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Finns det en framtid for forbranningsmotorer?




Krav vi maste stalla pa framtidens
energiomvandlare och drivmedel

 Funktion
e Skalbarhet

* Hallbarhet
* Prisvardhet



Disruptiva teknologier: Forbranningsmotorn

Stadsgasen som anvants for belysning i staderna

Energisnél, stark och latt driver nu istallet motorer som genererar el. Staderna
energiomvandlare ' S® S AN
224 E}mericau Gus Light Fonrmal, Oct. 16, 188 ‘

THE “OTTO” GAS ENGINE,

Guaranteed to Consume 25 to 76 ANY OTHER GAS ENGINE
Per Cent. LESS GAS than PER BRAKE HORSE POWER,

‘I'Wl“ ENEINES Impulse every revolution,
THE STEADIEST RUNNING GAS ENGINE YET MADE

ENCINES AND PUMPS COMEINED,

For Hydraulic Elevators, Town Water Supply, or Railway Service.

Special Engines Il Electric Light Work,

The Otto Gas Engine is now consuming, at a moderate computation, 2000 millions cubic
feet of gas per year, nearly all of which is furnished during day time only.

Mojliggér ideer n.
kSJ ilvgaende fordo

THE ONLY HIGHEST AWARD, ONLY GOLD MEDAL
AT ELECTRICAL EXHIBITION, PARIS, 1881.
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Vanligaste bilen ar 1900 - elbilen




Sa varfor bensin?

. | Funktion?
Motorbilar kostar ca 1/3 av ®  Skalbarhet?
elbilar | Hallbarhet?
Etanol ar patankt, men... L4 Prisvardhet?

Olja finns i stora mangder och gor §* “wiaan
bensin tillgangligt och relativt e
billigt

Bensin har mycket hogt o
volymetriskt energiinnehall och V@ =
ar enkelt att distribuera — 1att att ¥y
ta med sig ”70 mil” i bilen

Tankning motsvarar ~20 MW

Antal bilar och bensinstationer
okar snabbt hand i hand




Motorforskning i Lund

Applicera — vxprer

BilgerMixFrc

0.1 0.2

U —

0

.'_::Nlﬁll

g

wed g O

. 'R ke
- ;
" L3







B WNPRE

FOrbranning i bensinmotor (Sl)

Forblandat bransle/luft
Komprimering (obs! ej till antandning)
Antandning med gnista
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Forbranning i dieselmotor (DICI)

1. Luft

2. Komprimering till antandningstemperatur
3. Insprutning av bransle

4. Diffusionsforbranning




Advanced concepts

Exhaust Intake

Low = Prevents Auto-Ignition

Fuel Reactivity

Lund University / Martin Tunér




Single vs Triple injection

Single injection Triple injection
Tin ~ 125°C Tin ~ 90°C

UNIVERSITY

Division of Combustion Physics | Lund University | Alexios Matamis | MOT2030 Reference group meeting | 08-11-2017



Framtiden

Fornybara drivmedel



BTE and engine-out soot - LD engines
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Alternativa drivmedel kan minska emissioner

Engine-out emissions - HD engines
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WTW g CO2eq/km

WTW Energianvandning och CO2

- Manga olika drivmedel och drivlinor ar relevanta

WTW NEDC
160
NETER

BEV = batteri-elbil | Feev 2020, EU-ix
140 - .

FCEV = branslecells-elbi - ®

|C = motorbil @ | FCEV: Tn:n',r;m Iirai 2017 Maturgas |
120 ICEV = hybrid-motorbil | ICV: Valvo V60 2017 Diesel |

IC-PHEV = plug-in hybrid motorbil :

REEV = Elbil med rackviddsforlangare
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Life-cycle emissions Cars:

« Average European car

» E85 premium from Agroetanol (80 % CO, reduction) « 2017 Peugeot 208 1.6

« 2017 Nissan Leaf (30 kWh)

* HVO waste cooking oil (91 % CO, reduction)

B Lithium battery W Other manufacturing M Fuel cycle W Tailpipe

Average Most
car efficient
E85 HVO

CO, emissions (g/km)

Average Most European France Germany Netherlands Norway United
European  efficlent Union Kingdom
car average

Conventlonal Electric iCCt

NNNNNNNNNNNNNNNNNNNNN

Figure 1. Life-cycle emissions (over 150,000 km) of electric and conventional vehicles in Europe
in 2015. —

FEBRUARY 2018



EU (och andra) har fokus pa TTW

Ser ni nagra problem med det?

* Elbilar definieras som 0 g CO2 /km

* Man gor saledes ingen skillnad pa en miljosmart elbil pa solel eller
en elbil med miljostorande batterier och el fran kol

* Man gor heller ingen skillnad pa férnybara drivmedel eller fossila
drivmedel

* Fa vagar investera i alternativa drivmedel....

e ...men EU diskuterar att introducera WTW och LCA till 2023




0Oil and total liquids demand (mb/d)

Oil and total liquids demand (mb/d)
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@ oOther

@ Buildings and power

@ Industry and petrochemicals
Aviation and shipping
Road freight
Passenger cars

2025 2030 2035 2040

New Policies Scenario (NPS)

Incorporates existing energy policies as well as

an assessment of the res

ults likely to stem from

the implementation of announced policy

intentions.

Crrsrdanimalila Navialawmms

Last month we pass100 million barrels a day.
[ years ahead of the worse NPS scenario!

nt Scenario (SDS)

)proach to achieving

@ oOther

@ Buildings and power

@ Industry and petrochemicals
Aviation and shipping
Road freight
Passenger cars

2025 2030 2035 2040

World Energy Outlook 2017, IEA

Internationally agreed objectives on climate
change, air quality and universal access to

modern energy.



El prioriteras for andra andamal an transporter
— nar ska vi av bli av med kolet?

World electricity use by sector World net electricity generation by fuel
quadrillion Btu trillion kilowatthours
2015
2015
20 40 liquids
35 -
40 .
30 . natural gas
residential =
30 25
20 - coal
20 commercial 15
10 10
transportation 5 renewables
0 0
2010 2015 2[]20 2025 2030 2035 2040 2010 2015 2020 2025 2030 2035 2040
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U.S. Energy Information Administration #IEO2017 www.eia.goviieo | 79 |
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Electricity production in Germany in week 18 2016

0 usage tips

_ @ Stacked (O Expanded @ Import Balance @ Conventional > 100 MW & Wind Solar
&2 12

Power prices go negative in Germany
due to overproduction

Electricity prices in Germany recently plunged
below zero, meaning consumers were paid

to consume electricity, as power grids were
loaded due to overproduction. This is a frequent
occurrence in the country as electricity produced
from renewable sources like Sun and wind
depends on the weather. The negative pricing
compensates the consumers' subsequent
electricity billing.

Lund University / Martin Tunér



Flytande el!

Production
of electro-
fuels

EIectro- (H,)
lysis

Maria Grahn et
iy

Other hydrogen Carbon dioxide
options (H,) -

Water (HZO)

Hydrogen

co, from air
and seawater

Heat

Synthesis reactor (e.g. Biofuel
Sabatier, Fischer-Tropsch) production

co, Biomass

C.H,,0
H Biofuels (CoHio05)
Methane (CH,)

Methanol (CH;0H)

DME (CH;0CH,)

Higher alcohols, e.g., Ethanol (C,H,OH)
Higher hydrocarbons, e.g., Gasoline (CgH,;)

Electrofuels

24



Framtiden

Motorutveckling
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Roadmap approaches to 55% BTE are outlined.

Path to 55% BTE for Conventional Diesel Combustion
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DCEE Concept layout

eacweuy
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Inlet valve B -‘ Outlet valve ¢
Exhaust valve Inlet port from

\ cross-over

HP cylinder | @S “ | |P cylinder

Crossover channel

V4

Inlet valve A

Exhaust valve
A

Not to scale!

SAE INTERNATIONAL 2015-01-1260 27



Simulation results: Fuel energy distribution

Pumping losses

Pumping losses

Pumping losses

Pumping

losses

100%
90% Heat transfer Heat transfer Heat transfer
losses losses losses
80%
70% Exhaust
— Exhaust Exhaust
S 60% losses losses Exhaust [—
3 losses
% 50% Friction work
g 40%
(I Brake work Brake work Brake work Brake work
30%
20%
DCEE, A=1.2 DCEE, A=3.0 Cl, A=1.2 Cl, A=3.0
® Pumping losses 1.0% 1.5% 0.4% 0.3%
m Heat transfer losses 23.8% 18.4% 25.2% 22.8%
m Exhaust losses 18.4% 19.8% 25.9% 21.3%
® Friction losses 2.2% 4.3% 6.8% 15.8%
Brake work 54.5% 56.0% 41.7% 39.8%

SAE INTERNATIONAL

2015-01-1260
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Electrification and WHR enable
superior ICE engines

Volvo ISAM PT Turbo compound, Ra

Improving secondary
cycle

Diesel engine &
Electric machines
interplay

mbination : -
CD b at D S - - Bus driving Intermitient Loy Hawl  Constant Long Haul Decrss
r o travnsdent
] arfving
: Window of technology utization

Volvo Group Trucks Technology
ATR — AVP eMability Program VOLVO




Sammanfattning

« De energiomvandlare och drivmedel som uppfyller kraven pa funktion,
skalbarhet, och hallbarhet kommer att konkurrera utifran prisvardhet

— Flera olika energiomvandlare ar relevanta beroende pa applikation

* Vi behover regelverk som ar LCA baserade — sa att vi uppnar hallbarhet pa
riktigt!

« Framtidens forbranningsmotor ar i flera applikationer en del av ett hybridsystem
— Vi narmar oss 60% verkningsgrad med DCEE + varmeatervinning

« Sol-el + sol-branslen ar helt avgorande

Lund University / Martin Tunér 30
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