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Start of construction work in 2014 in Aspern
Seestadt, Vienna showing building materials pro-
cessing on site.

Circular economy on a building site: Construction
that dispenses with large-scale soil excavation
(waste reduction), reuse of structural components
and recovery and recycling of building materials
sourced on the building site (on-site recycling)

Eco-Efficient Construction Using Local

Resources

Thomas Matthias Romm, Thomas Kasper

Resources on the Building Site, the Genius
Loci

Controlling flows of materials in construction is an
essential activity in the context of environmentally
effective, cost-efficient building materials and
construction site logistics. In the past 20 years,
demand for mineral building materials worldwide
has tripled [1]. Secondary raw materials, i.e.
materials obtained through recycling, can meet
only part of this demand. These materials cannot
solve resources problems, but they could con-
tribute to a solution. 80 % of the materials needed
to construct a building are required for earth-
works and the building’s shell. Excavated earth,
for example, is usually removed from building
sites. In Germany only some of this excavated
earth has to go into landfill; 75 % of it can poten-
tially be utilised. Sand, gravel and concrete
usually arrive at building sites after being trans-
ported over an average distance of 15 to 30 km.
In many cases, sandy gravel from excavated
earth could be turned into aggregates for con-
crete on-site without much effort.

Major construction projects clearly reveal the
increased added value of on-site raw materials
production in construction. The building of rail-
way stations, highways and tunnels requires effi-
cient materials logistics that aims to optimise
supply and disposal by means of processing
and balancing earthworks. This demands both
precise planning of materials flows and man-
agement of their logistics on site.

Analysis instruments and measures

Logistics planning for the use of local resources
in construction management materials flows is
based on an analysis of the materials’ qualities.
A survey of pollutants and impurities assesses
the permissible reuse of materials resulting from
a demolition before a construction project starts
and the geotechnical survey reports and survey
reports required by laws on waste regulate the
use of excavated earth. Soil classification for
construction purposes as defined in DIN 18196
determines the extent to which soil can be used
as a building material. Local use of excavated
earth minimises landfill volumes, preserves
resources extraction sites, and greatly reduces
heavy vehicle traffic.

Soils that are less valuable for construction
purposes can also be included in planning in
the form of balancing earthworks. Backfilling
and terrain modelling in open spaces often
offer possibilities for a predictive mass bal-
ance, although this is frequently not possible
without further processing for cohesive soils
and nutrient-rich topsoils. Here, crushed brick
and other lightweight water-retaining aggre-
gates (e.g. expanded clay or aerated concrete)
from a demolition can be used to optimise the
properties of soils. Recycled materials, used on
green roofs, for example, can improve the resil-
ience of residential areas in coping with the
effects of climate change such as global warm-
ing and torrential rainfall events by enhancing
the soil’s ability to retain water. Laying this kind
of vegetation substrata reduces rainwater dis-
charge and can be part of decentralised flood
protection measures. These kinds of green
spaces also make urban areas more resilient in
long, dry periods.

Building materials recycled on-site have a more
positive impact in a life cycle assessment than
primary raw materials, because they do not
need to be transported. This makes recovery-
oriented dismantling before a construction
project begins an important factor in the suc-
cessful strategic planning of resource use with
processing infrastructure on the building site
(Fig. AB.2).

Materials from the dismantling of buildings and
site soil can be regarded both as raw material
deposits on a building site and as part of the
“genius loci”, so on-site processing and balan-
cing earthworks are crucial instruments in sus-
tainable mass flow management.

The EU Waste Framework Directive defines
excavated earth that is reused on site as “not
waste”, unlike excavated earth that is removed
from a building site. This has a range of legal
consequences (see “The Legal Background”,
p. 16ff.), so using excavated earth on the site it
has been extracted from also has advantages
in terms of compliance with waste management
legislation.

For some years, this fundamental knowledge
has been successfully put into practice in
large-scale construction projects in Vienna,
one of Europe’s fastest growing cities.
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The “Vienna Model”

The “Vienna Model” is the systematic approach
that the Austrian capital uses to secure cost-
effective construction and affordable housing
in Vienna, an “environmental model city”. A
thoughtful use of resources is part of this qual-
ity assurance, which, despite the doubling of
annual production to 10,000 residential units

in the past 20 years, guarantees a high degree
of sustainability. Challenges such as climate
change (increasingly frequent torrential rain
events and long dry periods) and population
growth resulting from mass migration must

be met with sustainable strategies. An urban
mining concept that aims to maximise recyc-
ling rates in building projects is a good way

of increasing the environmental efficiency of
construction work (see “Circularity in Archi-
tecture — Urban Mining Design”, p. 10ff.).
Balancing earthworks over a number of build-
ing sites and the efficient use of resources in
individual construction work steps are both
anchored in a large-scale urban development
project master plan. The large-scale construc-

Mobile
excavation processing

Local building materials —

Mobile
concrete plant

tion sites of Vienna’s new central railway station
and the former Aspern airfield site, where the
“Seestadt Wien” with apartments for 20,000
residents and thousands of workplaces has
been built since the master plan was adopted in
2007, are current examples of this kind of suc-
cessful resource planning in urban develop-
ment and its implementation on building sites.
Urban mining has now become firmly estab-
lished in construction at the large-scale project
development level. This reflects the local gov-
ernment’s policy decision to improve the build-
ing industry’s business and management strat-
egies through development designed to benefit
the wider public over a number of building
sites. This type of recycling strategy is consist-
ent with the EU Waste Framework Directive
demand (see “The Legal Background”, p. 16ff.)
that waste be avoided. In Vienna it emerged
out of a decades-long dialogue between the
public sector and the building industry that
had its origins in the joint development of their
Guidelines for Sustainable Construction Site
Management (Richtlinien fir umweltfreundliche
Baustellenabwicklung or RUMBA).

AB.1
Sustainable mass flow management aims to
obtain most of the building materials required
from the construction activity itself. The precon-
ditions for this include the specifications of the
urban development master plan, which forms

a basis for zoning. Among the key factors for
successful on-site recycling are the detailed
planning of materials flows for balancing earth-
works within the building area and logistical
implementation of local recovery and recycling
during the construction phase.

BIM (Building Information Modelling) is used

to analyse materials in the recovery-oriented
dismantling of buildings. A preceding survey
of any pollutants and impurities results in a
dismantling plan that provides a quantity struc-
ture. The materials flows expected from the
dismantling are classified according to their
recoverability and recycling and processing

on the building site is included in the demoli-
tion contract. This matrix quantifies applica-
tions for crushed materials by sieve fraction,
such as technical filling material, roadbed, drain-
age material and aggregates as substrata for
plants. The structure of angular crushed rubble,

Recycling-oriented
dismantling

Demolition
by machine

- Mobile

\\
/\Qrushing plant
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A 6.3 On-site concrete plant in Aspern with gravel
processing

Aspern Sid master plan, Vienna (AT) 2006,
Master plan: Tovatt Architects & Planners with
N+ Objektmanagement

On-site concrete concept: All types of concrete
and all the in-situ concrete required was pro-
duced entirely on site. Using a closed system
that is not dependent on groundwater, the plant
operator processes aggregate fractions using
wet processing to make high-quality types of
concrete (higher than XC1).

Aspern Sud site at the start of building with the
construction logistics centre 2014

A 6.4

A 6.5

A 6.6
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for example, means that it is usually ideal for
civil engineering applications.

Mobile machines can process gravel and sand
from pit excavations into concrete on-site. The
materials are screened, crushed and classified
as aggregates for concrete on-site (Fig. A 6.3).
Based on a BIM evaluation of soil analyses to
assess the soil’'s geotechnical properties and
compliance with waste management legislation
and taking the volume of extracted earth into
account, it is possible to forecast the potential
extent of local recovery and recycling (Fig. A
6.5). Gravelly sand that is further processed
after simple dry screening can be used in 50 %
of the concretes commonly used in building
construction. Wet processing that is not depen-
dent on groundwater can also be used for this
purpose. All qualities of concrete can be made
on-site out of these washed aggregates. This
process is ecologically as well as economically
effective. On-site recycling, direct recycling in
situ, makes for shorter construction times, saves
transport and disassembly costs, and reduces a
structure’s environmental impact.

The principle of “recovery and recycling in-
stead of transport” has an enormous environ-
mental impact. Two-thirds of inner-city freight
transport is to and from building sites [2] and
heavy vehicle transport causes a large propor-
tion of local fine dust particle emissions. Intelli-
gent recovery and recycling logistics on build-
ing sites reduces emissions such as airborne
pollutants, noise, and fine dust while optimising
cost benefits and giving rise to a cyclical pro-
cess that covers dismantling, earthworks and
the construction of the building’s shell, offering
the building industry new business models.
The two forward-looking building projects
described below are examples of successfully
implemented urban mining.

Project example - Vienna’s Aspern Seestadt

Aspern Seestadt is one of the world’s largest
urban development projects, covering 240 hec-
tares (Fig. A 6.6). The project development
company has supported urban mining since
construction began, setting up a logistics sub-
sidiary specially for this purpose. A case study
shows how more than one million tonnes of
material was locally processed and used in the
construction of the first 3,000 apartments. Bal-
ancing earthworks — the raising of the ground

elevation level for road building — enabled the
volume of excavated earth to be halved and
excavated earth material to be used in road
building and as aggregate for concrete. All the
grades of concrete and all the in-situ concrete
required were produced exclusively using local
gravel directly on the building site (Fig. A 6.5).
The plant was designed to produce a peak out-
put of 2,000 m? of concrete and in fact achieved
this daily output several times. All the types of
aggregate were processed using a closed wet
processing system that was not dependent on
groundwater. Only 5% of the washing water
adhering to the gravel was fed back into the
water cycle. Despite the cost and effort involved
in management and quality assurance, a bill

of quantities calculating the extra costs and
reduced costs revealed clear economic advan-
tages that did, however, vary from building site
to building site and resulted from the savings
obtained from reduced transport mileage and
better availability of raw materials.

Project example - “Biotope City”

Another case study examined the ambitious
“Biotope City” residential project, a dense yet
very green development of around 1,000 resi-
dential units on the site of a former production
plant in Vienna, whose 50,000 m? area had
been completely built over and sealed. Here,
an urban mining approach was used to sup-
port the goal of creating a resilient habitat that
would adapt to the consequences of climate
change and allow for high levels of biodiversity
in the city by providing a consistent maximum
greening of facades and roofs and unsealed
open spaces. The strategy centred on using
plant and soil substrata for the long term and
on the near-natural greening of buildings and
open spaces that require very little care and
maintenance. The use of partly locally-sourced
secondary raw materials make it possible to
retain more water [3]. The University of Natural
Resources and Life Sciences, Vienna (Univer-
sitat fur Bodenkultur Wien) hosted accompany-
ing research programmes and has issued sci-
entific publications on this topic [4]. For this
pilot project, the value creation as well as the
recovery and recycling of structural compo-
nents is achieved via a cooperative network of
sSocio-economic enterprises, covering every-
thing from recycling through to re-use and
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going well beyond merely managing materials
flows in the area under construction itself.

Conclusion: legal aspects

Three legislative aspects must be emphasised
in highlighting the “Vienna Model” as imple-
menting European circular economy principles
in construction. The first of these is the top
priority of avoiding waste. The EU Waste
Framework Directive does not classify as waste
excavated soil materials that are reused where
they are extracted. This exception absolves
builders from compliance with a further series
of legal obligations involving waste treatment —
whether in disposing of it in landfill or recover-
ing and re-using it elsewhere. From a European
law perspective, using waste for the production
and utilisation of recycled building materials is
also necessary in terms of two other aspects.
On the one hand there is the obligation of EU
member states prescribed in the Waste Frame-
work Directive to comply with a recycling rate
of 70% for non-hazardous construction and
demolition waste by 2020. On the other hand,
there is the EU Construction Products Regula-
tion, which prescribes the use of secondary
raw materials for every new building (see “The
Legal Background”, p. 16ff.).

Notes:

[1] The United Nations Environment Programme (UNEP)
does not have reliable data on output quantities of
mineral building materials for all regions of the Earth,
so the amount is deduced indirectly from data on
cement production, which tripled in the period from
1994 to 2012. https://wedocs.unep.org/bitstream/
handle/20.500.11822/8665/GEAS_Mar2014_Sand_
Mining.pdf?sequence=3. Retrieved on 07.06.2019
Guidelines for sustainable construction site manage-
ment, final technical report, EU-LIFE research project,
project number LIFEOO ENV/A/000239. Published by
the MD-Stadtbaudirektion of the City of Vienna (Stadt
Wien). Vienna, 2004, http://www.rumba-info.at/files/
kurzbericht_rumba_englisch.pdf. Retrieved on
07.06.2019

e.g. the production of roof substrata based on com-
post and brick chippings in recycling plants. https://
www.optigreen.co.uk/products/substrates/. Retrieved
on 07.06.2019
https://forschung.boku.ac.at/fis/suchen.projekt_
uebersicht?sprache_in=en&ansicht_in=&menue_id_
in=3008&id_in=11057
https://forschung.boku.ac.at/fis/suchen.projekt_
uebersicht?sprache_in=en&ansicht_in=&menue_id_
in=300&id_in=11208. Retrieved on 07.06.2019

2

[3

[4

300,000 m?® lake excavation
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