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DATA AND METHODS

The carbon footprint of construction materials usually
includes greenhouse gas emissions during production and
transportation of raw materials to the manufacturing site or
supplier and further to the construction site (Dodd et al.,
2021). As some materials consist of several raw materials,
knowing the transport distances for each component is
important to calculate the total emissions at the production
stage. However, there is a partial lack of reliable and trans-
parent data regarding the specific supply chains of const-
ruction materials. Furthermore, the final choice of material
suppliers is left to the construction developer. Therefore,
the analysis performed focuses on the transport emissions
of the final material — from the nearest supplier to the cons-
truction site in Berlin. In consequence, all transport
distances for all material components along the entire
supply chain may not have been included in the transport
emission calculations, as illustrated in Figure 27 for the
example of the material ‘reinforced concrete'.
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Identifying eligible suppliers, Google Maps entries
were filtered based on relevance and selected by their
distance to the construction site in Berlin. No further cri-
teria were decisive, except for some cases when specific
suppliers were already determined by the Schumacher
Quarter project management. This applies to Made of
Air GmbH, Pittsburgh Corning Europe NV, Petersen-Teg|
A/S, Ziegelwerk Bellenberg Wiest GmbH & Co. KG and
Thoma Holz GmbH. The transport distances for material
groups for each construction type can be found in Table 1
in the appendices.

Materials and goods in Germany are mostly transpor-
ted via land. The most common types of transportation
include transport by rail, van or truck. Calculations of
transport emissions in the CCA assume that materials
are carried by road on a motorised vehicle (truck). Trucks
have the biggest share in transport of goods in Germany
(Statistisches Bundesamt (Destatis), 2023). According to
the UK Department for Environment, Food & Rural Affairs
(De Wolf et al., 2017) trucks with the smallest capacity
(8.5-7.5 t) have the highest CO, coefficient. It equals
5.5731 x 104t CO,eq t' km™. The CO, coefficient
decreases with the increasing load capacity of the truck:
3.6024 x104t CO,eqt™ km™ for trucks loading
7.5-17 t and 1.7398 x104t CO,eq t' km™ for trucks
with a payload of more than 17 t (De Wolf et al., 2017).

VER
5@8&“&%\\?‘

RUN
\ GG



To estimate carbon storage and emissions from material
production and transport the Carbon Cycle Assessment
(CCA) was used, which is an algorithm that simulates the
storage and fluxes of carbon within and between the built
environment and ecosystems. The numerical algorithm
described below is a further development of the methodo-
logy, developed and applied for assessing the carbon be-
nefits of a transition to timber construction to meet global
housing needs (Churkina et al., 2020). Storage of carbon
in materials and associated emissions from materials
production were estimated for the entire reference building
as well as for its parts, namely exterior walls, ceiling slabs
and roof.

Storage of carbon in a building (C; [t]) is calculated
as a sum of carbon storage in different construction mate-
rials included in the building assembly using the following
equation: Cs = ),(M; » B; * CW), where M; — mass of con-
struction material [t] such as timber, reinforced concrete,
brick, etc. included in a building assembly. The masses of
materials used in this study are provided in table 3 of the
appendices. B; — biomass fraction of the material [dimen-
sionless]. The fractions used in this study are provided in
table 1 of the appendices CW - carbon to biomass ratio
[dimensionless].

The calculations are made with a carbon-to-timber ratio
of 0.5, which is the global average of 0.476 + 0.04 (Martin
et al., 2018) rounded to the first decimal place, if not provi-
ded by respective material data sheets.

Carbon emissions associated with manufacturing ma-
terials (Ce [t]) are calculated using the weights of different
materials and their CO, emission coefficients.

In calculations we assumed that all emissions associated
with construction materials manufacturing were CO,.

See the equation below. Cep = ¥;(k; * M;) — carbon emissi-
ons associated with production of construction materials,
where k;— the CO, emission coefficient [t CO, eq./t] of a
construction material such as timber, reinforced concre-
te, brick, etc. The CO, emission coefficients used in this
study are listed in table 1 of the appendices. In Carbon
emissions associated with transportation of materials
(Cet [t]) from the closest supplier to the construction site
in Schumacher Quartier, Berlin, Germany, were estimated
using the equation below. Cet =);(kt; * M; * D;), where ki;

- the CO, emission coefficient of different transportation
means such as trucks, rail, ship, etc. [t CO,eq t' km™].
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It was assumed that all materials for this constructions site
are being transported by a truck of 3.5-7.5 t permitted
total weight. The CO, emission coefficients of this mean
of transport are 5.5731 x 10t CO,eq t' km™.

D, — transport distances [km] of construction materials
estimated for the closest material supplier to the construc-
tion site in Schumacher Quartier, Berlin, Germany. Trans-
port distances used in this study are provided in.

To obtain absolute numbers for the entire Schumacher
Quartier, Berlin, Germany, the total number of 123 building
assemblies was assumed to fit into the construction site.

For the calculations with Python two input tables were
created. Table 1 and table 2 list the construction materials
for every construction type, allocated to the building parts
where they occur and with their weight contribution to the
exemplary building (see appendices).

Table 1 contains the construction materials for every
construction type with their CO, coefficient, biomass
fraction and carbon ratio. The definitions for biomass
fraction and carbon ratio (carbon-to-biomass ratio) are
given in chapter 2.3. All values were researched using
mainly the database Okobaudat from the German Federal
Ministry for Housing, Urban Development and Construction
Sector (BMWSB, n. d.) and the environmental product
declarations provided by the manufacturers for some of the
construction materials. If no further information was found,
the biomass fraction was assumed to be 1 and the carbon
fraction assumed to be 0.5 for biomass-based materials
(e.g., timber-based materials), and the biomass fraction
and carbon fraction were assumed to be O for non-organic
materials.

The CO, emission coefficient describes the total global
warming potential (GWP) of the construction materials. To
account for emissions from the production phase, the GWP
of life cycle stages A1 to A3 of each material (cradle-to-gate
EPD) was used, including raw material supply, transportati-
on to the production site and production itself. As the CO,
emission coefficient refers to 1 t of construction material,
the GWP was divided by gross density or weight per unit
area of the material if the reference flow did not already
refer to the mass. The mean value was calculated when
different values for GWP were available from different
data origins.
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DATA AND METHODS

For some biomass-based materials, especially timber-
based ones, the inclusion of the raw material supply
resulted in a negative GWP value due to the carbon
storage of e.g., timber. Since the CO, emission coeffi-
cient is only supposed to describe the emissions, carbon
storage must be excluded from the GWP. To do so, the
mass of carbon contained in the construction material
was calculated using

m¢ = M; * B, * CW, where m¢— mass of carbon [i],

M;, B;, CW - see chapter 2.3. Description of the
Numerical Algorithm.

When hypothetically the carbon from the construction
materials reacts to CO, the following applies:

Nc = Nco,, Where

nc — amount of substance of carbon [mol]

Nncos. — amount of substance of CO, [mol].

Using the amount of substance, the mass of CO, which
could form out of the carbon in the construction material
was calculated and added to the GWP of the material to
eliminate the carbon storage and to determine the CO,
emission coefficient:

Ncoo = M/ Mg, where

M. — molar mass of carbon [g mol], given as 12 g mol",
Mco2 = Ncoz * Mcog, Where

Mcos — Mass of CO, [t]

Mco, — molar mass of CO, [g mol”], given as 44,01 g mol”,
ki + GWP + mgg,, where

k; — see chapter 2.3 Description of the Numerical Algorithm
GWP - GWP [t CO; eq. t] researched for the different
construction materials, including the carbon storage of
biomass-based products.

To calculate the amount of harvested timber needed for
each construction type, the loss of timber mass during
each processing step was considered. The total amount of
biomass can be determined via the biomass fraction of the
materials set in the input data. For each construction type
the following applies:

mp = Zi(Mi * Bi)v where

M;, B; — see chapter 2.3. Description of the Numerical
Algorithm and

mg— Biomass of every construction type.

To determine the total amount of timber prior to
processing, the value for total biomass must be divided by
the inverse percentage for every intermediate processing
step, starting with construction offcuts.

For each step the following applies:

m;— = mg/P), where

m; — material before processing step and

P\ — inverse percentage of material loss

Each step is shown below. As timber amount is usually
calculated in volume, the weight of timber needs to be
divided by its density; for pine the density is given as
520 kg/m?® (DIN e.V. (ed.), 20083).

Processing steps and occurring material losses:
Source

Processing step Material loss

Logging of trees 20 % Estimate referring
to Berliner Forsten
Sawmill 15 % Estimate referring to

Binderholz

Construction offcuts 10 % Own estimation

Density of pine 520 kg/m?® (DIN e.V. (ed.), 2003)

Various research approaches were pursued within the
scope of this study to gain comprehensive insights into
forest management and timber processing. In addition to
analysing existing data and considering relevant literature
sources, insights were attained from personal conversa-
tions with experts who possess extensive expertise and
years of practical experience in this field. These experts
were chosen to address specific questions regarding the
application, capacity and limitations of timber construction
in the Berlin/Brandenburg region.

Direct personal exchange took place in the form of
informal discussions, expert interviews and factory visits.
The acquired insights were documented and used as an
additional source of information for this study. It is impor-
tant to note that the information presented in this report
is derived from personal communication and should be
regarded as informal comments of the experts rather
than official statements. These insights from the personal
conversations serve as a supplement to the methodologi-
cal approaches, aiming to achieve a more comprehensive
understanding of the possibilities and challenges in forest
management, timber processing and timber construction.
The acquired insights were considered in the discussion
and inter-pretation of the results to enhance the applicabili-
ty and relevance of the study.
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RESULTS AND DISCUSSION

Future housing and accompanying infrastructures should
be built with the lowest carbon emissions possible (Val-
lenthin et al., 2010). The less carbon emitted during the
production and transportation of the materials as well as
during construction and operation of the houses, the more
climate-friendly they are. Furthermore, a higher carbon
storage capacity of a construction material results in a
more climate-friendly impact of the corresponding house.
The most climate-friendly construction type, according

to this report, is therefore defined as the one with the
highest ratio of carbon storage per carbon emitted during
production. For this ratio, emissions related to transport
were excluded as they are very uncertain and can easily
be modified by the corresponding construction developer
through the choice of supplier.

Figure 28 reveals that mineral-based construction types
have the highest carbon emissions from production, with the
highest value (24.6 kt) for reinforced concrete followed by
brick (19.1 kt). The production emissions of biomass-based
construction types are ranked as follows: Thoma-wood
(14.2 kt), lightweight timber (13.6 kt) and mass timber (13.2 kt).
Timber frame has the lowest production emissions (10.5 kt).

Mineral-based constructions have the lowest storage
potential. Brick contains around 2 % organic materials while
reinforced concrete contains less than 1 % of organic mate-
rials. Thirty-nine per cent of the weight of lightweight timber
constructions are organic materials; for timber frame, the fi-
gure is 37 %. In these organic shares, 23.9 kt (timber frame)
and 21.5 kt (lightweight timber) of carbon are stored. The
highest carbon storage capacity can be seen for mass timber
construction types, which also have the highest shares in orga-
nic materials (Thoma-wood 58 %, mass timber 43 %). Thoma
Wood100 stores 70.3 kt carbon, while mass timber stores 39 kt.

The carbon storage per emitted carbon of transport
and production is represented by the ratio curves in the right
part of Figure 28. The ratio is lowest for brick and reinforced
concrete with 0.2 t stored carbon per tonne emitted carbon
(Figure 28). The ratio is much higher for timber-based
constructions. Per tonne of emitted carbon, 1.3 t are stored
in lightweight timber and 1.9 t in timber frame. Mass timber
stores 2.2 t carbon per tonne of emitted carbon — only 0.2
less than Thoma Wood. Finally, Thoma Wood stores 2.4 t
carbon per tonne of emitted carbon, thus resulting in the
best carbon storage and emittance ratio for transport and
production emission.
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The results show that timber-based construction types are
more climate-friendly compared to mineral-based ones. Not
only because the emissions of the mineral-based const-
ruction types during production are much higher, but also
because their carbon storage potential is about four- to
19-fold lower than that of construction types with a higher
share of organic materials.

The underlying explanation for the higher ratio values
of the timber-based construction types, in relation to the
storage potential is as follows: The heavier the proportion
of organic construction material, the higher the carbon
storage potential.

The Thoma Wood100 construction type is the heaviest
of the timber-based ones with a weight of 1808.2 t for one
building. Therefore, in total, it has by far the highest carbon
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production (scaled)
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Carbon storage
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of production
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storage potential (70.3 kt). This is almost twice the potential
of the construction type with the second highest carbon
storage potential, mass timber (39 kt), which seems to
make it the most climate-friendly construction type. That be-
comes even more evident considering the ratio of Thoma-
wood without transport emissions (Figure 28, right; see the
line in dark blue). It is clearly higher than the ratio including
transport emissions (Figure 28, right; see the line in light
blue), due to long transport distances for Thoma products.
Excluding these transport distances, the ratio of carbon
storage per tonne emitted carbon in production for Thoma-
products (5 t) is almost twice as high as the ratio for mass
timber (2.9 1), indicating the Thoma Wood 100 construction
type as the most climate-friendly.



Brick and reinforced concrete are materials with major
impacts on carbon emissions for mineral construction
methods. Carbon storage capacity is only noteworthy
for parquet and substrate for the green roof (intensive
substrate light) (Figure 29 and Figure 30).

RESULTS AND DISCUSSION

Becoming clear for brick, the sum of carbon emissions
outweighs the storage potential by far and over all building
parts. Brick materials (especially unfilled brick, as well as
Thermoplan MZ7 brick) contribute most to carbon emissions
of the entire construction type. Other mineral materials with
high energy consumption during production, such as mineral
wool and concrete C25-30, also increase carbon emissi-
ons. In contrast, only two organic materials store significant
amounts of carbon: parquet and intensive substrate light.

Carbon emissions of most reinforced concrete materials
are broadly similar to those of brick, and most are relatively
balanced among themselves (Figure 30). However, the total
carbon emissions for this construction type rise sharply due
to the high proportion of reinforced concrete. These cannot
be compensated in any way, not even by the biochar product
Made of Air, which binds extremely high carbon contents in
the long term through pyrolysis (Made of Air, n. d.).
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The results of carbon emission and carbon storage calcula-

tions for lightweight timber and timber frame reveal a quite
different picture (Figure 31 and Figure 32). The variations
in emissions and storage capacity of the different materials
are much more pronounced, so the evaluation appears to

be more complex. Although many of the used organic mate-

rials have a high carbon storage capacity, these are nearly
offset by their high carbon emissions. This applies for
example, to wood fibre insulation board STEICOdry, wood
STEICOjoist + LVL and wood fibre insulation STEICOflex
036 (Figure 31). Conceivably, the relatively high emissions
in these cases are attributable to the occurring transport
emissions; however, this would have to be examined in
more detail. Thus, high carbon emissions for individual

- C-Emissions from

production (scaled)
C-Emissions from
transport (scaled)

- C-Storage (scaled)

materials may be due to long distances to suppliers, but
overall it is likely to be due to the large number of materials,
resulting in high transport costs. However, the advantage
of the low weight of both construction types must also be
considered, which in turn is likely to have a comparatively
positive effect on transport emissions.

For timber frame, the high carbon storage capacity of the
materials wooden beams, OSB and wooden substructure
should be emphasised. Their positive effects on the carbon
ratio are less attenuated by emissions than in the case of
the materials with high carbon storage in light-weight timber
(Figure 32). This results in a higher ratio of stored carbon
per emitted carbon for timber frame, which is also reflected
in figure 28.
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Coming to the assessment of mass timber, the results
again show a different pattern. Although carbon emissions
are broadly comparable to those of the lightweight timber
construction types, outstanding values for the carbon
storage of CLT change the overall picture (Figure 33). In
consequence, the storage capacity exceeds the emissions
by far. Still, by replacing high-carbon-emitting ceiling tiles,
potential further reduction in emissions could be possible,
which would improve the overall ratio of stored carbon per
emitted carbon.
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Thoma Wood100 has the highest share (by weight) of
organic materials of all construction types; carbon emissi-
ons and carbon storage are highest for the materials Thoma
Woo0d100, wood-fibre insulation board best wood Schnei-
der 180 and crosswise/diagonally glued board layers (Fi-
gure 34). The carbon storage capacity is particularly high
compared to all other materials. Possibly due to the long
transport of the material from Austria to Berlin, its carbon
emissions slightly mitigate the positive effect on carbon
storage.
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CONCLUDING REMARKS

In summary, it can be stated that the largest contributions
to emissions for the mineral-based construction types

the various types of brick plus concrete, and for reinforced
concrete it applies for reinforced concrete and limestone.
Regarding the two light frame timber construction types,
the carbon emissions are more evenly distributed across
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the materials due to the broader material mix used.

For mass timber construction types, the ratio of stored
carbon to emitted carbon improves due to the high pro-
portions of organic materials with high carbon storage
potential. In general, the results underline that the higher
the proportion of organic materials, the higher the carbon
storage potential of the respective construction type.

Concerning the contribution of the building parts,
ceiling slabs have the highest contribution to carbon
emissions and storage (Figure 35), likely since the ceiling
slab occupies the largest area within the planned four-
storey building.

For mass timber construction types, the ratio of stored
carbon to emitted carbon improves due to the high pro-
portions of organic materials with high carbon storage
potential.

In general, the results underline that the higher the pro-
portion of organic materials, the higher the carbon
storage potential of the respective construction type.

Concerning the contribution of the building parts,
ceiling slabs have the highest contribution to carbon
emissions and storage (Figure 35), likely since the ceiling
slab occupies the largest area within the planned four-
storey building.

To assess the contribution of materials to carbon emis-
sions, the energy demand for their production must also be
considered. Materials that are energy intensive in manu-
facturing (e.g., concrete and steel) increase total carbon
emissions, especially if used in large quantities, such as in
the primary structures of a building. In these cases, carbon
emissions could potentially be compensated by replacing
energy-intensive mineral materials with organic const-
ruction solutions or, if possible, by shifting to renewable
energy sources in the production process.

Organic materials with high carbon storage can there-
fore potentially contribute to the increase of the urban
carbon stock. This promises to have positive impacts on
the carbon cycle, as it prevents (or at least delays) the
release of carbon to the atmosphere, thus potentially miti-
gating climate change. That especially accounts for multi-
storey buildings, which would more efficiently use floor
area per capita, prevent further soil sealing and allow for
greater carbon storage volumes through i.e. the usage of
more timber-based materials (Churkina et al., 2020; Pittau
et al., 2022). Additionally, materials with a longer lifetime
and especially those more suitable for reusing or recycling
positively contribute to the urban stock — called the casca-
de use of wooden materials (Budzinski et al., 2020). This
applies to mass timber and Thoma Wood, as their building
parts are less complex in their composition, and therefore,
in perspective, better suited for recycling due to their less
compounded or glued materials (Dangel, 2017).

Choosing more regional construction materials correlates
with shorter transport distances resulting in lower trans-
port emissions. For the Schumacher Quartier project,
the term ‘regional’ was defined as within the limits of the
Federal States of Berlin and Brandenburg.
Research on potential material suppliers has shown
differences in distribution of producers of various material
groups through Germany and nearby countries. Distances
vary greatly, from widely used materials such as concrete,
for which it is easier to find local suppliers, to very specia-
lised suppliers that require long transportation to Berlin, for
instance, products by Thoma Holz GmbH (Table 1 in the ap-
pendices). Also, weight, share and quantity of materials vary
for different construction types, additionally accounting for a
differing relation of carbon emissions to transport distances.

Figure 28 (upper graph) shows the carbon emissions
generated during the production of materials (A1-A3) com-
pared to transport emissions of materials from production
to the construction site (A4). Thoma-wood has the highest
transport emissions with 14.6 kt, mainly due to long trans-
port distances since the timber can only be sourced from
a few locations near the company Thoma Holz GmbH,
Austria. Furthermore, the transport emissions are almost
twice as high as production emissions, resulting in a nega-
tive impact on the evaluation of the construction type. The
transport distances of the materials for mass timber are
comparatively short, which is why the transport emissions
of 4.4 kt are about 3.3 times lower than for Thoma Wood.
The light frame timber construction types, lightweight
timber and timber frame, exhibit the lowest transport emis-
sions with 2.4 kt and 1.9 kt, respectively. Transportation
emissions for the mineral-based construction types are
4.4 kt for brick and 4.8 kt for reinforced concrete.
Although both types have the shortest transport distances
of their construction materials, their components such
as unfilled brick, reinforced concrete and limestone
have comparably high weights and shares, which drives
up emissions.

The results show higher transport distances lead to
higher emissions and influence the climate impact of a
construction type, as illustrated by the example of Thoma-



wood. Even more decisive than the distance, however, is
the weight of the material transported. Figure 36 shows
transport distances of the materials with the highest
weight contribution for each construction type. It demons-
trates that the heaviest components of the mineral-based
construction types can be acquired from within distances
of 80 km (unfilled brick with 48.5 km for brick; reinforced

LIGHT WEIGHT
TIMBER
roof

50 km

material: x
INTENSIVE

SUBSTRATE
LIGHT

REINFORCED
CONCRETE
roof and ceiling

72.8 km

material:
REINFORCED

CONCRETE
MASS TIMBER
ceiling
291 km

material:
ELASTIC-BONDED
FILL 90 KG/M?

concrete with 72.8 km for reinforced concrete), whereas
the main components for mass timber construction types
must be purchased from particular suppliers, therefore
resulting in longer transport distances (material elastic-
bonded fill with 291 km for mass timber; Thoma Wood100
with 600 km for Thoma Wood).

Figure 37 shows the relation of carbon emissions by
increasing transport distance for each construction type.
This extrapolation does not display the calculated values
for carbon emissions, moreover it aims to illustrate the
significance of potential regionality for the construction
types with high-weight materials. According to the carbon
emissions from production, each construction type has
different values as a starting point. Starting from intercept
(corresponds to a theoretic production facility within the

RESULTS AND DISCUSSION

construction site), the emissions increase with increasing
distance. For illustration, 100 km intervals were marked.
The different slope for each construction type is decisive:
Thus, it is evident that reinforced concrete has the highest
relation of carbon emissions to transport distance due to
its high weight. Mineral-based construction types are
heavier than timber-based construction types, with a

TIMBER FRAME
ceiling
46 km
material:
DRY SCREED
BRICK
\ ceiling
48.5 km
material:
BRICK
UNFILLED
THOMA WOOD
ceiling
600 km
material:
THOMA
WOOD100

total material weight of 4.1 kt for reinforced concrete and
2.5 kt for brick, resulting in significantly higher transport
emissions. In contrast, lightweight timber has the lowest
slope of carbon emissions per additional km, followed by
the rate for timber frame. This can be attributed to the low
weight of the materials per building: 1 kt for lightweight
timber and 1.1 kt for timber frame. The mass timber con-
struction types have a higher rate of carbon emissions to
transport distances than the light frame timber construction
types as their materials are comparatively heavy. With a
total weight of 1.8 kt, Thoma-wood is heavier than mass
timber with a total weight of 1.5 kt, which leads to a higher
slope, especially compared to the light frame timber
construction types.

40



41

RESULTS AND DISCUSSION

120

100

80

60

40

i\

20

C-Emissions in t (production and transport)

100 200 300 400 500 600 700 800

Transportation distance in km

The graph also demonstrates that for the same distance
from the production site, the use of Thoma-wood materials
would emit less than the use of materials for mineral-based
construction types. Hence, measures like establishing a
regional production site for Thoma-wood in Berlin-Bran-
denburg could significantly reduce transport emissions and
improve the ratio to production emissions.

Therefore, to answer the question of whether the usage
of regional timber and raw materials is the most climate-
friendly, the type, amount and weight of materials used for
a particular construction type must be considered. The
results indicate that the lighter the material, the less pivotal
regional production is, while for heavier materials the use of
regional timber and raw materials becomes more important,
as transport emissions are significantly higher. Neverthel-
ess, it can be concluded that the closer the production site,
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the more climate-friendly it is, as short distances translate
to lower relative transport emissions.

Another factor that needs to be considered is the type
of transportation. The transport emissions from Figure 28
are a conservative estimate, as the calculation was based
on transport by small truck (3.5 t-7.5 t). Other means of
transportation, as shown in figure 38, could reduce trans-
port emissions and thus be more climate friendly. Com-
pared to transport with small trucks, the use of standard
trucks (7.5 t-17 t) reduces emissions by 36 % and the use
of large trucks (>17 t) by 69 % (De Wolf et al., 2017). Train
transport, which reduces emissions by 96 %, would clearly
be the most climate-friendly option (ibid.). This would
be possible, for example, with a supplier of mass timber
construction materials who has a railway connection to the
production site.

Train
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To assess and evaluate whether Berlin and Brandenburg
harvest rates could provide the quantities that are
needed to build Schumacher Quartier using a timber-
based construction type, the amount of required timber
was calculated. As pine accounts for 70 % of the forest
area (Ministerium fur Landliche Entwicklung, Umwelt und
Landwirtschaft des Landes Brandenburg, 2015),
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Tegel Projekt GmbH prefers pine as the main timber used
in construction. The required amounts of timber were com-
pared to the amount of harvested pine from Berlin's and
Brandenburg's state forests in 2021, which is displayed
in Figure 39. No private, federal or corporate forests were
included in the calculation, as uniform management stra-
tegies for forest conversion and sustainable management
were only available for state forests. The numbers given
represent the amount of pine and larch harvested. Since
the share of larch in Berlin and Brandenburg is minimal
compared to pine, it was neglected in the calculations.
Therefore, only pine will be referred to in the following.
Berlin's state forests harvested around 18500 m?® of pine
in 2021 (Destatis, 2022). Annually, this could cover only
part of the needs for all timber-based construction types
that are discussed for Schumacher Quartier, as those
would need between 139515 and 382582 m?® of timber,
depending on the respective construction type. However,
Schumacher Quartier states that only half of the total
amount of timber is needed in the first 10 years of
construction. In addition, the project regulations dictate
that only half of the timber must be sourced from Berlin,
as this half is being built by housing associations. There-
fore, over the first 10 years the timber demand could be
met from Berlin's stock, as figure 40 shows.

In addition, the annual average harvest of pine in
Brandenburg's state forests (Amt fir Statistik Berlin-
Brandenburg, 2023) would suffice by far for construction
of Schumacher Quartier for all timber-based construction
types, as they provide roughly 879100 m® of timber annu-
ally (reference year 2021).

Climate change implications on forest stands in Berlin
and Brandenburg have been recognised by state forests
offices and thereby some regenerative practices for forest
adaptation are being developed and implemented (pers.
communication Berlin State Forestry Office, 2023). One
strategy to achieve this consists in the transition from
predominant monoculture stands to mixed forest systems.
That implies that previously species-pure coniferous
stands will be readjusted, resulting in less pine and more
deciduous timber being available in Berlin and Branden-
burg in the long term, while even more pine can be harves-
ted in the coming decades (pers. communication Berlin
State Forestry Office, 2023). Today, industry still considers
spruce the most popular tree species for timber construc-
tion in the construction industry in Germany (accounting
for 85 % of the processed timber).

As most sawmills are specialised in processing of either
coniferous or deciduous species only, it might be challen-
ging to adapt the industry to process and use much higher
amounts of deciduous timber — at least in the short term
(pers. communication Binderholz GmbH, 2023).

During the extensive work on implementing the calcu-
lation of carbon storage and carbon emissions of
Schumacher Quartier, some uncertainties occurred,
which are discussed in the following.

The results are based on materials used for walls, ceiling
slabs and roof constructions. They do not reflect the entire
building, as e.g., internal walls, staircases, elevator shafts
etc. are not included. Results might change by adding the
entire range of materials used for construction. Further-
more, the data for the calculation was mainly taken from a
database whose data sets were current, but in some cases
already one to two years out of date. For the material
intensive substrate light, no data on the given gross density
was available. In consequence, calculations might possibly
overestimate the material‘'s CO, coefficient.

The choice of different types of timber can also lead
to small variations in the carbon content of timber-based
materials (Martin et al., 2018), which could therefore be
considered in more extensive studies.

The transport emissions are based on distances between
suppliers and Schumacher Quartier in Berlin. As suppliers
are not always the producers of a specific material, for
some materials transport between producer and supplier
might be fully considered neither in the production CO,
coefficient nor in the final transport distance. It was also
not verified whether the assumed suppliers would be able
to provide the required quantities of construction materials.
Nor were economic aspects taken into consideration.
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This study focusses on carbon emissions from the pro-
duction and transport of materials. It does not take into
account other environmental impacts of the materials used,
nor the impacts of the construction, use and end-of-life
phases. For the carbon sink function of timber, the full

life cycle is essential. A cascade use of timber products

is important to enhance its positive impact on the carbon
cycle. Additionally, other factors like the energy sources for
production or the energy efficiency of the building during
their use phase could also be considered in future life
cycle assessments of buildings.

Still, quantifying carbon fluxes is considered a good
approach to appropriately assess the climate friendliness
of different construction types, as the method not only
considers carbon emissions, but also assesses the carbon
storage capacity of construction materials (Hart & Pompo-
ni, 2020; Heckmann & Glock, 2023).
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CONCLUSION

The two mass timber construction types demonstrate the
best performance in terms of the stored-to-emitted-carbon
ratio. The results of the analysis show that the construction
type designed with Thoma Wood has the highest carbon-
emissions-to-storage ratio (Figure 28). However, the im-
pact of transport emissions due to high distances between
timber sources and the respective construction site must
be taken into consideration. The transport emissions may
vary depending on the mode of transportation, the location
of manufacturing facilities and the infrastructure at the con-
struction site. Although Thoma Wood has the best carbon
ratio, even when including transport emissions, the climate
friendliness could be increased significantly if the transport
distances were reduced or if larger trucks or trains were
used for transport.

In conclusion, it can be deduced from the present
study that the construction types considered can be clas-
sified as follows with regard to their climate impact: In first
place are mass timber construction types, followed by light
frame timber construction types; least climate friendly are
mineral-based construction types.

The analysis suggests that the use of timber as a main
construction material could significantly lower the negative
impact of the construction sector on the carbon cycle. Ad-
ditionally, the long-term storage potential of carbon within
timber-based construction materials can positively contri-
bute to urban carbon stocks. However, a rising demand
for timber draws the focus to forest management. Only if
timber resources are managed sustainably in economic,
social and ecological dimensions can the growing demand
for timber be met without negative repercussions. Forest
management should consider forests as more than just a
timber resource, but as a diverse, sensitive ecosystem.
Sustainable forest management should therefore promote
a diverse tree composition, active protection of the soil and
its carbon stock and sustainable harvesting methods. Fur-
thermore, encouraging the natural regeneration of forests
can be a useful approach both to improving resilience to
natural disturbances caused by climate change and main-
taining important functions such as carbon sink and timber
production.

Future research could focus on sustainable forest manage-
ment. Especially on the regional scale of Berlin and Bran-
denburg, which regulations and frameworks are needed to
enhance sustainable forest management is of interest for
science and practitioners. If the transition towards more
timber-based construction practices is advanced, ensu-
ring sufficient quantities of timber to replace established,
mineral-based construction materials could also become an
important topic of future research.
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