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Carbon Footprint Measurement and Management: Case
Study of the School Forest Enterprise

Pavla Kubova,* Miroslav Hajek,” and Viktor Ttebicky,°

This paper applies a corporate accounting standard approach for
measuring greenhouse gas emissions for a particular entity, the GHG
Protocol, for a specific type of company in the primary sector. The main
goal was to measure the total carbon footprint and carbon balance of the
School Forest Enterprise of the Czech University of Life Sciences
Prague. The total carbon footprint for Scope 1, Scope 2, and Scope 3 of
the forestland managed by the SFE in 2017 was 686 t COz2-eq or 3.5
t/employee, and 3.8 CZK/1000 CZK of turnover or 99 kg CO:2-eg/ha.
These findings suggested a specific role of forest management in terms
of climate change, where, in contrast with other companies in the
secondary and tertiary spheres, the sinks outweigh the greenhouse gas
production.
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INTRODUCTION

Global climate change is considered to be one of the most serious environmental
problems that man is currently facing, and therefore environmental considerations are an
important factor in justifying industrial decisions (Schramm 1998; Mirasgedis et al. 2008;
Samarakoon and Gudmestad 2011). Global climate change is defined as the long-term
variation in the climatic parameters, such as the temperatures, precipitation, and wind
velocities, from the averages and trends that have characterized the planet since the early
20" century (Krauchi 1993). The causes of climate change are divided into astronomical,
natural, and anthropogenic influences (Barros 2006; Eitzinger et al. 2010; Mondal et al.
2014). According to Stocker et al. (2013), the anthropogenic impact is the most important
factor behind global climate change at a certainty of 95%, as has been confirmed by
many studies, such as Matondo et al. (2004). Anthropogenic greenhouse gases include
carbon dioxide (CO.), methane (CHa), nitrous oxide (N20), ground-level ozone, and
chlorofluorocarbons (Houghton 1998; Joos and Spahni 2008; Indira and Srividya 2012;
Plummer et al. 2017). Although the Intergovernmental Panel on Climate Control is
widely recognized as an impartial advisory forum (Honkasalo et al. 2005), some experts
have a different opinion and have expressed doubts about the quality of the analyzed data
and the possibility of deriving valid conclusions about the influence of man on global
warming (Jaworowski 1994; Soon et al. 2004; McKitrick 2005; Klaus 2007; Pielke Sr. et
al. 2007; Michaels 2008).
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The main cause of greenhouse gases being released into the atmosphere is human
activity (Matondo et al. 2004; Kampen 2011; Plummer et al. 2017), which leads to
increasing concentrations of these gases that affect the radiation balance of Earth. During
the period before the Industrial Revolution (around 1750), the CO and other greenhouse
gas concentrations were 270 ppm to 280 ppm. These concentrations have increased and
were 405 ppm in 2017 (National Oceanic and Atmospheric Administration 2017), which
is an increase of 47%. In addition to the greenhouse gas concentrations, the annual
growth dynamics are also increasing. It is already certain that the atmospheric CO:
concentration of today is the highest it has been in the last 2.1 million years (Honisch et
al. 2009). The largest source of emissions is global fossil fuel burning, which grew from
6.8 PgC in 2001 to 9.8 PgC in 2015 (National Oceanic and Atmospheric Administration
2017). Another major source of emissions is deforestation and natural fires (Smith et al.
1993), which account for approximately one fifth of the global emissions. The biggest
emission sinks are the oceans (absorbed 1.8 PgC/year to 2.9 PgC/year) and terrestrial
vegetation (2.8 PgCl/year to 5.0 PgC/year). Thus, 4 PgC to 6 PgC of emissions remain in
the atmosphere each year. The research conducted by Gifford (1994) shows that non-
deforested terrestrial ecosystems store 2.5 GtC/year £ 2.7 GtCl/year.

Climate change strategies include a variety of instruments. In addition to trading
in greenhouse gas emissions and environmental taxes, there are also voluntary
instruments. Currently, one of the most used voluntary instruments is the carbon
footprint, which is an indicator designed to account for the five dimensions of the
sustainable development concept (Janouskova et al. 2017). The direct carbon footprint is
the amount of greenhouse gas emissions immediately released during a given activity.
The indirect carbon footprint is the amount of greenhouse gas emissions released
throughout the product life cycle, from production to disposal. Some examples include
the emissions associated with building construction, building materials, and automobile
production. Wiedmann and Minx (2007) defined the carbon footprint as the emissions of
COo, which are caused directly and indirectly by an activity during the lifecycle of a
product. Tjandra et al. (2016) observed that most activities may also emit other
greenhouse gases, and the carbon footprint definition should be extended to account for
these gases. The term carbon dioxide equivalent (CO2-eq) is commonly used in carbon
footprint assessments. It is very difficult to set it at a macro level (Lupa¢ et al. 2012). A
carbon footprint assessment may be based on various governing international standards
and methods of calculation (Pandey et al. 2011). Several studies have employed various
methods of assessments, such as a Life Cycle Assessment (Filimonau et al. 2011; Shirley
et al. 2012; Onat et al. 2014; Chan et al. 2015; An and Xue 2017).

A clear interpretation of results with regards to the environmental problem it
describes (global climate change) is an indisputable advantage of this indicator
(Kapitul¢inova 2017). The carbon footprint is undoubtedly of great importance in forest
management (Logan 1997; Sampson and Sedjo 1997). In addition to the potential for
carbon trading because of carbon sequestration, there is also remarkable greenhouse gas
production during forest operations. Nave et al. (2010) reported the existence of changes
in the carbon storage of forestland because of the influence of timber felling. Felling
reduces the carbon content in the soil by about 8%, and the overall carbon content in the
soil is reduced by almost 30% because of timber harvesting. A lesser influence was
observed in mixed and coniferous forests (Nave et al. 2010). This release of carbon is
alarming because of deforestation, which can emit as much as 200 million t C/year
(Nepstad et al. 2001). During forest extraction, not only carbon storage is decreased, but
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S0 is potassium storage, which can be reduced by up to 40% (Duchesne and Houle 2008).
A life cycle sustainability assessment is one of the most common methods for assessing
the sustainability of products and processes. It consists of three methods: life cycle
assessment, life cycle costing, and social life cycle assessment (Neugebaurer et al. 2015).
Within the ecological footprint methodology, the carbon footprint is defined as the
regenerative forest capacity required for sequestering CO2 emissions not absorbed by
oceans (Mancini et al. 2016). To calculate the carbon footprint, the forest area needed to
absorb CO, emissions from burning a given quantity of fossil fuels is used (Razgova et
al. 2007). The problem is that forests are included as special category areas for carbon
absorption. Thomas et al. (2010) showed in their study that increased human nitrogen
decomposition can stimulate forests and increase carbon sequestration. An important
parameter of the carbon footprint is the Average Forest Carbon Sequestration (AFCS),
which is calculated from the net carbon sequestration capacity of forest ecosystems.
According to Wang et al. (2008), a source of CO. was also recorded in a forest just after
a disruption, especially felling, fire, etc. The largest share of stored carbon was found to
be in growing and mature forests. Carbon dioxide emissions in forest harvesting
operations are influenced by the terrain conditions, wood species, management methods,
performance of the operators, and machinery limitations (Van Belle 2006; Gonzélez-
Garcia et al. 2009a; Gonzalez-Garcia et al. 2009b; Kérha 2011; Vusi¢ et al. 2013; Alam
et al. 2014). Based on the carbon footprint and identification of the mitigation measures,
it is possible to focus on energy independence and rational use of renewable resources on
site. Depending on the carbon footprint, these measures lead to improved air quality. The
determination of the carbon footprint is a basis for deciding the mitigation measures,
which are measures for reducing greenhouse gas emissions (de Figueiredo et al. 2017),
that should be applied. The carbon footprint is usable in the transfer of values, principles,
and rules for climate protection from global to national, regional, and local levels.

With an increase in the mechanization of forest operations, it can be expected that
emissions could increase (Athanassiadis 2000), even though forestry activities do not
tend to emit vast amounts of greenhouse gases. In any case, the innovation and
modernization of forestry operations require regular monitoring of the carbon footprint
and its ongoing correction. The main objective of this paper was to measure the total
carbon footprint and carbon balance of the School Forest Enterprise of the Czech
University of Life Sciences Prague.

EXPERIMENTAL

Materials

This study combined two approaches to measure anthropogenic impacts on global
climate change, which are usually separate. The first approach is a corporate accounting
standard approach for measuring greenhouse gas emissions for a particular entity, which
is called the GHG Protocol. The second approach is an ecosystem approach that attempts
to measure the overall carbon balance of a particular territory. The combination of these
two approaches results in interesting comparisons and is new within a broader spectrum
of studies on carbon footprinting in the timber industry (Kutnar and Hill 2014).

The School Forest Enterprise (SFE) in Kostelec nad Cernymi lesy is a university
forest estate operated by the Czech University of Life Sciences Prague (CULS). The main
activities of the SFE are to provide practice and exercises for students, and support
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specialized works and research tasks. The main timber product of the SFE is a more
sustainable building material than many other materials (Sathre and O’Connor 2010).
More than 4000 students every year pass by the SFE. The current size of the managed
area is about 6900 ha. The enterprise tries to apply low impact forest management,
promote natural regeneration wherever possible, and exploit the shelterwood system to a
maximum extent. Timber handling is performed by the timber transport and handling
center with a depot of sufficient capacity to store the required volume of logs, which
takes into account the after-processing yield efficiency. Timber production is done by the
woodworking center. Another operational unit of the SFE is the center of ornamental and
forest nursery. This center produces over 2 million seedlings of more than 500 species
and 2000 cultivars of ornamental trees each year. The basic characteristics of the SFE are
shown in Table 1.

Table 1. Basic Characteristics of the SFE CULS in 2017

Parameter Value Unit
Size of managed forest land 6900 ha
Number of employees (total) 197 FTE
Revenues (total) 180638 | thous. CZK
Costs (total) 179415 | thous. CZK
Wood extraction 49.9 thous. m3
Production of seedlings 2000 thous. pcs
Consumption of sawdust (boiler fuel for drying wood) 892 m3

Methods

The procedure for calculating the carbon footprint of products is given by the
Technical Specification, which is stated in ISO Standard 14067:2013. The standard
contains details of the principles, requirements, and guidelines for quantification. 1SO
14067:2013 addresses only one impact category — climate change. Great attention must
be paid to using the right unit and order. If the input data is given in units other than the
emission factor, it is necessary to convert the input data to the corresponding unit and
order. The calculation is performed in the first phase separately for each relevant
greenhouse gas. Subsequently, these emissions are recalculated according to their
contribution to global climate change to the so-called equivalent carbon dioxide
emissions (CO2-eq). This parameter represents the final carbon footprint of an enterprise.

The calculation of the greenhouse gas emissions produced by the SFE CULS was
performed in accordance with the GHG Protocol (Daviet and Ranganathan 2005). The
activity data (Table 2) was multiplied by the corresponding emission factors (Table 3). If
needed, the input activity data was converted to the required unit and order. The
calculation was done separately for the emissions of individual greenhouse gases.

Three out of the seven obligatory greenhouse gases, CO2, CH4, and N2O, were
converted to CO-eq emissions according to their contribution to global climate change
(global warming potential, GWP; Table 4). For benchmarking purposes, the resulting
indicator is related to the turnover of the enterprise, number of employees, and
production of wood. This calculation uses Egs. 1 and 2:

ADiX X EFiX = CFIX (1)
CF, X GWP, = CF CO,eq )
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where ADix is the activity data for item i and greenhouse gas X, EFix is the emission factor
for item i and greenhouse gas X, CFix is the carbon footprint for item i and greenhouse gas
X, GWPy is the contribution to climate change by greenhouse gas x, and CF CO»-eq is the
carbon footprint (greenhouse gas emissions) expressed in CO2-eq.

Table 2. Activity Data of the SFE CULS in 2017

Activity Process Energy/Material | Consumption Unit
Product_lon of Diesel, gasoline 1490.0 I
seedlings
Irrigation Water 3849 m3
Forest nursery Transport of Diesel, gasoline 1160 I
employees
Caring for seedlings Chemicals 110 I
Administrative Electricity 14.396 MWh
building
Transp_ort of Diesel 259 |
seedlings
Wood Planting seedlings Dles_el 4200.0 I
. Chemicals 9000 I
production .
Caring for forest Fences (steel,
8400 kg
wood)
. : Diesel 10145.0 I
Timber extraction ol 88.0 I
Handling of wood Diesel 53422.8 I
WoooI Cutting wood Diesel 22008.0 I
processing g Electricity 253.0 MWh
Drying of wood Electricity 440.0 MWh
Table 3. Emission Factors
Iltem Em|_SS|on _Fa(;tor Unit Reference
(on-site emissions)
Diesel 0.00273 t CO2-eq/L (CHMI 2017)
Gasoline 0.00238 t CO2-eq/L (CHMI 2017)
Electricity 541 t CO2-eq/GWh | (CHMI 2017)
Chemicals (treatment of seedlings, trees) 0.0045 t COz-eq/L | (Envimat 2017)
Fences (steel, wood) 0.87 t CO2-eg/t | (Envimat 2017)
Table 4. Global Warming Potential (100-year horizon)
Greenhouse GWP Reference
Gas
CO2 1 IPCC (2013); Stocker et al.
(2013)
CHa 28 .
34 (with inclusion of climate—carbon IPCC (201(32)(,)183'55)cker etal.
feedbacks)
N20 265 i
298 (with inclusion of climate—carbon IPCC (2013); Stocker et al.
(2013)
feedbacks)
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Emissions were divided according to their type into three areas, which are called
Scopes and are shown in Fig. 1. Scope 1 includes the direct emissions into the air from
activities that occur under the entity (e.g. emissions from boilers in the office, owned
cars, and waste eliminated within an enterprise). Scope 2 contains the indirect emissions
from purchased energy that do not flow directly into buildings and plants, but are the
result of activities (e.g. electricity, heat, and steam purchases). Scope 3 consists of other
indirect issues, namely emissions that are the result of business activities, but are not
classified within Scope 2 (e.g. purchase of goods and services, business trips, landfilling,
etc.).

CO;, SF; CH. N.;O NF; HFCs PFCs

Fig. 1. GHG Protocol carbon footprint

System boundaries

For the purposes of this study, two levels of system boundaries were defined. The
first, at the enterprise level, was defined by the boundaries of the SFE operational control
center. Of the nine centers of the company, only three centers were included for reasons
of data availability. The activities included the production of seedlings, handling of these
seedlings and their planting, tending of forest stands, logging, and conversion of wood.
The sales of wood, its further use, and end-of-life products were not included. The carbon
footprint of the production, maintenance, and disposal of the machines and other
technologies that are used in the SFE, i.e. indirect carbon footprint, were not included. To
make the study clear and avoid useless calculations, the authors decided to adopt a cut-off
criterion. This criterion excluded all of the components of the system and the processes
with an incidence lower than 5% with respect to a ton of input materials from the material
sum calculation.

The second level of system boundaries is managed forest land of SFE with total
area of 6900 ha. These are the forests of the temperate zone with a predominance of
spruce and beech. They enter the total carbon balance of the SFE and its economy for one
year (change of carbon stocks). The negligible carbon stock in forest land was not
included in this analysis.
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Carbon balance of the area

To determine the change of carbon stocks the territory on which SFE operates
was used GHG Guidance for The Land Use, Land-Use Change, and Forestry Guidance
(WRI 2006). The balance sheet is based on the current status of forest management in the
given area and published data. This included a study of the carbon stock in forest stands
in the Czech Republic and a study of the carbon cycle between the forest ecosystem and
atmosphere (Marek 2011). These studies contained data not only about inventories,
fossils, and resources, but also their classification according to ecosystem units and
natural forest areas. Carbon balance is limited to 1 year for the purposes of this article as
well as the carbon footprint of the company. The production and carbon removals sides
are therefore comparable. For a longer period of time, one of the dynamic carbon
accounting frameworks and models would have to be used.

RESULTS AND DISCUSSION

By converting the activity data (listed in Table 2) to corresponding greenhouse
gas emissions, it was found that the total greenhouse gas emissions were predominately
caused by electricity consumption, which was mainly used in woodworking (56%). The
fuel consumption (diesel) by machines and cars in the SFE (37% of greenhouse gas
emissions) was also important. The indirect emissions associated with the use of
chemical agents for the protection of trees and seedlings and the consumption of wire
fencing were less important. The aggregate results are shown in Tables 5 and 6 and Figs.
2 and 3. As to individual production phases in the forestry enterprise involved in the
calculation, timber production and processing were the dominant causes of greenhouse
gas production (98%). The production of seeds, their transport, and planting had a far
lower impact.

Table 5. Carbon Footprint Results of the SFE CULS in 2017

Scope Carbon Footprint (t CO2-eq)
Scope 1 253
Scope 2 385
Scope 3 48
Total 686
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Electricity 52.60%

39.60%

Fuel

Chemicals

Fences

0% 10% 20% 30% 40% 50% 60%

Fig. 2. Carbon footprint of the SFE CULS in 2017; Total emissions = 686 t CO2-eq according to
the scopes

7.0%

mScope 1
36.9 %

Scope 2

m Scope 3
56.1 %

Fig. 3. Composition according to the input items; Total emissions = 686 t CO2-eq according to the
scopes

Because of the lack of data, it was not possible to include all sub-classes of
indirect emissions Scope 3 (e.g. emissions from machinery assets). The actual total value
of indirect emissions is likely to be higher. Improvement of Scope 3 emissions from a
forestry enterprise is possible to focus on further research.

Table 6. Carbon Footprint Results of the SFE CULS in 2017 and Composition
According to the Production Phases

Scope 1 Scope 2 Scope 3

Forest nursery 5t CO2-eq 8t1CO2-eq | 0tCO2-eq

Wood processing | 248 t COz2-eq | 377 t CO2-eq | 48 t CO2-eq

The absolute results of the carbon footprint of the SFE can be normalized (i.e.
converted to comparable values relative to a common denominator and compared with
similar enterprises at the next stage) and are given Table 7.
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Table 7. Carbon Footprint Benchmarking

com

CF (S1 and S2) for CF (S1 and S2) for
Institution 1 Employee (t Cﬁa((skl acr;g ?j)/fr?;)l Sales (kg CO3- Year
CO,-eq/FTE) 9 ~02€q eq/1000 CZK)
SFE CULS 3.2 99 3.5 2017
Vitana, a. s. 7.9 N/A 2.2 2016

CF — carbon footprint; S1 — scope 1; S2 — scope 2

There have been a large number of studies with similar calculations, where the
carbon footprint was calculated at different levels. Alvares et al. (2014) determined the
carbon footprint to be 1.9 tons CO2-eq per student at the School of Forestry Engineering,
Technical University of Madrid using a method based on financial accounts.

Carbon Balance

For the next part of the results, a rough overall carbon balance of the 6900 ha area
covered mainly by forest managed by the SFE using the Land Use, Land-Use Change,
and Forestry Guidance for GHG Project Accounting (WRI 2006). Carbon footprint and
carbon removals are on an annual basis. Change of forest carbon stock consists of
extraction of timber and growth of new biomass for 1 year. The next step compares
carbon removals per year (growth minus extraction) with carbon footprint of SFE per
year. This gives the net carbon balance per year of the territory and the business,
removals outweighs production.

Table 8. CO2 Balance

Carbon Carbon Carbon
Level Stock Extraction Growth removals footprint balance
t/CO2 t/COzlyear t/COzlyear t/COzlyear [ t/COzlyear | t/COqlyear
SFE 2415814 42415 110661 68246 686 67560
ha 350.1 10.9 16.0 9.9 0.1 9.8

CONCLUSIONS

1. This study brings the overall GHG balance for School Forest Enterprise of the Czech
University of Life Sciences Prague according to the standards GHG Protocol. It
combines the GHG gas production side (especially CO2) — carbon footprint of SFE
and GHG removals during one year of forest management.

2. The total carbon footprint for Scope 1, Scope 2, and Scope 3 of the forestland
managed by the SFE in 2017 was 686 t CO2-eq or 3.5 t/employee, and 3.8 CZK/1000
CZK of turnover or 99 kg COz-eg/ha. The largest contributing share to the carbon
footprint (56%) was the electricity consumption, which corresponded with other
research findings (Garcia-Durafiona et al. 2016; Hussain et al. 2017).

3. In contrast, the total amount of C or CO, removals was much higher. The increase in
forests, where the SFE operates, exceeds mining, the tree growth removes CO> from

Kubova et al. (2018). “Carbon footprint measurement,” BioResources 13(2), 4521-4535. 4529



PEER-REVIEWED ARTICLE b | oresources.com

the atmosphere due to sequestration (9.9 t/COz/hal/year). On the other hand, the
carbon footprint of the SFE is only 0.1 t/CO./halyear.

4. The overall carbon balance of this company and its forests was therefore noticeably
favorable. The findings suggested a specific role of forest management in climate
change, where, in contrast with other enterprises in the secondary and tertiary
spheres, the sinks may outweigh the production of greenhouse gases.

5. The main timber product of the SFE is a more sustainable building material than
many other materials. This analysis showed that the contribution of forestry to CO>
assimilation is far greater than the greenhouse gas production from silviculture and
timber conversion itself. This was consistent with the findings of Sathre and
O’Connor (2010), which was a meta-analysis of 21 international studies of wood
substitution and found an average displacement factor of 2.1 t CO2 emissions/t C in
the wood products used in place of non-wood materials.

6. With regards to the requirements for the reduction of emissions, it can be assumed
that the overall emissions of the activities of the SFE will decrease in the future.
Modeling for 2030 showed that replacing current conventional electricity (i.e. 50%
fossil) with a carbon-free option (so-called green electricity) is the most effective way
to reduce the carbon footprint of the SFE. This would result in a virtually immediate
reduction of 56% in the overall carbon footprint. A less efficient and more long-term
option would be reducing the electricity consumption by 2%/year. This would result
in a SFE carbon footprint reduction of 14.5% by 2030. A similar result could be
obtained with a fuel consumption reduction of 3%/year. Replacement of the current
fences with a low-carbon material would reduce the carbon footprint by 1%.

7. It was concluded that even though the carbon balance of the enterprise is favorable as
i, an absolute reduction of the emission burden is feasible. The most promising
measure in this respect is the use of carbon-free electricity, which is produced from
renewable sources. If it were used not only for the illumination and heating of the
SFE facilities, but also in mobile machines (sawmills, cars, harvesters, etc.) to replace
diesel (i.e. introduction of electric drives), a carbon footprint reduction of 93% could
be achieved, which would meet the Paris Convention requirements for the mid-21%
century.
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