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NRMM EMISSION REGULATIONS BY FAR
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*) = 1*1012 PN/kWh,  for particles > 23 nm

So far NRMM emission legislation has focused on NOx- and particulate reduction 
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FORECAST GLOBAL EMISSION REGULATION ~ 2028 to 2030

Tier 3/Stage IIIA

Tier 0

Tier 1

Tier 2/Stage II

Tier 4i/Stage IIIB

Tier 4F/Stage IV

Stage V

EU Stage VI

US Tier 5 2028

US

Tier 5 proposal

NOx 0,04 g/kWh (- 90% to Tier 4f)

PM 0,005 g/kWh (- 75% to Tier 4f)

5 – 10 % CO2 reduction

Planned timeline 2028 →

EU

Stage VI proposal

NOx remains as is 

PM remains as is

Focus on real time emissions ?

15 – 30 % CO2 reduction ?

Planned timeline 2030 →
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FUTURE EUROPE NONROAD REGULATION 

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

Nonroad review 2
1/1/2026

Stage V ISM

CO2 reg. Prepar.

Nonroad Review 1

Industry lead time

CO2 reg. Prepar.
1/1/2021
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What do we know about coming regulation by now:
o In Service Monitoring 2020 - 2024

o EU comission will have review on Stage IV regulation by 2026

Earliest realistic CO2 limit 

introduction

In Service Monitoring (ISM) testing



IS THERE A SILVER BULLET ENERGY SOLUTION?
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OPTIONS FOR FUTURE FUEL STRATEGIES

SYNFUELELECTRICITY HYDROGEN BIOMETHANE



INDUSTRY COMPLEXITY



There is no single solution to cover whole machine range
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INDUSTRY COMPLEXITY

▪ Small machines have most potential for full 

electrification

▪ Larger machines have very high power need

▪ All machines could benefit from hybridization

E-Flywheel Electricity 

storage
E-Turbo / booster
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RATIONALE ELECTRIFICATION
WHY?  THE MAJOR DRIVERS

Machine Operation

EMISSIONS: CO2, NOx, PM, …

COST OF ENERGY

PRECISE AUTOMATION

ENABLING NEW OPPORTUNITIES

Wow Effect, Noise, Architecture

Cost of Compliance
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Swarm technology

RATIONALE ELECTRIFICATION
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Y-axis: 
Energy 

storage 

space claim



OFF-ROAD TECHNOLOGY IN THE FUTURE
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HYDROGEN COMBUSTION ENGINE (H2 ICE)

▪ Modern ICE can be converted to run with hydrogen, biomethane or ethanol

▪ Design changes required specially on piston and cylinder head -area

▪ Supports global platform approach by enabling traditional powertrain architecture

▪ Multifuel capability

▪ Efficiency on similar with diesel

▪ Emits water vapor and 

small amount of particulates

▪ Best efficiency at high loads

Source: Bosch
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HYDROGEN FUEL CELL

▪ Very quiet

▪ Limited amount of moving parts

▪ Requires large water coolers

▪ Most likely offered only limited market areas

▪ Efficiency best at part load

▪ Emits only water

▪ Makes most sense to use with full electric driveline

HYUNDAI NEXO FC
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Allis-Chalmers 1959

20 hp (dc)

1008 cells in 4 stacks

HYDROGEN FUEL CELL



2020

Y-axis: 
Energy 

storage 

space claim

Source: Doosan
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HYDROGEN INFRA

▪ Planned hydrogen infra does not support its usage on 

off-road machinery

▪ Local production is an option but requires significant 

investment from farmer / machine operator

Source:https://gasforclimate2050.eu/ehb/
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ENERGY SOURCE COMPARISON

Typical operation duty cycle tractor, 8 hours operation

(average engine load 100 kW)

Diesel

(fuel)

Hydrogen ICE

(fuel, 350bar)

Hydrogen FC

(fuel, 350bar)

BEV

(Li-Ion battery)

Weight

152 kg 53 kg 43 kg 4.100 kg

Volume

179 l 3.200 l 2.600 l 3.400 l

Cost (energy per day)

213€ ~240 € ~200 € 129 €

Energy storage cost

<1 k€ 30 k€ 25 k€ 150 k€
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SUMMARY

▪ Agri vehicles challenges on future fuels differ from onroad

▪ H2 - and BEV needs are driven by potential future regulation 

▪ BEV would offer benefits – battery energy density far too low still

▪ Hybridization is step forward but don´t provide Zero emissions

▪ High voltages will change machinery service dramatically

▪ Infrastructure and vehicle gas tanks are biggest obstacles in H2-transition

▪ Maintaining ICE would give flexibility to use liquid and gaseous fuels

▪ Still need of mechanical power for implements

▪ The Silverbullet for future does not exist yet
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