1.B.2.a

Oil

Category Clodethod DE FF
1.B.2.a.i T2 [ASCS
1.B.2.a.iv T2 |ASCH
1.B.2.a.v T2 [ASCS
Key Categ®r@ NMVOSQNHPMIPM/TSEBCCOPBCUHgDiofP AHHCB
1.8.2.a.i | -| - - - - e
1.B.2.a.iv| -/ -l -1 - - - e e - - -
1.8.2.a.v | -| 71| - - - -1 -1--1--1-1-1-7]"-

T = key source by Frked source by Level

Methods
D Default
T1 Tier 1 / Simple Methodology *
T2 Tier 2*
T3 Tier 3 / Detailed Methodology *
c CORINAIR
Cs Country Speci’ c
M Model

* as described in the EMEP/EEA Emission Inventory Guidebook - 2

019, in the group spec

AD - Data Source for Activjity Data

N$National

Statistics

R$SRegional Statistics

ISInternational

Sta

tistics

PS$SPlant SpeciB c data

AsAssociations,

business organisations

Q|speciB c Questionnaires |(or surveys)

Model / Modelled

M
C/ConB dential
E

F - Emission Factors

Default (EMEP Guidebook)

D
C/ConB dential
C8Country Speci c




o

SPlant SpeciR c data
M|/Model / Modelled

1.B.2.a.i - Exploration, production, transport

Emissions from exploration consist of emissions from activities of drilling companies and
sector. Gas and oil exploration takes place in Germany. AccortinigtuoakllyenBVIEGi(ifwemer W
emissions occur in connection with drilling operations, since relevant measurements are
(with use of methane sensors in wellhead-protection structures, ultrasound measurements
old / decommissioned wells are back Iled and normally covered with concrete caps.

Table 1: Activity data applied for emissions from oil exploration

Unitl1990 1995 2000200520102015%52020202[1
number of welllNo| 12 17 15 23 16 18 12 8
total of drillin/g nm é&tCe,rl41009,1|817.,376B3,99%1,41312,7[763,228,740

Since pertinent measurements are not available for the individual wells involved, a conse
VOC emissions for wells are calculated on the basis of the share ratio of VOC = 9 NMVO(
factor of the IPCC Guidklines 2006

Table 2: NMVOC emission factor applied for emissions from oil exploration, in [kg/No.]

Value

576

Emissions from extraction (crude oil) and B rst treatment of raw materials (petroleum) in t
in 1.B.2.a.i as well. Because Germany’'s oil Belds are old, oil production in Germany is hi
extraction, operation of pumps to inject water into oil-bearing layers). The Brst treatmen:
oil) undergoes in processing facilities serves the purpose of removing gases, water and ¢
present at wellheads contains impurities, gases and water and thus, does not conform to
transport in pipelines. No substance transformations take place. Impurities especially g
water are removed in order to yield crude oil of suitable quality for transport in pipeling

Table 3: Annual amounts of oil produced, in [kt]

1990199520002005201020152020202[1
3,6086,9%9,123,573,518,414,90%7,804

The emissions from production and processing are measured or calculated by the operato
published in the annual reports of the Federal association of the natural gas, oiland geo
The emission factors are determined from the reported emissions and the activity data.

Table 4: NMVOC emission factor applied for emissions from oil production, in [kg/mi%]

Value
0.079

Transport emissions are tied to activities of logistics companies and of pipeline operator
Rrst treatment, crude oil is transported to reB neries. Almost all transport of crude oil tak
stationary and, normally, run underground. In contrast to other types of transport, petrol
handling processes.

Table 5: Activity data applied for emissions from oil transportation, in [kt]

Activity 199¢199£ 200020052010201520202021
Transport of domestically prodﬂcéélozmd@?,,du]33,5"22,5]62,41_41,9(71,8(4
Transport of imported crude gi84,0486,0689,28907,47H3,27DL,2[&H3,0481,402
Transport via inland-waterway taBRers67 112 176 6 43 46 64

For pipelines, the emission factor for inland-waterway tankers has been estimated by exp



have been conBrmed by the research project Determination of emission factors and activ
vi*. Since long-distance pipelines are continually monitored and disruptive ingidents in s
emissions occur in small quantities only at their transfer points. The emission factor i
emission factor covers the areas of transfer / injection into pipelines at pumping stations
(connections, control units, measuring devices), and transfer at reB neries, and it has bee
conservative assumptions. For imported quantities, only one transfer point (the withdraw:
station for input into the pipeline network does not lie on Germany’'s national territory.

Table 6: NMVOC emission factor applied for emissions from oil transportation, in [kg/t]

Activity Valu|e

Transports of domestically produr@]d crude oil
Transports of imported crude 00L06[4
Transports via inland-waterwap tafkers

1.B.2.a.iv- RelB ning / storage

Emissions in category 1.B.2.a.iv - ReB ning / storage consist of emissions from activities
companies in the petroleum industry. Crude oil and intermediate petroleum products are |
most part, the companies concerned receive crude oil for reB ning and processing. To som

products undergo further processing outside of reB neries in processing networks. Such p!
the-art plants.

ReB nery tank storage systems are used to store both crude oil and intermediate and B nis
diB er from non-reB nery tank storage systems in terms of both the products they store anc
storage facilities outside of reB neries are used especially for interim storage of heating

storage capacities of storage caverns for petroleum products are listed separately. In lig

caverns are structured, it may be assumed that no emissions of volatile compounds occur
emissions calculation.

Tanks are emptied and cleaned routinely before tank inspections and repairs. In tank cle:
between crude-oil tanks and product tanks. Because sediments accumulate in crude oil ta
comparison to cleaning product tanks, is a considerably more laborious process. The sub
sediments and thus are cleaned only when the products they contain are changed. In kee

BBM (201 0he emission factors for storage of crude oil and of petroleum products may be
processes into account.

Table 8: Activity data applied for emissions from oil reB nement and storage

Activity unit| 1990 1995 2000/ 2005 2010 2015 2020 2021
Quantity of crude oil re ned kt [107,0586,47507,6/324,5895,378®3,3983,99B4,138
Capacity utilisation in reB nerjes% 106 92 95 99 81 91 82 80
Crude-oil-reB ning capacity infrefknheries,7a®4,7502,9405,6307,63M®3,08M5,6/8H5,6/55




Activity unit| 1990 1995 2000 2005 2010 2015 2020 2021

Tank-storage capacity in refd nenies aﬁdkl

pipeline terminals m 28,4 24,9 24 22,5 22 20,7 20,9

Storage capacity of tank'smrd%lfarr%'ijl'é',%s 15.9 18,1 17 15.9 15,3 15.3 15,0

outside of reR neries

Storage capacity of caverns Mill r|11426,6 25,3 27,9 27,2 27,2 25,5 25,5 25,5

Processimdqhe emission factors used for NMVOC, CO, NO and SO were determined by eva
declarations of the period 2004 through 2016 in the framework of a research project (Ben

Tank-storage facilities in reB neries

In keeping with the results of the research project Processing of data of emissions decle
Ordinance Implementing the Federal Immission Control Act the area of $tottag erfiacdélities
oil-distillation capacity is used as the activity data for estimating emissions from storage
emissions value speciB ed in the VD] @Gaied &ighte h4a40be used as the emission factor. The E
was derived from it (5-10 % of 0.16 kg) and then suitably deducted.

Tank-storage facilities outside of reB neries

According to M ller-BEMn(@ @hlission factors could be derived by evaluating emission decl
systems, which would be representative of individual systems. This is due, according to t
diR ering emission behaviours of di erent individual systems. It was possible, however, tc
For each relevant group of data, this was done by correlating the sums of all emissions w
non-reB nery tank-storage systems, storage of liquid petroleum products can be diR erentiz
petroleum products, since the relevant data is suitably dil erentiated.

Claus plants

The emission factors used for NMVOC, CO, NO und SO were determined by evaluating e
for the period 2004 through 2016, in the framework of a research pfdjSind8emddatéa woas N
available for earlier years, the data obtained this way was used for all years as of 1990.
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Table 9: Emission factors applied for emissions from oil reB nement and storage




Activity Substandenitvalue

Fugitive emissions at reR neries NMVOCkg/t0.007|2
Fugitive emissions at reB neries NO kg/t0.0060D2
Fugitive emissions at re neries SO kg/t0.00085
Fugitive emissions at reR neries coO kg/0.000494
Storage and cleaning of crude oil in tank-storage facilities MY ©ékgetre§2 2|7
Storage of liquid petroleum products in tank-storage faciINI\e‘eéQ)dTgt/smctelODreB neries
Storage of gaseous petroleum products in tank-storage faNiN/iVi@!?gdnh‘-lsiEi(bOof reB neries
Claus Plants NMVOCkg/©0.000025
Claus Plants NO kg/t0.002[2

Claus Plants SO kg/t 0.048

Claus Plants coO kg/t0.003|6

Emissions from storage consider all reB nery products. According to the EMEP
related emissions are reported under 1.B.2. Emissions other than fuels (like 1
are reported 2m3.dr0.b - Storage, Handling and Transport of Chemical Products

o

1.B.2.a.v- Distribution of oil products

In category 1.B.2.a.v - Distribution of oil products, the emissions from distribution of oil
products are transported by ship, product pipelines, railway tanker cars and tanker truck:
tank to tank. The main sources of NMVOC emissions from petrol distribution as a whole w
handling and transfer (Blling/unloading) and container losses (tank breathing). Experts c
refuelling to be non-existent, since the equipment used for such refuelling is B tted with c
Blling private heating-oil tanks are also very low thanks to high safety standards. In this
have undergone fractional distillation in re@ neries are handled and distributed, i.e. proce
separated out. For this reason, no signi cant methane emissions are expected. Only in s
products can small quantities of methane escape.

Table 10: Annual activity data for the distribution of oil products

20202021
3114, 45194,429
5%5,1 684,980
04,7256,129
P175,55181,20 6
2166, 2 11186 , 42 8

Unitl199¢(
tNoonE9, 3
lkt|21,8

1995200
1177 ,9p176 , 3
1276 , 2 088 , 9
ekt| 4,5845,4556,97
hlets 8ih B @3B4 , 7 857, 8
s kitq 3ple 2rE8I0 , 33238, 8

2004
?M5,18174,7
P28 ,5332,1
98,0498, 4 ¢
755,3801,0
3283,4319,6

2010 201¢%
4144 | 5
236, 7
58,5%
0156, 1

3148 , 2

Activity

number of petrol stsg
distribution of diese
distribution of jet fu
distribution of light
distribution of dome

Transport

Inland-waterway gasoline tankers retain considerable quantities of gasoline vapours in th
been unloaded. When the ships change loads or spend time in port, their tanks have to b«
ventilated on average 277 times per year, the quantity of NMVOC emitted in th®sBheperat
highest value in the range is used to calculate the relevant emissions. About 13 million n
annually in Germany via railway tank cars. Transfer/handling (Blling/unloading) and tank
only 1,400 t*OBe emissions situation points to the high technical standards that have be
cars and pertinent handling facilities.

Filling stations

SigniB cant quantities of fugitive VOC emissions are released into the environment during
storage facilities and during refuelling of vehicles. To determine emissions, a standardis
used. This value refers to the saturation concentration for hydrocarbon vapours and thus
possible emissions level in the absence of reduction measures. The immission-control re
(20th BIm$%h¥1st BIm3Qdhthat required B lling stations to limit such emissions promoted a
measures. The relevant reductions all ect both the area of gasoline transfer and storage (
fuelling of vehicles with gasoline at B lling stations (21st BImSchV). The use of required


https://iir.umweltbundesamt.de/2023/sector/ippu/chemical_industry/storage_handling_transport_chemicals/start

vapour-balancing (20th BImSchV) and vapour-recovery (21st BImSchV) systems, along wit
systems (via the amendment of the 21st BImSchV on 6 May 2002), have brought about corl
emissions; the relevant high levels of use of such equipment are shown in the table belo\
calculation, the two ordinances utilisation and el ciency requirements for B8 1lling stations
The following assumptions, based on the technical options currently available, are applie

OrdinanceFactor

20th BImS¢apour baladeigirgee of uti]BsBaghon

20th BIm$S¢apour balgigBimigncy 98 %
21st BIm$S¢apour recobDemyree of utilBsBaghon
21st BIm$S¢apour recoEBmjiency 85 %

In addition, permeation of hydrocarbons occurs in tank hoses. The DIN EN 1360 standard
per day for such permeation. From analysis of measurements, UBA experts have adopted
per day. That factor is used to determine the NMVOC emissions. The calculation is carrie
pertinent formula of the University of Stuttgart’s Institd®e for Machine Components

Number of service stations * number of fuel pumps per service station * number
pump * hose length * emission factor.

Cleaning of transport vehicles

Tank interiors are cleaned prior to tank repairs and safety inspections, in connection wit
changes. The inventory currently covers cleaning of railway tank cars. The residual amou
after these have been emptied normally, between 0 and 30 litres (up to several hundred
not normally able to evaporate completely. They thus produce emissions when the insides
some 2,500 cleaning operations are carried out on railway tank cars that transport gasoli
exhaust air, in connection with cleaning tank cars’ interiors amount to about 467000 kg/a
Any additional prevention and reduction measures could aB ect emissions in this category
emissions can be somewhat further reduced from their current levels via a combination of
organizational measures. Emissions during handling for example, during transfer to rail
especially by residual amounts of gasoline that remain after tanks have been emptied. St
release emissions via manholes the next time the tanks are Blled. A study is thus underw
best practice is being followed at all handling stations, and whether this extent has to |
determination. In addition, improvements of 311 nozzles enhance el ciency in prevention o
Pursuant to the UBA text (JoaSatalal @D043,0f all relevant transports are carried out wit
The remaining 2/3 of all transports are carried out by other means primarily with road t.
given by the report is assumed to be also applicable to the emissions occurring in conne«
inventory includes 36,000 kg of NMVOC emissions from cleaning of railway tank cars. Em
transport equipment primarily road tankers are derived from that 3 gure; they amount t
thorough emissions collection upon opening of manholes of railway tank cars (a volume o
with more thorough treatment of exhaust from cleaning tank interiors, could further reduc
cleansing is assumed to be carried out via one-stage active-charcoal adsorption. For an |
concentration levels can be reduced by 99.5 %, to less than 5 g/m%. As a result, the rem:
t. This is equivalent to a reduction of about 97 % from the determined level of 36.5 t/a (v
(2004), p'°34)

Generally, the emission factors listed below have B%en veriB ed by the study

Emission facgtor

Process responsible for NMVOC emissions [kg/t]

Drip losses in refuelling atRBIling stations gasoline 0.117

Transfers from road tankers to R 1lling stations (20th Ordinanceellgné)llienrgnenting &he Flederal
Immission Control Act vapour displacement) 9 '

Ventilation in connection with transports with inland-waterway &3 wokiere 0.025

Transfers from B Illing station tanks to vehicle tanks (21st C rdin(,j{a\snO ?nlemplerrheﬂting the
Federal Immission Control Act vapour recovery) g ’

Drip losses in refuelling atBlling stations diesel 0.1

Transports from reB neries to transport vehicles diesel 0.008




Process responsible for NMVOC emissions [Ekrglli]smn fagtor
Transfers from B lling-station tanks to vehicle tanks diesel 0.003
Drip losses in refuelling at transfer stations light heatiing 00.0011
Transports from reB neries to transport vehicles light heating 00.0053
Transfers from B lling-station tanks to vehicle tanks light heatilng 00.0063

Recalculations

For more details please refer to the supdeB-eor8ugEtevehapter
Emissions from fossil fuels

Planned improvements

* an ongoing research project estimate emissions from storage and cleaning of tanks for
planned to be implemented into the inventory in 2025/26
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