Non-road mobile machinery (NRMM)
engine exhaust emission legislation
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About EUROMOT
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* EUROMOT is the European Association of Internal
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Broad scope | 5&

Non-road Stage V engine emission Regulation (EU) 2016/1628
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General non-road mobile machinery (NRMM) applications )
Agricultural tractors (1®)

Mobile gensets )

S| Engines <56 kW )

Locomotives & railcars

Inland waterway vessels

All terrain vehicles (ATV) and side-by-side vehicles (SbS) )
Snowmobiles @)

— MR IEERHENALM (NRMM) NS
KA (VO

Mo xEBHMHE®

SIA =N, <56 kW ©)

KESLFINIEFRIR

R i

EMPBER (ATV) SHHFKXFH (Sbs) ©
EEREEC

Engine Cateqgory
RN E

NRE
NRE
NRE (NRG >560kW)
NRS/NRSh
RLL, RLR @
IWP, IWA @
ATS
SMB

Includes both Cl and Sl engines operated on any liquid or gaseous fuel (including diesel, petrol, LPG, natural gas)
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Supplemented by Regulations (EU) 2017/654, 2017/655 & 2017/656

IF55EH (EU) 2017/654. 2017/655%012017/656
() Via Regulation (EU) 167/2013 | #&kiZ%# ( EU) 167/2013

(2 Engines of category NRE < 560 kW may also be used in locomotives, railcars and inland waterway vessels | NRE < 560
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Stage V limit values (category NRE)
FRVInEPRRFIZE ( NREZSH )

Table II-1: Stage V emission limits for engine category NRE defined in point (1) of Article 4{1)

* Selective Catalytic
Reduction (SCR)

Fu':[iﬁ:n Ft‘ii];s;:vb_ Power range 13;1',:1;'1;)0 co HC NO, PM mass PN A genera”y reqUIred 56 -
- — ’ 560 kW (same as Stage
kw gkwh | gkwh | gkwh | glkwh | #kwh V)
Stage V :ii": 0<P<8 Cl 8,00 |(HC+NO,<750)]040() | — 1,10 NG RS e e [ R AR
i Ji (SCR) HIRBIHL:
Stage V NREV-2 | e pet Cl 6,60 | (HC+NO,<750)| 040 1,10 56-560 kW (5 ERIVER
age V <P< . NO =7, . — .
g NRE-c-2 WEAETE])
NRE-v-3
Stage V \JRF;_? 19<sP<37| « 500 | HC+NO, <470 | 0015 |1x102| 1,10 e Diesel Particulate Filter
(DPF) required 19 — 560
NRE-v-4 o
Stage V VRF" , |7=ress| «@ 500 | (HC+NO,<470)| 0015 |1x102| 1,10 kW due to PN limit
1 o e YA}
i 2 SR kL I E e
Stage V NREVS ] s6ap<130 I 500 | 019 | o040 | o015 |1x102| 1,10 (DPE) HYAML: 19-
tage zP<13 a , . , , x : .
e NRE<5 |~ ’ ’ 560 kW CHTPNBR )
NRE-v-6
Stage V “RF{‘_ﬁ 130=P=560[ all 350 | o019 | o040 | o015 |1x102| 1,10  Different limits apply for
other engine categories
th t
-7 N N — N
Stage V NREv P> 560 all 350 | 0,19 3,50 | 0,045 — 6,00 & H AR R S
NREeT FRAN [] R i) 5

(1) 0,60 for hand-startable, air-cooled direct injection engines.
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Sl engines in Stage V Regulation (EU) 2016/1628
BRVARHEESE (EU) 2016/1628 F KISIE FIHL

Separate limits and test cycles for Stage V Sl engines based upon
corresponding requirements applicable in USA
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- Same limits and test cycles for Stage V CI & Sl engines
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Engine
Reference
Power

KRNI ZSZEINEK

56 KW —
199 kKW ——

General non-road  Inland waterway Locomotives

& mobile genset () Vessels & railcars ATV & SbS () Snowmobile ™
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(1) Also included in 05 series of UNECE Regulation R96

#ogEEE T (RaENMNETZRZIANIRIE) #I05%RFH EUROMOT




Stage V NRS 19 — 56 kW, ATS & SMB emission limits
BRVFFHENRS KEIHL (19-56 kW) . ATS & SMB R IHLHE R il

Emission stage Engi r;eg;ru‘kr)-cat— Power range Ignition type co HC + NO,
kW ofkWh g/kWh
NRS-v-2b )
Stage V 195 P <56 SI 4,40 (¥) 2,70 (¥)
NRS5-v-3

{*) Optionally, as an alternative, any combination of values satisfying the equation (HC + NOy) =

conditions: CO = 20,6 g/kWh and (HC + NOy) = 2,7 g/kWh

CO"% = 8,57 as well as the following

Emission stage Engi r;eg;ru}kr)-cat— Power range Ignition type co HC + NO,
kw g/kWh g/kWh
Stage V ATS-v-1 P>0 SI 400 8
Emission stage Engt r;eg;ru}lr)-cat— Power range Ignition tyvpe co NO, HC
gfkWh ¢/kWh g/kWh
Stage V SMB-v-1 P>0 275 — 75

For engines 19 < P < 30 kW only
applies if swept volume is > 1000
cm?

YWTF19 <P < 30 kWHIARNN] - Ni&
AT #HE > 1000 cm3i A=A

Test cycle C2

X EHEAC2

Additional test cycle LSI-NRTC for
engines with maximum test speed <
3400 rpm

ZINMIH EHALSI-NRTC (1R &0
P ERAKXNILZEE < 3400 rpm)

» Test cycle G1
MK EHAG

» Testcycle H

Az E #AH

Stage V Sl engine categories < 19 kW and 19 < P < 30 kW with swept volume is < 1000 cm? not covered in these slides

ARET A A EIELLTERVARAESIR NN ZER @ < 19 KWHIA DML ~ 19 < P < 30 kW E#FE < 1000 cm3#J & sh #l
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In-use testing
5 A AR

* In-use testing is now well established for on-highway vehicles
and becoming applicable for non-road mobile machinery in
some regions

Bal, MTABREMRNERIENRIEZIFEMR ; EF L
X, FEAENNTHEERTIEERA N
«  Challenge for non-road mobile machinery is much higher than

for road vehicles due to wide variety of applications; challenge
increases as emissions limit decreases

MFZESFHNATAR - FFEEBEN LM IR A
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research exercise (no pass-fail criteria)

FRER B BRVARAETE L M IE (ISM) Tt X —Ta sl KIREBHRWEM T ED) (REBIAEBY
PEE )

*  European Commission expected to evaluate the data in 2025 and report results
B3 E IS IR 20258 X HIEH T A FIRESE
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Equivalence: EU emission stages and UNECE R96
SRt B HEEbR #E P & UNECE R96

* UNECE R96 05 series

UNECE R96 Series UNECE R96 % %] published Feb 2019
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http://www.unece.org/fileadmin/DAM/trans/main/wp29/wp29regs/2018/R096r3am2e.pdf

Industry Stage V Guidance documents
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FREQUENTLY ASKED QUESTIONS

Regulation (EU) 2016/1628:
Requirements relating to gaseous and
particulate pollutant emission limits and
\ type-approval for internal combustion engines

for non-road mobile machinery
: : 3

January 2021
cena gl S=C a SEGVF 2= —2n [
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Industry FAQ guidance documents
available from EUROMOT’s
webpage
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Chinese language version of
diagnostics guidance

Z W FE B SRR
Download from/ T Z X 41

https://www.euromot.eu/publicati
on-and-events/publications/

Unofficial Chinese language version
of UNECE R96.05 also available

HeAh, AT FREUNECE R96.05 1
BB 5 HOSChRA
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https://www.euromot.eu/publication-and-events/publications/

EU Stage V versus China NR IV
BRVizE vs EIVITE

PM emission
limit (g/kWh) lllustration based on 56 — 130 kW Power Category

AU PR BRI AAE T56-130 KWL RIRY & B0
& (g/kWh)

0.025 _

0.02

0.015
China NR IV

VAR

0.01

0.005

0.4 3.3
1 2 3

NOx emission limit (g/kWh)
RAEIEHRRS] (g/kWh)

Actual PM
emissions likely to
be lower due to 5 x
10"2 #/kWh PN
limit and
requirement to use
wall-flow DPF
HF5 x 102 #/kWh
PN & BR #7045 FA B2
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Legislation with similar stringency to US EPA Tier 4 final &
EU/UNECE Stage IV or V

5% HEEPA Tier 4 finalflEU/UNECERKIVER VAR [FRE =% IR

Tier 4 final/Stage IV
Tier 4 final/Stage Va3 [llustration based upon 130 — 560 kW power class

B RIEABE T 130-560 kW 2RI & sh Al
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2014 | 2015 | 2016 | 2017 [ 2018 [ 2019 [ 2020 | 2021 | 2022 | 2023 | 2024 [ 2025 | 2026 | 2027 | 2028

EU (& UK) TTurkey T India

Stage V R (5=E) TEH HE
Israel Republic of Korea
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* Global alignment key for NRMM engine emissions
o BBV RNV HFNA KRG —RE

* Not necessary to repeat EU ISM research programme in multiple regions
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Key elements for development of future regulation
il I ARRIEIHI R B R

GLOBAL VIEW
23R N EF FOLLOW (NOT LEAD) ON-HIGHWAY ROBUST TECHNICAL ASSESSMENT

BE (MEAST ) 2BERERINNITE TRV R AN,

—— Ny

Seek global alignment through international
forums and avoid regional requirements

On-highway provides a higher production volume Evaluate technical feasibility of any content that is

s s i g e 4 platform to evaluate new technical content new or adapted from on-highway

LIRS i » I ABRRIS BT AT R R 6, A A 2 BT ER B A BER PR R AN
TP BT IBOR 2 LHRAT TS

ROBUST TEST PROCEDURES

N =

ROBUST IMPACT ASSESSMENT RENSER
= WE

TRIRRY R TN Use proven internationally developed procedures
appropriate to the specified emission level

Evaluate cost versus benefit of any new content FERZ T ERRIIE « & BTN EEEIKE
T EAAAEI ARSI  wER

SUFFICIENT LEAD-TIME AFTER OFFICIAL
SUFFICIENT STABILITY BETWEEN STAGES PUBLICATION

R & MBI S R et EEA AT EREE BN ERE

Ensure time is long enough to recover investment Ensure enough time to develop products
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Thank you for your attention
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Engines in Society
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