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ABSTRACT ¢ The purpose of our article is to evaluate wood as a construction material in terms of the energy
required for its construction and operation, compared to other types of construction materials. First, the role of
construction and material manufacturing is evaluated within the full life cycle energy and CO, emissions of a
building, concluding that the issue of embodied energy justifies the use of less energy intensive materials. Then
the article reviews the literature dealing with the energy requirements of wood based construction, in order to
establish whether the use of this natural, low density construction material is more energy efficient than using
brick, reinforced concrete and steel structures. According to our analysis, the vast majority of the studies found
that the embodied energy is significantly lower in wood based construction when compared to inorganic materi-
als. According to several authors, wood construction could save much energy and significantly reduce the emis-
sions related to the building sector on the national level. Carbon sequestration, and the related mitigation of the
global climate change effect, can be significant if the share of durable wooden buildings can be increased in the
market, using sustainably produced raw materials that are handled responsibly at the end of their lifetime. Some
conflicting studies make important points concerning the heat storage, recycling and on-site labour demands
related to these structures. These sources contribute to a deeper understanding of the issue, but do not alter the
basic conclusions concerning the benefits of wood based construction. Some important aspects of wood extraction,
manufacturing and construction that can help minimising the embodied energy of wood based structures are also
discussed in the study.

Key words: climate change, embodied energy, emissions, carbon-dioxide, carbon sequestration, wood based con-
struction

SAZETAK -« Cilj rada bio je ocijeniti drvo kao gradevni materijal sa stajalista energije potrebne za proizvodnju
gradevnog materijala i operativne energije tijekom koristenja gradevina, u usporedbi s ostalim vrstama gradevnih
materijala. Najprije je procijenjena uloga proizvodnje drvnoga gradevnog materijala i izgradnje gradevine u uku-
pnoj energiji i emisiji CO, u Zivotnom ciklusu gradevine, te je zakljuceno da je, s obzirom na ugradenu energiju,
opravdana upotreba energetski manje intenzivnih materijala. Zatim je dan pregled literature koja se bavi energets-
kim zahtjevima gradnje na bazi drva, kako bi se utvrdilo je li upotreba toga prirodnoga gradevnog materijala male
gustoce energetski ucinkovitija od upotrebe opeke, armiranog betona i celicnih konstrukcija. Prema provedenoj
analizi, velik broj studija pokazao je da je ugradena energija znatno niza u konstrukciji utemeljenoj na drvu nego
u onoj od anorganskih materijala. Nekoliko je autora ustvrdilo da se gradnjom na bazi drva moze ustedjeti mnogo
energije i znatno smanjiti emisije ugljikova dioksida u gradevinskom sektoru na nacionalnoj razini. Vezanje uglji-
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ka i s tim povezano ublazavanje globalnog ucinka klimatskih promjena mogu biti veliki ako se poveca udio trajnih
drvenih gradevina na trzistu, izgradenih primjenom sirovina proizvedenih odrzivim gospodarenjem Sumama i
ako se s gradevinama na kraju njihova zivotnog vijeka odgovorno postupa. Neke studije Ciji autori ne podrzavaju
gradnju drvom smatraju vaznim naglasiti pitanja vezana za skladistenje topline i recikliranje te zahtjeve za rad-
nom snagom na terenu pri gradnji objekata na bazi drva. Te studije pridonose boljem razumijevanju problema,
ali ne mijenjaju osnovne zakljucke o koristima gradnje na bazi drva. U istrazivanju se takoder raspravlja o nekim
vaznim aspektima dobivanja drva te proizvodnje i ugradnje gradevnog drva, koji mogu pridonijeti smanjenju en-

ergije ugradene u drvene gradevine.

Kljucéne rijeci: klimatske promjene, ugradena energija, emisije, ugljikov dioksid, vezanje ugljika, gradnja na bazi

drva

1 INTRODUCTION
1. UVOD

In the EU and other parts of the world, the miti-
gation and prevention of anthropogenic environmental
impact, and especially greenhouse gas emission, is be-
coming an increasingly critical question. Building-re-
lated emission was identified as one of the most impor-
tant sources of pollution. Worldwide, much research
has been devoted and measures were introduced to
mitigate these problems through reducing the amount
of non-renewable energy and CO, emission in residen-
tial and commercial structures. The EU resolution that
all new buildings built after 2020 should be near-zero
operation energy structures (EP&C 2010) is part of this
effort.

The environmental performance and sustainabil-
ity of buildings is a complex issue. In Europe the CEN/
TC350 is responsible for the development of standard-
ized methods for the assessment of the sustainability
aspects of new and existing construction works. The
committee developed several standards for the com-
plex assessment of sustainability, including, but not
limited to EN 15978:2011 and EN 15804, on the build-
ing and product levels, respectively. Furthermore, ISO
14025:2006 deals with the questions of environmental
declarations. However, this article focuses primarily on
the energy consumption related to residential construc-
tion in general, and wood-based construction in par-
ticular.

The regulations introduced in and outside of the
EU put much emphasis on decreasing the energy used
for the operation of the building (the so-called opera-
tion energy, related to heating and cooling, as well as to
lighting and other processes). In the meantime, the en-
ergy used for producing and transporting the construc-
tion materials and for the construction process itself
(the so-called embodied energy), as well as the related
emission, receives much less attention.

The objectives of this article are to examine the
importance of embodied energy within the total life-
time energy of residential buildings, and to evaluate
wood as a construction material in terms of its lifetime
energy balance, compared to traditional inorganic ma-
terials. The energy use and emissions of wood based
construction is considered and compared to other
building materials, and the carbon sequestration poten-
tial of wooden buildings is discussed. The counter-ar-
guments of wood based construction are also analysed.
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Finally, we provide recommendations for maximising
the environmental advantages of wood through mini-
mising its embodied energy.

2 EMBODIED VS. OPERATIONAL ENERGY
2. UGRADENA ENERGIJA NASUPROT
OPERATIVNOJ

The determination of embodied energy (i.e. the
energy used for producing the building materials,
their transportation and construction of a building, as
well as the maintenance and demolition or decon-
struction-related energy) is a very complicated pro-
cess. There are several methods that may be em-
ployed. Process analysis (including the Life-Cycle
Assessment methodology widely used and accepted
in Europe) works well in known processes, but in
many cases, in-depth information is missing about
certain processes, and system boundaries are hard to
determine. Using different databases may lead to a
large variation in the results. Input-output analysis
examines the energy requirements and emissions of
an entire industry. This very practical, simple method
does not differentiate between products and technolo-
gies within the given industry, which may differ sig-
nificantly. Hybrid analysis may improve the precision
of the assessment (Hammond and Jones, 2008; Ste-
phan et al., 2011; Crawford and Stephan, 2013). De-
pending on the applied method, the calculated em-
bodied energy may vary significantly (Crawford and
Stephan, 2013).

Most studies focus on the resources invested be-
fore completing the construction (the so-called cradle-
to-gate approach). However, total embodied energy
should include maintenance and deconstruction pro-
cesses, as well. There are several further sources of un-
certainty in the determination of embodied energy, as
pointed out by Dixit ef al. (2010).

Based on the above, the objective determination
of the average embodied energy related to a given con-
struction material or a type of building is a very diffi-
cult task. This is one reason why, so far, more attention
has been paid to operation energy than to embodied
energy — especially in terms of government policies.
However, difficulties and uncertainties in determining
the embodied energy is not a good enough reason to
disregard this potentially important environmental fac-
tor when considering the environmental impact of a
building.
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Figure 1 The relationship between embodied, operation and total life-cycle energy as a function of improved thermal

insulation of buildings (based on Wind and Heschl 2008)

Slika 1. Odnos izmedu ugradene energije, operativne energije i energije ukupnoga zivotnog ciklusa u funkciji poboljsanja

toplinske izolacije zgrada (prema Wind i Heschl, 2008.)

Determining operation energy, while not without
its challenges, is much more straightforward than de-
termining embodied energy. Operation energy meas-
urement is done simply by measuring the amount of
energy sources entering the building. Life cycle energy
requirement is also simple to estimate with relatively
good precision. Nevertheless, as some authors point
out, there are certain uncertainties in determining op-
eration energy as well, including:

- Fuel or electricity production sometimes also requires
energy. The actual energy expenditure should include
this extra energy as well, as reflected in the concept of
primary energy;

- In addition to the quantity of energy, its ‘quality’ is
also significant. Various types or forms of energy are
not directly convertible into one another. Some au-
thors suggest that the concept of ‘exergy’, which
takes this into account, should be used instead (Her-
nandez and Kenny, 2011);

- Residents’ lifestyle is also important. The way the
residents use their dwelling, as well as some external
factors (e.g. the amount of commuting required) also
contribute to the energy use related to the given build-
ing (Dutil et al., 2011; Crawford and Stephan, 2013).

This shows that estimating or measuring the op-
eration energy of buildings is not totally straightfor-
ward either. Nevertheless, the uncertainties are much
smaller than in the case of embodied energy and CO,
emissions.

When comparing life cycle embodied to opera-
tion energy, most studies place their relative proportion
between 10:90 % and 20:80 %, (e.g. Cole and Kernan,
1996; Newton et al., 2000; Scheuer et al., 2003; Sartori
and Hestnes, 2007; Hernandez and Kenny, 2011; Ortiz
et al., 2009; Ramesh et al., 2010; Szalay, 2012). These
studies were conducted at different locations, using
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different building types and different assumptions, but,
by and large, came to similar conclusions.

Others point out that these ratios are not necessar-
ily valid today, and attribute an increasing significance
to embodied energy (Dixit ef al., 2011). Some research-
ers argue that the role of operation energy is overesti-
mated within the ecological impact of a building. Some
studies even found the significance of embodied energy
to be comparable to operation energy in many cases (e.g.
Thormak, 2002; Gustavsson and Joelsson, 2010).

The role of embodied energy is especially ampli-
fied in low-energy, and in the so-called “zero-energy”
buildings, that require thick walls and much (usually
very energy-intensive) insulation material. This can
mean that, after a point, improving the thermal proper-
ties (which leads to decreased operation energy, along
with increased embodied energy) does not lead to more
improvement in terms of total life-cycle energy and
emission, and could in fact start increasing it (Figure 1).

Several studies showed that passive houses have
much higher embodied energy content than traditional
buildings (Dahlstrom, 2011; Thiers and Peuportier,
2012; Crawford and Stephan, 2013). Depending on the
applied calculation method, their total life cycle energy
and CO, emission may be even higher than in standard
houses (Crawford and Stephan, 2013.) Other authors
maintain that passive houses are definitely more energy
efficient on the whole, but their total environmental
impact may not be as favourable (Brunklaus et al.,
2010). Even using more conservative calculation meth-
ods, the significance of embodied energy may be high
compared to the operation energy when the thermal
insulation is improved. Further improvement in the en-
ergy efficiency is possible using environment friendly
construction materials and technologies only (e.g. Du-
til et al., 2011; Szalay, 2012).
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3 ENERGY BALANCE OF wWOOD
EXTRACTION AND BUILDING MATERIAL
PRODUCTION COMPARED TO OTHER
MATERIALS

3. ENERGETSKA BILANCA PRIDOBIVANJA
DRVA | PROIZVODNJE GRADEVNOG
MATERIJALA U USPOREDBI S DRUGIM
MATERIJALIMA

Many studies available in the literature discuss
the environmental impact of wood based construction.
Unfortunately, these studies often use different meth-
ods and databases, and vary in terms of time, geogra-
phy and technological capabilities of the analysed con-
struction process. Accordingly, the calculated embodied
energy and emission values can greatly diverge (e.g.,
according to a 2008 study by Hammond and Jones, lit-
erature values for the embodied energy of sawnwood
range between 0.3 and 61.3 MJ/kg, and other materials
show similar variations). Nevertheless, there is a very
straightforward tendency when wood and wood based
construction is compared to other materials.

In terms of the environmental impact of wood,
most authors agree that wood is generally more envi-
ronmentally friendly than other building materials. Al-
most all of the studies conclude that wood building ele-
ments and buildings require less embodied energy and
cause lower CO, emissions than equivalent brick, con-
crete or steel structures (Richter and Sell, 1993; Peir-
quet ef al., 1998; Buchanan and Levine, 1999; Dias and
Pooliyadda, 2004; Borjesson and Gustavsson, 2000;
Lenzen and Treloar, 2002; Sharai-Rad and Welling,
2002; ASMI 2004; Lippke et al., 2004; Perez-Garcia et
al., 2005, Puettmann and Wilson, 2005; Gustavsson
and Sathre, 2006; Gustavsson et al., 2006; Dutil et al.,
2011). One study (Sarri, 2001) found metal to have
somewhat lower embodied energy, but in terms of non-
renewable energy and CO, emissions, wood was still
found to have a lower environmental impact.

The production of sawnwood is definitely less
energy intensive than that of other materials. Due to its
lower density, the extraction as well as the transporta-
tion, handling and processing of the raw material re-
quires less energy. In addition, sawmilling by-products
(like bark, sawdust, wood chips and trimming) can be
used for heat or even electric energy production to
partly cover the energy requirements of the mill. Also,
used wood can be used at the end of its life cycle to
produce more energy, which further improves the en-
ergy balance of wooden buildings.

Depending on the particular construction system,
wood can be used as glued structural members, rather
than solid wood. Because of the embodied energy of
the adhesive, as well as the energy requirement of hot
pressing, the embodied energy of glued structural
members may be 1.5 to 2 times as high, and that of
wood based composites may be 3 times of that of
sawnwood, according to a North American study (Pu-
ettmann and Wilson, 2005). The database of Bath Uni-
versity in Great Britain shows similar differences
(Hammond and Jones, 2008): glulam and MDF contain
1.5 times as much embodied energy, plywood and
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hardboard twice as much, and veneered chipboard 3
times as much as sawn timber. Other modification
methods, including preservative and heat treatment, or
the fire retardant included in cellulose fibre insulation,
can significantly affect the embodied energy (Dutil et
al.,2011). According to Puettmann and Wilson (2005),
however, the production of wood and wood based
products still requires less energy than their inorganic
counterparts. Naturally, these processes have other en-
vironmental implications, but these are beyond the
scope of this review.

As evidenced above, there is a basic consensus
regarding the relatively low embodied energy of
wood products. In their case study of several build-
ings, Borjesson and Gustavsson (2000) concluded
that the same building contains 60-80 % more embod-
ied energy when built with a concrete structure, as
compared to a wood based structure. CO, emission is
at least 1.5 times higher, but may even be several
times higher. Lenzen and Treloar (2002) later cor-
rected this study, but they agreed with the conclusions
concerning the relative impact of concrete and wood.
Szalay (2003) calculated that the embodied energy of
concrete and steel buildings is, respectively, 68 % and
136 % higher per square metre, than that of wooden
buildings. North American case studies by Lippke et
al. (2004), as well as Swedish and Finnish ones by
Gustavsson ef al. (2005) showed much lower differ-
ences of 16-32 %, but wood was still found more ad-
vantageous.

Petersen and Solberg (2005) point out that the re-
sults of various studies differ significantly depending
on system boundaries, reuse or recycling at the end of
the building service life, and other factors, but state
that substituting wood for concrete or steel significant-
ly decreased the production-related CO, emissions in
all cases. Based on the ISO 14040 standard and the
PAS 2050 ecological footprint determination method-
ology, Murphy (2009) regards wood as a green build-
ing material that has a positive effect on the climate
change. He also points out that some information con-
cerning the effect of wood needs to be refined. Gus-
tavsson and Joelsson (2010) emphasise the importance
of embodied energy and argue that the application of
wood can significantly reduce the detrimental environ-
mental effect of buildings.

Several studies examined the effect of the prolif-
eration of wood construction on a larger region. Bu-
chanan and Lavine (1999) estimated that, in New-Zea-
land, the CO, emission of the construction industry,
and the total national emission could be decreased by
20 % and 1.5 %, respectively, by increasing the share
of wood and wood based materials in the building in-
dustry by 17 %. Upton et al. (2008) calculated that the
total life cycle energy of wooden residential buildings
is 20-50 % lower, and, if all residential buildings were
wood frame structures in the US, the embodied energy
and the related CO, emissions could be decreased by
22 % and 27 %, respectively (and this in a country
where most residential buildings are already built with
a wooden structure).
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Figure 2 Annual increment and harvest in Hungarian forests (based on NEBIH 2013)
Slika 2. Godisnji prirast i sjeca u madarskim Sumama (prema NEBIH, 2013.)

4 THE ROLE OF CARBON SEQUESTRATION
IN WOODEN BUILDINGS

4. ULOGA VEZANJA UGLJIKA U DRVENIM
GRADEVINAMA

Some of the studies consider the role of wood in
carbon sequestration (Buchanon and Levine 1999,
Borjesson and Gustavsson 2000, Lippke et al. 2004,
Szalay 2004). However, this factor is often disregarded
as one that is hard to compare with other indicators
(Hammond and Jones 2008), or because the carbon
stored in wood will eventually return to the atmos-
phere. Thus, the architectural use of wood is only ad-
vantageous compared to other wood products (Bu-
chanan and Levine, 1999). Other studies state that the
energy balance of “wood-intensive” buildings may be
positive if wood comes from sustainable sources and is

used for energy production at the end of its life cycle

(Szalay, 2004; Salazar and Meil, 2009). According to

Murphy (2009), carbon sequestration results in nega-

tive global warming potential, although he points out

that this is very much a function of its reuse or recy-
cling at the end of its life cycle (which is seldom actu-
ally studied; most models rely on assumptions).

Based on Hungarian studies by Schoberl et al.
(2011) and Schoberl (2012), and also the above consid-
erations, the following conclusions can be drawn, con-
cerning carbon sequestration:

- The carbon sequestration effect of wood is useful only
if the harvested material is continuously replenished,
i.e., if it comes from sustainable forests. Fortunately,
this is true in most of Europe. In Hungary, for example,
the yearly increment shows a generally increasing
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Figure 3 The amount of carbon stored in wood and paper products in Hungary

(based on Schoberl, 2011)

Slika 3. Koli¢ina ugljika pohranjena u drvnim proizvodima i proizvodima od papira u Madarskoj (Schoberl, 2011.)
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trend, while the harvest amounts to only about 50 % of

the increment (Schiberna, 2011, Figure 1.).
- On the regional or national level, positive carbon se-
questration requires the amount of wooden tools or
products, and therefore the volume of carbon stored
in them, to increase. According to the statistics, al-
though it used to show a steady increase in Hungary
until the mid-1990s, right now it is stagnating, or only
slightly increasing (Figure 2). According to Schoberl
et al. (2011), one way of increasing the stock of car-
bon stored in wood in Hungary would be to increase
the share of wood within the construction industry.
The service life of buildings, and the handling of
building materials at the end of their life cycle is a key
issue (Borjesson and Gustavsson, 2000). Wood fibres
in construction wood constitute an important re-
source. The deconstructed material may be reused as
construction wood or recycled into other materials
(e.g. wood based panels, composites or paper). Thus,
the carbon may not be released into the atmosphere as
carbon-dioxide for a long time. Energy use also has a
positive effect, but it results in a rapid release of the
carbon into the atmosphere. Therefore, it should be
encouraged, but only when wood is no longer ser-
viceable in any other capacity. Depositing wood in
landfills is the worst possible solution, since there the
carbon will turn into CO, relatively quickly (depend-
ing on the durability of the wood species), and there
is no energy gain. One should strive to reuse or recy-
cle the deconstructed material at the highest possible
level, and preferably several times.

An increased proportion of wooden buildings,
built of material coming from sustainable forests, and
handled responsibly at the end of their lifetime, can
significantly contribute to the long term sequestration
of atmospheric carbon, and, consequently, to the miti-
gation of global climate change.

5 POTENTIAL PITFALLS OF WOOD
BASED CONSTRUCTION

5. MOGUCI NEDOSTACI DRVA KAO
GRADEVNOG MATERIJALA

Some authors bring forth arguments that may
counteract the perceived benefits of wood construc-
tion, compared to inorganic materials.

The surface mass and the related daily and sea-
sonal heat storage capacity of buildings are generally
disregarded when comparing wood to traditional build-
ing materials. Hacker ef al. (2008) calculate that, al-
though the amount of CO, released during wood con-
struction is much lower, considering the seasonal heat
equalization coming from the higher thermal mass of
concrete buildings, and the resulting savings in heating
and cooling, the difference may be balanced in terms of
life-cycle energy. Several other studies, financed by the
American Portland Cement Association, also empha-
sise the energy saved due to the thermal mass of con-
crete buildings (Gajda, 2001; Marceau and Van Geem,
2002a, b, c). In Upton’s (2008) evaluation, however,
the embodied energy calculations are not detailed in
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these studies, and the thermal insulation of systems
compared is not equivalent.

These studies are important in terms of pointing
out the significance of thermal mass (which is espe-
cially important in areas with high seasonal tempera-
ture fluctuation, like most of Europe). Nevertheless,
due to the above mentioned deficiencies, it is question-
able whether the higher thermal mass provides enough
of a benefit to make concrete a more energy efficient
building material than wood. In addition, some wood
construction systems may also possess a relatively
high thermal mass. Several studies (Crespell and Gag-
non 2010, TRADA 2010) mention the high thermal
mass of CLT (Cross-Laminated Timber), for example.
The examination of the Holz100 system by the Erwin
Thoma GmbH, for example, revealed that the cool-off
time of a building manufactured from their product
may be three times as long as that of an equivalent
brick building, based on a TRYNSYS simulation mod-
el (Kouba, 2001). Szalay (2004b) published a theoreti-
cal study, where she calculated that the daily heat
equalization may be significantly better in solid wood
buildings than in the case of insulated brick buildings,
and even claimed that lightframe walls are not much
worse than AAC (cellular concrete) walls in this re-
spect.

Other publications (Anderson, 1998; SCI, 1998;
de Spot, 1999; Adalbert et al., 2001; SCSSC, 2002)
emphasise the advantage of steel. These are mostly
based on the recyclability of steel, downplaying the
significance of embodied energy, lower needs for steel
maintenance and land use issues concerning wood. Up-
ton (2008) counters that, in studies comparing equiva-
lent thermal insulation systems, the embodied energy
of wood structures is almost always lower than that of
steel framing. In addition, the proponents of steel usu-
ally disregard the fact that other materials (like wood)
may also be reused or recycled to a certain extent.

Dutil et al. (2011) estimate that wood based con-
struction often requires more on-site labour than steel.
The related transportation of workers may diminish the
positive ecological effect of wood. Thus the energy
balance of steel construction may even be better than
wood (although they do acknowledge that wood-relat-
ed CO, emissions are still lower). Evaluating the ener-
gy balance of on-site construction, Cole (1998) shows
that, for concrete buildings, embodied energy and CO,
emissions related to worker transportation is much
higher than that of either wood or steel. In his com-
parison, steel is somewhat better than wood, but it
would be a gross exaggeration to say that this may
cause steel structures to have lower embodied energy
than wood. In addition, these comparisons are highly
dependent on the particular technology employed (es-
pecially on the level of prefabrication, which may be
very high in wood buildings).

In summary, these considerations aid a better un-
derstanding of the benefits of wood, but do not change
the basic conclusion that wood based construction
leads to much lower embodied energy and CO, emis-
sions than in the case of inorganic building materials.
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6 TAKING BEST ADVANTAGE OF THE
ENERGY BENEFITS OF WOOD

6. ISKORISTAVANJE ENERGETSKIH |
PREDNOSTI DRVA NA NAJBOLJI NACIN

Based on the review of the available literature,
wood based construction uses less energy than other
construction technologies. In the meantime, the details
of this technology, like the acquisition, handling, trans-
portation of the resources and workers, can be opti-
mised to further improve the energy efficiency. Some
of these are listed, as follows:

Certification

As mentioned earlier, some advantages of wood
cannot be realised only if it comes from sustainable
forests. European raw materials are typically like this,
since most of Europe practices sustainable forestry. In
the meantime, full certainty of sustainability is guaran-
teed only through buying certified materials. Soon, all
of Europe will move toward accepting FSC or PEFC
(Forestry Stewardship Council, Programme for the En-
dorsement of Forest Certification, respectively) certi-
fied materials only.

Transportation

Since wood is produced with relatively low CO,
emission, the importance of processes that release CO,
increases. This includes the shipping of material. Since,
in Hungary, construction wood is typically bought
from abroad, transportation may significantly increase
CO, emissions, depending on the country of origin.

Assuming that an average diesel truck is used,
4.5x107 kg of CO, is released when hauling one kg of
wood over a one kilometre distance'. According to the
embodied carbon and energy inventory of the British
Bath University, the embodied carbon of softwood lum-
ber is 0.123 kg/kg, i.e. 0.45 kg of CO, is released when
producing one kg of wood. Accordingly, the emissions
related to transporting the material one kilometre is four
orders of magnitude lower than that related to its pro-
duction. This means that, even if wood travels 1000 km,
there is only a slight emission increase. The calculations
do not include other emissions arising from transporta-
tion (like producing and maintaining the vehicles and
roads), and are not based on primary emissions, there-
fore the actual emissions are somewhat higher.

Nevertheless, wood should be acquired from as
near as possible, preferably from domestic sources.
Unfortunately, Hungarian climate and sites are not
suitable for growing softwood of sufficient quality, but
some poplar species may be suitable for substituting
softwood. This may allow us to decrease the embodied
energy and carbon.

Processing technology
Even though wood processing typically requires much
less energy than other materials, it is still not negligi-

! According to Davis et al. (2013), transporting 1 kg material requi-
res approx. 1.7X 107 I/kg/km of diesel fuel. Based on the forumula
C,H,, +71 0, > 48 CO, + 46 H,0, 2.626 kg CO, is generated

when burning one litre of diesel fuel, taking the density of fuel
(0.832 kg/) into account.
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ble. Wood drying and hot pressing of wood based ma-
terials, in particular, are energy intensive processes. To
take maximum advantage of the low embodied energy
of wood, close attention should be paid to these pro-
cesses, e.g. through natural drying (which also has a
positive effect on wood quality), and using renewable
energy sources (especially local energy production us-
ing wood processing by-products.)

Adhesives and additives; wood modification

As the literature shows, using adhesives significantly in-
creases the embodied energy of wood. Impregnating cel-
lulose fibre insulation with fire retardants has a similar
disadvantage, and wood preservatives and modification
methods (like high temperature treatment and other
chemical agents) are also likely to increase the embod-
ied energy. Increasing the dimensions and improving its
properties through eliminating defects and re-gluing the
material makes it much more suitable for structural ap-
plications, and creates higher value (e.g. defect-free,
glued structural members allow smaller cross-sections
and generate less waste, which has a positive effect on
the energy balance and the emissions, too.) Therefore,
careful consideration is needed to establish if the use of
glued or modified wood is justified. In certain situations
their drawbacks may be counterbalanced by the lower
volume of required material, or improved durability.
Also, developing more environment friendly adhesives
and modifying agents is an important area of research.

Prefabrication

Most on-site processes are very labour-intensive. Re-
lated transportation of the workers may be an impor-
tant factor. Therefore, prefabrication is preferred. For-
tunately, most wood-based construction technologies
allow high levels of prefabrication, and therefore on-
site labour can be minimised.

Resource cascading

Taking advantage of the energy benefits and the carbon
sequestration potential of wood requires reuse and re-
cycling, as many times as possible. The repeated utili-
sation of the used material, at the highest possible val-
ue, is called cascading (Frithwald ef al., 2010). This
requires a paradigm-shift, over which builders have
little or no control. One way to foster cascading is us-
ing as much used material in the buildings, as possible.
Using wood for energy production should be the last
step of cascading. The energy gained at the end of the
life cycle may be comparable, or even higher than the
energy used for manufacturing the product. This ener-
gy may be taken into account in the LCA (Life Cycle
Assessment) methodology, too.

7 CONCLUSIONS
7. ZAKLJUCAK

The aim of our study was to establish if wood
based construction is environment friendly based on
embodied energy and CO, emission. Based on an in-
depth study of the literature, the following conclusions
were drawn:
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1. Embodied energy can account for upwards of 20 %
of the total lifecycle energy of buildings. Minimis-
ing the embodied energy incorporated in the build-
ing is especially important in modern, energy effi-
cient buildings where the relative importance of
operation energy decreases, and embodied energy
increases due to the larger volume of construction
material required.

2. Based on most studies, manufacturing and using
wood and wood based materials in buildings leads
to much lower embodied energy and CO, emis-
sions, compared to inorganic building materials.
Most authors calculate that this leads to reduction
in emissions and in the life-cycle energy of the
buildings.

3. Increasing the share of wooden structures within the
construction industry, built from sustainable and
high-quality (durable) raw materials, and handled
responsibly at the end of the building service life,
may significantly contribute to the sequestration of
atmospheric carbon dioxide on the long run. This
may be an important strategy in mitigating the prob-
lem of global climate change.

4. There are certain considerations that can amend the
positive conclusions concerning the benefits of wood
in terms of energy use and emissions. However, these
studies failed to prove that inorganic building materi-
als may be better than wood in this respect.

5. Optimising certain aspects of the production of
building materials and of the construction technolo-
gy has a potential to further improve the energy ef-
ficiency of wood based construction. These strate-
gies are outlined in detail in the article.

Based on the above, the final conclusion is that
the use of wood in the construction industry carries sig-
nificant environmental advantages in terms of energy
efficiency and emission reduction.
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