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Will Emerging Technologies for Building Construction
Help Reduce Our Contribution to Climate Change?

An increasing humber of proposed novel technologies in construction claim to be low carbon.
Proper methods to estimate the emissions arising from these emerging technologies must be
implemented to determine their environmental feasibility. A prospective Life Cycle Assessment study
of 3D-printed concrete structures is proposed to investigate whether the technology holds

the potential to reduce buildings’ contribution to climate change.

Designers, engineers, policymakers and
all the different stakeholders involved in
the construction sector face increasing
pressure to reduce GHG emissions gen-
erated during the life cycle of the built en-
vironment. While this pressure is shared
by almost all sectors in society today, the
building and construction sector plays a
significant role in the overall carbon emis-
sions generated by mankind. A relative-
ly recent report published by the Interna-
tional Energy Agency’s Global Alliance for
Building and Construction showed that al-
most 40% of CO, emissions generated in
2017 came from activities within the build-
ing and construction sector. Due to the
sector’'s magnitude and the consequent
massive consumption of materials, its po-

tential for lowering the energy need and
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Figure 1: 3D printed metallic materials, from the FFG project entitled
“3D Welding: Additive Fabrication of Structural Steel Elements”, which funds

the PhD research from Christoph Holzinger.

Source: Christoph Holzinger — ITE, Graz University of Technology

emissions below business-as-usual-levels
is virtually unmatched. This scenario has
led to the establishment of various quan-
tifiable targets related to diminishing the
greenhouse gas emissions that arise from
The
ly stringent targets stimulate researchers

construction activities. increasing-
into proposing novel technologies related
to material composition, material efficien-
cy or construction techniques, promising
significant reductions of carbon intensity.

ADDITIVE MANUFACTURING
AND CONSTRUCTION

An emerging, potentially disruptive, tech-
nology that is starting to gain space in the
built environment is Additive Manufactur-
ing (AM). Not long ago, discrete initiatives

to assess AM’s applicability for building
large-scale structures started to arise. In
fact, one does not need to look far to find
successful examples: the Faculties of Ar-
chitecture and Civil Engineering Sciences
at TU Graz have jointly designed a ma-
chining robot system for wet and dry ma-
chining of large components. The testing
facility, built by ABB AG Austria, is oper-
ated primarily by the Institute of Structural
Design and the Laboratory for Structural
Engineering as a grinding and milling ro-
bot system. Moreover, during the last few
years the robot facility has been used as
a large concrete printing unit.

While the exploration of the interface be-
tween robotics and design has been mostly
focused on technical and economic fea-


https://www.tugraz.at/index.php?id=40858&L=0
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Figure 2: 3D printing of a concrete element,
from the project “Stahlbetonleichtbaudecke -
Schloss Seehof”, which funds the PhD research

from Georg Hansemann, in collaboration with the

ongoing PhD research from Robert Schmid.
Source: Georg Hansemann - ITE, Graz University of Technology.

sibility, these studies and research initia-
tives pave the way for the process’s con-
solidation in the construction sector. Al-
though promising from a technological
standpoint, the incipiency of AM’s envi-
ronmental impact measurement is quite
pronounced. Still, a successful insertion
of additive manufacturing technologies
within the built environment will depend
on its environmental attractiveness. The
little evidence that exists points to an im-
pact reduction when assembling highly
sophisticated structures, with significant
architectural complexity in terms of shape.

EX-ANTE OR PROSPECTIVE
LIFE CYCLE ASSESSMENT

Life Cycle Assessments (LCA) have been
widely recognized as the most scientif-
ically sound option to quantify the envi-
ronmental impact of buildings and struc-
tures. By tracking material and energy
flows throughout the life cycle of a prod-
uct or system, LCAs can assess the poten-
tial environmental impacts associated with
different components of the built environ-
ment. The challenge in the case of emerg-
ing technologies, however, is to proper-
ly measure material and energy flows of a
technology not yet widely implemented in
practice. How does one extrapolate, for in-
stance, how much energy is consumed or
how much CO, is emitted from a small lab-
scale to a real-life construction site, where
many other variables come into play?

To overcome this, state-of-the-art research
in LCA proposes applying upscaling tech-
niques to define scenarios that predict how
the performance of robots and 3D-print-

ing processes will evolve in the decades
to come. Learning curves from proxy tech-
nologies or from the same type of machin-
ery applied to different sectors support
this upscaling process and help determine
how e.g. energy and material consumption
become more efficient as the technology
moves towards an industrial scale.

Apart from determining scenarios for future
data gathering, due to the major role played
by users, building owners, real estate com-
panies and governments on the demand
to implement such technique in a wider
scope, reliance on agent-based modelling
methods to attempt to predict how these
players will respond to the emerging tech-
nology is also a proposed added layer to
ex-ante LCAs.

PROSPECTIVE STUDY ON
THE ENVIRONMENTAL FEASIBILITY OF
3D-PRINTED CONCRETE STRUCTURES

The relevance of the presented subject led
to the proposal of a project idea, recently
awarded funds from the TU Graz initial

funding programme. Spearheaded by

a collaboration between the Institute of

Structural Design (ITE) and the Sustainable
Construction (AGNHB) Working Group, the
research project foresees filing the men-
tioned gaps with a robust ex-ante life cy-
cle assessment applied to 3D-printed con-
crete large-scale structures. The proposal
relies on the hypothesis that (i) 3D-printed
concrete structures are an emerging tech-
nology that will be increasingly applied in
decades to come, displacing traditional
construction techniques and (i) the tech-
nology holds the potential to reduce build-
ings’ contribution to climate change due to
efficiency in material consumption.

The ultimate goal is to identify the path-
ways in present and future application of
3D printing on the Austrian building stock
that would lead to such reduction, with
special focus on conditions that would al-
low for national decarbonization targets to
be met by 2030, 2040 and 2050. The pro-
posed research is expected to generate a
reliable outcome on how to move forward
and successfully integrate additive fabrica-
tion into day-to-day construction practice,
assuring environmental targets are met. @


https://www.baunetzwissen.de/gerueste-und-schalungen/objekte/bildung-kultur/atelierdecke-schloss-seehof-bei-lunz-am-see-7607809
https://www.baunetzwissen.de/gerueste-und-schalungen/objekte/bildung-kultur/atelierdecke-schloss-seehof-bei-lunz-am-see-7607809

FIELDS OF EXPERTISE
3 6 TU Graz research

2021-2/#26

PLANET RESEARCH TU GRAZ RESEARCH TU GRAZ RESEARCH MONTHLY

See what our researchers are Subscribe now and The monthly research newsletter
doing in the Fields of Expertise and register for the next issue provides you with selected news,
other areas, and learn about how of TU Graz research, stories, interviews and blog posts
their results will affect our lives. which you can receive from the world of research.

Get to know young research talent either digitally or We will also be informing you about
and keep informed about research as a print edition. upcoming events in science and

infrastructure at TU Graz. research at TU Graz.

Research @ www.tugraz.at:
Kgp up to date! .

.uapua neq wap jne 31 uaq|a|g /
:1e° zmﬁm MMM @ Hun osm:|

‘Zelo) N1 Jep InpnJisesul
-sBunyosIo 8Ip Jagn yois aig "Zelo) ML Jep ue
uaJailWLIoUl PUN UBUUSY BuNYDSIO4 PUN YBYOSUSSSIA
a1us|e1sbunyosio4 abun( 8IS usule ‘ue yoJeasal uayolaieg usp Ul s1ybybiH-1uaA

‘UsMIIMSNE Usge Jesun jne assiugeb zelo) N1 uon eqeb u81sSyoeU 8Ip Jagn 8IS JIM Usia|wioul
-13 81yl YoIS 8IM puN UBYOSIO} Sneuly -sny 81SYoBU 8Ip N} Yyoie|6 wepnz ‘uswiayisbunyos
Jagniep pun asipedx3 Jo spiel4 usp yols 8IS usplaWw pun oqy -104 8j[eNfe wn puni sbeliieg

Ul J81JeyoSuUSSSIA\ Pun usuulieleyos -sBunyos.io4 sepjonipab Jepo a)lyemabsne 1euo uspal 8IS usyeyso
-UBSSIA 8Ip UBJOM ‘8IS Usiyepq sefelbip Jy| yois 8IS Us|oH Jene|smausBunyosIo wep HA

HOHVY3S3d 13INV1d HOYV3S3d ZvH9 Nl ATHLINOW HOHVYIS3H ZV4H9 N1



https://www.tugraz.at/en/home/
https://www.tugraz.at/home/
https://www.tugraz.at/en/tu-graz/services/news-stories/planet-research/current-articles/
https://www.tugraz.at/en/tu-graz/services/news-stories/tu-graz-research/tu-graz-research/
https://www.tugraz.at/tu-graz/services/news-stories/tu-graz-research/uebersicht/
https://www.tugraz.at/tu-graz/services/news-stories/planet-research/aktuelle-artikel/
https://www.tugraz.at/en/tu-graz/services/news-stories/tu-graz-research-monthly/
https://www.tugraz.at/tu-graz/services/news-stories/tu-graz-research-monthly-forschungsnewsletter/
https://www.tugraz.at/en/tu-graz/services/news-stories/tu-graz-research-monthly/
https://www.tugraz.at/en/tu-graz/services/news-stories/planet-research/current-articles/
https://www.tugraz.at/en/tu-graz/services/news-stories/tu-graz-research/tu-graz-research/

