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Abstract: In the context of greenhouse gas emissions, CO2 emissions from fuels are not arising only
from combustion of the fuels, but also from non-energy use of fuels. In order to keep the inventory
transparent, comparable, accurate, consistent, and complete, it is necessary to carefully assess such
emissions in order to neither not omit nor double count them. The paper presents the methodological
guidance of non-energy use of fuels given by Intergovernmental Panel on Climate Change (IPCC)
2006 Guidelines. Further, approaches of the Czech Republic, Slovak Republic, and Hungary, three
neighboring countries, for reporting CO2 emissions from non-energy use of fuels are presented
and discussed.
Keywords: greenhouse gas inventory; fuels; energy; industrial processes; reporting

1. Introduction
Concerns about the fate of the Earth climate system culminated in 1992 at the United Nations
Conference on Environment and Development in Rio de Janeiro (Brazil), where the United Nations
Framework Convention on Climate Change (UNFCCC) was adopted. The Convention entered into
force in 1994. The basic objective of the convention was to create the preconditions for the early
stabilization of global atmospheric greenhouse gas concentrations at a level that would prevent
dangerous interference with anthropogenic influences with the climate system [1,2].
However, the convention did not specify specific reduction targets, so negotiations on strengthening
the convention were launched in 1995 and the so-called Kyoto Protocol (KP) was adopted in 1997,
specifying the reduction targets of the economically developed countries [1,3].
By adopting the KP, the economically advanced countries were required to reduce greenhouse gas
emissions individually or collectively by at least 5.2% during the first period of 2008–2012, compared
to 1990 levels. Concerned emissions and sinks of carbon dioxide (CO2 ), methane (CH4 ), nitrous
oxide (N2 O), partially (HFC) and fully (PFC) fluorinated hydrocarbons, and sulfur hexafluoride (SF6),
expressed as aggregated CO2 emissions. In the case of the Czech Republic and Slovakia this was a
commitment to reduce total greenhouse gas emissions by 8% compared to the 1990 reference year
(1995 is the reference for HFC, PFC, and SF6) [1,2,4]. Hungary has a very specific base year under the
KP, it is the average of 1985–1987 years.

Atmosphere 2019, 10, 406; doi:10.3390/atmos10070406

www.mdpi.com/journal/atmosphere

Atmosphere 2019, 10, 406

2 of 12

In December 2012, an amendment was agreed at the 18th Conference of the Parties (COP 18) in
Doha (Qatar) confirming the continuation of the Kyoto Protocol and its second period of Commitment
2 (2013–2020) [1]. Under Annex 1, paragraph C, of Decision 1/CMP.8, States of Appendix 1 to the
Convention are obliged to accept new reduction commitments that should contribute to reducing
greenhouse gas emissions by at least 18% below 1990 levels [5]. 20%, the European Union will fulfill its
commitment to the convention or the KP within the community [1].
The 20% reduction corresponds to the objective set out in the relevant EU regulations adopted
under the 2009 climate and energy package, and the EU has even offered a 30% increase (i.e. decrease
in emissions) in the commitment if the other major world economies would have made a stricter
commitment. The climate-energy package includes, among other things, a directive amending and
extending the European Emission Trading Scheme (EU ETS) [1].
In December 2015, COP 21 was held in Paris. It was expected to reach a worldwide unified
agreement (the Paris Agreement), which applies jointly to all parties, with the aim of keeping global
warming below 2 ◦ C. To this end, each UN country had to submit a plan to reduce emissions by
2030 [1].
To control the compliance with the commitments, a mechanism for annual greenhouse gas emission
inventories has been created. All parties to the convention report their inventory of greenhouse gas
emissions and sinks annually as of 15 April. In order for the EU, as one of the parties to the convention,
to also be able to send its inventory on 15 April, it needs an inventory from its Member States at an
earlier date [1]. Thus, by Regulation (EU) No 525/2013 (and before already by Decision No 280/2004/EC),
the Member States are prescribed two additional deadlines, 15 January and 15 March [6,7]. As of
January 15, the inventory has a preliminary form, some of the necessary data for emission calculations
is not available before this date [1].
1.1. Methodology for the Greenhouse Gas Emission Inventories
The methodology used for greenhouse gas emission inventories was created by the Task Force on
Greenhouse Gas Inventory (TFI) within the Intergovernmental Panel on Climate Change. The originally
used methodology was published in 1996, respectively [1,8]. However, this methodology did not
include methodologies for all sources of greenhouse gas emissions and sinks, and in 2000 the Good
Practice Guidance was published [9]. This methodological manual included the addition and extension
of methodological procedures for estimating greenhouse gas emissions for some specific subcategories.
Subsequently, updated IPCC 2006 Guidelines were developed [10]. This latest and currently valid
methodology contains detailed procedures for estimating emissions and sinks of greenhouse gases
for all sectors, as well as for estimating key categories, uncertainties, and other mandatory inventory
components [1].
Emissions and sinks of greenhouse gas emissions (GHG) are determined by origin from specific
sectors—Energy, Industrial Processes, and Product Use, Agriculture, Land Use, and Land Use Change,
and Forestry and Waste. Each sector has more detailed categories of greenhouse gas emissions. It is
good practice to report emissions or sinks at the lowest possible category level [1,8–10].
The methodological manual from 2006 has been used for the inventory of emissions and sinks of
greenhouse gases since 2015, for the inventory, which shows emissions for the time series 1990–2013,
i.e., it already interferes with the second commitment period of the Kyoto Protocol.
1.2. Combustion of Fuels
In many countries, the energy sector plays a major role in the greenhouse gas emissions. It usually
covers about 70% to 90% of greenhouse gas emissions in CO2 equivalent of the total emissions.
The attention is therefore drawn to this sector in order to manage accurate, consistent, comparable,
complete, and transparent reporting of greenhouse gas emissions, which arise from this sector. There are
a number of specifics that have to be treated carefully while compiling the inventory. One of them
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is overlap of some of the processes with ‘Industrial processes and other product use’ sector (IPPU),
especially in the case of fuels used in different industrial production [10,11].
Emissions of CO2 from fuels in the inventories of greenhouse gases are arising not only from the
combustion, but also from its non-energy use. The inventory compilers have to carefully make sure
that these emissions are not accounted twice in the inventory. As IPCC 2006 Guidelines state, when
activity data for fuel used represents the deliveries to enterprises or main subcategories, there is a high
risk of double counting of such emission. Therefore combustion statistics are the preferred option for
the activity data in this case [10].
The share of CO2 from non-energy use is increasing over time; from the global perspective from
1% in 1970 to 3% in 1995. Similarly, the share of CO2 from feedstocks in the total emissions from
non-energy use has increased from about 55% in 1970 to 80% in 1995 globally [12,13]. Depending on
the country, the share of non-energy use of fossil fuels in total energy balance varies, depending on the
importance of refineries and basic chemical industries [11,14].
A number of hydrocarbons are used for non-energy purposes, for instance petrochemical feedstocks,
lubricants, solvents, and bitumen. The carbon in the fuel is either oxidized to CO2 , or it is stored in the
product. It is possible, that the carbon is stored in the product for decades, or even centuries [15].
2. Reporting of Non-Energy Use of Fuels Under IPCC 2006 Guidelines
From the 2015 submission onward, it is required to use the Reference Approach in line with
IPCC 2006 Guidelines [10]. The main difference between the new reference approach and the old
one, used to date [8], is that instead of the concept of “long-term stored carbon” (stored carbon),
used for some non-energy fuels, now a new, broader concept—“excluded carbon”—is used, which
includes not only the stored carbon, but also carbon used and emitted as CO2 in other sectors, not
only in the Energy Sector 1.A (most often in the sector 2 IPPU). The reference approach, as a top-down
independent estimate of CO2 emissions from fuel combustion, serves basically as verification of the
sectoral approach, i.e., what is used in the inventory for estimation of emissions from the energy sector;
therefore it is important that CO2 accounted for in other sectors is not part of the comparison of the
two approaches. This means that the “excluded carbon” is deducted from the total carbon, calculated
on the basis of the apparent domestic consumption (apparent consumption). This is mainly necessary
for carbon contained in fossil fuels used as:
1.
2.
3.

Raw materials for further treatment in the industry (feedstocks),
Reductants,
Non-energy products.
An overview of materials containing “excluded carbon” is shown in Table 1.
Table 1. Products used as feedstocks, reductants, and for non-energy products [10].
Feedstocks

Naphtha
LPG (propane–butane)
Oils used as feedstocks
Refinery gas
Natural gas
Ethane

Reductants

Metallurgical coke and petroleum coke
Coal and coal tar/pitch
Natural gas

Non-energy products

Bitumen
Lubricants

For fuels that are used in sectors other than the Energy Sector (i.e., non-energy fuels: For example
coke or naphtha), it is necessary to know the quantity of the particular material that is used outside the
Energy Sector (e.g., as feedstock or reductant). The IPPU sector consists of a number of subcategories,
where the non-energy use of fuels can occur. Table 2 lists subcategories of the IPPU sector. The last
column indicates, whether the non-energy use of fuels can occur in the relevant category.
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Table 2. List of subcategories of the industrial processes and other product use (IPPU) sector [10].
2.A.1 Cement Production
2.A.2 Lime Production
2.A Mineral Industry

×

2.A.3 Glass Production

2.A.4 Other Process Uses of Carbonates

2.A.4a Ceramics
2.A.4b Other Uses of Soda Ash
2.A.4c Non-metallurgical Magnesia Production
2.A.4d Other

2.A.5 Other
2.B.1 Ammonia Production

×

2.B.2 Nitric Acid Production

×

2.B.3 Adipic Acid Production
2.B.4 Caprolactam, Glyoxal and Glyoxylic Acid
Production
2.B.5 Carbide Production
2.B Chemical Industry

2.B.6 Titanium Dioxide Production
2.B.7 Soda Ash Production

2.B.8 Petrochemical and Carbon Black Production

2.B.9 Flourochemical Production

2.B.8a Methanol
2.B.8b Ethylene
2.B.8c Ethylene Dichloride and Vinyl Chloride
Monomer
2.B.8d Ethylene Oxide
2.B.8e Acrylonitrile
2.B.8f Carbon Black

×
×
×
×
×
×

2.B.9a By-product Emissions
2.B.9b Fugitive Emissions

2.B.10 Other

×

2.C.1 Iron and Steel Production

×

2.C.2 Ferroalloys Production

×

2.C.3 Aluminum Production
2.C Metal Industry

2.C.4 Magnesium Production
×

2.C.5 Lead Production
2.C.6 Zinc Production
2.C.7 Other

2.D Non-Energy Products
From Fuels and Solvent Use

2.D.1 Lubricant Use

×

2.D.2 Paraffin Wax Use

×

2.D.3 Solvent Use

×

2.D.4 Other

×

2.E.1 Integrated Circuit or Semiconductor
2.E.2 TFT Flat Panel Display
2.E Electronics Industry

2.E.3 Photovoltaics
2.E.4 Heat Transfer Fluid
2.E.5 Other
2.F.1 Refrigeration and Air Conditioning

2.F.1a Refrigeration and Stationary Air Conditioning
2.F.1b Mobile air Conditioning

2.F Product Use as Substitutes
for Ozone Depleting
Substances

2.F.2 Foam Blowing Agents
2.F.3 Fire Protection
2.F.4 Aerosols
2.F.5 Solvents
2.F.6 Other Applications

2.G Other Product
Manufacture and Use

2.G.1 Electrical Equipment

2.G.1a Manufacture of Electrical Equipment
2.G.1b Use of Electrical Equipment
2.G.1c Disposal of Electrical Equipment

2.G.2 SF6 and PFCs from other product uses

2.G.2a Military Applications
2.G.2b Accelerators
2.G.2c Other

2.G.3 N2O from product uses

2.G.3a Medical Applications
2.G.3b Propellant for Pressure and Aerosol Products
2.G.3c Other

2.G.4 Other
2.H.1 Pulp and Paper Industry
2.H Other

2.H.2 Food and Beverage Industry
2.H.3 Other
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Feedstocks and Non-Energy Use of Fuels
The IPCC 2006 Guidelines [10] clearly sets the borderlines between the Energy and Industrial
Processes and Product Use sectors. Compared to the previous methodology version [8], emissions
from non-energy use of fuels are reported mainly in the IPPU sector. To prevent double counting or
omission of resources, it is necessary to carefully carry out a comprehensive check of CO2 emissions
in sectors Energy–combustion and IPPU, for those kinds of fuels that are used for both energy and
non-energy purposes.
Non-energy fuels are divided into three categories:
1.

2.

3.

Raw materials for the chemical industry (feedstocks). These fossil fuels are used in particular
in the production of organic compounds and to a lesser extent in the production of inorganic
chemicals (e.g., ammonia) and their derivatives. For organic substances, part of the carbon
contained in the feedstock normally remains largely stored in these products. Typical examples
of raw materials are feedstocks for the petrochemical industry (naphtha), natural gas, or various
types of oils (e.g., the production of hydrogen for the subsequent production of ammonia by
partial oxidation).
Reductants. Carbon is used as a reductant in metallurgy and inorganic technologies. Unlike the
previous case, here, when using fossil fuel as reductant, only a very small amount of carbon
remains fixed in the products for a longer time and larger part of the carbon is oxidized during
the reduction process. Metallurgical coke is a typical reductant.
Non-energy products. Non-energy products are materials derived from fuels in refineries or coke
plants which, unlike the previous two cases, are used directly for their conventional physical
properties, specifically as lubricants (lubricating oils and petrolatum), diluents and solvents,
bitumen (for covering roads and roofs), and paraffin. Emissions of CO2 and other GHG occur
only to a limited extent in the IPPU category (e.g., during the oxidation of lubricants and paraffin).
Substantial emissions occur during their recovery and during their disposal by incineration (in
the Energy and in Waste Sectors) [16].

The IPCC 2006 Guidelines [10] provide a general framework methodology for the Reference
Approach/Sectoral Approach comparison using so called excluded carbon. However, this general
framework is appropriate only for solving simple problems associated with non-energy use of fuels.
There are many other complex types of productions or methods of non-energy fuels use that require
a specific approach to address them. This paper focused on ways how to address non-energy use
of fuels and it lists the links between non-energy use and IPPU categories. An example of the three
neighboring countries presents the methods of solution for various complex productions as well as for
the different types of available data in the country.
3. Reporting of Non-Energy Use of Fuels in the Inventory of the Czech Republic
Emissions from feedstocks in the chemical industry are reported in subsector 2.B, Chemical
Industry, from reductants primarily in subsector 2.C, Metal Industry and from non-energy products,
used mainly for purposes other than combustion (e.g., lubricating oils) in subsector 2.D, Non-energy
Products from Fuels and Solvent Use [16].
Some types of liquid fuels are designed mainly for non-energy use. This is primarily naphtha;
liquified petroleum gas (LPG) might also be the case [16].
Another important type of liquid fuel consumed for non-energy purposes of fuels is a group
designated as other oils. Their most significant share is other petroleum products, which find application
in the production of hydrogen by partial oxidation with steam for subsequent production of ammonia.
Another part of it is also included under solvent use [16].
White spirit and paraffin wax are usually less important categories and they are indeed used only
for non-energy purposes in 2.D [16].
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Liquid fuels used especially for non-energy purposes also include bitumen and lubricants. While
there are practically no emissions of CO2 in the use of bitumen (stored carbon), in the use of lubricants
part is oxidized to CO2 (reported in 2.D) [16]. The respective amount of the fuel used in non-energetical
way is used for the emission estimates as activity data. Either default, or country specific emission
factors are applied for the emission calculation.
Solid fuels for non-energy purposes are mainly used as reductants. These include coke (coke oven
coke) in the production of iron and steel (2.C). Further, coal tar is used as well [16]. CO2 emissions
from the iron and steel in the Czech inventory are calculated using the carbon balance of the process
following the approach presented in the IPCC 2006 Guidelines [10]. In many countries, natural gas
(NG) is also used as a feedstock. It has not been used in the Czech Republic until recently and since
2008 Czech Statistical Office has indicated that approximately 1% of annual consumption of natural
gas in the Czech Republic is used for non-energy purposes in the chemical industry. This non-energy
use is reported under 2.B.10 (for the use of non-selective catalytic reduction) [16]. The CO2 emissions
are estimated using a country specific emission factor for CO2 from the natural gas combustion and
using the amount of the natural gas used in the chemical industry.
Fuels for non-energy use are not accounted for in the sectoral approach in category 1.A. In the
reference approach, non-energy use is deducted from the apparent consumption as excluded carbon [16].
Table 3 provides allocation of the non-energy use of fuels in the IPPU sector in the Czech Republic.
Table 3. The allocation of non-energy use of fuels in the IPPU sector in the Czech Republic.
Fuel

Used and Reported in Categories

Gas/diesel oil

2.B.1 Ammonia Production
2.B.8 Petrochemicals

Liquefied petroleum gases

2.B.8 Petrochemicals

Naphtha

2.B.8 Petrochemicals

Lubricants

2.D.1 Lubricants Use

Other Oil

2.B.1 Ammonia Production

Other bituminous coal

2.C.1 Iron and Steel Production

Coke

2.C.1 Iron and Steel Production

Natural Gas

2.B.10 Other

4. Reporting of Non-Energy Use of Fuels in the Inventory of the Slovak Republic
In Slovakia, several types of fuels are used as feedstocks and for non-energy use. When categorization
of non-energy fuels as described above Table 1 is used then all of these categories apply in Slovakia [17]:
1.
2.
3.

Feedstocks: Naphtha, refinery gas, and natural gas;
Reductants: Coking coal, other bituminous coal, coke, and petroleum coke;
Non-energy products: Lubricants, paraffin wax and white spirit, and bitumen.

Reporting of these fuels is summarized in Table 4.
Non-energy products as lubricants, paraffin wax, and white spirit evolve a part of the stored
carbon in the form of CO2 and they are reported accordingly (please see Table 4). It is assumed that
20% of stored carbon evolves as CO2 emission [10]. On the other hand, the use of bitumen does not
create the emissions of CO2 ; all carbon in bitumen is stored permanently.
Natural gas is used for several purposes in Slovakia. The main part of non-energy use of natural gas
serves as a feedstock for ammonia production. In this case the natural gas serves not only as a feedstock but
also as fuel for heating. The whole amount of the natural gas used is excluded from the reference approach
and reported in IPPU (2.B.1). Another significant non-energy use of the natural gas is a hydrogen production.
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Paraffin wax and white spirit
2.D.2. Paraffin Wax Use
Bitumen
2.D.3 Solvents Use
Refinery feedstocks
2.B.8 Petrochemicals
It is produced by steam reforming of natural gas, which is the same process as in ammonia production.
Petroleum coke
2.C.3 Aluminum Production
Therefore the same approach has been followed and all CO2 emissions are reported in IPPU (2.B.10) [17].
2.B.5 Carbide Production
Coking coal
2.C.1 Iron and Steel Production
Table 4. The allocation of non-energy use of fuels in the IPPU sector in Slovakia.
2.C.2 Ferroalloys Production
2.B.5
Fuel
Used
and Carbide
Reported Production
in Categories
Other bituminous coal
2.C.1
Iron
and
Steel
Production
2.B.1 Ammonia Production
2.B.8
Petrochemicals
2.C.2
Ferroalloys
Production
Natural gas
2.B.10
Hydrogen
Production
Coke
2.C.1
Iron
and Steel
Production
2.C.1 Iron and Steel Production

Naphtha
Non-energy products as lubricants,
paraffin wax,2.B.8
andPetrochemicals
white spirit evolve a part of the stored
2.D.1 Lubricants
carbon in the form of CO2 andLubricants
they are reported accordingly
(pleaseUse
see Table 4). It is assumed that
Paraffin wax
and 2white
spirit [10]. On
2.D.2.
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In this
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Other bituminous
coal
Ironapproach
and Steel Production
2.C.2 Ferroalloys Production
emissions are reported in IPPU (2.B.10) [17].
2.C.1 Iron and Steel Production
Petroleum coke is used forCoke
production of aluminum.
Petroleum coke is mixed with tar and
filled in the casting forms in order to produce pre-baked anodes. The respective amounts of
Petroleum
used
for production
of aluminum.
Petroleum
coke
is mixedthey
withare
tarsubtracted
and filled
petroleum
cokecoke
usedisare
reported
in statistics
for reference
approach;
therefore
in
the the
casting
forms approach
in order toand
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pre-baked
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reported
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The tar
used isofnot
presented
in
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therefore they
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and
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steel.
The
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use
of
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is
quite
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are
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ferroalloys
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Figure 1. Scheme of the calculation of carbon stored in the products from iron and steel production.
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Table 5. The allocation of non-energy use of fuels in the IPPU sector in Hungary.
Fuel

Used and Reported in Categories

Natural gas

2.B.1 Ammonia Production, Hydrogen Production, Nitric Acid
Waste Gas Scrubbing
2.B.8 Petrochemicals
2.C.1 Iron and Steel Production

Naphtha

2.B.8 Petrochemicals

Lubricants

2.D.1 Lubricants Use
1.A.3.b Road Transport

Paraffin wax

2.D.2. Paraffin Wax Use

Gas-Diesel oil

2.B.8 Petrochemicals

White spirit

2.B.8 Petrochemicals

LPG

2.B.8 Petrochemicals

Other oil products

2.B.8 Petrochemicals

Coke

2.C.1 Iron and Steel Production

Coke Oven Gas

2.C.1 Iron and Steel Production

Blast Furnace Gas

2.C.1 Iron and Steel Production

The allocation of natural gas is different in the inventory than according to the IEA for the reasons
described below. In the inventory, a balance (energy use + non-energy use reported in the IEA energy
balance minus all natural gas accounted for in the IPPU sector) for all natural gas used in the chemical
industry is calculated. The remaining part of the natural gas that is not accounted for in the IPPU
sector is allocated in the category 1.A.2.C of the Energy Sector [18].
In the case of other (oil) products, and also for naphtha LPG, the IEA Annual Questionnaires
allocation is not consistent for the whole time-series; part of the total consumption reported as energy
use and part classified as non-energy use in the energy statistics are not consistent in time-series.
However, the IPCC 2006 Guidelines advice to allocate all such emissions to the IPPU sector irrespective
of whether they arising from energy or non-energy use of fuel [18].
5.1. Feedstocks in Hungarian Inventory
Ammonia production: Currently, there are only two ammonia plants in Hungary. In the inventory,
the reporting scheme of the largest (EU ETS) plant is basically followed, which is in line with the IPCC
2006 Guidelines [10]. It means that all natural gas used for ammonia production (either classified
previously as technological gas or as fuel) is allocated in the IPPU sector [18].
H2 production: Natural gas used for H2 production outside the ammonia plants is also allocated
in the category 2.B.1, because one of the ammonia production plants uses hydrogen (that is produced
from natural gas by another plant) for ammonia production. On the other hand, the hydrogen plant of
the Hungarian oil refinery is not allocated in the 2.B.1 category but in the Energy Sector. Similarly,
petroleum coke use for catalyst regeneration and the resulting CO2 emission are accounted for in the
Energy Sector (1.A.1.b), and the corresponding amount of petroleum coke remains in the reference
approach [18].
Olefin production: Yearly (500–600) kt of ethylene and propylene is produced in the
largest petrochemical plant of Hungary, which serve as feedstock for basic plastics (polyethylene,
polypropylene) production. As a recent development, butadiene is recovered as a by-product of
the ethylene production. For olefin production, mostly naphtha, LPG, and gasoil are used. In the
inventory, the EU ETS report of the plant is directly used. The EU ETS monitoring regulation allows for
facilities for production of bulk organic chemicals to choose between the mass balance methodology
that is based on the amount and the carbon content of material entering or leaving the facility and the
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standard methodology that is based on fuel use. This plant follows the latter approach; therefore the
EU ETS reports do not provide information about carbon stored in the products. On the other hand,
the time-series of non-energy use of oil products (as raw material in petrochemical production) is
present in energy statistics provided by IEA, even though in a not fully consistent manner as described
above. These data have been taken into account and all of the carbon from these sources was excluded
from the Energy Sector and reported in IPPU [18].
Carbon black production: The plant uses mainly tar (“quench oil”) coming from the refinery or as
a by-product from the olefin plant with some imported amount. In addition, natural gas is used in the
production process. In the mass balance approach applied by the plant, the carbon content of a small
amount of imported carbon black, some toluene, waste oil, and potassium carbonate are taken into
account. In the inventory, ETS data are directly used [18].
Vinyl chloride monomer (VCM) and toluene diisocyanate (TDI) production: VCM is the key
material for PVC production. Ethylene dichloride (EDC) is the intermediate product during VCM
production, where the EDC cracking furnace uses natural gas. TDI is an aromatic diisocyanate and
a key polyurethane raw material. During TDI production natural gas is used for combustion of
by-products and the generated heat is used for other chemical processes in this plant [18].
Based on the information from the energy statistics provider, all naphtha, and most LPG, gasoil,
and all relevant other oil products allocated to the chemical and petrochemical categories in the energy
statistics (either for energy or for non-energy uses) are used up in the above described petrochemical
production processes, therefore the emissions from the EU ETS reports of the three relevant large
plants are included without any modification in the category 2.B.8, Petrochemical and Carbon Black
Production, so 100% share of ETS emissions is achieved in this category. Consequently, the above
oil products are removed from the reference approach irrespective whether they are allocated to the
energy or non-energy consumption in the energy statistics [18].
5.2. Reductants in Hungarian Inventory
Iron and steel production: In the used approach, basically all emissions from the blast furnace and
the sinter plant are allocated to the IPPU sector. It means, for example, that all coke-related emissions
are accounted for in the category 2.C.1 (IPPU, Iron and Steel Production). Thus all coke allocated
in the energy statistics to iron and steel production or transformation in blast furnaces categories
is removed from the reference approach. By doing so, recovered blast furnace gas combusted for
electricity purposes needs to be taken into account. The respective amount of blast furnace gas and the
corresponding carbon are subtracted from 2.C.1 and allocated to the 1.A.1.a category of the Energy
Sector [18].
6. Discussion
Methodology published in the IPCC 2006 Guidelines gives robust background for non-energy
use of fuels reporting. In majority of the cases, this methodology is fully applicable. Activity data
necessary for calculation can be found in the national statistics, EU ETS reports or in the international
databases (such as IEA). Data consistency shall be ensured by using different sources or databases for
inputs. The most common is that different statistics does not use the same methodology for energy
and non-energy uses of fuels and the consistency of time-series can be questionable.
The conservative approach shall be applied when statistical data are used for reporting, the
splitting of energy and non-energy uses of fuels is usually not consistent with the IPCC methodology.
The individual approach is necessary. A good example of the calculation approach is using the sum
of energy and non-energy statistical data following the subtraction of fuels used in the IPPU sector.
The result is the “energy use” reported in the inventory. If some productions/products are reported
energy and non-energy uses of fuels separately in the statistics, followed the IPCC 2006 Guidelines it is
necessary to report this total in the IPPU sector. It means that this total represents only non-energy use
of fuels (NEU) part of fuels. The typical example is ammonia production.
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Hydrogen production requires individual approach. Two different methodological ways exist in
emission reporting in the hydrogen production in refinery. If detail flows of fuels and products inside
refinery are known and the hydrogen production can be identified and separated, then it is possible
to report these emissions in the category 2.B.10 in the IPPU sector and at the same time removing
natural gas consumption from the reference approach. This approach was used in the Slovak and
Czech inventory. Inventory reported by Hungary uses a different approach. Separation of hydrogen
production in a refinery is not possible based on available data, therefore refinery is balanced in the
energy sector in ones and the fuel consumption is not NEU.
Organic products balanced in refineries is a complex issue. The EU ETS methodology allows
two approaches: The mass balance methodology, which is based on the volume and carbon content
of material entering or leaving the facility and the standard methodology based on fuel use. If mass
balance is used, the NEU can be easily reported, if the EU ETS facility uses the second approach, the
NEU cannot by reported separately. In this case, additional data for mass balance of the production
stream in refinery are necessary. Afterwards, the NEU can be balanced similarly as in the case of
Slovakia. Complementary, also other data sources can be used, such example is the IEA database.
International data can be used in the inventory without additional consideration, which is an example
of Hungary. Hungarian experts found the IEA data reliable for using in the inventory, time series
consistency shall be approved carefully, mostly for the review process. Including international data
into national inventory improved Hungarian estimation in the NEU reporting. Ignoring NEU and
reporting emissions exclusively in the energy sector overestimate emissions (if the carbon in products
is not excluded) or implied emission factor (IEF) calculated by this approach will be out of range (when
part of carbon will be stored in products).
7. Conclusions
Energy and IPPU sectors account to the majority of the greenhouse gas inventories for up to 90%
of the total greenhouse gas emissions arising in the region of specific country. In order to keep the
reporting transparent and accurate a clear distinction between technological and combustion processes
has to be considered.
In the special case of non-energy use of fuels, the inventory compilers have to pay special attention
to neither double-count, nor omit relevant CO2 emissions. In order to do so, the inventory compilers
have to have access to the relevant data about industrial production. Understanding of the production
processes is crucial as well.
IPCC 2006 Guidelines [10] give a general guidance on how to approach reporting of such an
emission. As it can be seen from the Sections 3–5, each country has its specific use of fuels for the
technological purposes and specific methods of obtaining the relevant data about the carbon excluded
from RA based on the available activity data. However, the general approach remains comparable.
The authors of the paper believe that presented approaches of reporting of non-energy use of
fuels in the greenhouse gas inventory can also serve as guidance for other countries.
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