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The Most Effective Technology to-comply with CO,-Legislation:
The New Generation of Hydrogen Internal Combustion Engines
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VITAL CHALLENGE OF INDUSTRIE

Competitive, Attractive, and 2ero CO,




Structural Change in the Automotive Industry

Strong Motivation Towards Clean Mobility <K=¥®Oou
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Air Pollution & Climate Change
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Innovation pressure for emission-free driving
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CO, Emissions are a Global Problem

Politics Force Automotive Industry to cut CO, Emissions <K=¥®Oou
EU regulation 2019/1242: new CO, Clean-Vehicle-Directive (EU) CO, targets in other important
targets for commercial vehicles 2019/1161 automotive markets and regions
Minimum procurement targets
Statutory provisions on the reduction.ef average 100%

CO,-Emissionen of the manufacturer's fleets:

80% Min.

p i us % .
- b 60% i,
CO, Goals EU: o oo
. -15 % CO, until 2025
» =30 % CO, until 2030 .
o 08.2021-01.2026 From 2026

CO, Goals - Average:
» Per Year: - 1,5 % to -2 % CO,

» 2030: - 10 % to -25 % CO,

There is 3 tremendous need for zero-emission technologies
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EU-Directive 2019/1242:
EU Route to 2ero CO, Heavy Commercial Vehicles <KE¥Oou

s

Reference I
Year 2019 CO,-Reduction

-15 %

No final regulation to date for 2030 - 2050

-30 %

€
g
- OEMs face heavy fines |
§D for non-compliance :
|
| Final target:
2Zone 1: Zone 2: I CO; neutrality of
«Super Credit System” Benchmark basedon | European Union
Credit System |
2020 2025 2030 2035 2040 2045 2050

Engine and vehicle manufacturers must start developing zero-emission technologies
today for the goals of tomorrow
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Can a Technology Achieve Both: Effective Climate Protection and Sustainable Economic Growth?
Technology Wanted for Commercial Vehicles — how to Reach the Goals? KE¥0OU
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Cost-efficiency Technology Customer value Environment

' ¥ ' '

Most effective CO,-Reduction-Technology: “Must-Haves”

1 1 1 1

1) Established mass production with high quality at low cost
2) Qualified and well trained personnel available - combustion engine is core competence)

(
(
(3) Low risk in supply chain - independency from rare earths and valuable raw materials)
(4) Highest customer benefit, attractive USP (TCO, range, refuelling time, etc.)

(

S) Profitable after-sales business
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Alternative Propulsions Technologies
2ero-Emission Drive Technologies According to EU Legislation <K=¥Oou

Battery Electric Vehicles Fuel Cell Electric Vehicles Vehicles with H,-ICE

EY insige

oy KEYOU

Is there 3 hidden Champion?
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KEYOU Recognized the Potential for the H, Internal Combustion Engine (H, ICE) at an Early Stage
The Window of Opportunity for the H, ICE Opened

IKE®WOU

Electromobility & Fuell Cell

as the right alternative technology over all vehicles

Automotive Industry — Focused on Electric Mobility

timeline

o 2025 o
BMW Hyorogen 7 MAN Lion’s City H- Aston Martin Rspide S H- <Ke®tou Proof of Concept First Customers o= | < EdYDU
@+ | inside
e | |

| KEYOU Founders: H, ICE Experience . =

¢ ST o] )
2000 - 2011 2006 - 2014: 2013: 201S: 2017: 2020: 2022:
Production of 100 series vehicles Production of 14 demo-fleet vehicles Construction of prototype car Foundation KEYOU Proof of Concept with Several engines and
Costumer-use worldwide demonstration  Service-lines operation in Berlin Finisher at 24h-NUrburgring race DEUTZ TCG 7.8 H2
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First (prototype) vehicles
vehicles manufacturers with KEYOU-inside
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INNOVATION

The new Generation of Hydrogen
Combustion Engines




The Combustion Engine Shows Highest Potential with Hydrogen Fuel

H, Combustion Process — Thermodynamic Characteristics
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Smart Evolution Into Clean Mobility
Innovation Leap with the Right Concept <KE=®OouU

Patented combustion process in a3 new
H,-engine concept

* The first supercharged H,-engine world-wide
with exhaust gas recirculation and H,-SCR

* Increased total efficiency

* Low consumption

* High specific power

* Low conversion efforts of base engine

Previous H,-concepts in the past:

RS A new generation of combustion engines

« Low efficiency Y e
* High consumption YER B
* Low specific power | 3

* High conversion efforts of base engine

Result: A new generation of hydrogen combustion engines
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The Solution to CO, Challenge: H; Internal Combustion Engines

Smart Evolution into Clean Mobility — with KEYOU-inside <K=¥®Oou

The successful development of a H; ICE with KEYOU-inside technology is based on three Pillars: u =

(1) H, COMBUSTION PROCESS
(2) ENGINE OPERATION STRATEGY
(3) H, SYSTEM (H, HW / SW COMPONENTS)

‘H“ll‘
Vil

zero emission Hydrogen Combustion Engine with KEYOU-inside “2ero-Kit"

Market ready &

Manufacturer independent = eng[ne S1ees & Low modification effort Fast Integration .
applications validated technology

OEMs can mass manufacture 2ero-emission hydrogen engines using its existing base engines as
well as its mature processes, supply chains, and production infrastructure

www.keyou.de
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Development Scopes

Hydrogen Engines with KEYOU-inside
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Hydrogen in Combustion Engines Requires a Fine Tuned System
The Combination of all H,-Components is Vital for Highest Performance <K= 0OuU

IGNITION SYSTEM

Ignition Module & Spark Plugs: Specific ignition
voltage and ignition energy control matched with
the right spark plugs

H, PRESSURE REGULATION SYSTEM
Electronic Pressure Regulator Valve: precise control
over 3 wide flow range with fast transitions
between rated power and idling

INJECTION SYSTEM

Rail & Injectors: optimized H,-fuel injection process
with best mixture homogenization in the whole
operating map

ECU EMBEDDED WITH H,-SOFTWARE
Engine Operation Strategy: combined quality and
quantity-controlled operation with H2-specific
EGR operation strategy

KEYOU-inside System

»Fuel Site”

«Exhaust gas"” Site

KEYOU transform any conventional combustion engine
into a high performance 2ero emission H, engine

@ VALVES SYSTEM

Valves & Valve Seats: optimized material to ensure
maximum durability in the absence of lubrication
properties of the fuel

o PISTON SYSTEM
Piston & Piston Rings: optimized piston and piston ring
design for high mixture homogenization, avoidance of
combustion anomalies and low oil intrusion

"o EXHAUST GAS RECIRCULATION SYSTEM

Cooler & Valve: high cooling performance and
accurate control of EGR rate

o AIR-CHARGING SYSTEM
Turbo charger: specific requirements due to low exhaust
gas enthalpy for high degree of charging and high low-
end torque

+ EXHAUST AFTER-TREATMENT SYSTEM

High competitive advantage: KEYOU has the expertise how the
specific H, components work best as a system - already today
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More Power, Less Consumption, and 2ero-Emission

Past H, ICE Concepts and Today's Technologies <KE=®OouU

KEYOU Zero 1

with PFI

{{“ i '..‘?{“ ‘
“ MAN H2876 UHO1 (2006) KEYOU H_-Technology with PFI KEYOU H_-Technology with DI
Cylinders
Displacement 12,8 Litres 78 Litres 78 Litres
Charging Naturally Aspirated Turbo Charged Mof; - doubl;;ﬁe Turbo Charged
Powver 150 kW 2I0kW .. Power/Displacement .* 240 kW
Torque 760 Nm 1.000 Nm 1.000 Nm
Combustion Concept  Stoichiometric teen Lean
NOx Control 3 Way Catalyst EGR + H, SCR  Consumption EGR + H, SCR
_ reduced by > SO %
Consumption ca. 22 kg H,/ 100 km ca. N kg H /100 kv ca. 10 kg H,/ 100 km
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The new Generation of H, Combustion Engines

Successful Proof of Concept With KEYOU-inside H,-Technology <KES¥OoU
Efficiency [%] NOx Emissions [g/kWh]
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Hydrogen engines can significantly outperform

diesel engines in terms of efficiency Even without exhaust aftertreatment, the

strictest emission regulations are already

d t by 50 - 75 % tod
P uu.s % (today) SR e
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Development of DEUTZ TCG 7.8 H, Engine with KEYOU-inside

Continuous Improvement of the Most Important KPIs

Max POWER (kW)

250

2xX
210
200 180
150
150
100
2006 2017 2020 20xx
MAN H2 KEYOU KEYOU KEYOU
12m Bus Prototype PFI Preview
Max EFFICIENCY (%)
60%
4s% Xx%
4% Y
40%
29%
20%
0% 2006 2017 2020 20%x
MAN H2 KEYOU KEYOU KEYOU
12m Bus Prototype PFI Preview
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Example 12m Bus:

DEUTZ TCG 7.8 H2 with
KEYOU-inside
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2006 2017 2020 20xx
MAN H2 KEYOU KEYOU KEYOU
12m Bus Prototype PFI Preview

NOx Emissions (g/kWh)

2017 2018 2020 20xx
KEYOU KEYOU KEYOU KEYOU
Prototype Improvement PFI Preview



Comparison of Conventional Diesel Engine and Hydrogen Engine Exhaust Aftertreatment System
Many Conventional Components are no Longer Required in 3 H, Engine I<K=¥OU

DIESEL H, ICE

AdBlue®-Tank

SCR-Katalysatoren

. Elektrisch

¢ beheizbarer
Katalysator

filter (Emicat®)

Less components mean considerable cost savings for the end product, the H, Engine
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0,0 Local Emission of H,-Engines with KEYOU-inside Technology
Tank-to-Wheel Analysis of Vehicles with a Hydrogen Engine (12m Bus) I<K&=¥0OU

H,-Engine
with KEYOU-inside

g/’kz;m . 1.000 0,08
EU Definition of
Regulatory Limits 2ERO EMISSION:
X
(2/kWh] 0,46 0,046
PM*
(/kWh] 0,01 0,002
HC** [g/kwh) 06 0,01
co
[/kWh] 4 0,01

* Particulate Matter
** \Jolatile organic substances such as hydrocarbons

Modern H, engines meet EU standard for zero-emission
commercial vehicles by 100%.
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Overview
Engine Development Projects

Engine Development

OEM Customer

Maturity Goal

Timeline

Status

TCG 7.8 H, PFI

13,S L PFI

15 L PFlI

13L0I
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Pre-series — Approval for

DEUTZ the operation of different
pilot vehicles
Pre-series — Approval for
European
m fp t the operation of different
b pilot vehicles
European Concept validation
Manufacturer  on engine test bench
Asian Concept validation
Manufacturer  on engine test bench

www.keyou.de

30 months
Start Q3 2019

30 months
Start Q12019

24 months
Start Q1 2020

36 months
Start tbd.

v Development
ongoing

v’ Development
ongoing

v’ Development
ongoing



Conversion Systems in Development for all Displacement Classes
Heavy-Duty Engines for Buses and Trucks <KE¥OoU

ENGINE

T VERSION Il\lsjjsctz‘:l\l Displacement
CLASS

KEYOU-SYSTEM

Al 4-6L
A A.2 PFI 7-9L
B.1
10-13L
B.2 ]|
B
B.3 PFI
14-16 L
B.4 DI

Market entrance in heavy-duty vehicles - passenger cars will follow
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Coming Prototypes

Vehicle Developments — End Customer Demand Already Today
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COMPARISON

Alternative Propulsion Systems




An Effective Sector Coupling to Renewable Energies can Best be Achieved with Hydrogen

Hydrogen — More Efficient than Batteries will ever be <KE=®OouU

Hydrogen Battery

H, > 20 x higher Energy Density

H, > 20 x lower Cost

04
0,1 01

Battery Storage: Manufacturer's specifications, Fraunhofer Institut ISI: Gesamt-Roadmap Energiespeicher fur die Elektromobilitst 2030 / IKT fur Elektromobilitdt, Abschlussbericht, gefordert durch Bundesministerium for Wirtschaft und Energie
. Battery-Storage: Manufacturer's specifications / Market Research (i.e. specification given by Akasol, Daimler)
. Hydrogen Storage: Manufacturer's specifications, Fraunhofer ISI, Fraunhofer IML, PTV Group: Teilstudie ,Brennstoffzellen-Lkw: kritische Entwicklungshemmnisse, Forschungsbedarf und Marktpotential”

The customer value of a vehicle will be defined by its energy storage potential
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The Interrelation Between Powertrain Efficiency and Energy Density

Energy Storage Density Beats Electric Powertrain Efficiency <K=¥OoU
HYDROGEN Powertrain BATTERY
| - Efficiency -
HYDROGEN Storage System — BATTERY

QOOOLLVLOLOLO T
QOOVLLVLLLLO

H, = 10x  better

Transfer: 10x more range for vehicles with hydrogen engine
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Comparison in Range: E-Truck vs H, Truck With KEYOU-inside Technology
Energy Storage is Decisive Parameter for the Range <K=¥®Oou

Range Gross vehicle weight:
£, - 18 t
L o [ >
High Energy Li-lon Batteries Okm 200km 400km 600km

Assumptions: E-Truck - gravimetric energy density 100 Wh/kg, efficiency of battery propulsion twice as ICE, consumption 88kWh/100km

Range Gross vehicle weight:

18 t
}l-|50km _________ S *

Hydrogen Storage Tank Okm 200km 400km 600km
(350 bar high pressure tank)

Hydrogen tank and KEYOU-Inside Technology (350 bar) - gravimetric energy density 2530 Wh/kg, Tank size: 30 kg H,» consumption 6,8 kg H,/ 100 km
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Hydrogen Engine Compared with Hydrogen Fuel Cell — Both Strong in Refuelling Time and Range, but:
H, Engine Vehicles Offer Higher Value to End-users <KES¥OoU

FUEL CELL H2 ENGINE
— . Range M

”
(,_ B ;—_—: Q &) . Refuelling time M ﬁ. =
o Variations:
Cost (TCO) E = Diesel equivalent
Pureness of Hydrogen (99,999 %) E 98 %
High cooling demand g No
Time to market @ Short
Service Life E = Diesel equivalent

The H. engine is more than a bridge technology, it's the solution the market needs
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Cost Overview for Alternative Drive Systems in the Commercial Vehicles Sector — Case 40 t Truck

The H, Engine — Most Attractive TCO for Fleetoperators <K=¥OoOU

Comparison: Reference Diesel

Purchasing Price 80.000€ x86times x725times x2.6times

TCO 822.000 € X 17 times x 2.3 times = Diesel

The hydrogen engine - very strong in heavy-duty
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SUMMARY

The New Generation of
Hydrogen Internal Combustion Engines




Solving the Conflicting Goals of Environmental Protection and Customer Value

The H, Engine with KEYOU-inside: The Right Product at the Right Time I<K=¥OU

2ero Emission Drive Technologies according to EU Legislation

DIESEL ELECTRIC FUEL CELL H, ICE

X X
© &
X

Costs

Driving Ranges
Payload
Reliability

Service Life

X

Air Pollution Control O 0

Climate Protection

Q00000
000000

Cleanest & most cost-efficient 2ero-emission drivetrain technology -
benefitting OEMSs, suppliers, and end-customers alike
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Vehicle Manufacturers can Meet CO, Legislation With Profitable Products, End-Customers gain Attractive Vehicles
The First 2ero-Emission Drive Technology that beats Diesel <K=¥OoU

High availability (> 95 %)

Accustomed range

Attractive TCO for end-customer

Lower degree of H, purity required than for fuel cells

High suitability for everyday use

Best CO, balance in life cycle analysis
Short refuelling times

Lower production costs than diesel engines

Overall economic advantage: securing technological leadership & prosperity

KEYOU today is already accepted market leader in the field of H. engines
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Moving From Heavy Duty-Vehicles to the Mass Market — the Scalable KEYOU Technology Platform
“The KEYOU-World of Clean Mobility” — Future Use Cases

IKE¥OU
& £TP
*\i

KEYOU %
* | inside
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KEYOU

Short Profile




Emission-free Hydrogen Combustion Engine for Cost-Efficient Green Technology Transport in Municipalities

KEYOU - What we do <K=#®Oou

» Development of Hydrogen Combustion Engines & Components that emit no CO, and other air pollutants
* Thus, enabling customer OEMs 3 fast-track to zero-emission vehicles in series production
« At present inner-city buses & distribution trucks as initial applications

« Due to the technologies' high scalability it is also applicable to stationary (genset/CHP) as well as

maritime applications or in the train sector.

= KEvou
we | nside

<eYOU
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The Hydrogen Specialist — Innovative Partner for Manufacturer of Engines and Vehicles

KEYOU - Who we are <K=#®Oou

« Fast growing high-tech start-up with automotive experienced management and engineering team
o 35 employees today
o Coordinating institutes and engineering partners of about 40 external engineers

« 20 years team experience in hydrogen engine, hydrogen fuel cell, hydrogen storage and safety system
development

» Track record of development and building of prototypes and pre-series vehicles in different
companies

2 generations of MAN 12m city bus with hydrogen combustion engine
3 generations of BMW 7 series passenger cars with hydrogen combustion engine
S kW PEMW Fuel Cell APU for BMW passenger car propelled with hydrogen combustion engine

Nctnn_NNartin Danida acatntvina far D1ihoraca aF NMiichiicdring.

©)
©)
O
=
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Technology Provider and Hydrogen Engineering Services

KEYOU - What we Offer <K=#®Oou

» Engineering service to evolve conventional engines to zero-emission hydrogen derivates

« KEYOU-inside technology

o Engine concept

o Combustion process and operating strategy (software and application)
o Components for engines and vehicles
o E.g. Injection, ignition, controlling, charging, exhaust

o Hy-storage, safety, controlling

« Hydrogen Infrastructure

o Hydrogen engine test benches (exclusive partner)
o Hydrogen component test benches (exclusive partner)
o Access to on-road test track (in preparation)

> Enabling customer OEMs a fast-track to zero-emission vehicles in series
oroduction
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An Experienced Founding Team with Huge Expertise in Hydrogen Technologies

The KEYOU Team - Complementary Expertise and Highly Experienced

ALVARO SOUSA
CTO, Co-Founder

8 years BMW R&D Germany / USA

University Lecturer: Clean-Vehicle Technologies

Dr. 2HIHE LI
VP China

30 years industry
(MTU, DEUTZ, MAN)

IVO PIMENTEL
H2, Co-Founder

7 years Start-up experience (
e.g. CEO Renewable Energy Co)

PEDRO BRAVO
BD & Sales

1S years Sales & Business
Development

THOMAS KORN ]ﬁRGEN NADLER
CEO, Co-Founder Cno

13 years BMW R&D Germany / USA
4 years Start-Up experience

20 years Business Consulting
(u.a. BMW, Siemens, Telekom)

WERNER PROMM
Development
30 years R&D (MAN)

RALF SOERMANN
Finance
7 years banking, &A, PE
(e.g. P. Hartmann AG, Charleston Holding )

PIERRE STEFFEN
Strategy
30 years industry
(e.g. Airbus, Siemens)

ADVISORY BOARD

20 years team experience in hydrogen engine, hydrogen fuel cell, hydrogen storage and safety system development
Track record of development and building of prototypes and pre-series vehicles in different companies
2 generations of MAN 12m city bus with hydrogen combustion engine
3 generations of BMW 7 series passenger cars with hydrogen combustion engine
S kw PEM Fuel Cell APU for BMW passenger car propelled with hydrogen combustion engine
Aston-Martin Rapide prototype for 24h-race at NUrburgring
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KEYOU-Advisory Board: Business Angels & Visionaries

Former Chairmen and active Managers enrich the KEYOU-Family with Know-how, Network and Experience
Board members were working at C-Level in different automotive companies

Former C- Level at Porsche & Aston Wartin

Former C-Level at Daimler / Mitsubishi Fuso

www.keyou.de



Traction — KEYOU as a Well-known Brand and Leading H,-Expert in the Automotive Industry
<K=¥O0OU

Great Public Interest in KEYOU and H, Engine Technology
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