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Abstract — Climate change and global warming has become one
of the main topics worldwide. The European Union Emission
Trading System (EU ETS) was established to limit climate change,
providing regulations which encourage companies to invest in
cleaner production and more energy efficient production. Latvian
energy intensive enterprises are operating under the EU ETS from
the year 2005.

The main goal of this paper is to provide an analysis of energy
intensive installations in terms of their energy efficiency.
Additionally, an analysis of EU ETS phase Il which will start to
operate in 2013 under new, more stringent rules has been
conducted by modelling three Latvian energy intensive enterprise
operations under this phase and estimating the barriers to meet the
goal of the EU ETS phase I11.
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I.  INTRODUCTION

Climate change is progressing much faster than it was
originally provided in scientist prognosis and climate models
[2]. Climate change is mainly caused by human activities as a
result of which large amount of greenhouse gasses are emitted
[3]. Energy intensive installations’ are responsible for
approximately 50% of the total GHG emissions in the European
Union [4].

The EU Emission Trading System (ETS) is a key tool for
reducing industrial greenhouse gas emissions in a cost-effective
way. The tool provides regulations which could encourage
companies to invest in cleaner and more energy efficient
production. Nonetheless, non-harmonized allocation rules in the
Community for phases | and Il of the EU ETS led to a huge
amount of over-allocated amount of allowances and did not
produce the expected results [2,5].

Comparing National Allocation Plans (NAPs) and annual
verified data, in the phase I, 30% more allowances were granted
than needed for all installations in Latvia, and in the first two
years of phase Il — 19% more allowances. A comparison of the
energy intensive production installations, which are operating
under EU ETS from the year 2005 and have not left the system,
17% more allowances were granted in the phase I, and in phase
Il — 16% more allowances than it was verified.

Phase Ill will start to operate in 2013 under stricter rules.
New provisions take into account questions about energy
efficiency, cleaner production and the new technology use in

! Energy intensive installations — installations which consume large amounts
of primary energy and emit large amounts of greenhouse gas emissions during
their operation. For example, metal production and processing sector, pulp and
paper production sector.

practice. Allowances will be allocated using benchmarks which
are based on 10% of the best installations of each sector in EU.
In addition to the benchmarking method, the linear reduction
factor of 1.74 will be applied to reach the EU goal — a 20%
emission cut in 2020, compared to the year 1990.

In order to develop a better understanding of the EU ETS
development period post-2013 and the impact on Latvian energy
intensive enterprises, an analysis of three enterprises was
conducted.

Il.  ENTERPRISE PROFILE

There are 10 installations that correspond to the requirements
of ETS in Latvia. These companies represent the following
sectors:

. Celluloses and paper production (1 installation);

Steel casting (1 installation);

Cement and lime production (2 installations);
Glass and glass fibre production (1 installation);
Ceramic manufacturing (5 installations).

All Latvian enterprises, in comparison with other enterprises
of the same sector in EU, are considered to be of a small scale
[6]. The annual carbon dioxide emissions of only two
enterprises in Latvia (cement factory Cemex and steel
production company Liepajas Metalurgs (LM)) reach 30 ktCO,.
All other eight installations in Latvia are small and medium
scale enterprises with the annual CO, emissions of less than 10
ktCO, (see Figure 1).
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Fig.1. Verified annual emissions of 10 energy intensive industries in Latvia [1].

During phase |, installations have used around 83% of the
allocated emission allowances. In 2008 and 2009, installations
have used 84% of the annually allocated emission allowances
for the period 2008-2012.
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Fig.2. Algorithm for allocation methodology in the phase Il1.

I1l. METHODOLOGY

A.  Allocation methodology at the national level

The allocation methodology at the national level is illustrated
by the algorithm shown in Figure 2.

In comparison with phases | and Il, new allocation rules will
come into force for phase Ill. The number of allowances will be
calculated basing on the end product amount in each
installation, rather than on the used fuel amounts in installation.

The number of sub-installations can vary from 1 to n, and the
boundaries of each sub-installation can be determined using
benchmarks (see chapter Il section B). The boundaries of each
sub-installation can be wider than the process boundaries. In the
calculation of total allowances, it should be considered that the
benchmark is constant for years 2013 — 2020.

Additional to the benchmark, the Carbon Leakage Exposure
Factor (CLEF) will be applied, and it can vary between 2013
and 2020 [7]. The CLEF is defined for the installations which
can suffer a material competitive disadvantage because of those
installations which operate outside the European Union and
which are not subject to emission reduction commitments [16].

Carbon leakage exposure factor values are summarized in
Table 1.
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TABLE 1
CARBON LEAKAGE EXPOSURE FACTOR VALUES [9, 16]
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Sub-installations which are the subject of carbon leakage
exposure risk will receive a full amount of allowances at the
benchmark level, while installations which are not the subject of
carbon leakage exposure risk, will have the linear reduction
factor applied [9,16,17]. In total, there are 164 sectors
determined based on NACE and PRODCOM codes, which have
Carbon Leakage Exposure risk in the EU [16,17].

B. Benchmarks in phase Il and allocation methodology at the
installation level

To ensure common and harmonized allocation rules for all
installations in different Member States, a benchmark has been
set for each end product [8,9,10]. Values are set according to the
level of 10% of the best facilities in each sector in the years
2007 and 2008 [11-14].
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For free allowance determination in installations, three types
of benchmarks are used [7,9,15]:

1. Product benchmark — the amount of free allocation is based
on specific emissions at product level (tCO,/ t product);

2. Heat benchmark is fixed benchmark 62.3 tCO,/TJ of heat
consumed and allocation is based on the amount of measurable
heat consumed;

3. Fuel benchmark is fixed benchmark 56.1 tCO,/TJ of fuel
used and allocation is based on the amount of fuel consumed.

Each installation has inputs and outputs that are eligible for
free allocation and will receive allocation based on at least one
of the benchmark methodologies, taking into account the
benchmark system boundaries [7].

The product benchmark system boundaries are defined in
Figure 3 and the free allowances are determined based on the
production amounts [7].

CO, from burning CO, from
process production
Fuel (TJ) o HeaE'Tit)eam T —
—> . Product witﬁ\
e T Production benchmark{
Fuel (TJ) process —
—_—

Fig.3. Product benchmark system boundaries [7].

The product benchmark system includes physical parameters
— heat energy, fuel consumption for a certain kind of product
manufacture, i.e. all carbon dioxide emissions from the
production of a certain type of product are expressed in one
benchmark. This benchmark will be used to determine free
allowances in installation. All other processes which are not
covered by the product benchmark will be covered by one of the
other two types of benchmark — heat or fuel.

The heat benchmark system boundaries are defined in Figure
4. 1t is suitable for installations and sub-installations which are
not covered by the product benchmark or the heat energy is end
use product and the free amount of allowances are determined
based on produced heat amount which is measurable and
determined by meters [7].
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Fig.4. Heat benchmark system boundaries [7].

The fuel benchmark system boundaries are defined in Figure
5. A free amount of allowances is determined based on the fuel
amount, which is expressed in terra joules (TJ) and is applied to
the product installation which is not covered by the product

benchmark and heat energy is the end product, but it is not
measurable [7].
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Fig.5. Fuel benchmark system boundaries [7].

The preliminary free allocation for all sub-installation types
(Fsup) can be calculated taking into account the historical activity
level (HAL) in each sub-installation, multiplying it by the
product, heat or fuel benchmark (BM), and it can be expressed
as [7]:

Foup=BM - HAL )

The historical activity level (HAL) is the median annual
production in the baseline period from 2005 — 2008 or 2009 —
2010. As the base period chose time period which describes the
highest activity level. If one installation is divided in many sub—
installations, one base period must be chosen for all sub—
installations, regardless of whether the highest activity level of
some sub—installations may occur at different time periods [7].

The preliminary total annual amount of allowances can be
calculated by multiplying the allocation with the carbon leakage
exposure factor (CLEF) of each sub-installation [7]:

Finst(k) = Z(Fsiub X CLEFsiub(k)) 2 2

IV. RESULTS

The analysis of 3 Latvian energy intensive enterprises under
the EU ETS phase I11 was made based on data availability.

C. Allocation for company Saulkane S

The main activity of the company Saulkalne S is the
production of lime from dolomite. The primary production
process begins with a raw material mixing process where the
dolomite is mixed together with fuel and is transferred to the
lime kiln. After firing, the lime is crushed and ground in the
bullet mill.

CO, emissions are emitted mainly from three installations —
the boiler, lime kiln and drying cylinders where coal and natural
gas are used.

To determine preliminary free allocation for the installation,
the installation was divided into three sub-installations:

1. Dolomite lime benchmark;

2. Fuel benchmark A;

2 . -
For some sectors there is a need to use a specific free allowance
determination methodology to ensure greenhouse gas emission efficiency.
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3. Fuel benchmark B.

The dolomite benchmark sub—installation covers all processes
of lime production and all emissions from the entire process.
The sub — installation boundaries are shown in Figure 6.
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Fig.6. Dolomite benchmark sub — installation boundaries.

Natural gas is used in the production of other products. As the
heat produced is not measured, a fuel benchmark is applied to
this sub-installation. The system boundaries are shown in Fig. 7.
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Fig.7. Fuel benchmark sub — installation A.

Natural gas is also used for internal heating needs of the
facility. The heat produced is not measured and therefore the
fuel benchmark is applied to this sub—installation. The system
boundaries are shown in Figure 8.
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Fig.8. Fuel benchmark sub - installation B.

In order to ensure greenhouse gas emission efficiency from
the lime production process, there is a need for a historical
activity level correction and this can be done by applying
formula [9,18]:

785 Mgaox +1092- Mygo

865,6 ' HALIimek ) (3)

HAL 1 gart = Medium(

where

HA L standart historical activity level for lime production
expressed in tonnes of standard pure lime.

Mcao k — content of free CaO in the produced lime in year k of
the baseline period expressed in mass %. If there is no data
available then the 52% value is used.

Mok — content of free MgO in the produced lime in year k of
the baseline period expressed in mass %. If there is no data
available then the 33% value is usedHALinex — uncorrected
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historical activity level for lime production in year k expressed
in tonnes of lime.

As there is no data available on the free CaO and MgO
content in the dolomite used for lime production at Saulkalne S,
some assumptions were made. For data correction, the minimal
accepted free content values were used:

o Mcao = 52%
o mMgo = 33%.

The base year of the installation was 2005 — 2008.

The preliminary free allocation for each sub—installation can
be calculated using equation (1) and the fuel benchmark value —
BM = 56.1 tCO,/TJ and the dolomite benchmark value — BM =
1.072 tCO,/tonne production. Product benchmark sub—
installation preliminary annual allocation is equal to 1926
allowances, fuel benchmark sub-installation A is equal to 2781
allowances and fuel benchmark sub-installation B — 67
allowances.

For the calculation of the preliminary total annual amount of
allowances using formula (2), there is a need to determine the
carbon leakage status for each sub—installation. Fuel benchmark
sub—installations A and B (NACE code 4030) are not the subject
of CLEF, the annual reduction coefficient will be applied (see
Table 1). The product benchmark sub-installation (NACE code
2652) is the subject of CLEF and free allowances will be
granted in full amount (CLEF=1).

An example of final free allocation calculation for installation
for the year 2013 is shown below:

Finst(2013) = (278-0.8) + (67 - 0.8) + (1926 - 1) = 4205allowances

All calculated free allowances are summarized in Table 2.

D. Allocation for enterprise Valmieras stikla skiedra

The main activity of Valmieras stikla $kiedra company is
glass product manufacturing from glass fiber.

The glass fiber is produced from two different materials —
glass balls and batch. The production process of fiber from glass
balls is conducted in a one-stage glass fiber plant, where glass
fibre is produced straight from bath furnace feeder bushings.
The heat for the process is obtained from natural gas, with the
additional use of electrical heaters.

In 2006, a second one-stage glass fiber plant started to
operate at the company, in which fiber is produced from batch
where the main raw materials are quartz sand, kaolin, limestone,
boric acid, spar, sodium sulfate and soda ash. The production
process can be divided in several steps — preparation of batch,
glass melting in bath furnace, feeder system, fiber development
and fiber filament winding assemblies.

To determine preliminary free allocation in the installation,
the installation needs to be divided into two sub-installations:

1.  Continuous glass fiber benchmark; and
2. Fuel benchmark.

The continuous glass fiber benchmark sub-installation
includes all fiber production processes, beginning from raw
material melting till glass fiber production process, and covers
all emissions from the specific material and fuel burning
processes. All other production steps — drying, weaving and
spinning are not included in the continuous glass fiber
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benchmark sub-installation. The sub—installation boundaries are
shown in Figure 9.
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Fig.9. Product benchmark sub — installation system boundaries.

Due to the fact that this enterprise does not have a heat meter,
and no data is available for fuel used in the operation of the
equipment, machines which are not covered with the product
benchmark will be covered by the fuel benchmark. When more
data are available, there will be a need to divide this sub—
installation into smaller systems. The fuel benchmark system
boundaries are shown in Figure 10.
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Fig.10. Fuel benchmark sub — installation boundaries.

The base period of the installation was 2005-2008, as there
were no data available for the years 2009 and 2010.

The preliminary free allocation for each sub—installation can
be calculated using equation (1) and the fuel benchmark value —
BM = 56.1 tCO,/TJ and the continuous glass fiber benchmark
value — BM = 0.406 tCOy/tonne production. The preliminary
annual allocation of the sub-installation of the product
benchmark is equal to 7431 allowances, but in the fuel
benchmark sub — installation - 7434 allowances.

For calculation of the preliminary total annual amount of
allowances using formula (2), there is need to determine carbon
leakage status for each sub-installation. The fuel benchmark
sub—installation (PRODCOM code 28.30.11.) is not the subject
of CLEF, and, therefore, the annual reduction coefficient will be
applied (see Table 1). The product benchmark sub—installation
(PRODCOM code 26.14.11.) is the subject of CLEF and free
allowances will be granted in the full amount (CLEF=1).

An example of final free allocation calculation for an
installation for the year 2013 is shown below:

Finstaliaton (2013) = (7434-0,8) + (7431-1) =13378allowances

All calculated free allowances are summarized in Table 2.

E. Allocation for enterprise Cemex

The enterprise Cemex is a cement producer known
worldwide. The main production process can be divided in
several steps — raw material treatment, clinker burning and
cement production. At the raw material treatment step, all
materials are dried, minced and preburned. The next step is the

clinker burning step where different fuels are used. The
company has a newly built factory operating from 2009 which,
in addition to fossil fuels, uses refuse-derived fuel (RDF) and
used tires. The temperature at this step reaches 1450°C. At the
end, the clinker is cooled and crushed.

To determine preliminary free allocation for the installation,
the installation was encompassed as one gray clinker benchmark
which includes all emissions from the production process. The
system boundaries are shown in Figure 11.
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Fig.11.Product benchmark system boundaries.

The base period of the installation was 2005-2008, as there
were no data available for the years 2009 and 2010.

The preliminary free allocation for each sub—installation can
be calculated using equation (1) and the gray clinker benchmark
value — BM = 0.766 tCOy/tonne production, the preliminary
annual allocation is equal to 244 598 allowances.

For the calculation of the preliminary total annual amount of
allowances using equation (2), there is a need to determine
carbon leakage status for the sub-installation. The product
benchmark sub-installation (PRODCOM code 26.51.12.) is the
subject of CLEF and free allowances will be granted in the full
amount (CLEF=1).

An example of the final free allocation calculation for
installation for the year 2013 is shown below:

Finstallaton (2013) = 244598 -1 = 244598allowances

A comparison of the annual allowances in the three
enterprises is shown in Table 2.

TABLE 2
ANNUAL FREE ALLOWANCES
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The total amount of allowances for 2013-2020 of the

enterprise Saulkalne S will be 27944, of Valmieras stikla
Skiedra - 92153 and of Cemex — 2201382 allowances.
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Fig.12. Comparison of annual emissions and free allowances.

F. Greenhouse gas emission prognosis

Assuming that production amounts in the future will remain
constant at the historical activity level, greenhouse gas amounts
emitted in each enterprise can be determined using the formula:

GHG = HAL-R-P 4)

where

GHG — emitted greenhouse gas emissions, tCO,
HAL - historical activity level, TJ

R — Emission factor, tCO,/TJ

P — Oxidation factor.

Oxidation and emission factor values for the annual
greenhouse gas emission calculation are taken from
2004/156/EC: Commission Decision of 29 January 2004
establishing guidelines for the monitoring and reporting of
greenhouse gas emissions pursuant to Directive 2003/87/EC of
the European Parliament and of the Council [20].

The annual greenhouse gas emission amount and the free
allocation comparison in each enterprise is shown in Figure 12.

Based on the assumptions made, the enterprise Saulkalne S
annually will report 4808 tCO, emissions, Valmieras stikla
Skiedra - 29633 tCO,, and Cemex - 338425 tCO, emissions.

Already in the first year of EU ETS phase Ill, Saulkalne S
will have to purchase additional 13% of allowances, and in 2020
this amount will increase up to 42%. According to the
calculations, the installation will have to buy more than 10 500
allowances during phase I11.
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In the first year of EU ETS phase Ill, the enterprise
Valmieras stikla Skiedra will have to purchase additional 55% of
allowances, and in 2020 this amount will increase up to 76%,
while the enterprise Cemex will have to purchase additional
21% allowances in the year 2013 - a total of 844 443
allowances.

The latest projections indicate that one allowance in 2013 will
cost 30€, and the price will increase annually by 2€. The
allowance price projections are summarized in Table 3.

TABLE 3
PRICES OF EMISSION ALLOWANCES IN 2013-2020 [19]
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Using the calculated emission amounts in each enterprise
which companies will need to purchase and the emission
allowance price prognosis, it is possible to determine the total
investments needed by each enterprise for the purchase of
allowances.

The total investments needed for the purchase of allowances
in the enterprise are calculated and summarized in Figure 13.



Scientific Journal of Riga Technical University
Environmental and Climate Technologies

DOI: 10.2478/v10145-011-0038-7

2011
Volume 7

4316042
4000000
o —o— Saulkalne S
a 3000000 3002464
i) )
S 2000000 Valmieras
g stikla
w wy_ e
g 878778 skiedra
£ 1000000 487660 —a— Cemex
o [lguo, _ 86295
20132014 20152016 2017 2018 2019 2020
Year

Fig.13. Investments for the purchase of allowances.

In the enterprise Saulkalne S, the total annual investments for
the purchase of allowances in the market may reach 406 K€; in
the enterprise Valmieras stikla Skiedra the total annual
investments can reach 5406 k€, while at the enterprise Cemex -
3.2 m€.

V. CONCLUSIONS

Each enterprise needs specific data for EU ETS phase Il
which differ from the data that EU member state governments
have collected up to now for the National Allocation Plans
(NAP). The cornerstone of the methodology is the use of
benchmarks which are developed basing on 10% of the most
energy efficient enterprises in each sector in EU.

Latvian energy intensive production enterprises will face
several problems operating under EU ETS, compared to other
enterprises in the EU, since Latvian enterprises have low energy
efficiency.

In the time of global economical recession, many companies
have faced economic problems and do not have financial
resources to spare for investment. Low efficiency will lead to
additional investments for the use of allowances in the market
and can be an issue of the enterprise’s ability to stay
competitive.
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Dace Zahare, Marika Ro$a. Latvijas energointensivo uznémumu analize ES emisiju tirdzniecibas sistéma

Energointensivie razoSanas uzn@mumi ir atbildigi par aptuveni pusi no siltumnicefekta izraisoSo gazu emisijam pasaulé. Lai mazinatu uzpémuma
darbibas rezultata radito ietekmi, nepartraukti tiek izstradati un pienemti jauni, stingraki noteikumi vides aizsardzibas joma. Eiropas Savienibas emisiju
tirdzniecibas sistéma ir lielaka no sisttmam, kas kontrolé lielos emitétajus Eiropa. P&tijuma galvenais mérkis ir Latvijas energointensivo razoSanas
uznémumu darbibas efektivitates analize kop$ Eiropas Savienibas Emisijas tirdzniecibas sistémas sakuma 2005.gada. Papildus, izmantojot jauno
starptautisko kvotu pieskirSanas metodiku treSajam emisiju tirdzniecibas sist€émas darbibas periodam, kas saksies 2013.gada, ir veikts brivo emisiju
kvotu aprekins iekartam, papildus prognozgjot kvotu apjomus, kas uzpémumam bus jaiegadajas tirgli. Aprekins ir veikts 3 dazadiem Latvijas
ripniecibas uznémumiem: cementa razo$anas uznpémumam SIA ,,Cemex”, kalku razo$anas uznémuma SAI ,,Saulkalne S” un stikla Skiedras razoSanas
uzpémumam AS ,,Valmieras stikla Skiedra”.

Jane 3axape, Mapuka Poca. Ananu3 JlaTBuiicKHii JHeproeMKHX KOMIaHHil B cHCcTeMe TOpropje dMuccuii EBponeiickoro coio3a

DHeproeMKue MpOU3BOACTBEHHEIE NPEANPHUATHS OTBETCTBEHHBI 32 MPHUMEPHO IOJOBHHY BBIOPOCOB IapHUKOBBIX Ia30B B MHpE. B memsx cokpamieHus
3arpA3HEHUs] NMPUPOJbI MOCTOSHHO pa3padarbiBaloTCs HOBble Oosee crporue npasuia. Cucrema Topropiu smuccuil EBponeiickoro corosa siBiasercs
KpyNHeHIIed M3 CHCTeM YIpaBISHHS HaJ OCHOBHBIMHM HMCTOYHHKaMH BeIOpocoB B EBpome. I'nmaBHas menp umcciaefoBaHHS — aHAmu3 3()(EKTHUBHOCTH
pabotrsl JIaTBHICKHX DJHEProeMKHX IIPOHM3BOJCTB C Hayajla Iepuoja paboThl CHCTeMBI TOproBiau sMmuccuii EBpomeiickoro corosa B 2005 roxy,
JIONOJIHUTENIBHO MCIIOJb3Ys HOBYI MEXIYHApOJHYI METOIOJOTHI0O pacHpejielieHus KBOT B TPETheM Iepuoje, KoTopsld HauHercs B 2013 roay. Beun
MIpOU3BENeH pacyeT 00bEMa CBOOOTHBIX IMHCCHH AN 00OPYIOBAaHMH, a TakKe OBLI IPOM3BENECH NONOJHHUTENBHBIH IPOTHO3 00beMa KBOT, KOTOP blif
MPEeANPHUATHIO IPUISTCS NMPHOOpPEcTH Ha phIHKe. Pacuer ObUI mpoW3BeNeH TpeM JATBUICKUM mpeanpusaTusMm: npeanpustuio SIA “Cemex”, xoTopoe
3aHMMAETCsl MPOU3BOJACTBOM LeMeHTa, npeampustuio SAI “Saulkalne S”, koTopoe 3aHMMaeTcs NPOHU3BOJCTBOM H3BECTH U NPEANPUATHIO AS
“BanMuepckoe CTEKJIOBOJIIOKHO”, KOTOPOE 3aHUMAETCs TIPOU3BOJICTBOM CTEKIOBOJIOKHA.
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