Appendix 2.3 - Heavy Metal Exhaust Emissio
Mobile Sources

This appendix chapter provides additional information regarding the approaches applied f
emissions from mobile sources in:

e Road Trans({ai.3.b i - iv)

e Non-road Mobile Machinery in 1.A.2.g vii, 1.A.4.a ii/b ii/c ii, and 1.A.5.b
e Railways.A.3.c)

e Maritime Vessels and Ships in 1.A.3.d i, 1.A.3.d ii, 1.A.4.c iii and 1.A.5.b
e Aircraft in 1.A.3.a and 1.A.5.b

Road Transport

For heavy-metal exhaust emissions (other then lead from leaded gasoline), energy-relate
from mass-related tierl defaults provided in the 2023 EMEP/EEA Guidebook in chapter 1.
3-82, taking into account not only the fuel heavy-metal content, but alsicheBe vahueibution
have been calculated by encompassing the impact of engine wear to the heavy metal emisc
these apparent factors with fuel consumption, it is expected that the combined emissions
estimatéed.

From these default values, the following country-speciB c energy-related tierl EF were de
fuels used:

Table 1: Tierl emission factors derived from EMEPEEA GB 2023 defaults, in g/TJ

Pbl Cd| Hg| As| Cr| Cu| Ni| Se| Zn
Diesel 0il |0.012.000.126.00@.198.136.006.00@.419
Biodiesel (0.018.000.14@.008.2268.153.006.008.483
Gasoline fuklI®30.006.196.000.146.106.053.006.758

CNG NE| NE| NE| NE| NE| NE| NE| NE[ NE
LPG NE| NE| NE| NE| NE| NE| NE| NE[ NE
Biogas NE| NE| NE| NE| NE| NE[| NE| NE[ NE

‘values diR er from EFs applied for fossil diesel oil to take into account the speciRc NCV

Here, biodiesel has a slightly lower NCV compared to fossil diesel resulting in higher em
biogasoline the same NCV is applied as for fossil gasoline.

In addition, the EMEP/EEA Guidebook provides separate values for heavy metals from the
oil. The latter are rbpdrtedbicategorgs2e@.iésions from prddotet dhds Country-specil c appr
has been discussed and accepted at both the 2018 TFEIP megting and the 2018 NEC revit


https://iir.umweltbundesamt.de/2026/sector/ippu/other_product_use/lubricants/start

Table 3-83: Heavy metal emission factors for all vehicle categories in ppm/wt lubricant

I Category Pb cd Cu r Ni Se Zn HE As
IPas senger cars, petrol 0.0332 | 4.56 778 19.2 31.89 4.54 450.2 0 0
IPassenger cars, diesel 0.0332 | 4.56 778 19.2 31.89 4,54 450.2 0 0
|ch5, petrol 0.0332 | 4.56 778 19.2 | 31.89 | 454 | 450.2 0 0
ILCVs, diesel 00332 | 456 | 778 | 192 | 31.89 | 454 | 4502 | o0 0
IH DVs, petrol 0.0332 | 4.56 778 19.2 31.89 | 454 | 450.2 0 0
IH DVs, diesel 0.0332 | 4.56 778 19.2 31.89 | 454 | 4502 0 0
IL—ca tegory 0.0332 | 456 778 19.2 31.89 | 454 | 4502 0 0

Non-road Mobile Machinery in 1.A.2.g9 vii, 1.A.4.a ii/b ii/lc il

Without country-speci ¢ information, tierl values are applied.

However, instead of using the emission factors provideabie GEMHRPEE HAen2iG2380n factors fo
machinery, &

Table 3-1  Tier 1 emission factors for off-road machinery

Tier 1 emission factors

uel NFR sector llutant Units Emission factor
Diesel [1.A.2.gwvii, 1.A4.a.i, 1.A.4.b.ii and
1.A4.cii Cadmium mg/kg fuel 0.010

Copper mg/ kg fuel 1.70
Chromium mg/ kg fuel 0.050
Mickel mg/ kg fuel 0.07
Belenium mg/ kg fuel 0.01
Finc mg/ kg fuel 1.00

1A.2gvi, 1.A4.4a.i, 1.A.4.biiand

Gasoline |LA4 cii ICadmium mg/ke fuel 0.01
Copper mg/kg fuel 1.70
Chromium mg/kg fuel 0.05
Mickel mg/kg fuel 0.07
Eelenium mg/kg fuel 0.01
Finc mg/kg fuel 1.00

&the EF for exhaust HMs from NFR 1.A.3.b.i-iv (see above) are applied in order to assure
from fuel and engine wear and the unintended co-incineration of lube oil:

Table 2: Tierl emission factors derived from EMEPEEA GB 2023 defaults for NFRs 1.A.3.|

Pb| Cd| Hg| As| Cr| Cu| Ni| Se| Zn

Diesel oil 0.012.000.126.00@.1968.133.006.00@.419

Biodiesel 0.013.000.142.006.2268.153.006.0068.483

Gasoline fuels - 4 /9tO3*E 006.200.000.146.106.053.006.758




Pb| Cd| Hg| As| Cr| Cu| Ni| Se| Zn
Gasoline fuels - 229tk®.100.196.00B.96357 14.72.0920¢
LPG (1.A.4.a ii onlyNE| NE| NE| NE| NE| NE| NE| NE| NE

‘values diR er from EFs applied for fossil diesel oil to take into account the speciRc NCV

*including the HM of 1:50 lube oil mixed to the gasoline

Until submission 2017, the EMEP/EEA default EFs provided for NRMM were used
these EFs do not diB erentiate between fuel combustion and lubricant co-incinera

ﬁ decided to apply the more speciBc EFs from road transport to NRMM in 1.A.2.g v

1.A.5.b, too. This country-speciB c approach has been discussed and accepted at
and the 2018 NEC review.

Furthermore, as stated in the 2023 EMEP/EEA Guidebook, similar EF are applied for land
machinery:

Notes:

For land based military emissions, use emission factors for 1.A.2.g.vii as no other data are available.

Heavy-metal emissions from lubricants (as far as not used in 2N$§tRokebmda)egmoergzgsp Gr.ted
emissions from product use.

Railways

Tierl default EF as provided in the corresponding chapter of the EMEP/EEA Guidebook 2¢


https://iir.umweltbundesamt.de/2026/_detail/general/appendices/emepeea2023_nrmm_tier1-ef_d_.png?id=appendices%3Aappendix2.3-hm-from-mobile-sources
https://iir.umweltbundesamt.de/2026/_detail/general/appendices/emepeea2023_nrmm_tier1-ef_d_.png?id=appendices%3Aappendix2.3-hm-from-mobile-sources
https://iir.umweltbundesamt.de/2026/sector/ippu/other_product_use/lubricants/start
https://iir.umweltbundesamt.de/2026/_detail/general/appendices/emepeea2023_1a3c_tier1-ef_fuel_enginewear.png?id=appendices%3Aappendix2.3-hm-from-mobile-sources

Table 3-1  Tier 1 emission factors for railways

Tier 1 emission factor
Code Name
NFR Source Category 1.A3.c Railways
Fuel Gas Oil/Diesel
Mot applicable HCH, PCB, HCB
Not estimated 50x, Pb, Hg, As, PCDD/F, Benzo(k)fluoranthene, Indeno(1,2,3-cd)pyrene
Pollutant Value Unit 95% confidence Reference
interval
Lower Upper
NOx 524 kg/tonne fuel 25 93 Aggregarted Tier 2 method
() 10.7 kg/tonne fuel 6 19 Guidebook (2006)
NMVOC 4.65 kgftonne fuel 2 a8 Guidebook (2006)
MNH; 0.007 kg/tonne fuel 0.004 0.012 Guidebook (2006)
TSP 1.52 kg/tonne fuel 3 23 Aggregarted Tier 2 method
PM10 1.44 kg/tonne fuel 2 16 Aggregated Tier 2 method
PM2.5 1.37 kgftonne fuel 2 14 Aggregated Tier 2 method
Cd 0.01 g/tonne fuel 0.003 0.025 Guidebook (2006)
Cr 0.05 g/tonne fuel 0.02 0.2 Guidebook (2006)
Cu 1.7 g/tonne fuel 0.5 4.9 Guidebook (2006)
Mi 0.07 g/tonne fuel 0.02 0.2 Guidebook (2006)
Se 0.01 g/tonne fuel 0.003 0.025 Guidebook (20086)
Zn 1 g/tonne fuel 0.3 2.5 Guidebook (2006)
Benzo(a)pyrene 0.03 g/tonne fuel 0.01 0.1 Guidebook (20086)
Benzo(b)fluoranthene 0.05 g/tonne fuel 0.02 0.2 Guidebook (2006)
Benz{a)anthracene 0.08 g/tonne fuel 0.03 0.2 Guidebook (2006)
co, 3140 kg/tonne fuel 3120 3160 Guidebook (2006)
Dibenzolah)anthracene 0.01 g/tonne fuel 0.004 0.03 Guidebook (2006)

Notes

B(k)f & Indeno (1,2,3-cd) pyrene and dioxins emission factor values are not available for railway emissions. ltis
therefore recommended to use values corresponding to old technology heavy duty vehicles from the Exhaust
Emissions from Road Transport chaprer (1.A.3.b.jii).

BC fraction of PM (f-BC): 0.65. Source: for further informarion see Appendix A

Table 3: Tierl default emission factors applied to railway vehicles, in g/TJ

Pb| Cd| Hg| As| Cr| Cu| Ni| Se| Zn

Diesel oil 0.012.2°30.12/9.00/2.1%39.5/71.680.2°323.78

Biodiesdel 0.018.000.14D.00®.230.150.0(0.003.48

Lignite Briquettes N E

Raw Lignite NE

Hard Coal NE

Hard Coal Coke NE

‘tierl defaul?, fcémpter: 1.A.3.b i-iv - Road transport: exhaust emissions: tierl value for ¢

2

tierl defaul?, fcdmpter: 1.A.3.c - Railways

values diB er from EFs applied for fossil diesel oil to take into account the speciBc NCV
(NOTE: Assuming that biodiesel contains far less HMs than fossil diesel oil, similar value
using this biogenic fuel.

3



As the EMEP/EEA GB 2023 does not providebspHgifmcddalsauEts dpplied here has been deriv
chapter: 1.A.3.b i-iv - Road transport: exhaust emissions: tierl value for diesel vehicles.

Besides these emissions from fuel combustion and engine wear, thér@einneaamhysiotosry als
from brakes, wheels on rail and cohh¢éaet himceountry-specil ¢ approach is applied with emiss
chromium and nickel being estimated as part of the particle emissions from brake wear w
copper are estimated as part of the PM emissions from the contact line.

Table 4: Country-speciB ¢c emission factors for abrasive emissions, in g/km

PM.| PM,| TSP|BCPHCUHgAS Cr | Cu | Ni [Sez
Contact Ifne [0.000D6000/D20003ANANANANA NA [0.00033NA |NANA
Tyres on rails 0.0090.0180.01BA N A
Braking sysfelm 0.004 0.008 0.00RANANANANAO.000[08NA |0.000/NsAN
Current collettoNE NE NE [NE NA

P

‘'assumption: 100 per cent copper
> assumption: 100 per cent steel
® assumption: steel alloy containing Chromium and Nickel

*typically: aluminium alloy + coal contacts; no particulate matter emissions calculated ye

Inland Vessels and Ships in 1.A.3.d ii

Table 5: Tierl default emission factors applied to inland ships and vessels, in g/TJ

Pb| Cd| Hg| As| Crf Cu Ni| Se| Zn
Diesel [011.2(10.236.123.002.1/689./61.630.2333 3
Biodied®.0168.000.142.0068.29.19.006.008.48

‘'similar EF for biodiesel applied for all mobile sources

Maritime Vessels and Ships in 1.A.3.d i, 1.A.3.d ii, 1.A.4.c

Tierl default EF as provided in the corresponding chapter of the EMEP/EEA Guidebook 2(


https://iir.umweltbundesamt.de/2026/_detail/general/appendices/emepeea2023_1a3d_tier1-ef_hfo.png?id=appendices%3Aappendix2.3-hm-from-mobile-sources

Table 3-1  Tier 1 emission factors for ships using bunker fuel oil

Tier 1 default emission factors

Code Name
NFR Source Category 1.A3.d.i International navigation

1.A.3.d.ii National navigation

1.AA.cijii | Agriculture / forestry / fishing: National fishing

1.A5.b Other, mobile {including military, land based and recreational boats)
Fuel Bunker Fuel Qil
Not applicable
Not estimated NH3
Pollutant Value Unit 95% confidence Reference

interval
Lower Upper
NOx 69,1 kg/tonne fuel 0 0 Scipper (2021}
o 3.67 kg/tonne fuel 0 0 Scipper (2021}
NMVOC 1.67 kg/tonne fuel 0 0 Scipper (2021)
50, 19.2 kgltonne fuel 0 0 Scipper (2021)5ee also note
1
PM,q 5.2 kg/tonne fuel 0 ;c}l pper (2021)
BC 0.0903 kgftonne fuel 0 0 Scipper (2021)
Benzo(blfluoranthene 0.03 g/tonne fuel average value
Benzo(k)fluoranthenes 0.02 g/tonne fuel average value
Benzo(a)pyrene 0.005 g/tonne fuel average value
Indeno(1,2,3- cd)pyrene 0.009 g/tonne fuel average value
Pb 018 g/tonne fuel 0 0 average value
Cd 0.02 g/tonne fuel 0 0 average value
Hg 0.02 gftonne fuel 0 0 average value
As 0.68 gltonne fuel 0 0 average value
Cr 0.72 gftonne fuel 0 0 average value
Cu 1.25 g/tonne fuel 0 0 average value
Ni 32 g/tonne fuel 0 0 average value
Se 0.21 gftonne fuel 0 0 average value
Fily 1.2 g/tonne fuel 0 0 average value
PCB 0.57 mg/tonne fuel 0 0 Cooper (20053)
PCDD/F 0.47 ug I-TEQ 0 0 Cooper (2005)
ftonne fuel

HCB 0.14 mg/tonne fuel 0 0 Cooper (2005)




Table 3-2  Tier 1 emission factors for ships using marine diesel oil/marine gas oil

Tier 1 emission factor

Code Name
NFR Source Category | 1.A.3.d.i | International navigation

1.A.3.d.ii | Matonal navigation

1.A4d.ciii | Agriculture f forestry / fishing: National fishing

1.A.5.b Other, mobile (including military, land based and recreational boats)
Fuel Marine diesel oil/marine gas oil (MDO/MGQ)
Not applicable HCH
Not estimated NH,
Pollutant Value Unit 95% confidence Reference

interval
Lower | Upper

NOx 72.2 kg/tonne fuel 1] 0 Scipper (2021)
co 3.84 kg/tonne fuel 1] 0 Scipper (2021)
NMVOC 1.75 kg/tonne fuel 0 0 Scipper (2021)
S50, 1.82 kg/tonne fuel 0 0 Scipper (2021) See also note (1)
PMq 1.07 kg/tonne fuel 0 0 Scipper (2021)
BC 0.0483 kg/tonne fuel 0 0 acipper (2021)
Benzo(b)fluoranthene 0.01 gltonne fuel average value
Benzolk}fluoranthene 0.01 g/tonne fuel average value
Benzo(a)pyrene 0.002 gltonne fuel average value
Indeno{1,2,3- cd)pyrene 0.001 g/tonne fuel average value
Pb 0.13 gltonne fuel 1] 0 average value
Cd 0.01 gltonne fuel 0 0 average value
Hg 0.03 g/tonne fuel 0 0 average value
As 0.04 gltonne fuel 1] 0 average value
Cr 0.05 g/tonne fuel 0 0 average value
Cu 0.28 g/tonne fuel 0 0 average value
Ni 1 gltonne fuel 0 0 average value
Se 0.1 g/tonne fuel 0 0 average value
In 1.2 g/tonne fuel 0 0 average value
PCB 0.038 mgftonne fuel 0 0 Cooper (2005)
PCDD/F 0.13 ug -TEQ/tonne 0 0 Cooper (2005)
HCB 0.08 mg/tonne fuel 1] 0 Cooper (2005)

From these mass-related default emission factors, energy-related tierl EF were derived v

Table 6: Tierl default emission factors applied to maritime ships and vessels in g/TJ

Pbl Cd Hg| As| Crl Cu Ni| Se Zn
Heavy Fuel4.i46.50.506./(27/81/07935.2@09 (7
Diesel 0il (3.09.28.70.93.120/23(2.3279

LNG N E
!tierl defaulth, fCompter: 1.A.3.d.i, 1.A.3.d.ii, 1.A.4.c.iii Navigation: Table 3-1
*tierl default®, fEdmpter: 1.A.3.d.i, 1.A.3.d.ii, 1.A.4.c.iii Navigation: Table 3-2

These country-speciB ¢ values are similarilly applied for exhaust HMs from ships and ve
1.A.3.d ii, 1.A.4.c iii, and 1.A.5.b.

Aircraft in 1.A.3.a and 1.A.5.b

The EMEP/EEA GB 2023 does not provide specill ¢c defaults for HM emissions from the con
aviation gasoline, stating that for for aviation gasodinestima@Bjnissions are



Therefore, the inventory compiler decided to apply the tierl EF from gasoline fuel used il
too. Although the Party assumes that HM emissions are also likely to occur from the coml
Blling is carried out for this fuel. Instead, all HM emission finom ¢stikeaftddene are reportec

Table 7: Tierl default emisison factors applied to aircraft, in g/TJ

Pb| cd| Hg| As| cr| cu|l Ni| se| zn
Kerosene N E
Aviation gaso9i@€D.006.200.000.146.108.058.006.758

' estimated from average lead content of AvGas 100 LL (see also: 1.A.3.a ii (i) and FAQs
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