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Applications P>560kW
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Applications for Power ranges above 560kW are: |
« Mining excavators (power packs) and trucks (diesel electric propulsion)
+ GenSet
« Agriculture
« Arbour & Maritime cranes
« QOther C&l applications

Fleet of construction machinery with engines > 560 kW in Europe is comparably small and these large machines
usually do not operate in urban environments. Moreover, it is difficult to obtain reliable figures on the population of
such machines/engines in Europe. Emission inventory reports are generally limited to categories below 560kW
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Low PN emission and BAT as well for engines > 560 kW ?

Legislation : Stage V starting from 01.01.2019 in the EU
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NOXx [g/kWh]

130<P[kW]<560
NOx PM
[a/kWh]  [g/kWh]
Tier 3 4 0.2
Stage llIA |4 0.2
Tier 4i 2 0.02
Stage IlIB |2 0.025
Tier 4f 0.4 0.02
Stage IV 0.4 0.025
P>560 [kW] — o there are no PN limits
for the Power range
[9/kWh]  [g/kWh] >560kW
Tier 4f 35 0.04
Stage V 3.5 0.045




Low PN emission and BAT as well for engines > 560 kW ?

Legislation : Stage V starting from 01.01.2019 in the EU

130<P[kW]<560
P CO HC NO Particulate|Particulat Date” NOX P
ower X driiculate | Farticuliate date [gIkWh] [g/kWh]
[kw] | lg/kwh] | [g/kwh] | [g/kWh] | [g/kWh] | [#/kwh]
NMHC + NO, Tier 3 4 0.2
stage IV Stage IIA |4 0.2
56 £P. <130 5.0 0.19 0.4 0.025 - Oct. 2014
130 <P, <560 3.5 0.19 0.4 0.025 — 2014 | Terd4 - LAl
Stage V Stage B | 2 0.025
02P.<8 8.00 7.50¢ 0.40% - 2019
8P, <19 6.60 7.50° 0.40 - 2019 Tier 4f 0.4 0.02
19 £ P, < 37 5.00 4.70¢ 0.015 1*1012 2019 )
37<P,<56 | 5.00 4.70° 0015 | 110 | 2019 || StaeelV |04 0.025
56 £P.<130 0.19° 0.40 0.015 1*10% 2020 Stage V 0.4
130 £ P, £ 560 0.19¢ 0.40 1*101? 2019
P. > 560 P>560 [kW]
NOx PM
*  Date for placing the engine on the market, type approval one year earlier. [a/kWh]  [g/kWh]
?  0.60 for hand-startable, air-cooled direct injection engines.
©  A=110forgas engines. Tier 4f 3.5 0.04
T A=6.00for gas engines.
= [ 0.67 for gensets.
F ol I e
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Low PN emission and BAT as well for engines > 560 kW ?

NRMM Emissions Regulations P > 560 kW

Emissions in g/kWh CO NO, NMHC PM PN
Other than Gen Set 35 35 0.19 0.04 -
Gen Set 35 0.67 0.19 0.03 -
13:}“;?;1 Herzegovina, EmiSSionS in g/kWh CO NOX NMHC PM PN
g:rfz?:?l:féregulated or thd) * Var 35 35 019 0045 -
2 Beiling (Tier 4) speed
Const. Other 3.5 3.5 0.19 0.045 -
speed than Gen
Set
Const. Gen Set 3.5 0.67 0.19 0.035 -
speed

The following emissions overview represents only LMBs current understanding and

interpretation of emission regulations. While it might be used for reference, equipment

Stage V manufacturer's are in charge of verifying the current emission regulations with the
appropriate regulatory agencies before making any business decisions.

Tier: USA-EPA Nonroad Regulation (40 CFR 8%, 40 CFR 1039 and 40 CFR 1048).
Stage: Monroad-Regulation (EU) 2016/1628.

. Non regulated - GAO Il (Tier 2) I Tier 4 final
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Low PN emission and BAT as well for engines > 560 kW ?

NRMM Emissions Regulations P > 560 kW - voted / in discussion

4 Turkey, Stage V applicable
01.01.2023 for NRMM (01.10.2021
for engine type-approval)

The following emissions overview represents only LMBs current understanding and
interpretation of emission regulations. While it might be used for reference, equipment
manufacturer’s are in charge of verifying the current emission regulations with the
appropriate regulatory agencies before making any business decisions.

- Non regulated GAOV (Tier 4)

1 China, GAO IV, eq. Tier
4i : abandoned, next
step : GAO V ca. 2026

2 Australia, in discussion
to introduce Tier 4f

3 India, Bharat V exp.
01.04.2024

Tier: USA-EPA Nonroad Regulation (40 CFR 89, 40 CFR 1039 and 40 CFR 1068).
Stage: Nonroad-regulation (EU) 2016/1628.

84/03/2022 12th VERT-Forum 2022

Tier 4 final

Stage V
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Low PN emission and BAT as well for engines > 560 kW ?

What is the plan in Europe after Stage V?

 EU onroad: the EU Commission has delayed the publication of Euro 7, now expected to be in July 2022
« EU NRMM: the EU Commission has cancelled the meeting planned in March, next meeting will be in
November. Not much is moving currently in the Non-road sector at EU level.

WHAT'S THE PROBLEM?

BELLONA

EUROPA

On January 1st 2019, the Regulation entered
into its final phase for construction machinery.
Currently, there are no plans for a ‘Stage VI'.

The rules only applies to new machines
entering the market.

Machines last around15 years. It will take
minimum 15 years for all construction
machinery to be Stage V.

In the meantime, CO2 emissions from NRMM
remain unregulated at EU-level.
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What is the plan in the USA after Tier4f 2: CARB Proposal

CALIFORNIA

AIR RESOURCES BOARD

Tier 5 Rulemaking Workshop
Potential Amendments to the

Off-Road Diesel New Engine Regulations
November 3, 2021

Off-Road Strategies Board Dates Timeline

Tier 5
Off-Road
Diesel New
Engine
Regulations
2024-2025

Zero-Emission
Forklifts
and In-use Off-
Road Diesel
Regulation
~2022

Small Off-Road
Engines
(SORE) Zero-
Emissions
~2021

construction
funding
~2021

Clean Off- Clean Off- Targeted o
Road Road Fleet Manufacturer
Equipment Recognition Rule
(CORE) - Praicer ~2025
~2024

24/03/2022 12th VERT-Forum 2022

The Need for Tier 5 Standards

o )

Current Tier 4 Final off-road diesel standards for new engines do -

not reflect best available control technologies (BACT)

« Over 50% of Tier 4 Final engines are certified without Diesel Particulate Filters (DPFs)
J

Additional emission reductions are needed tor attainment or
federal and State ambient air quality standards

Off-road emissions disproportionately affect disadvantaged
communities

L

Current test cycles may not adequately demonstrate emissions
control during low load off-road engine operation




What is the plan in the USA after Tier4f 2: CARB Proposal

Current U.S. EPA and CARB Emission Standards

Tier 4 Final Criteria Pollutants

Tier 4 Final Exhaust Emission Standards after 2014 Model Year (g/kW-hr)

Power Category Application PM NOx NMHC NOx+NMHC CcO
112‘_2 m’ Al 0.40 7.5 6.6
1?2555';":,’57;6 Al 0.03 4.7 5.0
5‘;‘;;“;’;’;;30 Al 002 040 019 5.0
1?8555';"!;7550‘;’0 Al 002 040 019 35 W
Potential Tier 5 Standards > 5601w censes 0% 067 B >
. . Mobile Machines 0.04 S5 0.19 3.5
Criteria Pollutants SO CARB .

» Staff is considering (with respect to Tier 4f standards):

* Up to 75% reduction in NOx and PM for diesel engines < 56 kW
* 90% / 75% reduction in NOx / PM for engines 56 < kW < 560

* 50% reduction in NOx and PM for engines > 560 kW
« No changes for NMHC and CO

« Equipment < 19 kW to be zero emission

* Electric equipment is already commercially available
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Low PN emission and BAT as well for engines > 560 kW ?

19<P[kW]<560:different solutions to achieve stage V > DPF necessary

EGR
PIkW]>560:different solutions to achieve stage V = DPF not necessary

EGR
EGR Sy

SCR
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Low PN emission and BAT as well for engines > 560 kW ?

Challenges for the development of EATS for engines P>560kW

High installation
flexibility (different
applications)

===
Limited Environ-
installation mental
space conditions
Cost A r:\valﬂat_ﬂe -
sensitivity elc NO0gies 108
(TCO) arge engines
» A n
Coolant Water
ilter :] hiclem ted comp t
vy :] gine mounted comp t
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Challenges for the development of EATS for engines P>560kW

High installation
flexibility (different
applications)

%

===
Limited Environ-
installation mental
space conditions
Som tecr::lvcflgali):; for
sensitivity | gi€
(TCO) arge engines
Legend
f <= AdBlue®/DEF Hose Heating
. ==  Engine Coolant Hose
E I .
\ o Z:'n:;/;mllanon
ilter ilter :] vehicle mounted components
]

engine mounted components
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Boundary Conditions for Engine & EATS : an Overview

Humidity Altitude Thermal Management
AN :
@

Fuel Sensitivity Dust Shock & Vibration
® ' P
&5
Transient Operation Costs Operation Time

g7 $ ©

T VERGETE3 /3652
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Low PN emission and BAT as well for engines > 560 kW ?

risk of electricity shortages éneed for decentralized Diesel Power Stations

THEMSRHINDU "% =2 a FINANCIAL TIMES

—— HOME NEWS  OPINION BUSINESS SPORT  ENTERTAINMENT CROSSWORD+ SCIENCE

NEWS = NATIONAL = KERALA

Power shortage: KSEB to operate diesel plant Become an FT subscriber fo read:

. Tiki Rajwi mmumumnmﬁ: SIEEEE: )E:E:I ChlIlEl ]I?OWEI' CTlSlS S a.I‘kS I'USh fOI‘
- s generators from factories
smenmce | f | w | @ |« ® s 4)1]A

128-MW KDPP at Nallalam last saw operations in February this year

Should we expect more power
The Kerala State Electricity Board (KSEB) has given the go-ahead for operating

its Kozhikode Diesel Power Plant (KDPF) as part of the efforts to overcome the C u ts I n fu t u re ?
power shortage triggered by a coal crisis. EE NEWS

By Douglas Fraser
Business and economy editor, Scotiand

The 128-MWKDPP at Nallalam last saw commercial operation between
December 2020 and February this year.

According to the KSEB, running the plant on light diesel oil (LDO) will be less
expensive than purchasing power from the open market where per unit prices
had touched 220.

m swissinfo.ch
#NOTHINGTOHIDE

Swiss Politics

Swiss perspectives in 10 languages

Swiss companies told
to brace for electricity
shortages el

1 February 2022
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Risk of electricity shortages > need for decentralized Diesel Power Stations

There is a trend to introduce decentralized electric power stations powered by combustion engines to cover
the risks of energy shortages during the difficult transition period to zero CO, energy generation by solar and
wind energy only. These plants will be close to consumers in urban areas, thus the question of BAT and

the use of DPF to reduce the exhaust gas particles, will gain importance.

Despite the development of alternative
fuels & solutions, the main fuel
for emergency GENSETSs will remain

Diesel for the next years
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Future drive technology for off-road applications

Future scenario 2030/2050 - PowerGen

@)
Fossil combustion engine | Fuel cell

@' Co2-neutral combustion engine Fully electric

Power Gen - Mission Critical

oim 22% @I @ 10%
2030 8% |M 15% 2050

; 50%

-

Power Gen - Prime &

Continuous

& Im 55%

2030 ) | 2050

Incl. H2 Blends

— Lower "entry hurdle" conversion from natural gas/biogas to H2

Incl. H2 Blends
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Summary

« With emission standard “stage V" (2019) also emissions of diesel engines > 560 kW are now limited in Europe. However,
the limit values for engines > 560 kW are higher than for engines < 560 kW and there is no particle number limit PN,
which means that the gravimetric limit values can be achieved without the use of a wall flow DPF.

» The reasons for this decision were, that the fleet of construction machinery with engines > 560 kW in Europe is
comparably small and these large machines usually do not operate in urban environments.

» Since 2019 however, new elements have been considered to also use best available technology for this high
performance range: there are reflections in Europe and also in the U.S.A. concerning the introduction of a follow up
emission stage (Stage VI? / Tier5?]

« Thereis atrend to introduce decentralized electric power stations powered by combustion engines to cover the risks of
energy shortages during the difficult transition period to zero CO2 energy generation. These plants will be close to
consumers in urban areas, thus the question of using BAT, in particular for exhaust gas particles, will gain importance.
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Thank you

for your interest!



