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Globaler Kohlenstoff-Zyklus

860 GtC 25
‘ (1.9-3.1)
*
Vegetation
450-650 GtC

. il & Dissolved

385-1135 GtC ® O 0 mo:;%agc';%cc;rc!:m
Rivers Organic carbon Marine
= Pormatiost @ and lakes 700 GtC biota
1700 GtC Soils .
Oil reserves Coasts @ N 3GtC
1500-2400 GtC i)

175-265 GtC 1045 GtC Surface

sediments
1750 GtC
&
Coal reserves
445-540 GtC

Budget imbalance -0.1
Anthropogenic fluxes 2010-2019 average GtC per year
4+ Atmospheric Increase G

* Fossil CO, E Land-use change E ease G,
w Land uptake S, ,, * Ocean uptake S, ., B Budget Imbalance B,

Stocks GtC

P. Friedlingstein et al.: Global Carbon Budget 2020



GLOBAL CARBON BUDGET 2023 ©OO

TOTAL EMISSIONS ATMOSPHERIC CO,
GROWTH RATE
TOTAL SINKS

20% 23.8

(£32)

- N - N
36.3 (+18) 44 (+26) 13529 10.3 +15)
LandB tyun Pflanzen,
@ ung Photosynthese Ozeane

Abholzung LReEvAl

Fossil fuels and industry Land Use Change Land sink

EMISSIONS AND SINKS R A

Inbillion-tons COz per year (Pg CO2/ yr), in 2023
& <2: FONDATION
28 BNP PARIBAS

Ocean sink




Fossile CO2-Emissionen
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Kohlenstoffemissionen -Lander

Carbon emissions

Carbon dioxide (COz) emissions, million tonnes 1850

Top 15 emitters QIL') 4IIJ 6|0 BIU 1?0

United Kingdom
United States
France
Germany
Belgium

Poland

Global share: W North America, 10.1%
M Europe, 89.8%
Asia, 0.0%
B Oceania, 0.1%
South America, 0.0%
Africa, 0.0%

High income Upper-middle AT Lowermiddle ﬂv\ Low income
| _IL 99.9% L 0.0% s 00y L 0.0%

@ Source: Our World in Data i E E A GL I

Russia
4.7%

—

\\—‘(
Italy 0.9% \

@_

South
Kored

1 704
/ /C

lndom. sia\

o\ Rest of World*
29%
S. Africa
1.2% 175 count
Aeof2021



Umwelt Kuznets-Kurve (EKC) - Kontinente
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Carbon emission per capita (t)

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
gross domestic product GDP per capita ($)

Jung, H., & Song, C. K. (2023). Effects of emission

. . . . . trading scheme (ETS) on change rate of carbon
® Africa ®Asia ©Europe @ North America @ Oceania @ South America emission. Scientific Reports, 13(1), 912.






Greenhouse gas emissions
in the EU by pollutant®

2019

11% oo
Methane (CH4)
* 80% R
Carbon dioxide (C02) \ Nitrous oxide (N20)
2% i

Hydrofluorocarbons (HFCs)

<0.2% of perfluorocarbons (PFCs), unspecified mix of PFCs and HFCs,
sulphur hexafluoride (SF6) and nitrogen trifluoride (NF3)

The percentages do not add up to 100% due to rounded figures being used
*Total greenhouse gas emissions excluding land use, land-use change and forestry (LULUCF)

Source: European Environment Agency (EEA) \§=En

© EU/EP



Globale CO2 Emissionen per Sektor

Building
Operations
287%

Industry
30%

: Building
Transportation Materials and
22% Construction
11%

Source: © 2018 2030, Inc. / Architecture 2030. All Rights Reserved. Data Sources:
UN Environment Global Status Report 2017; EIA International Energy Outlook 2017



CO2 Emisionen — Beitrage verschiedener Baustoffe

Additives Wood PVC

Others
Aluminium ik 5,0%
2,3% Ceramic
Pre- 20,3%
fabricated

Bribian, et. al., 2011



Stadte als Kohlenstoffspeicher

TCI: gespeicherter C in Produkten &
fossiler, gasformiger C:
“Carbon Metabolismus einer Stadt”

20 —
Share of services sector in economy (%) O Population density (inh. km™)
80 O 8 20,000
S 7 16,800
0 O :
- 13,600
4 O =
15 — 10,400
7200
Q2: low income but Q1: high in-::o_me and 4000
large carbon inflow Singapore large carbon inflow
» o« 800
10 — Sydney MNew York
Los Angeles
Moscow Hong Kong
0 20,000 _| 40,000 Toronto 60,000
l N | N | N | N
Tokyo London
Stockholm GDP-PPP per capita (US$)
Delhi% Cape Town 5 — Vienna purchasing power parity
Beijng  Dangkok ’,*' “x
, . - Q4: high income but
Q3: low income and Sao Paulo .
small carbon inflow small carbon inflow
0 -

Chen et al. NATURE COMMUNICATIONS | (2020) 11:182 |
https://doi.org/10.1038/s41467-019-13757-3 |



Kohlenstoffemissionen — Kohlenstoffspeicherung —
Zement vs. Stahl vs. Holz

Lebensdauer von Bau-Materialien

[

In 2015, more than 2,600 million metric tons of carbon was stored in ==
harvested wood products in the United States. Nearly 60% of the carbon
in wood products is currently stored in products in use.

Source: U.S. Department of Agriculture

Product life

(Years)

Single-family homes (pre-1980)

IR e

Single-family homes (post-1980)
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Churkina et al. (2020). Buildings as a global carbon

sink. Nature Sustainability, 3(4), 269-276.

0.50




Fiuhrende EU-Mitgliedstaaten, die Anforderungen an CO2-Neutralitat und
Kreislaufwirtschaft fiir Neubauten verbinden

-I— Finland

Low carbon road map for building materials
2020, Carbon footprint and emission limits
2050, 80% Reduction of emissions
Minimized use of virgin materials

Adopting EC's Level(s) method
Procrurement criteria for low carbon

(B
. g DENMark -

2020, 90% less energy use in households “
Full decarburization of domestic heating

2030, 50% Renewable energy sources EU States
Clean power (district scale) .

Phasing out natural gas
Green Public Procurement
(quasi mandatory)

E=N 5 buildings
w Netherlands .-
« DBED for the new office (>100 m?) and houses B Sweden
« Life Cycle Assessment (LCA) by qualified experts > ML 4
« Using green and circular building materials. SR 2022,Using LCA for all new buildings

2045, Eliminate greenhouse gas emissions
Recycling 70% of construction residues
Fossil free Sweden initative

' . France «

s

2020, Low carbon Buildings & reduce carbon emissions

2050, Carbon-neutral France

RE2020 threshold of 4 kgCO2 operational emissions equivalent/m2 for new residential buildings: E+C
Phasing out natural gas

Dynamic LCA calculation method + threshold for embodied carbon emission of 100 kg of CO2 per m2

S Attia et al 2021 IOP Conf. Ser.: Earth Environ. Sci. 855012023



Kohlenstofftransfer durch Handel

Kohlenstofftransfer durch China
3.33%

ol ca
C-Abfluss aus  v¥ So

Regionen R

Europa: grosster C-Inflow
China: grosster C- Outflow

Wl

,§\° \-*

gas WL
30%

O

a 62
o 20

,Reiche Lander*: Import von geringwertigen, carbon-intensiven Produkten
LArmere Ldander“: Import von hochwertigen, carbon-armen Produkten

Zhou et al. Int. J. Environ. Res. Public Health 2022, 19, 14605



Kohlenstoff Nettoexport (in Mt CO,)

Contributions to net
emission transfers

Trade balance
Energy/GDP
Specialization
CO,/energy

+

Zhou etal. Int. J. Environ. Res. Public Health 2022, 19, 14605



Extra-EU trade in recyclable raw materials by category (miiion tonnes, 2021)

Exports Imports
. 4 )

1950 Metal - ferrous
4.5 0 Organic

4.4 7 Paperand cardboard
3.4 Mineral
2.5 0 Wood
2.1 B8 Metal - non ferrous -
1.5 8 Textiles 104
110 Plastics 107
09 1 Rubber | 0.1
04 | Glass i 038
0.2 | Not specified 104

Categories sorted by largest exports to smallest. eC.euro pa .C U/eu I‘OStat L



SenhefEmisslénen ?

- Wald

46 %

Zuwachs

Senke (0,80)

Natiirlicher Abgang
und Ernteriicklass (0,68)

Brennholz, Sdgenebenprodukte, Pellets (0,75)

Rundholzexporte 0,18

Schnittholz, Sagenebenprodukte,
Pellets (2,18)

Exporte

Prozessketten
(Sageindustrie, Produkte: Papier, Platten,
Sonstige N ?
Holzverarbeitung, Maobel, Bauholz, etc. (3,58) H

Plattenindustrie,
Papierindustrie)

Produkt-

- ‘Zuwachs? |||
. Sonstiges Holzaufkommen

i Osterr, Territorium

Holz-Kohlenstofffliisse Osterreichs 2020 in Mio tC/Jahr.

pool

Altholz (0,15)
|

Sagenebenprodukte, Rinde ‘

Ablauge, Pellets (3,20) 4 Energie
(XH)

Brennholz, Hackgut (1,63)

Aus: BFW. Osterreichische Waldinventur. https://www.waldinventur.at/#/ (2022); Strimitzer et al. 2020: Holzstrdme Osterreichs
2020. BM Klimaschutz, Umwelt, Energie, Mobilitit, Innovation und Technologie, Osterreichische Energieagentur, LKO, 2022



Mehr Holzverwendung
durch Innovation



Woher kommt die Masse
eines Baumes?










Chloroplast

ATP = Adenosintriphosphat

(delivers engery for the PS and CO2 reduction)
NADPH = Nicotinamidadenindinukleotidphosphat
(H donator, becomes oxidised NADP oxidiert)

C6H1206

Sugar ->Wood



Holz besteht zu 93% aus Luft (CO,)
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H,O und Minteralien

Holz ist ein “Luftmaterial”
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CO2 Emisssionen im Gebaudesektor — Innovative Alternativen

_ Steel industry | Cement industry Al industry Plastics industry | Glass industry

Global CO, 0.086

s meo®

Densified wood Mass timber  Foldable wood Bioplastics Transparent wood

Plastics Glass

Ding et al. 2023, Chem. Rev.



Viele Moglichkeiten fur High-Tech Anwendungen

a Engineered materials

Water ood nanom
Bottom-up

Schubert etal. (2023): Chem. Rev. 123




Engineered Wood Products: Furnierschichtholz (LVA)

Production:

Global 3 mio m®

Europe 0,5 mio m® - Softwood and Beech
Flanges for |- joists, beams, studs, purlins,
Glulam

Softwood/Kerto/Metsi Wood o i B
Baubuche/Beech - Polimeier



Engineered Wood Products: Kreuzlagenholz (CLT)

CLTdesigner
Phase 1: niche product _| Phase 2: _| Phase 3: mass production (7) www.cltdesigner.at (D | IT | E)
Idea | Patent | Prototype "1 pilot projects "1 global | international competition -
regional | national > 1,000,000

competition 3

1995
2000
2005
2010
2013
2015
2016
2017
2018 |

Grafik: Institut fUr Holzbau und Holztechnologie, Graz/proHolz Austria

G. Schickhofer
holz.bau ﬂ-le-rl—.,\!.

fDrSChLII'IgS gm hh Graz University of Technology

BSPhandbuch

Holz-Massivbauweise in Brettsperrholz

Nachweine auf Bavs des raven



http://www.holzbauforschung.at/
http://www.google.at/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=C41BH-Kd7SdEKM&tbnid=PSi6vRcWluAHYM:&ved=0CAcQjRw&url=http%3A%2F%2Fportal.tugraz.at%2Fportal%2Fpage%2Fportal%2FTU_Graz%2FServices%2FBDR%2FOeffentlichkeitsarbeit%2FCD%2FLogo%2520Anwendungsrichtlinien&ei=PuIdVOmtI4buOpingMgI&bvm=bv.75775273,d.d2s&psig=AFQjCNFV0PiPC_mAgy1shWgari5keqRZTw&ust=1411330997434220

Engineered Wood Products: Kreuzlagenholz (CLT)

High-rise mass-timber solutions Urban solutions in wood

Rhomberg/Cree
UBC/CDN

PR NS \ ANAN AN
{ T S NN ANNSRRSNRSNN
t T TETTETETTTTTTTRTTETARERRRAN SEUERASARRNRRSANANS SN

Architects and Designer such as: M. Green /CDN (TED),
H. Kaufmann (AT/DE), T. Kaden (DE/AT) etc.




HOHO - Seestadt, Wien

75% HOLZ - 84 METER -24
STOCKWERKE - 800 HOLZ-STUTZEN
16.000M? CROSS LAMINATED
TIMBER




Hochste Holzhauser der Welt

8-9Jh.14-16 Jn. 1935 2009 2012 2013 ~2018

1 Trees and super large “Hyperion”, 115,85 m, USA

2 Five-story pagoda, 32 m, Nara - JPN

3 Fachwerk-House, 26m, DE

4 Sendeturm/transmitter tower Gleiwitz, 118m, PL

5 Murray Grove, 27m, London - GB (start of bigger construction with CLT)

6 CLT One, 20 m, Dornbirn — AT (pilot building — concept for 100m)

7 Windmill wooden tower, 100 m, Hannover - DE

8 Observation Tower Pyramidenkogel, 100 m, Keutschach — AT (highest wood observation tower)
9 HOHO Wien, 84m, Wien Aspern — AT (currently highest wooden building construction)

10 Mj@sa Tower, Lake Mjasa, 85,4m, Norway

11 “Oakwood Tower’- Case StUdy, 300m, London, UKGPLP Architecture and Cambridge University's Department of Architecture's,
12 Concept/vision 2041 — 350 m in Japan

e emny PRSI

il

;Year 2040

Pre-requisites for timber
construcion.

* Engineers for timber design

 Timber design codes, based on
scientific research

* Materials and components
such as GLULAM & CLT
(competitive)

* Architects for construction
design

e Constructors/investors etc.




Innovative Holztechnologien










Holzmodifikation - Prinzipien

Acetylation with acetic anhydride

H H 7 Reaction with wood
o o o polymers, bulking
HsC
‘ . )I\ :
u,c/u\o)kcm >=o HsC OH
OH A o
( ) . .
Cell wall Furfurylation with furfuryl alcohol
H P
KT U N2 . Reaction with wood
— OH H* dT\ I { )~/ [ A polymers, bulking,
OH . o] OH A AL AL \ W™ lumen filling
\ “a L ‘.‘i- ;.o“' + WO I"—- .
Uns / A0
L ,. A | AerpoO o
0 Y A § o

Crosslinking with DMDHEU

Reaction with

wood polymers,

H 7 n
[}/\NA,AO::I L ﬁ;_{«o buring
H HO H OH



Superwood

a Natural wood Densified wood
(approximately 80% reduction in thickness)

1. Chemical treatment

e

2. Densification

500 1 This work
400 1
300 -
200

100 1

Specific strength (MPacm?® g™') g

o

Cellulose molecular chain

Song et. al. 2018. Nature 554



Superwood




Transparentes Holz

Delugniﬁcahon

— Wood

Refractlve index
matching




Transparentes Holz

Reject heat

- > o >-t‘

uided sunlig

Diffused light

Li et al. 2016, Adv. Energy Mater., 6

Aesthetic wood ceiling

Mi et al. 2020: Nature Comm 11



Holz-Nanomaterialien —~Anwendungen der Zukunft
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Catalysis
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Chen et al. 2021 Adv Mat 33



Energiegewinnung mit triboelektrische Holz-Nanogeneratoren

Luo etal. 2019: Nature Comm 10



»Magnetisches Holz* - Anwendungen




it Holz aus.der

onnen uns m

JWir k

Klimakrise herausbauen

Hans Joachim Schellnhuber




The willow experiment by
Johan Baptist van Helmont
1580 -1644

chemist, physiologist, and
physician from Brussels.




Start: After 5 years:
Mass willow= 2,27 kg Mass willow = 72kg

S
St

Mass pot + dry soil = 100kg Mass pot + dry soil =99,4kg




USD,
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The closed loop of cal"bOn

FOREST CARBON
—~ in the ATMOSPHERE Cyde —~
.~.,\2’b v-f h\\ﬁfﬁ\ 4 - - ‘ ~ 9-\&’%
- A " R
Wood products can store ‘

carbon and can substitute for
emission-intensive products
such as concrete

Growing forests

remove carbon
from the

atmosphere.

Fires & decomposition
following disturbance events
release carbon into the
atmosphere.

&
Bioenergy from ®
forest biomass can
substitute for fossil
fuel energy.

@Fomst Office of Sustainability and Climate  April 2019

Fossil fuel useis an
OPEN SYSTEM where
(0, remains in the
atmosphere.

{3 D\




Kohlenstoffemissionen - Pro Kopf

Pro-Kopf-CO,-Emissionen in ausgewahlten Landern weltweit im Jahr 2016 (in Tonnen)

Katar | I I -0 5
Vereinigte Arabische Emirate o= |GGG 207
Saudi Arabien | E1 |GGG (s
Australien 58 |GGG -0
Uy -§  BE
Kanada [I+1 N ' -
sudkorea ‘o NG
Russland e |GGG 0.0
Niederlande o NG ©.2
Japan o | ©0
Deutschland "= N 8.9
Finnland <= |GG 3.3
sudafrika 3= |GG 7.4
Osterreich o TGN 7.2
Malaysia = G ¢.©

Janson, M. (3. Dezember, 2018). Katarer sind die grof3ten CO2-
Sunder [Digitales Bild]. Zugriff am 24. Januar 2024, von
https://de.statista.com/infografik/16282/co2-emissionen-pro-
kopf/
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