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Z-Engine on Global Warming

A Intergovernmental Panel on Climate Change (IPCC): approved Special Rep@ctrb8r 2018:
T https://lwww.ipcc.ch/2018/10/08/summanyfor-policymakersof-ipcespecialreport-on-globalwarmingof-1-5¢
approvedby-governments/

i X ¢KS NBLR2NI FTAYRa GKIFGi B 2RYARAND I BN GRNEYEINER AN RGSEA (i
energy, industry, buildings, transport, and cities. Global net hucaaised emissions oérbon dioxide (CO2) would
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Z-Engine is the solution for transport sector
A high efficiency
A very low emissions
A affordable to customers

A Z-Engine is developed during last 20 years and it is answeritigg tmost difficult problem
Carbon Dioxide CQ

A Z-Engine is ready for prototype manufacturing and then for volume production


https://www.ipcc.ch/2018/10/08/summary-for-policymakers-of-ipcc-special-report-on-global-warming-of-1-5c-approved-by-governments/
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Why ZEngine?
A Most ecological solution for reducing transport sector emissions is needed

A Tohaveenoughlargeimpactto our commonclimate, this ecologicakolution must be alseconomical
for global deployment

A While beingeffectivefor CO2 solution must not bringlisadvantageous side impacts

A Focusingn CQ: belowis shownthe EUElectricityGlobalWarmingPotential (GWP) Forecast (*
A Calculatioris comparingElectric Vehicle Emissions vE&Zgine

EU Electricity Global Warming Potential (GWP) Forecast Vehicle CO, Emission (g CO,/km), Constant 80km/h
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A As seen, only at year 2050 Electric Vehicle emissions are lower than-BitiZe. Couplefii 2 R &€ Q&
iImprovements with ZEngine:
i ZEngine with Hybrid
i Utilizing bie & synthetic fuels

Biggest CQreduction. Most economical investment Superb CQreduction per used Euro
3

A (* https://www.concawe.eu/wpcontent/uploads/RD1&019123-Q015713SummaryReportMassEVtand-LowCarborFuelsScenariosl .pdf
A Calculationn slide37 in this presentation



https://www.concawe.eu/wp-content/uploads/RD18-001912-3-Q015713-Summary-Report-Mass-EV-and-Low-Carbon-Fuels-Scenarios-1.pdf
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Z-Engine: Most economical & ecological Glolballti -fuel engine

A Multi-Fuel:

I Biogas natural gassynthetic gas
I Diese]biodiesel
i Gasolinebio-Si K| y2f X

Consumption (WLTP) | CQ emission in WLTP

Natural gas 2.0 kg /200km 55 g C@Qkm (Link

Diesel 2.6 |1/ 100km 68.6 g Cgkm

Gasoline 3.0 1/ 100km 69.3 g Cgkm

A Meets year 2030 EU G@mission targets today with all fossile fuels and
ready for all bieand synthetic fuels

A Extremely low NOx and particles, only diesel oxidation catalysator (DOC)
needed
i Euro7 limits not yet defined, strong belief thaEsagine meets also those coming limits

A Optimized Real Driving Emissions (RDE) control during engine lifetime

I No Diesel Particle Filter (DP¥)no issues with exhaust soot ashes
A No need for DPF regeneration either

I Low emissions when StaBitop and/or hybrid engine may delay achieving optimum
temperature for exhaust aftetreatment in comparison group

Link 1:https://witpfacts.eu/what-is-wltp-how-will-it-work/



https://wltpfacts.eu/what-is-wltp-how-will-it-work/
https://www.engineeringtoolbox.com/co2-emission-fuels-d_1085.html
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Z-Engine: Economy

A Manufacturer average benefit at least ~5560n 1 n€ar K = %

I Manufacturing cost saving and no EU,€@ission penalty payments thanks to
meeting the given limits and reducing the fleet average emission

A Customemenefit:
i Car price can be keptffordablke
i Low fuelexpenses, low maintenance
I Low environmental taxes

A Lessxpensedor societies
i Infrastructure

A existingfuel delivery networks can be used
I also with coming bioand synthetiduels

A Light cameans less road wearing

I Existing large European automotive industry can be updated for clean future with
very affordable cost

A People can keep their jobs

A C Win-Win-Win-Win for EnvironmentManufacturersCustomers &
Societies!
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Z-Engine: Ecology & Multifuel

A Multifuel

I Most efficient usage of biand synthetic fuels
i Engine architecture enables usage of all liquid and gaseous fuels
i True environment solution today for whole world!

A Standard manufacturing process with fully Recyclable materials
i no Rare Earth Metals

A Engine is small & ligi{ best for car overall efficiency & space usage
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Vehicle market Size by Mazda
IMPORTANCE OF REDUCING CO, FROM COMBUSTION ENGINES

JSTION ENGINE WILL HELP POWER THE MAJORITY OF VEHICLES GLOB
(EARS TO COME AND CAN MAKE THE BIGGEST CONTRIBUTION TO CO, REDL

~ FUEL CELL ELECTRIC
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2035: ICE 84.4% with sales forecast ~150M new passanger cars: 126M ICE Equipped cars

https://www.inspire.ethz.ch/site/assets/files/2035/6_c_schultze _mazda.pdf



https://www.inspire.ethz.ch/site/assets/files/2035/6_c_schultze_mazda.pdf
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Z-Engine for Driver

A Low Fuel Consumption, G@mission below EU 2030 limits today!

A Small Emissions meeting coming Euro? limits*
T No exhaust aftertreatment except normal catalyst
T No need for AdBlue

A Multifuel Engine
T Dieselbiodiesel
I Gasolinegthanol
T Natural gashiogas
T Synthetic fuels

High Power and excellent Transient Response
High Torque on whole RPM range

Ultra low engine vibration & Engine Sound
i 2-cylinder Zengine similar to €ylinder 4stroke engine
T 4-cylinder Zengine similar to excellent iline 8-cylinder engine (used in the past on luxury cars)

Compact size & light weight
Good driveability
T Power, Torque, Transient Response, size, weight

Good reliability

i Low piston speed & lower piston travel distance for given driving mileage

A Affordable car price

To o I

o To P>

* Euro7 limits not yet defined, anyhowehgine emissions are very low and with high confidence meeting these limits
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More information on following slides
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Z-Engine Main Objectives

High Efficiency Low CO2
i Atall loads, especially partial loads
Low emissions without
aftertreatment
I Nox, Particles,Soot
A Environment friendly
i Lifetime ecological footprint
i Norare-earth metals
Reliability
I Proven manufacturing technologies
Multi-Fuel Capability
i True global engine:-@ngine can utilize
fuels obtainable anywhere in the globe
A Economy for all stakeholders
i Manufacturer
i Car Buyer/Owner/User
I Governments

10
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Break Specific Fuel Consumption vs Break Mean Effective Pressure

Z-Engine Break Specific Fuel Consumption Comparison
420

410 —— Z—Enéine: ]
A In graphics it is shown the specific fue 30 A Compressioin =25
: : 380 — = pm
consumption ofZ-enginevs 370
i BestTDI on the market B
i BestAdvanced Gasoline Engine (in R& 33
A Essential is the low fuel consumption « %
all loads, but for example to WLTP the 3%
partial load efficiency means the bigge o280
savings on fuel consumption Z 260
A Zengine offers more optimization o0 — | ‘
parameters than any other IGE Z can 25 \ N | |
be optimized for all usages 210 \\ [26% ~——_
I Also Cylinder Deactivation System will 12 N -22%
included to ZEngine to improve fuel 170
consumption further at light loads s st IO
128 esm/-Engine
120
110 Ford Ecoboost 1.0
100
90 Best Gasoline
80
0 5 10 15 20 25 30 35 40
Break Specific Fuel Consumption (BS®82n given in unit 0 10 20 30 40 50 60 70 80
g/kWh, means that for each kWh of crankshaft energy given Power ka) for 0.8I-Engine
amount of fuel mass (in grams) is combusted. \

Partial IoYad: most important for G@mission reduction
Break Mean Effective Pressure (BMERscribes the average

pressure inside cylindeNaturallythe pressure is varying for 0.8l Zengln?’. . .

depending on the piston position, but this BMEP is efficient 0 ¢ o0 0v m&bl500f?{'ﬂ
parameter for comparing different sizes & architectures of . . .

engines. SeePhysics linkor derivation of formula
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Break Specific Fuel Consumptionksgine Power

Break Specific Fuel Consumption vs Engine Power

420

Z-Engine: almm7_Engi
ggg A Compressiomatio ¥=25 ngine
g%g A n=1500rpm es@ssmFord Ecoboost
328 Best TDI
ggg Best Gasoline

320

300
290
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210 0
500 31%
190

170
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130
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80
0 10 20 30 40 50 60 70 80 90 100 110

\ J Power (kW)

BSFC (g/kWh)
N
3

-28%

Partial Ioa(]: most important for G@mission reduction
A BMEP is good for engine technology comparison, but for fuel consumption calculation power is ne¢uedblove
chart BMEP is converted to Power knowing different engines characteristics
A For example, if we drive 1h using 10kW powedriving uses 10kWh energy and combustion uses 1.76kg fuel in Z
Engine 12
A Nextslidescalculateghe fuel consumption to efficiency
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Efficiency vs Power

Engine Efficiency (%) vs Engine Power

55.0%
enlmm/-cngine
50.0% e=@==Ford Ecoboost
Best TDI
45.0% Best Gasoline
9
< 40.0%
=
Q
= 35.0%
i
30.0%
25.0% Z-Engine:
A Compressiomatio ¥=25
A n=1500rpm
20.0%
0 10 20 30 40 50 60 70 80 90 100 110

Power (kW)

A This chart shows well theEZngine high efficiency all loads, especially on very light loads

13
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Engine Power
Power of 2 cylinder 0.8F&ngine is compared to 2.0TDI*

Power comparison (kW), VW EA288 family, engine code CRBC 2.0TDI vs 0.8| Z-Engine
140

120
100

80

Power (kW)

60

40

20

0
500 700 900 1100 1300 1500 1700 1900 2100 2300 2500 2700 2900 3100 3300 3500 3700 3900 4100 4300 4500 4700
RPM

e Power (kW) CRBC 2.0TDI  ==@ssPower(kW) 7 0.8

14

* VW EAZ288, engine code CRBC, 2.03dy1 4 Power in unithorsepower: 1kW=1.36hp
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Engine Torque
Torque of 2 cylinder 0.8k&ngine is compared to 2.0TDI*

Torque comparison (Nm), VW EA288 family, engine code CRBC 2.0TDI vs 0.8] Z-Engine
500

450

cv\ 0 .8‘

z-Engine 2°

400
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em@mmTorque (Nm)_CRBC_2.0TDI e=@umTorque(Nm)_Z_0.8

* VW EA288, engine code CRBC, 2.09@®1 4
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Z-Engine Fuel Consumption & CO2 emissions in VW Golf size car

WLTP:
without transmission loss with transmission loss u From the known WLTP Speed distribution (duration
cons':l:ﬁ:)tion N —— cons':::s:) 1op| COZ emission Note 1800seconds, spe_ed data with 1s s_teps) we can
(r00km) | ©@CO2Km) | ooy | (@ CO2Km) calculat_e the rgquwed power for maintaining speed
WLTP_Z-engine 2.43 64.0 2.6 67.5 100% fossile diesel, CO2 2640g /I (tire rolling resistance+air drag) + required power for
WLTPE;;:‘;Q?”G withh 183 48.3 1.93 50.9 100% fossile diesel, CO2 2640g /I accelerations.
WLTP_Z-engi 109 2.43 57.6 2.6 60.8 10% bi t in diesel . . .. .
cenome OeomPonE T i When the car is decelerating, then the fuel injection
WLE;’&iZcf;g{Qj with - g3 434 19 458 10% biocomponent in diesel is stoppedd consumption is O at those times
WLTP_Z-engine_30%  2.43 448 2.6 473 30% biocomponent in diesel [ From the required power we can map fuel
WLTP_Zengine with 4 g5 3338 19 35.6 30% biocomponent in diesel consumption, eventually summing up a.” the
hybrid_30%" __| _ : : : : : individuel 1 second long fuel consumptions over
* hybrid consumption estimated using only the deceleration energy for battery charging, no battery charging from electric . .
network whole WLTP cycld WLTP fuel consumption is

calculated for Zngine:

2.61/100km - 68.6g CQkm Y

Constant speed: Highway with constant speed

. : Constant |Required
u Required Power to match the air L
drag’ tyre rotat|ng resistance and Speed POWGI’* BSFC COZ emission g/km (100%
transmission loss* (km/h) (kW) (a/kwWh) |Fuel (I) in 1h |[fossile diesel)
u Fuel consumption of-2ngine for 80 7.3 173 1.52 50
this power generation shown: 100 12.2 175 2.57 68
130 23.6 170 4.83 98

A 1) With 6% transmission logsgttps://www.nap.edu/read/21744/chapter/7#176diesel
A transmission losses in moderpspeed automatic transmission (Fig. 5.16)

With gasoline: 2.91/100km
With gas: <2.0kg/100km

16



https://www.nap.edu/read/21744/chapter/7#176
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Agreed EU CO2 emission limits, Current status and Z

A 2021 limit is 95g/km (NEDC), but 2025 and 2030 targets will be WLTP/RDE based, and given today as
percents below 2021 level (in graplBy link)

I 2025:-15%
I 2030:-37.5%
A Average ratio of WLTP CO2 emission to NEDC is ~+20%

A 95 g/km as NEDC in 2021 is ~1.2*95=114g/km in WLTP, also 2017 & 2018 status converted to
WLTP

CO2 emission g/km/ car WLTP A Z engine IS below

160.0

140.0

120.0

g
=]

80.0

g CO2/km/car

60.

=]

40.

(=]

20.

=]

0.0

Imit
From NEDC to WLTHRtp://publications.jrc.ec.europa.eu/repository/bitstream/JRC107662/kjna28724enn.pdf

141.7 144.6

114 0
b 15°/ -37.59
96. 9

201? 2018 2021 2025

2030

Status EU

100%
diesel

Z+MildHybrid
10%
biodiesel

2030 limit with
100% fossile
diesel

A As mild hybrid

using 10%
biocomponent in
diesel the
emissions is 56%
below 2021 target
or -65% below
2018 emissions
and 30% below
2030 limit



https://www.electrive.com/2018/12/18/eu-agrees-on-37-5-co2-reduction-for-cars-by-2030/
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC107662/kjna28724enn.pdf
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Z-Engine emission (g ¢&m) with different blend of fuels vs EV
(for battery calculation: 10years, 11000km/year)

Z-Engine Consumption in WLTP

Diesel 2.56 | liters/100km
Gas 1.96 kg /100km
67.6
61.5

49.3

(i.e. full bar): Z2ngine

90.1

I Zengine with hybrid

Battery(60kWh)
manufacturing
100kg CO2/kWh

EV Driving
with

electricity
(CO2 intensity
of 150g/kwWh)

18

*See EV calculation
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World gross electricity production , by source, 2016

Share of Coal+Gas+0Qil=65.1% @ 2016 Electricity Production by coun#y

2.3%
588.1TWh

16.6%
0
4244.6TWh 38.3%

9870TWh

10.4%
2659.3TWh

23.1%
5906.7TWh

Total production in
2017: 25 57Wh?)

1) https://www.iea.org/statistics/electricity/
2) https://lyearbook.enerdata.net/electricity/worleelectricity-productionstatistics.html
3) https://renewablesnow.com/news/renewablesupply25-of-globatpower-in-201 7-iea-606070/ 1 TWh=1000 GWh

To To o



https://www.iea.org/statistics/electricity/
https://yearbook.enerdata.net/electricity/world-electricity-production-statistics.html
https://renewablesnow.com/news/renewables-supply-25-of-global-power-in-2017-iea-606070/

