the traditional way to evaluate, in a free market, the “value” of any
commodity

The government can influence cost, to some degree, by providing incentives for
certain technologies (subsidies) or penalties for other technologies (taxes)

— However, almost exclusively, these incentives or penalties are
POLITICALLY, not technology, driven. i.e. they create the perception that
politicians are doing “something”, even if that something is irrelevant or
even harmful

— Example of irrelevant — “gas guzzler” tax on large SUV’s and sports cars. If
you can afford the car to begin with, you can pay the gas guzzler tax; it has
not curbed purchasing of these venhicles

— Example of potentially harmful — incentives to purchase hybrid vehicles due
to perceived “green-ness”; this may actually steer people away from better
choices under the current conditions (clean diesel, small gasoline models,
E85, etc.) The incentive would make more sense for fuel efficiency
improvement, regardless of technology

Other political considerations — such as reduction of petroleum imports

— North America is the “Saudi Arabia” of coal; several fuels can be created
from coal and natural gas



What “green” choices can be made today?

With some debate, there are certainly characteristics that most
environmentally conscious people can agree are “valuable”

— Fuel efficiency

— Toxic emissions

— GHG emissions

— Minimizing resource extraction from the earth

— Maximize the amount of recycled material

— The ratio of importance of each factor is for each individual to decide

When deciding, keep in mind that you CANNOT have “everything for
nothing yesterday”

Maximizing fuel efficiency tends to also maximize toxic emissions and
vice versa

Minimizing GHG emissions requires increasing efficiency (and toxics!)
or increasing renewable fuel use (potentially lowering efficiency and
Increasing toxics)

— Aftertreatment reduces toxics, also reduces efficiency



“Easy” choices that can be made with
little difficulty

Increased fuel efficiency tends to overcome the increased vehicle
production energy over the life of the vehicle

Choose the smallest, most fuel efficient vehicle you can afford that suits
your transportation needs

— Small gasoline vehicles (Focus, Cobalt, Corolla, Civic, Golf etc.)
— Small E85 flex-fuel vehicles (gasoline or E85), when available
— Small “clean diesel” vehicles, when available
Hybrids make sense if
— You engage in a lot of stop-and-go driving

« Commuting into the city

» Taxis

* Buses

— Otherwise, actual hybrid performance can be quite disappointing
— High purchase cost, high maintenance cost



Technologies that are being studied

“Plug-in” hybrids

Essentially electric vehicles that use batteries to store energy
from your home

Argonne is the “plug-in” lab for DOE

Some initial studies show that the efficiency of an engine
charging the batteries is actually better than increasing the
electricity demand at the house

Much more work needs to be done

Hydrogen

ICE
Fuel cells

Cost and hydrogen generation/storage are significant
challenges



Summary and Conclusions

There is no such thing as a free lunch!!!

Choosing a “green” vehicle is not nearly as straightforward as it
appears to be

As a general rule, if you want to make a difference, you need to
make trade-off choices that sacrifice things you do not value for
things that you do value

No technology that is currently available or that is being currently
Investigated will absolve the consumer of making a difficult choice

— No silver bullets will solve the problem
Choose to drive fuel efficient vehicles
Choose to drive fewer miles by combining trips or carpooling
Choose to use renewable fuels like E85 or B20
Encourage friends and relatives to do the same



