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Z-Engine on Global Warming

Å Intergovernmental Panel on Climate Change (IPCC):  approved Special Report on 8th October 2018:

ï https://www.ipcc.ch/2018/10/08/summary-for-policymakers-of-ipcc-special-report-on-global-warming-of-1-5c-
approved-by-governments/

ï Χ ¢ƘŜ ǊŜǇƻǊǘ ŦƛƴŘǎ ǘƘŀǘ ƭƛƳƛǘƛƴƎ Ǝƭƻōŀƭ ǿŀǊƳƛƴƎ ǘƻ мΦр°/ ǿƻǳƭŘ ǊŜǉǳƛǊŜ άǊŀǇƛŘ ŀƴŘ ŦŀǊ-ǊŜŀŎƘƛƴƎέ ǘǊŀƴǎƛǘƛƻƴǎ ƛƴ ƭŀƴŘΣ 
energy, industry, buildings, transport, and cities. Global net human-caused emissions of carbon dioxide (CO2) would 
ƴŜŜŘ ǘƻ Ŧŀƭƭ ōȅ ŀōƻǳǘ пр ǇŜǊŎŜƴǘ ŦǊƻƳ нлмл ƭŜǾŜƭǎ ōȅ нлолΣ ǊŜŀŎƘƛƴƎ ΨƴŜǘ ȊŜǊƻΩ ŀǊƻǳƴŘ нлрл. This means that any 
ǊŜƳŀƛƴƛƴƎ ŜƳƛǎǎƛƻƴǎ ǿƻǳƭŘ ƴŜŜŘ ǘƻ ōŜ ōŀƭŀƴŎŜŘ ōȅ ǊŜƳƻǾƛƴƎ /hн ŦǊƻƳ ǘƘŜ ŀƛǊΧϦ 

Z-Engine is the solution for transport sector

Å high efficiency

Å very low emissions

Å affordable to customers

Å Z-Engine is developed during last 20 years and it is answering to the most difficult problem: 
Carbon Dioxide - CO2

Å Z-Engine is ready for prototype manufacturing and then for volume production
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https://www.ipcc.ch/2018/10/08/summary-for-policymakers-of-ipcc-special-report-on-global-warming-of-1-5c-approved-by-governments/


Why Z-Engine?
Å Most ecological solution for reducing transport sector emissions is needed

Å Tohaveenoughlargeimpactto our commonclimate,this ecologicalsolution must be also economical
for global deployment

Å Whilebeingeffectivefor CO2,solution must not bring disadvantageous side impacts

Å Focusingon CO2: belowisshownthe EUElectricityGlobalWarmingPotential (GWP) Forecast (*

Å CalculationiscomparingElectric Vehicle Emissions vs Z-Engine
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Å (*  https://www.concawe.eu/wp-content/uploads/RD18-001912-3-Q015713-Summary-Report-Mass-EV-and-Low-Carbon-Fuels-Scenarios-1.pdf

Å Calculationson slide37 in this presentation

Å As seen, only at year 2050 Electric Vehicle emissions are lower than with Z-Engine. CoupleofǘƻŘŀȅΩǎ 
improvements with Z-Engine:

ï Z-Engine with Hybrid

ï Utilizing bio- & synthetic fuels

Biggest CO2 reduction. Most economical investment Č Superb CO2 reduction per used Euro

https://www.concawe.eu/wp-content/uploads/RD18-001912-3-Q015713-Summary-Report-Mass-EV-and-Low-Carbon-Fuels-Scenarios-1.pdf


Z-Engine: Most economical & ecological Global Multi -fuel engine

Å Multi-Fuel:
ï Biogas, natural gas, synthetic gas 
ï Diesel, biodiesel
ï Gasoline, bio-ŜǘƘŀƴƻƭΧ

Å Meets year 2030 EU CO2 emission targets today with all fossile fuels and 
ready for all bio- and synthetic fuels

Å Extremely low NOx and particles, only diesel oxidation catalysator (DOC) 
needed
ï Euro7 limits not yet defined, strong belief that Z-Engine meets also those coming limits

Å Optimized Real Driving Emissions (RDE) control during engine lifetime
ï No Diesel Particle Filter (DPF) Ą no issues with exhaust soot ashes

Å No need for DPF regeneration either 

ï Low emissions when Start-Stop and/or hybrid engine may delay achieving optimum 
temperature for exhaust after-treatment in comparison group
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Link 1:https://wltpfacts.eu/what-is-wltp-how-will-it-work/

Fuel Consumption (WLTP (1) CO2 emission in WLTP

Natural gas 2.0 kg /100km 55 g CO2/km (Link)

Diesel 2.6 l / 100km 68.6 g CO2/km

Gasoline 3.0 l / 100km 69.3 g CO2/km

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


Z-Engine: Economy

Å Manufacturer average benefit at least ~5500-слллϵ κ ½-car 
ï Manufacturing cost saving and no EU CO2 emission penalty payments thanks to 

meeting the given limits and reducing the fleet average emission

Å Customer benefit: 
ï Car price can be kept affordable
ï Low fuel expenses, low maintenance
ï Low environmental taxes

Å Lessexpensesfor societies:
ï Infrastructure

Åexisting fuel delivery networks can be used 
ï also with coming bio- and synthetic fuels

ÅLight carmeans less road wearing
ï Existing large European automotive industry can be updated for clean future with 

very affordable cost.
Å People can keep their jobs

Å Č Win-Win-Win-Win for Environment-Manufacturers-Customers & 
Societies!
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Z-Engine: Ecology & Multifuel

Å Multifuel
ï Most efficient usage of bio- and synthetic fuels

ï Engine architecture enables usage of all liquid and gaseous fuels

ï True environment solution today for whole world!

Å Standard manufacturing process with fully Recyclable materials 
ï no Rare Earth Metals

Å Engine is small & light Ą best for car overall efficiency & space usage
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Vehicle market Size by Mazda

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


Z-Engine for Driver
Å Low Fuel Consumption, CO2 emission below  EU 2030 limits today!

Å Small Emissions meeting coming Euro7 limits*
ï No exhaust aftertreatment except normal catalyst

ï No need for AdBlue 

Å Multifuel Engine
ï Diesel, biodiesel

ï Gasoline, ethanol

ï Natural gas, biogas

ï Synthetic fuels

Å High Power and excellent Transient Response

Å High Torque on whole RPM range

Å Ultra low engine vibration & Engine Sound
ï 2-cylinder Z-engine similar to 4-cylinder 4-stroke engine

ï 4-cylinder Z-engine similar to excellent in-line 8-cylinder engine (used in the past on luxury cars)

Å Compact size & light weight

Å Good driveability
ï Power, Torque, Transient Response, size, weight

Å Good reliability
ï Low piston speed & lower piston travel distance for given driving mileage

Å Affordable car price

* Euro7 limits not yet defined, anyhow Z-engine emissions are very low and with high confidence meeting these limits



More information on following slides
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Z-Engine Main Objectives

Å High Efficiency ςLow CO2
ï At all loads, especially partial loads

Å Low emissions without 
aftertreatment
ï Nox, Particles,Soot

Å Environment friendly
ï Lifetime ecological footprint
ï No rare-earth metals

Å Reliability
ï Proven manufacturing technologies

Å Multi -Fuel Capability
ï True global engine: Z-engine can utilize 

fuels obtainable anywhere in the globe

Å Economy for all stakeholders
ï Manufacturer
ï Car Buyer/Owner/User
ï Governments

High 
Efficiency
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Break Specific Fuel Consumption vs Break Mean Effective Pressure

Å In graphics it is shown the specific fuel 
consumption of Z-enginevs 
ï BestTDI on the market
ï BestAdvanced Gasoline Engine (in R&D)

Å Essential is the low fuel consumption on 
all loads, but for example to WLTP the 
partial load efficiency means the biggest 
savings on fuel consumption 

Å Z-engine offers more optimization 
parameters than any other ICE Ą Z can 
be optimized for all usages
ï Also Cylinder Deactivation System will be 

included to Z-Engine to improve fuel 
consumption further at light loads

Break Specific Fuel Consumption (BSFC)when given in unit 
g/kWh, means that for each kWh of crankshaft energy given 
amount of fuel mass (in grams) is combusted.

Break Mean Effective Pressure (BMEP)describes the average 
pressure inside cylinder. Naturallythe pressure is varying 
depending on the piston position, but this BMEP is efficient 
parameter for comparing different sizes & architectures of 
engines.

ὖ ςȢπρzὄὓὉὖὦὥὶ

See Physics linkfor derivation of formula

For 0.8l Z-engine:

at 1500rpm
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Partial load: most important for CO2 emission reduction

10 20 30 40 50 60 70 800
Power (kW) for 0.8l Z-Engine

Z-Engine:
Å Compression ratio ʁ =25
Å n=1500rpm

-22%
-26%



Break Specific Fuel Consumption vs Engine Power

Å BMEP is good for engine technology comparison, but for fuel consumption calculation power is needed. Inthe above 
chart BMEP is converted to Power knowing different engines characteristics

Å For example, if we drive 1h using 10kW power Ą driving uses 10kWh energy and combustion uses 1.76kg fuel in Z-
Engine

Å Nextslidescalculatesthe fuel consumption to efficiency
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Partial load: most important for CO2 emission reduction

-28%-31%

Z-Engine:
Å Compression ratio ʁ =25
Å n=1500rpm



Efficiency vs Power

Å This chart shows well the Z-Engine high efficiency all loads, especially on very light loads
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Z-Engine:
Å Compression ratio ʁ =25
Å n=1500rpm



Power in unit  horsepower: 1kW=1.36hp
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Engine Power

Power of 2 cylinder 0.8l Z-engine is compared to 2.0TDI* 

* VW EA288, engine code CRBC, 2.0TDI 4-cyl
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Engine Torque

Torque of 2 cylinder 0.8l Z-engine is compared to 2.0TDI* 

* VW EA288, engine code CRBC, 2.0TDI 4-cyl



Z-Engine Fuel Consumption & CO2 emissions in VW Golf size car

WLTP:

u From the known WLTP speed distribution (duration 
1800seconds, speed data with 1s steps) we can 
calculate the required power for maintaining speed 
(tire rolling resistance+air drag) + required power for 
accelerations.

u When the car is decelerating, then the fuel injection 
is stopped Ą consumption is 0 at those times

u From the required power we can map fuel 
consumption, eventually summing up all the 
individuel 1 second long fuel consumptions over 
whole WLTP cycle ĄWLTP fuel consumption is 
calculated for Z-engine:

2.6l/100km  - 68.6g CO2/km 1)

Constant speed:

u Required Power to match the air 
drag, tyre rotating resistance and 
transmission loss*

u Fuel consumption of Z-engine for 
this power generation shown:

WLTP

Highway with constant speed

Fuel 

consumption 

(l/100km)

CO2 emissions 

(g CO2/km)

Fuel 

consumption 

(l/100km)

CO2 emissions 

(g CO2/km)

WLTP_Z-engine 2.43 64.0 2.6 67.5

WLTP_Z-engine with 

hybrid*
1.83 48.3 1.93 50.9

WLTP_Z-engine_10% 2.43 57.6 2.6 60.8

WLTP_Z-engine with 

hybrid_10%*
1.83 43.4 1.9 45.8

WLTP_Z-engine_30% 2.43 44.8 2.6 47.3

WLTP_Z-engine with 

hybrid_30%*
1.83 33.8 1.9 35.6

without transmission loss with transmission loss

* hybrid consumption estimated using only the deceleration energy for battery charging, no battery charging from electric 

network

Note

100% fossile diesel, CO2 2640g /l

100% fossile diesel, CO2 2640g /l

10% biocomponent in diesel

10% biocomponent in diesel

30% biocomponent in diesel

30% biocomponent in diesel

Å1) With 6% transmission loss, https://www.nap.edu/read/21744/chapter/7#176, diesel
Å transmission losses in modern 8-speed automatic transmission (Fig. 5.16) 16

With gasoline: 2.9l/100km
With gas: <2.0kg/100km

Constant 

Speed 

(km/h) 

Required 

Power* 

(kW)

BSFC 

(g/kWh) Fuel (l) in 1h

CO2 emission g/km (100% 

fossile diesel)

80 7.3 173 1.52 50

100 12.2 175 2.57 68

130 23.6 170 4.83 98

https://www.nap.edu/read/21744/chapter/7#176


Agreed EU CO2 emission limits, Current status and Z
Å 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 graph) (EU link1)

ï 2025: -15% 

ï 2030: -37.5% 

Å Average ratio of WLTP CO2 emission to NEDC is  ~+20%

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

Å Z engine is below 
2030 limit with 
100% fossile 
diesel

Å 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

EU CO2 emission limits WLTP/RDE

114 96.9 71.3

-15%

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

Status

+24% +27% -15% -37.5%

Z+MildHybrid 
10% 

biodiesel

Z 
100% 
dieselEU Limits

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


WLTP emission reduction with to hybrid, -25%

Battery(60kWh) 
manufacturing
100kg CO2/kWh

*See EV calculation

Z-engine CO2 emissions in WLTP (different blends of fuel) vs EV 
Z-Engine Consumption in WLTP

Diesel 2.43 liters/100km

Gas 1.9 kg /100km

EV Driving 
with 
electricity 
(CO2 intensity 
of 150g/kWh) 

67.6
61.5

49.3

6.8

44.1
39.7

4.4

90.1

50.7
46.1

37.0

5.1

33.1
29.8

35.5

3.3

Z-Engine emission (g CO2/km) with different blend of fuels vs EV
(for battery calculation: 10years, 11000km/year)

+ (i.e. full bar): Z-engine Z-engine with hybrid

Z-Engine Consumption in WLTP

Diesel 2.56 liters/100km

Gas 1.96 kg /100km
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W

World gross electricity production , by source, 2016 1)

Å 1) https://www.iea.org/statistics/electricity/

Å 2) https://yearbook.enerdata.net/electricity/world-electricity-production-statistics.html

Å 3) https://renewablesnow.com/news/renewables-supply-25-of-global-power-in-2017-iea-606070/

38.3%
9870TWh

3.7%
946.1TWh

23.1%
5906.7TWh

10.4%
2659.3TWh

16.6%
4244.6TWh

5.6%
1431.9TWh

2.3%
588.1TWh

1 TWh=1000 GWh

Total production in 
2017: 25 570 TWh3)

2)Electricity Production by countryShare of Coal+Gas+Oil=65.1% @ 2016

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/

