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Abstract

The aim of this master thesis was to analyze timemgé trends of aggregate provision
from environmental point of view in selected regoaround the Baltic Sea (on the

example of Stockholm, Helsinki and Hamburg). Thedgtalso aimed to learn from the

experiences of other regions and to find out ideascould be used for the achievement
of sustainable aggregate provision in the regiototkholm.

The study is focused on the flow of primary, se@gdrecycled and reused aggregates.
The main attention was concentrated on such stcaisgues as decreased use of
primary aggregates, sustainable transportation,racytling/reuse. Methodology used

is literature review and interviews. Data were gredi using DPSIR (drivers-pressures-
state-impact-response) framework. Such pressurethernvironment as greenhouse
gas emissions and particles emissions during the stages of aggregate provision

were analyzed using LCA approach.

Study results show that Hamburg has good examplgarding aggregates recycling
and management of construction and demolition w&eW). Helsinki has well
established statistics on material flow and envmental state in the region. And
Stockholm has good examples regarding the use iofapy aggregates. It was also
observed that geological conditions and policy rimeents are the main factors
influencing on the current system of aggregate isron in the studied regions.

It was concluded that aggregates transportationhsaksrgest impact on environment in
terms of greenhouse gas emissions and particlessiems if to compare with other
analyzed stages of aggregate flow. Thus there istrang need for aggregates
prioritization in land use planning, transport riegions, knowledge on CDW, new
standardization and better statistics on aggrdate

Key words: aggregates, sustainability, construction and detiorliwaste, recycling,
indicators, transportation, DPSIR, LCA.
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DEFINITIONS

The expressions used in this report are defindchbyie 1.

Table 1 Definitions of resources and commodities$B2009; Meulen et al, 2003;
WRAP, 2009; EC, 2007)

Terms

Description

Aggregates

This term is defined by BGS (British [Bgizal Survey) as
granular or particulate material which is suitafoleuse, on its
own or with a binder such as cement, lime or bituifie
construction). Aggregates are used in concretetanopadstone
or asphalt (drainage courses), or for constructibihar railway
ballast. Aggregates are the largest componentsridtaiction
minerals.

Average living area

per capita

This is a key indicator of housing quality and meas the
adequacy of living space in dwellings (LaoAtlasQ2p

Concrete

A common construction material consistihgoarse and fine
aggregates mixed with cement and water.

Construction
minerals

This term is defined by the BGS (2009) as all mareeused by
the construction industry (for example in road makin
concrete, in house construction and as railwaybgll
Construction minerals include: 1) aggregates; &)eard raw
materials (clay, limestone and chalk); 3) clay,|sl@nd fireclay;
4) natural gypsum; 5) slate; 6) building (dimengistone.

Construction and
demolition waste

Waste arisings resulting from the constructionmdistling or
demolition of buildings or structures and (Scoda2009)

(CDW)

Data Is the most basic component of indicator wibréit show only
the current situation but cannot be used to effelstiinterpret
change in the state of the environment (SEI, 2004)

DPSIR Is a general framework for organizing infotima about state of

the environment (CEROI, 2009).

Environmental tax

A tax whose tax base is a phi/sicg (or a proxy of it) of
something that has a proven, specific negative atnga the
environment (OECD, 2001)

Fill material

Any aggregate or clay used for fili purposes.

GDP (gross
domestic product)

is a basic measure of a country's economic perfocma
(Sullivan, 1999)

Indicators

Are ssymbolic representations (e.g. rensiksymbols, graphics
colours) designed to communicate a property odtiera
complex system or entity (Stanners, 2007).

LCA (Life Cycle

Is a common tool for evaluating the environmentatdens from

Assessment) the total life cycle of a product, “from cradleg@ave, i.e. from
the extraction of basic resources, through prodocind
transportation, to use and disposal of the prod&€, 1997).

Level A section of a hierarchy or unit of analyiat is defined by its

position on a scale (USDA, 2004).

9
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Primary aggregates
(primary material)

Is the term used for aggregate produced from nitwecurring
mineral deposits and used for the first time. e principal
types of primary aggregates are crushed rock (liomes igneous
rock and sandstone) and sand and gravel (BGS, 2009)

Recycled aggregate
(recycled material)

sMaterials which are produced from reprocessing eggapes

previously used in construction. Recycled aggregadasist of
construction, demolition and excavation waste, noladings and
rail ballast (BGS, 2009).

Reuse Is defined as the substitution of pre-usgdeggtes foprimary
aggregatesvithout processing (Scotland, 2009)

Scale A specific geographically bounded area thatérelative size
(USDA, 2004)

Secondary Material which originates as a waste product fraheo

aggregates guarrying activities (such as china clay or slateaetion), or is

(secondary material

14

a by-product of certain industrial processes (aghlast furnace
slag or power station ash) (BGS, 2009).

Ton-km Unit of measure of goods transport whictrespnts the transport
of one tonne over one kilometre. The distance ttaken into
consideration is the distance actually run (Eutp4@297)

Waste Any substance or object the holder discamtinds to discard of

is required to discard (Waste Framework Direct{firopean
Directive (WFD) 2006/12/EC)

10
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1. INTRODUCTION
1.1. General problem field

Aggregates play an important role in the developgneénnfrastructure, as they are an
essential resource for road building and concretayction. However aggregate
provision is one of the largest sources of the neg@nvironmental impact caused by
the transportation sector.

It is estimated that aggregates account for apmrately 40- 50 % of all goods

transported by trucks in Sweden (Hultkvist, 20089cording to Fry (2007) aggregate
transportation generates about 20% - 40% of thal toarbon dioxide emissions

produced by the aggregate industry as a whole. ddereaggregates have destructive
environmental impacts on the local environment.hSumpacts are visual intrusions,

noise, air, water and soil pollution and loss aidiversity (Solar et al., 2007).

1.2. Specific problem area

The County Board of Stockholm (in Swedish- Lansdsen i Stockholms [&n) has
identified the regional environmental target thahs at improvement of aggregate
provision (in Swedish- hallbart ballastforsorjninig) the region of Stockholm. This
target is included in one of the 16 Swedish Nafida/ironmental Objectives- "Good
Built Environment”.

Specific problems addressed by the County Admatise Board of Stockholm during
the target motivation are as following:

- Extraction of primary aggregates can substantalligr the landscape and affect
groundwater reserves. That is why the volumes afirah gravel extraction
should be decreased. Consequently, there is amtunged to increase the level
of aggregates recycling and the use of secondaneggtes;

- There is a lack of strategically located termiraaisl storage places for aggregate
provision. This in turn increases transport disesndMoreover the levels of
aggregate transportation by water are decreasiagalthe conflicts of land use
during the location of sea terminals (The Countymiwstrative Board of
Stockholm, 2009).

Strategies regarding sustainable aggregate provigsiere also identified by the
Regional Planning Office (RTK) in Stockholm and ttréical issues were subdivided
into three groups: 1) decreased use of naturakgray sustainable transportation and 3)
increased recycling (Norstrém et al, 2008)

11



MASTER THESIS IN ENVIRONMENTAL STRATEGIES RESEARCH SoM EX 2009-26

1.3. Research problem
1.3.1. Aim

The aim of this master thesis was to analyze timemgé trends of aggregate provision
from environmental point of view in selected regoaround the Baltic Sea (on the
example of Stockholm, Helsinki and Hamburg). Thedgtalso aimed to learn from the

experiences of other regions and to find out ideascould be used for the achievement
of sustainable aggregate provision in the regiototkholm.

1.3.2. Objectives
The main objectives of the master thesis wer@l®afing:
» to draw the picture of the system of aggregateipraw;,

» to identify which stakeholders are responsible dggregate provision on the
regional level,

« to find out which available data and indicators barused for the comparison of
the systems of aggregate provision in the studigbns;

» to compare the main trends of aggregate provisiadhe studied regions (taking
into account drivers, pressures, state, impactsespbnses);

» to find out the most critical stages of aggreghie fwhich have negative impact
on the environment (using LCA);

« to present recommendations for the achievement ustamable aggregate
provision on the regional level.

1.3.3. Research Questions

In order to achieve objectives of the thesis, tbkoWwing research questions were
raised:

* What is the definition of aggregates and aggrefijae?

 What is the present situation of aggregate industrthe world, Europe and
countries of the case-studies?

« Which stakeholders are responsible for aggregatvigion in the studied
regions?

* Which available data and indicators of sustainaggregate provision can be
used for the comparison between the studied regions

« Which are the similarities and differences conaegraggregate provision in the
studied regions?

* Which stages of aggregate flow in the studied megibave the main negative
impact on environment?

* Which measures are already done and could be dotieeifuture in order to
achieve sustainable aggregate provision?

12
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1.3.4. Scope of the research

Materials studied in the given project include éhtgpes of aggregates. They are:

1) primary aggregates: rock, sand and gravel;

2) manufactured secondary aggregates: fly ashs@d as an example when calculating
the consumption patterns in the studied regions);

3) reused and recycled aggregates: recycled cenagphalt, recycled soil, brick.

Metropolitan area of Helsinki, Stockholm County dfederal State of Hamburg were
chosen as territorial units for comparison of aggte provision between the cities.

The study is focused on the whole life-cycle of raggte flow (starting from the
extraction of the primary raw materials and finighiwith the waste disposal, see
Figure 5.

1.3.5. Delimitations

Those stages of aggregate provision that have guifisance for the comparison
between the studied cities or where the data weaecessible were ruled out of the
analysis. They are as following:

e Land recovery after extraction activitiasas excluded from the study due to its
insignificance with regards to the aim of the study

* The storage of aggregatesms not included in the study due to the lack of
available data regarding this issue.

« The stage of_aggregates use in constructiwas excluded due to its
insignificance with regards to the objectives o gtudy. This stage is mostly
investigated when considering and comparing thepgnees of selected
aggregates during their life cycle (e.g. in Olss@@05; Mroueh, 2000 etc.).
Thus when considering the whole system of aggregatasion on the regional
level it was assumed that considering this stagédvioe too complex and at the
same time not important for the achievement ofdine of the study.

» Secondary aggregatesere excluded during the Life Cycle Assessmene (du
the lack of statistical data regarding this type agfgregates in the chosen
regions).

As far as the negative impacts of aggregate praviare concerned, only pressures on
the environment (such as emissions to air) wersidered.
Negative impacts on other sustainability aspectewg&cluded from the study. They are
as following:
« Environmental: land degradation, noise, water pioliy energy use, leaching
into soil, atmospheric emissions (such as heavalsie€H4, NOx, Sg VOC,
CO)
» Socio-cultural aspects (health and safety, cultoealtage etc.)
« Economic aspects (expenses for road maintenamfi; tongestions etc.).

1.3.6. Limitations

The limitations encountered during the master thpsrformance are as following:
* Language problems- risk of misunderstanding
» Different terminology and classifications used I studied countries- risk for
misunderstanding
» Existing statistical data for different years ie studied cases

13
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e The statistical quality of data varies per country
* Inaccuracy when converting the currency
* Limited availability of data

Some of the main limitations and delimitations oé study are further discussed in the
chapter of "Discussion” (see p 57 - 58).

14
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2. METHODOLOGY

In order to find the answers for my research qoastithe study was performed in the
following sequence of work (as shown &imgure 1): literature review, interviews,

comparison and analysis, discussion and conclusi®ugeh external activities as
Symposium on "Rock and Gravel” in Oskarshamn andk8t%op on “Sustainable
aggregate provision” in Stockholm were also an g part of the study.

-theory on aggregates and sustamability -grouping of collected data
~case-study selection (based on DPSIR framework
-stakeholders identification and key issues)

-the first part of data collection (finding <::> Ivsis of collected data

out avallable data) )
based on Environmental
Objectives and LCA approach

/ ~J

Literature Interviews Comparison and Discussion and
Review h—/ — Analysis [} Conclusions
T ‘iffr
Symposium at Oscarshamn Workshopon “Sustainable
on "Rockand Gravel” Aggregate provision”

Figure 1 Stages of work

2.1. Literature review

Literature review was done during the first 6 weelsd was further performed
throughout the whole process of the study. A litae search involved reviewing all
readily available materials (unpublished or puldhstudies), such as: internal
company information, magazines, annual reports, peom literature, on-line data
bases, and any other published materials.

Literature review included study on the theory rdgay aggregates and sustainability,
case-study selection, stakeholders participatirgggregate provision and collection of
the initial data in the studied regions. The praced of case-study selection and data
collection are described below.

Case-study selection
The main criteria for case-study selection were:

* metropolitan areas around the Baltic Sea (in otdesecure possible further
cooperation with Stockholm);

» the metropolitan area included in the list of atgroposed by RTK (the Office
for Regional Planning and Traffic) for internatibr@mparisons in terms of
sustainability work. Such choice criteria is exp&d by the fact that all those
cities have dynamic and successful sustainabilitgracteristics and similar
structure to the one in Stockholm (RTK, 2008);

» the region is developing strategies regarding thatisns of problems connected
with aggregate provision.

15
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Having done an extensive literature review and wated all the choice criteria, the
following metropolitan areas were selected as thgsesstudies: Helsinki (Finland),
Hamburg (Germany) and Stockholm (Sweden) as the foasliscussion.

Helsinki was selected due to the fact that it lea®esal new initiatives in the promotion
of sustainability in aggregate supply (for exampl@moting sustainability in aggregate
supply by developing a web-based accounting systBéisanen, 2005).

Hamburg was selected because Germany has the highelsof aggregates production
in EU (UEPG, 2009). And, secondly, the German stdtave formulated a goal of
minimizing transportation of building materials (Men et al, 2003). So it was
interesting to see how Hamburg is fulfilling thisad.

Selection of key stakeholders for each city wastam the knowledge (gained during
the literature review) about the main actors ofraggte provision in Stockholm.

Data collection
The data was collected by literature review andrinéws with the key stakeholders.

The first part of data collection was done by &tere review. The process consisted of
the following steps:

1) proposal of available data that could be used éonmarison based on the
previous knowledge gained about the current systeaggregate provision
in Stockholm;

2) grouping of available data according to strategsués for each stage of
aggregate flow;

3) collection of accessible quantitative and qualiatdata about the current
state in the studied regions (using such databaddrizan Audit as well as
official web-pages of the cities);

4) identification of data gaps.

2.2. Interviews

Interviews were performed during the period of W8eks. The key stakeholders in
three cities (Stockholm, Helsinki and Hamburg) wieterviewed on this stage.

The interviewing methodology combined the e-maild alelephone survey. The
interviewing process constituted of the followirigges:

* Preparation of the brief project description anel written questionnaire for the
potential interviewees;

« Sending of the prepared document by e-mail to #yeskakeholders;

* Organization of the telephone meeting with therggged stakeholders;

* Telephone meeting (following the questions and rimftion provided to the
interviewees before).

During interviewing the quantitative and qualitatidata was collected, as well as data
gaps were identified.

In order to validate collected data the methodesearch triangulation was used, where
several stakeholders were asked about the samef gidta (and when needed the
additional literature review was done). The questare and the data quality are shown
in Appendix 4, Appendix 5 and Appendix 7.
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2.3. Comparison and analysis of the results (DPSIfRamework and LCA)

The obtained data were grouped and presented atgda DPSIR (Driver-Pressure-
State-Impact-Response) framework. DPSIR is a gerfemenework for organising
information about state of the environment (CERXDD9). This framework was used in
order to see the causal link between the meassseés of aggregate provision.

According to the DPSIR framework there is a chafncausal links starting with
“driving forces™ (economic sectors, human actigjtithrough “pressures” (emissions,
waste) to states (physical, chemical and bioloyi@atl “impacts” on ecosystems, human
health and functions, eventually leading to pdditicresponses” (prioritisation, target
setting, indicators) (sdeigure 2

AT T - N
( Drivers )«—— { Responses)
Cwses\‘?_-_f”_/ \‘_“";“'———‘“':‘;ohcles and targets
T T & a8 N
( Pressures ) / ( Impact )
Poum.mt;_hﬁ_ ﬁj::f ‘Il - il
= I Health, ecosystems,
N y S - materials
(  State )

.--‘-“-—______‘_.4—”"‘-1 Omy
Figure 2 The DPSIR assessment framework (Krister2<¥t)

The framework is seen as giving a structure witlvimch to present the indicators
needed to enable feedback to policy makers on @amviental quality and resulting of
the political choices made or to be made in fu{mestensen, 2004).

The conceptual DPSIR framework proposed for anatygieneral trends of aggregate
provision is shown in théable 2
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Table 2 DPSIR conceptual framework for assessiagyéneral trends of aggregate
provision

|DPSIR Proposed

Driving forces Population, Population growth

(economic sectors, [Need for infrastructure, housi

natural factors) Lifestyle (housing area/capita)
Economical growth, Prices
Geology

Pressures on the Energy and natural resources use
environment Production of waste (CDW, from quarrying activilies
1) human activities |Production of noise

that are causing [Transportation

pressures;

2) pressures on thgEmissions to air, water and soil
environment
(partly assessed
by LCA approach)

State Environmental quality

|(current situation of |(water, air, soil and biodiversity)

the environment)

Impact Depletion of non-renewable resources

Human health and safety (accidents)

Cultural Heritage

Landscape alterations

Loss or damage to biodiversity

Economy

|Responses Environmental Policies and Targets

Macroeconomic policy measures (pricing, taxes)
Sector-specific policies (application of new teclogy, new
standards etc.)

Identification of Drivers (D)

In order to identify the drivers, the following gi®n was asked/hat are the main
causes (or driving forces) of the current system of aggregate provision?

According to Kristensen (2004) driving forces arerided from economic sectors,

human activities and natural factors. So it wauumesl that the main drivers from

economic sectors and human activities are: popmagrowth, population density,

lifestyle (expressed in average living area) anonemic development. These factors
increase the demand for new constructions and qaesdly, demand for aggregates.
This in turn may lead to higher pressures.

Prices of material, taxes for waste disposal aadsportation costs may be related to
other economic drivers. The consumption patternsedlsas waste management trends
strongly depend on the prices or taxes. Too lowegrfor aggregates may lead to higher
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rate of aggregate consumption. Too low taxes fostevadisposal lead to fewer
incentives for waste separation and recycling tiknsen, 2004).

Geology (being a natural factor) is also an impartiving force in terms of quantity
of primary aggregates extracted from geologicalodép. Poor geology in the region
may condition the increasing transportation distanand consequently more negative
impacts on the environment.

Drivers (D) of the current system of aggregate ow in the studied regions represent
the quantitative data collected with the help o¢émiews and literature review.

Identification of Pressures (P)

Two questions were asked during the identificatbpressuresiVhat activitiesin
aggregate provision cause pressures on the environment? What are these pressures?

Consequently, Pressures (P) were subdivided imaytaups:

1) human activitiesthat cause pressures (data collected during iete@sv and
literature reviews):

It was concluded that aggregate provision (and mumetivities connected with it)
causes the following pressures on the environmiamd use, energy and natural
resources use, emissions to air, water and so#teyaoduction, noise production.

According to Fry (2007) aggregates transportatianses the highest pressure from
aggregate industry. That is why aggregate tranapont (being the major source for air
emissions and noise production) was chosen asanuotbssure.

2) pressures on the environméhat are caused by the mentioned human activities
(quantitative data analyzed by LCA approach, wigessure categories were
identified using Swedish Environmental objectives).

In order to compare and analyze some of the masspres on the environment caused
by aggregate provision in the studied regions & decided to use Environmental Goals
for Stockholm County as a basis for selection efithpact categories.

As explained in Theoretical framework, the mosevaht Environmental Goals for
aggregate provision are: Good Built EnvironmentdiRed Climate Impact and Clean
Air (seeTable 3that provides indicators for each goal).

One of the main criteria for the selection of iradars for the study was their relevance
to aggregate provision and data accessibility aochparability. Consequently the
indicators chosen for analysis are as following:

1) particles emissions to air (that relates to@wal of "Clean Air")
2) CO, eq emissions (that relates to the GoaR#duced Climate Impact”)

Such indicators as volumes of natural gravel eidch@and total volumes of landfilled
construction and demolition waste (that relateh Goal of'Good Built Environment”,
seeTable 3 are shown in the section of Pressures relatbdnoan activities (see p 45).

The chosen impact categories (particles emissiodsGO, emissions) were analyzed
and compared using LCA (Life Cycle Assessment) @ggn (which is explained
further, see also the definition in tlhable J.
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System boundaries for the Life Cycle Assessment

The analyzed system includes such processes asiaha®duction (extraction and
processing), transport of material, recycling arabte disposal. The use of aggregates
in construction and the processes of demolitionevexcluded from analysis. Industrial
products and waste (in other words, secondary ggtgs) were also excluded from the
study (due to the lack of data) (gegure 3J.

Resources:
maternial and energ

Ennchanel Construction, operation
and demolition of

primary
. ¥ﬁ buildings and structures Waste

in the studied regions

Disposal \Emissions
Material ":::
processing at % @ .M

the quarry

Recycling | Reuse

| Industrial products and waste (secondary aggregates) |

Figure 3 System boundaries (grey boxes and cistiesv the processes and impact categories
included in the study; aggregate transportatiomiarked with the truck symbols)(developed
after Erlandsson, 2009)

The functional unit that was chosen for the study is one tonne ofl wgregates
(primary and recycled).

The followingmaterial production chaing/ere considered:

* Primary aggregates (sdeagure 19 that shows the quantities of quarries for
natural gravel and crushed rock in Stockholm anidiHle):
- Natural sand and gravel- starting point: gravel pit
- Crushed rock- starting point: rock quarry

* Recycled aggregates- starting point: processingg pdgiarry or construction site.

Thetime periodof aggregate flow used for analysis is supposduoetoot more than 1
year, since the stage of aggregates use is nod@dlin the study.

The geographical boundariesare the regions of the studied cities: 1) Stoakhol
(Stockholm County), 2) Helsinki (Helsinki Metropalin Area) and 3) Hamburg
(Hamburg Federal State).

Other boundaries:the production of machinery used for aggregatesaetxon,
processing and transportation as well as land exgoafter quarry activities are not
included in the study.

Severalscenarioswere proposed in order to see the change in emssivhen the
transport distances and transport modes are changed

Data used for calculations are shown in Appendixd Appendix 5.
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Identification of State (S)

The indicators for the State answer the followingstion:What is the current state of
the environment in the studied region?

The State of the environment (S) in the studiedoregyrepresents the quantitative data
(regarding the emissions to air in the studied aieg) collected with the help of
literature review.

Identification of Impacts ()

When identifying the indicators for impacts (1) tedlowing question was askeWhat
are the impacts from aggregate provision?

The section of impacts (l) is described as the itpisle information received from
literature review. Providing the difficulties in @®uring both direct and indirect
impacts from aggregate provision on the regions€le no quantitative data were
found and compared regarding the impacts in thdiesdiregions.

Identification of Responses

The indicators for responses (R) answer the folhgwjuestionAre there any policies
or targets that aim to reduce the impacts?

Responses (R) were analyzed with the help of qu&k information obtained from
interviewing key stakeholders and literature revielhe interviewed stakeholders
expressed their opinion about which main respofrees the government are expected
to be done in order to solve the problems regardggregate provision and which ones
exist already. These responses were subdividedrdingoto three strategic issues
defined by RUFS: transportation, use of primaryraggtes, recycling and reuse (see p.
11).

2.4. Discussion and Conclusions

Discussion and Conclusions were the final stagéhefmaster thesis, where the best
experiences were summarised and recommendationisi@do

This section was performed in the form of compariss the studied regions and
discussing data quality and methodology chosen.

Recommendations for the improvement of aggregateigon in Stockholm and a
proposal for continued research were provided nclusions.
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3. BACKGROUND AND THEORY
3.1 Theory on aggregates

The following chapters describe the definition gfjeegates and identify the aggregate
flow, what is important to understand when comgathre current systems of aggregate
provision.

A short overview about the modern situation of aggte provision in the world and in
the studied regions is also provided.

3.1.1. Definition of aggregates

Aggregates are a granular material used in corigiruéor their granularity. The most
common natural aggregates of mineral origin arel,sgravel and crushed rock. They
are produced from natural sources extracted froaargps and gravel pits and in some
countries from sea-dredged materials (UEPG, 2009).

Aggregates are crucial resources for the infrasiracdevelopment activities, such as
road building and concrete production. For examplef of built area consists of about
2 tons of aggregates; the construction of one hosgss up to 400 tons of aggregates;
the construction of 1 km of motorway uses up td0B0,tons of aggregates and the
construction of 1 meter of railway for a High Spdegin (TGV) uses up to 9 tons of
aggregates (UEPG, 2009). The main end-users oéggtgs are shown kKigure 4

. ‘aﬁ?ﬂ
o __asphall, concrete T
[ B P e S e gravel
i rock graveland | e, ; 3 : s sod
i pecement Loflling e - isand and reinforeing layer |
R G s rmatergll e nd and ar-.l-'gmre.’ar g : ;
oo sand and prav v or 'mdgf&m’ N ,_fi.’tema.qa‘
crushed
rock
drainage fayer__ 0,
N

Figure 4 Examples of main consumption areas foregates (translated after NGU)

Aggregates are subdivided into three types:

1) Primary aggregates (which are extracted frongtwogical deposits)
2) Secondary aggregates (which are taken from tridasn non-construction sector)
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3) Reused and recycled aggregates (which werequrglyi used in construction)
Primary aggregatesinclude the following types of materials:

1) Rock which may be subdivided into crushed rock andand broken
rock (see Appendix 1). Crushed rock is mainly u$ed aggregate
production (Meulen et al, 2003).

2) Sand,which is used for concrete and mortar production;

3) Gravel mostly rounded stony material, which is used &mncrete
production and as a drainage media (Meulen eDaI3y

4) Soil materialsare mostly used as a filling material. Brick, tdad pipe
clay is also considered as soil materials (McN4dlB98)

Secondary aggregateare earthy and stony waste materials and indubytaroducts,
used as alternatives to primary materials (Meulenl,e2003). They are usually by-
products from other industrial processes not presho used in construction. The
examples of such industrial processes are: enengyhaating plants, waste burning
plants, steel industry, paper and mass industry S#condary aggregates are divided
into manufactured and natural depending on thaeirces. Examples of manufactured
secondary aggregates are pulverized fuel ash (RRA)metallurgical slags. Natural
secondary aggregates include china clay sand aatd alygregate (WRAP, 2009).
Secondary aggregates are used for such productadsmixed concrete (made of 80%
aggregates), pre-cast products, asphalt (made %f &3gregates), lime and cement
(UEPG, 2009).

Recycled aggregateare produced from a variety of material: arisirgi construction
and demolition (concrete, bricks, tiles), highwayimtenance (asphalt planings),
excavation and utility operations. There are twothods of producing recycled
aggregates: in situ at the site of the arisinggxasitu in a central plant (WRAP, 2009).

3.1.2. Aggregate flow

Material flow is a systems approach used to undedstvhat happens to material from
the time it is extracted, through its processingl ananufacturing, to its ultimate
disposition (USGS, 1998).

In the case of primary aggregates material flowtstavith the extraction of primary
aggregates from their source (geological deposibe sources of secondary and
recycled aggregates are different industrial preegsand construction materials (see
Figure 5).

Primary, secondary and recycled aggregates atieefuprocessed and either directly
used for construction purposes or they are furtheed for the production of
construction materials (such as concrete and asfohahstance).

Aggregates are transported and stored several (imesost of the cases) before they
are finally used in construction. Material is movesing all of the main transport
modes: road, rail and water. Most primary aggregates transported by road (Fry,
2007).

The end-of-use of aggregates is seen in the forocoos$truction and demolition waste
(CDW), that is created after construction actiwtm demolition of old buildings and
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structures. CDW can be either deposited at lanaifilhcinerated for energy production,
or reused and recycled (becoming a new sourceofwstauction materials).

As seen inFigure 5it is clear that aggregate flow is the cyclic pres. And from a
“sustainable” point of view a closure of this cyclay be established by aiming at a near
100% recycling of construction and demolition wggtendriks et al, 2001).

Source Quarrying/Processing Use in construction End-of-use
P ~\ houses Waste disposal-
[ landfilling
Primary aggregates i
from geological Extraction/processing 7 :
denosits: @> industries

Reuse

. V)
Secnndary aggregates < S
from industrial
processes (non- 4 A .y
constructlon actwltles} @—-D raillroads

Processing/production

]

other constructions

- | I /

Recycled aggregates
from construction,
demolition and

excavation waste
Recycling

/\

 /
\

@ transportation and

storage

Figure 5 Scheme of aggregate flow, based on US@3BJ1WRAP (2009)

3.1.3. Current situation of aggregate provision
Global trends

Natural aggregate extraction is the most impontaining industry in the world in terms
of production volume (15,000 million tons per yeamnd is second only to fossil fuels
in terms of production value (70.060 million eur®egueiro et al., 2002 in Solar,
2007).

However a global aggregate mining industry facemrage of challenges due to the
increasing demands of the rising global populatidncording to the forecasts the
global demand for construction aggregates is erpetb rise nearly four percent
annually through 2011 to over 26 billion metric $0f26,000 million tons) (Freedonia,
2007). Consequently, such fast rising global deimaads to large economic, social
and environmental threats and creates a need ridnfj new sustainable solutions
(Aston, 1999).
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Europe

More than 3 billion tons (3.000 million tons) ofnsh gravel and crushed stone are
produced annually to meet the demands of the Earopmiilding and construction
industries (UEPG, 2009). It consists of more th@rDB0 extraction sites across Europe
and a majority of operators in the sector are siewadl medium sized enterprises. The
average annual aggregates production represemtss/per EU citizen. The European
aggregates industry plays a key role by providisgeatial materials for the European
construction sector (UEPG, 2009).

Sweden

The most used primary aggregates in Sweden are: @ath gravel (20%), till (2%),

crushed rock (64%) and others (14%), which incladeshed rock from the crushers
and residual stones from the quarrying. In gene&aleden consumed 99,4 Mton of
primary aggregates (10,8 ton/capita) in 2007 (S&20,7). About 1.8 Mton of recycled
and 0.2 Mton of secondary aggregates were produtesweden in 2006 (UEPG,
2009).

The biggest quantity of aggregates was used fad coastruction (about 49%), 19%-
for filling (soil, for instance), 12% concrete prodion and 20% for other uses (see
Figure 6 (SGU, 2007).

Consumption of produced aggregates
in Sweden

concrete
12%

Figure 6 Estimated consumption areas of aggregat&weden in 2007 (SGU, 2007)

Finland

In terms of production aggregates are the largesaaive industry in Finland. The
total amount of primary aggregates used annually93s Mton (17,8 ton/capita)
(Johansson et al, 2008). About 54% of the totategage production in Finland is sand
and gravel and 46%- crushed rock and crushed g(eNefPG, 2009). About 0,5 Mton
of recycled aggregates were produced in FinlarRD06 (UEPG, 2009).

As shown inFigure 7, the main consumption areas of aggregates in ridnéae road
construction (40%), house building (25%), concrgitg%), asphalt (10%) and other
uses (13%) (Karkkainen, 2002).
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Consumption of produced aggregates
in Finland (%)

Figure 7 Estimated consumption areas of aggregat&snland in 2002 (Kéarkkainen, 2002)
Germany

Germany is EU’s largest producer of sand, gravétlcanshed rock. The total amount of
primary aggregates extracted in Germany in 2006 %&&viton (50,6%- sand and
gravel and 49,4 %- crushed rock, including crustgrdvel), that accounts to
approximately 6,6 tons/capita. Apart from the pmynaggregates Germany produced
also about 48Mton of recycled and 30 Mton of seeopaggregates (UEPG, 2009).

Data regarding the estimated consumption areag@fegates in Germany were not
found.

The estimated volumes of aggregates consumed isttitkked countries are shown in
theFigure 8

Aggregate consumptionin Sweden, Finland and Germany
(pertype of material)

20

13

14

12 seccndary aggregates

10

recyclad aggregates

m sand and gravel

ton/capita

M crushed rock

Sweden Finland Germany

Figure 8 Aggregate consumption in Sweden, Finlamdi @ermany (UEPG, 2005)
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3.2. Theory on sustainability and indicators
The chapters below describe the concept of susiiiigaand the definition of
indicators. This theory was helpful in order to ey and organize sustainability
indicators used for comparison of the systems ajregpte provision between the
studied regions.

3.2.1. Definition of sustainable development

The concept of sustainable development was intedlun 1987 in the Brundtland

Report, where it was defined as “development thaets) the needs of the present
without compromising the ability of future geneaais to meet their own needs” (World
Commission on Environment and Development, 1987)other words, sustainable
development must not endanger the natural systéatssupport life on earth: the

atmosphere, the waters, the soils, and the liviegtares including people (Langer,
2003).

Sustainable development, as elaborated in Agend@@ing the Rio Conference in
1992) and confirmed at the World Summit on SustdsmaDevelopment (in
Johannesburg, 2002), has three main objectives:

» social (dignified human life);

» economic (competitiveness, often also growth);

* environmental (respecting ecological limits)

The fourth objective, institutional (aiming at pigblparticipation, empowerment of
communities, peace and justice) was also develdpedhe UN Commission on
Sustainable Development. Although very few insiitodl indicators were developed
(Stanners et.al., 2007).

3.2.2. Definition of sustainability indicators

Indicators and Indexes are the most common methedd to measure the progress
towards sustainable development.

Indicators are symbolic representations (e.g. nusybgymbols, graphics, colours)
designed to communicate a property or trend inraptex system or entity (Stanners,
2007). Indicators can be also defined as parametewalues, which build on data (SEl,
2003). Data show only the current situation butdatbrs, on the other hand, can be
used to effectively interpret change in the statde environment (SEI, 2004).

Indicators of sustainability should be used asstdoi knowledge, information transfer
and as a solid base for decision making. The sales®t of indicators should express a
need for balance: (a) among stakeholders; (b) le#twlee process of defining indicators
and the set of chosen indicators, and (c) amonglithensions of sustainability (Solar,
2007).

However Stanners (2007) claims that most stratdgiesustainable development have
assembled indicators for each of the pillars whiglecting the links between them.
The development of sustainability indicators tHadvs these links is still seen as one of
the major challenges within sustainable developrpenjects and programs (Stanners,
2007).
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3.2.4. Sustainability indicators on different territorial scales

Sustainable development is studied and monitoredifigrent scales and contexts of
environmental, social and economic aspects. Thasfoanges from the global scale to
the scale of separate countries, regions, sectorsdastry etc. Defining scale is a
necessary prerequisite for understanding the oslships between indicators and
selecting the appropriate measurement methods (30D09).

Some examples of sustainability indicators on dgffie territorial scales (such as global,
national, regional) are described below.

Global scale

The main principles for future sustainable develepmaround the world were
identified during the UN Conference on Environmand Development in Rio in 1992.

UN developed a set of Sustainability Indicators arglobal scale, and they were
organized by themes according to three dimensiohssustainability: social,
environmental and econom({dN, 2007)

National scale- Sweden

One of the strategies for sustainable developnmeB8tweden was the presentation of 16
Sweden’s Environmental Objectives by the Riksdagarlig@gment) in 1999
(Naturvardsverket, 2009). The objectives define tjuality and state of Sweden'’s
environment and of its natural and cultural resesirthat are sustainable in the long
term. The system of environmental objectives cassisf national, regional and
local environmental objectives, progress being mooed respectively by central
agencies, the county administrative boards, aral lacithorities (Naturvardsverket,
2009).
They are as following:

* Reduced Climate Impact

* Clean Air

* Natural Acidification Only

* A Non-Toxic Environment

* A Protective Ozone Layer

* A Safe Radiation Environment

e Zero Eutrophication

* Flourishing Lakes and Streams

e Good-Quality Groundwater

* A Balanced Marine Environment

e Thriving Wetlands

» Sustainable Forests

* A Varied Agricultural Landscape

* A Magnificent Mountain Landscape

* A Good Built Environment

» A Rich Diversity of Plant and Animal Life (Natutdéverket, 2009).
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Regional scale- Stockholm County

In order to follow up and monitor the achievemefttloe Swedish Environmental
Objectives on the Regional level the County Admmisve Board of Stockholm

developed a set of region-specific indicators megatto the national environmental
quality objectives. The proposed indicators regaydiggregate provision in Stockholm
are shown in the next chapter.

Municipal (local) scale

At the Rio Earth Summit in 1992, the United Nati@gseed that the best starting point
for the achievement of sustainable development tkealocal level. In fact, two thirds
of the 2500 action items of Agenda 21 relate taallomouncils (Encyclopaedia of
Sustainable Development, 2009).

Each local authority has to draw up its own Loéalenda 21 (LA21) strategy
following discussion with its citizens about whaey think is important for the area
(Encyclopaedia of Sustainable Development, 2009).
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3.3. The concept of sustainability in aggregate pusion
The following chapters explain how the conceptustainability can be integrated into
the sphere of aggregate provision. These chaptevide already existing indicators for
measuring sustainability of aggregate provisiordifierent territorial levels.

3.3.1. Sustainable aggregate provision

As described in Introduction (see page 11), on¢hefmain critical issues that were
identified by the Regional Planning Office in Stbhokn (RTK) in order to achieve
sustainable aggregate provision are: 1) decreasediunatural gravel; 2) sustainable
transportation; and 3) increased recycling (Noratgi al, 2008).

Decreased use of natural grawlould in first turn be promoted in order to pobte
ground water zones in Stockholm. Moreover accordiinthe concept of sustainability,
aggregates (being a natural resource) should betarad and preserved for the future
generations (Langer, 2003).

Improving the ways of aggregate transportatiwould lead to mitigating negative
environmental, social and economic impacts caugddulck traffic (such as associated
impacts in terms of energy use and J@missions) (EEA, 2009). Moreover
transportation of aggregates by road is a soursadf pollutants as NOSQ,, particles
etc., which cause local or regional air qualitylppeans (Mroueh, 2000).

The visual illustration of the benefits receivednr aggregates recycling shown in
Figure 9 (where A- volumes of primary aggregates and B-stroiction and demolition
waste that is landfilled). This option saves cadtdransport, supply of natural raw
materials and the landfilling of construction anenmoblition waste (Hendriks et al,
2001).

1. Traditional construchion and demaolition
Total costs = Cost {A) + Cost (B)

1, Construction, salective damolition and rewc!m’?
Total costs = Cost (A-X) + Cost (B-X) + Cost (X)

Figure 9 Economic model of total costs of tradifiband selective demolition (Lauritzen
(1998) in Hendriks et al (2001)
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Thus, in order to secure sustainability in aggregabvision there is a need to assess
the potential negative impacts arising throughbetwhole aggregate flow and to find
the optimal solution to the sourcing and applicatd aggregates (WRAP, 2007).

3.3.2. Indicators of sustainability in aggregate povision at different territorial
levels

Solar et al (2007) claims that in order to achisustainable aggregate provision several
actions should be done, including issuance of poktatements, elaboration of
objectives, establishment of actions, identificatiof indicators and monitoring. The
author also states that indicators deserve a steation, as they measure progress as
well as the effects of actions taken to protect anddance natural and human systems
(Solar, 2007).

As written in the previous chapter about sustairtghbindicators, “defining scale is a
necessary prerequisite for understanding the oglstiips between indicators™ (USDA,
2004). Thus there is a special need for identifyimg scale of sustainability monitoring
In aggregate provision.

Aggregate provision is managed on the followinggyaphical levels:
1) global/international

2) national

3) regional

4) large inter-regional (inter-municipal) projects

5) municipal

6) individual small and large projects (Svedbe@)D.

Since the potential of aggregate supply is vergdarn the global scale, there is almost
no risk of running out of aggregates on the Eakinger, 2003). Consequently, few
sustainability indicators were developed for aggtegprovision on the global scale.

However aggregates of a good quality and for aenishtd use can be really scarce on
the national, regional or local level (Langer, 2D0Bhe importance of local aggregate
supply may be explained by the fact that long distg of material transportation not
only add up to the overall cost of the product, blg#o to the environmental costs
(Langer, 2003).

So there is a necessity for measuring a sustaityabilaggregate provision throughout
the whole aggregate flow on the regional and loszdles. Examples of existing
indicators of aggregate industry on different ssgleU level, national, regional) are
shown below.

EU level (international scale)

Most Member States have taken measures to implethenprinciples of sustainable

aggregate provision. The emphasis has been onoanvantal protection, promoting

reduced use of minerals, and recycling of materfsagner et al, 2005). Several
indicators for monitoring sustainability during f@ifent stages of aggregate flow were
developed at EU level.

The most relevant document that promotes sustandéVelopment in the aggregate
industry is the Communication on "Promoting sustbla development in the EU non-
energy extractive industry" (Wagner et al, 2008)e objective of the Communication
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was to set the broad policy lines for promotingtamsible development by reconciling
the need for more secure and less polluting exteetctivities while maintaining the

competitiveness of the industry (EC, 2000). The @mmication raises two kinds of

concern: 1) the use of non-renewable resources tfitofuture generation”) and 2) the
quality of the environment (Wagner et al, 2005).

As a result of this Communication, there were poaduindicators which described the
economic, social and environmental performancé®fion-energy extractive industry.

The examples of those indicators at the MembegeSiavel are as following:

» Sustainable access to resources

» Land granted for minerals extraction.

* Material demand

* Contribution to GDP

* Trade balance

e Sensitivity

» External cooperation in sustainable developmenthef non-energy extractive
industry (EC, 2000)

One of the primary purposes of those indicator® iprovide information to decision
makers and the public so as to ensure that thacpdbbate about policy choices is
grounded in fact (Solar et al, 2007).

However it should be noted that those indicatorsxdbconsider the whole aggregate
flow. They measure sustainability only on some esagf aggregate provision, such as
extraction of primary material from geological dsjte and quarrying/processing of
aggregates. However aggregate transportation astewigsposal were not covered by
these indicators.

National level- Sweden

As described in the previous chapter Sweden halaeed 16 Environmental
Objectives as a national strategy for sustainaleleldpment. And among those 16
objectives the most relevant ones for sustainaipieesate provision were considered as
following: Objective #1 "Reduced Climate Impact pjértive #2 "Clean Air" and
Objective #15 "Good Built Environment™.

The objective of "Good Built Environment™ identdi¢argets for the reduction of gravel
use and protection of groundwater areas duringefjixtraction.

Such objectives as "Reduced Climate Impact andarChar” identified goals for the
reduction of CQemissions and other gases (e.g. PM10,,N@d SO2) from all types
of industries. The fulfilment of these objectivewalves finding new alternatives for
transportation modes and fuel, as well as locatisatf quarries in the strategic places
near the market (Arell, 2005).

Regional level- Stockholm

In order to promote sustainable aggregate provisien County of Stockholm (in
Swedish- Lansstyrelsen i Stockholms l&n) has ifledtia set of region-specific
indicators relating to national environmental gtyatibjectives. As described above, the
most relevant environmental objectives for aggregptovision are "Good Built
Environment”, "Clean Air" and "Reduced Climate letpa

Table 3was developed during the study in order to anatgzgets provided to these
objectives and analyze their relevance to eactesth@ggregate flow (V- relevant, X-
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irrelevant, N/A- non- applicable). Note, that thiage of “Use of aggregates in the
construction industry” is excluded from the study.

Table 3 Regional Environmental Quality Objectived #heir relevance to aggregate

flow

Stage of aggregate flow Excavation | Processing/| Use | End- | Transport
Goals (extraction) | Aggregate of - and

from the production use storage

and indicators source
Good Built Environment
Planning (for transportation, |V \% Vv \%
green areas, water areas, energy
and cultural environment)
Decreased noise level V V X \
Noise mapping Vv V X Vv
Protect quite places V V X V
Decreased volumes of gravel | V X X X
Sustainable aggregate provisigrv X V V
Volumes of landfilled waste Vv V Vv X
Waste recycling from N/A N/A N/A N/A
households, restaurants,
kitchens, food industry
Energy use V V V V
Clean Air
NO, emissions V V V \%
VOC emissions V V V V
Benzo (a) pyren N/A N/A N/A N/A
Particles emissions V V V V
Reduced Climate Impact
CO2 emissions V V Vv Vv

Municipal (local) scale

Municipalities are important actors with regardsthe achievement of sustainable
aggregate provision. The most important strategytlics would be consideration of
aggregate provision in the municipal plans, coopmmabetween municipalities and
promotion of the use of recycled materials (The m@puAdministrative Board of

Stockholm, 2000).

33




MASTER THESIS IN ENVIRONMENTAL STRATEGIES RESEARCH SoM EX 2009-26

4. INTRODUCTION TO THE STUDIED AREAS
This chapter explains the main geographical andodeaphical information about the
chosen studied regions (Stockholm, Helsinki and blang), which are located around
the Baltic Sea (sefeigure 10.
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Figure 10 Location of the studied areas

4.1. Stockholm

The County of Stockholm (Stockholm L&n) that cotssef 26 municipalities (kommun)
was chosen as the territorial unit for the studegure 11).
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Figure 11 Map of the County of Stockholm (NordeR3Q9)

The city of Stockholm is the capital of Sweden &waéndinavia’s largest capital city in
the region.

Stockholm County covers the area of approximatehd® kmz2 with the population of
about 1.981.263 (SCB, 2008).

Stockholm County has the largest population comagah in Sweden, with more than
1.8 million people, and is projected to grow to 2Mllion people within 30 years
(Colding, 2005).

4.2. Helsinki

Helsinki Metropolitan area (that consists of HellgirEspoo, Vantaa and Kauniainen)
was chosen as the main territorial unit for studgwever since the government on the
county level doesn’t have so much power regardiggremate provision, some

statistical data (for example regarding primaryotgses extraction) exist only for the

the whole Uusimaa Regiohlyland-in Swedish) (seEBigure 12.
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Uusimaa
Municipalities

B Ciry
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Figure 12 Map of the Uusimaa region that includes Helsinki Metropolitan Area (Ningyou,
2006)

Helsinki is the capital and the largest city inl&ivd. It is situated in the southern part of
Finland, on the shore of the Gulf of Finland, by Baltic Sea.

The Metropolitan area of Helsinki occupies abo803,2 knf (Land Survey of Finland,
2009). The cities in the metropolitan area (Helsildspoo, Vantaa and Kauniainen)
have the population of about 1.3 million inhabisai{Population Register Center in
Finland, 2008).

The population of the Helsinki Region is expecteddach 1.5 million by the end of
2025, and that of the Metropolitan Area 1.17 miilidhis means that the population of
the entire region will increase by 300,000 (YTV0Q3D.

4.3. Hamburg

Hamburg City (or in other words, Hamburg Federat&twas chosen as territorial unit
for the study. Hamburg metropolitan area was exuérom the study due to its
complexity (as it belongs to several Federal Stakmmburg, Lower Saxony and
Schleswig-Holstein) (sefeigure 13.

Hamburg is the second largest city and the prihgioat in Germany. The city is
located directly between Continental Europe tosdsth, Scandinavia to its north, the
North Sea to its west, and the Baltic Sea to its.ea
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The Federal State of Hamburg is made up of 7 bdwu@erman:Bezirkg and
subdivided into 105 quarters (GermaStadtteil. There are also 180 localities

(GermanOirtsteile.
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Figure 13 Map of Germany and Hamburg Metropolitaea

The city of Hamburg occupies the area of 755 knth e population of about 1,77
million citizens-Forecast up to 2040 (survey from Cologne Univeydity population

of Hamburg will exceed 2 million, that of the meiaditan region will reach 4.412
million. Forecast up to 2040 (survey from Cologneivérsity) the population of
Hamburg will exceed 2 million, that of the metrapanh region will reach 4.412 million
(Hamburg- Economy, 2009). Forecast for Hamburgl @®20: Population will grow to

1.84 million (Hamburg, 2009).

37



MASTER THESIS IN ENVIRONMENTAL STRATEGIES RESEARCH SoM EX 2009-26

5. KEY STAKEHOLDERS

This chapter provides a short overview about tloeigs of stakeholders participating in
aggregate provision as well as their responsibditi

Identification of stakeholders in the studied regiovas necessary for two purposes.
Firstly, in order to collect data about the systeshaggregate provision in the studied
regions. And secondly in order to understand whauld/dbe responsible for the
achievement of sustainable aggregate provision.

5.1. Stakeholders responsibilities at different taitorial levels

As it was described in Theoretical Framework, aggte provision is managed on
different territorial levels: international, nat@ln regional, inter-regional (inter-
municipal), municipal and individual projects.

The comparison of the systems of aggregate provisiahis study was done on the
regional level. Thus the share of responsibilitegarding aggregate provision on the
regional level, as well as municipal and projeskls is shown in th&igure 14 The
figure shows general idea about the main criticdués of aggregate provision
controlled on each level.

Stockholms County- Regional Level

T Regional Level: Climate and
Energy Potential

RTK Development Area- Municipal

Level
(Stockholm, Sbina, Taby, Sollentuna, Indicators/sustainable cities

Upplands Vasby) -policies and laws
Inter-municipal Project
(Jarva, Norra Djurgarden

Municipal Level: Conflicts of
Goals and land use

~

OO Planning and permits
mo - Transportation work
O | L
Project Level: Material
o Individual Project Handling and Recycling
(large and small) Purchasing and material
planning

- Technical norms and rules

- Administrative regulations

Figure 14 Geographic levels of aggregate providimanslated after Svedberg, 2009)

Stakeholders on the regional level are responsiblthe implementation of the national
and regional goals for material provision and dghinent of policies and laws that
secure aggregate supply for the whole region. Tdieg contribute to the communal
coordination in material provision and describe tleed for the construction material
(The County Administrative Board of Stockholm, 2R00

Planning and permits for the quarrying activitieslone at the municipal level. The role
of municipal authorities is to develop the plang foaterial provision; to take

responsibility for coordination of material prowisi between communes; to provide the
accessibility and good logistics to the aggregateption stations and actively promote
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the use of secondary and recycled materials (ThentoAdministrative Board of
Stockholm, 2000).

Stakeholders at the project level take responsilitr the efficient use of natural gravel
(it shouldn’t be used in the places where anothatenal is also suitable); develop
techniques for the minimized disturbance to thecaunding; promote reusing of the
material; and develop cleaner and more resoureaesft techniques for the extraction,
processing and transportation of the material (Toeinty Administrative Board of
Stockholm, 2000). Stakeholders at the project lewmaly be contractors, property
owners, companies etc.

5.2. Groups of stakeholders

Based on the knowledge about the current systeaggfegate provision in Stockholm
County, there were identified the groups of stakd¢rs in each case-study.

Since the systems of aggregate provision are cadpam the regional level, the main
stakeholders interviewed were authorities on tigeoreal and municipal level, as well as
some companies.

The interviewed stakeholders in each region argvehin Appendix 3.
So the main stakeholder groups that participatggregate provision are as following
Property owners, property developers lfyggherrar in Swedish):

» Construction clients such as Railway, Road Admiat&ins, municipalities, real
estate owners etc.

* Branch organisations of construction clients (orggiions that represent their
interests). Examples in Sweden: Branch organisatibrreal state owners
(Fastighetsagarg Branch organisation of construction clie®yggherraj;
Swedish Building Industry AssociationByggmaterial Industrierna); The
Swedish Construction Federation (Sveriges byggimn@s3; Ecocycle Council-
association of around 30 organizations within theedsh building and
real estate sector (Kretsloppsradet) etc.

Transportation companies:

« E.g. the Swedish Association of Road Haulage ComepanSveriges
Akeriféretag) - as the branch organisation of thos®panies in Sweden.

Aggregate supply companies:

* Individual aggregate supply companies, e.g. Jehar8Blkanska, NCC Roads
etc.;

* Branch organisations of aggregate supply compaeigs,Swedish Aggregates
Producers Association (Sveriges Bergmaterialind&®&EMI)).

Waste management companies:

* E.g. Ragn Sells
Contractors (and other end-users of aggregates)

» E.g.Skanska, NCC- construction companies etc.
Consultants

39



MASTER THESIS IN ENVIRONMENTAL STRATEGIES RESEARCH SoM EX 2009-26

 E.g. WSP, SWECO, Ramboll etc.
R&D

« E.g. Geological Survey, -Sveriges Geologiska Uriilersg (The Geological
Survey of Sweden); -Mining Inspectorate of Swed8wedish Geotechnical
Institute (SGI); KTH, Ecoloop etc.

Authority (controllers, regulators, permission-givas):

* National Level, e.g. the Ministry of Environmenie Ministry of Enterprise
Energy and Communication, Rail AdministratidBaqverke), National Board
of Housing Building and Plannin@¢verke}, Road Administration(&gverke},
Environmental Protection Agenciéturvardsverkétetc.

* Regional Level, e.g. the County Administrative Bbaiof Stockholm
(Lansstyrelsenin Swedish), County Council: the Regional andnRiag Office
(Landstinget: Regionplane- och trafikkontoret (R)TK)

* Municipal Level, e.g. municipalities (kommurg§KL, KSL(branch organisations
of communes),

It should be noted that some of the organisationcdmpanies) can belong to several
groups of stakeholders. For example, Swedish Gaabdsurvey belongs to the

Research and Development group, but it also beltmg@ise authorities on the national
level.
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6. RESULTS

As it was previously explained in the section oftMels and Theoretical Framework,
the DPSIR model was used as an analytical framefamrlassessing quantitative and
qualitative data regarding aggregate provision [sgere 2)

Table 4shows the conceptual DPSIR framework proposedriatyzing general trends

of aggregate provision. The indicators that wereseh for the study are shown in the
column “accessible”. The choice of these indicat@s conditioned by data availability

and comparability.

Table 4 DPSIR conceptual framework for assessiagyéneral trends of aggregate
provision (showing indicators selected for the gjud

DPSIR Proposed Selected for the study (due tg
accessibility and
comparability

Driving forces Population, Population Pop 2008, Pop growth
(economic growth -
sectors, natural | Need for infrastructure, Average living area/capita
factors) housing GDP
Lifestyle (housing Prices of aggregates,
area/capita) prices of CDW landfilling,
Economical growth, Prices | pricing of aggregate
Geology numbers of quarries and pits

(sand and gravel)

Pressures on the| Energy and natural resourcgsAggregates use

environment use (natural/recycled)

1) human Production of waste (CDW, | Landfilling of construction
activities from quarrying activities) and demolition waste
that are Production of noise -
causing Transportation Modes, distances
pressures;

2) pressures or] Emissions to air, water and | CO2-emissions, Particles

the soil emissions
environment
(partly
assessed by
LCA
approach)
State Environmental quality particles, CO2 emissions (totgl
(current situation| (water, air, soil and in the region)
of the biodiversity)
environment)
Impact Depletion of non-renewable| Only qualitative assumptions
resources on the proposed indicators
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Human health and safety
(accidents)

Cultural Heritage
Landscape alterations
Loss or damage to
biodiversity

Economy

Responses

Environmental Policies an
Targets
Macroeconomic policy
measures (pricing, taxes)
Sector-specific policies
(application of new
technology, new standards
etc.)

d Environmental taxes and
targets

The proposed DPSIR framework for aggregate prowisind the results for selected

indicators are described in the next chapters.

The chosen driving forces for the study are: paputagrowth, population density,
regional GDP, average living area; geology (numbéiguarries and pits located in the
region) and pricing (prices for aggregates and fldimg) (as shown in the figures

6.1. Driving forces

below). See the definitions of GDP and averag@djarea on p. 9.

Demography, economy, lifestyle
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4000

3500

3000

2500

2000

people per km?2

1500
1000

O
&

&
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06
per km?) '

04

02

Stockholm Helsinki Hamburg

Figure 15 Demography in the studied regions (SZB8; Population Register Center, 2007;
Hamburg, 2009)
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Regional GDP (€/capita) Average living area
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Figure 16 Economy and lifestyle in the studiecesifiUrban Audit, 2004)

From the figures above, it may be assumed thatkBedm County, having the highest
population growth, density, GDP and high livingr&tards (that is measure by average
living area), may require plenty of new construetamd as the result, more aggregates.

Geology

The availability of natural aggregates in geolobt=posits can be represented by the
numbers of quarries and pits located in the regitwe. difference between pit and
quarry is that a pit contains loose sands and tgdkat are directly excavated,
screened, and transported. And on the contrary fnbl products from a quarry are
crushed (APABC, 2009).

Number of quarries and pits located in the region

35

30

25
m sand and gravel pits
20

W crushed rock quarries
15

m other (fixed and mobile

10
crushers)

guantity/Mton of aggregates

Stockholm Helsinki Hamburg

Figure 17 Numbers of quarries and pits locatedhi@ tegion (Lansstyrelsen i Stockholm, 2009;
Uusimaa Regional Council, 2009; BSU, 2009)
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It should be noted th&igure 17shows only the number of quarries that are regdtan
plans and have permissions. Unregistered quameésis (that are also located in the
region) are not shown in this figure. Data for gigs in the Helsinki Metropolitan area
is shown for the whole Uusimaa region ($&gure 12 that supplies aggregates for
Helsinki Metropolitan Area. It can be also obsertedt the region of Stockholm has
data on fixed and mobile crushers. These are #meplfor crushing activities that have
no quarry permission (SGU, 2007).

The Federal State of Hamburg has only 1 quarrytéocan the region. 99% of
aggregates are imported from other Federal Statks@untries.

Prices

Landfilling costs for mixed construction and demolition Average prices for aggregates
waste 1

180

160

140 g
120
100 6 B Stockholm
B Helsinki
80 - 1 euro/ton
Hamburg

60 -
40 - —
20 -

0

T T

natural gravel crushedrock — recycled  filling material
Stockholm Helsinki Hamburg concrete

euro/ton

euro/ton

=~

o

Figure 18 Prices for aggregates and waste disp@S@WAM, 2006; Sorab, 2009; YTV, 2008;
SBMI, 2009; Rudus, 2009; Trade Association of Gaotbn Materials in Hamburg, 2006)

Hamburg Federal State has the highest prices &podal of mixed construction and

demolition waste. The county of Stockholm, on tlatcary, has the lowest price for

disposal of mixed construction and demolition wadteis can be one of the factors

explaining differences in the rates of aggregatgalng and reuse (see in the chapter of
Pressures)
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6.2. Pressures

Indicators selected for the study were subdivided two groups: 1) human activities
(use of primary aggregates, waste production, esmtsportation) and 2) pressures on
the environment (emissions of g@nd particles emissions).

A. Human activities
Aggregate consumption

Aggregates consumption in Stockholm, Helsinki and
Hamburg
(per type of material)

18,00

16,00

14,00

secondary aggregates (fly
ash)

recycled aggregates

12,00

10,00

8,00

ton/capita

MW sand and gravel
6,00

4,00 crushed rock {from

2,00 — — - - quarries and crushers)

0,00
Stockholm Helsinki Hamburg

Figure 19 Aggregates consumption (NCC, 2009; Ru2io@9; BSU, 2006)

Data on the volumes of secondary aggregates isrslomy on the example of fly ash
(due to the lack of data with regards to the volsimieother secondary aggregates used).
Data about the use of recycled aggregates is takén from the official statistics.
However it should be emphasized that there are sowegistered numbers of recycled
and reused aggregates (that is not included irfiguse). In order to see the comparison
of aggregates production and consumption on thermst level, the data for the
consumption of aggregates in the countries of thdied regions are shown in the
Figure 8

It may be observed that Helsinki uses the largektmes of aggregates per capita. One
of the reasons for this may be the fact that Hkisia intensively expanding its
infrastructure nowadays, while Stockholm and Hargburave major part of
infrastructure that was built in the past.
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Waste disposal (CDW treatment)

Treatmentof mixed CDW
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40,00% |— | recycled and reused

30,00% m landfilled
20,00%

10,00%

0,00%

Stockholm Helsinki Hamburg

Figure 20 Construction and demolition waste treaitm@ TV, 2006; Ragn Sells, 2009; BSU,
2006)

Fractions of construction and demolition waste lie studied cities are shown in
Appendix 6, where it is possible to see that minevaterial (bricks, concrete that may
be used for recycled aggregates production) cotetior more than 60-70%.

Transportation (distances)

As it was written before, transportation causeshigbest pressure on the environment.

It should be noted that due to the regional sceé®mparison, only the average
distances from the quarries (or pits) to the ergl-(sonstruction site) located in the
region were taken for comparison.

Average distances for transportation of primary aggregates
by trucks
Hamburg
MW Helsinki
km
m Stockholm
0] 10 20 30 40 50 60

Figure 21 Primary aggregates transportation distas¢Lansstyrelsen, 2009; Finnra, 2000;
BSU, 2009)
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It may be concluded from the figure that Hamburg tiee longest transport distances.
One of the reasons for this is the geological o in the Federal State of Hamburg,
as explained further. Hamburg is importing nea®0% of aggregates from other
Federal States and countries (mostly from UK andn8mavian countries) (BSU,

2009).

Modes of transport

Stockholm and Helsinki have very low volumes of raggte transportation by water.
Moreover the rate of aggregate transportation biemwig continuously decreasing in
Stockholm (due to the conflicts of land use wheoating sea terminals) (Jehander,
2009). Hamburg has the highest volumes of aggesgainsported by water transport.
However, these aggregates are mostly transported @ther countries and on large
distances.

- Stockholm Water Helsinki
)
2% Yo\ _0,09%
Water
a9
Road Road
94% 99%

Hambrug
0%

road
91%

Figure 22 Modes of aggregate transportation (Jelean@009; Railway Administration in
Finland, 2009; Rudus, 2009; Port of Hamburg, 2008)
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B. Pressureson the environment
Calculated emissions

1) CO,equivalents emissions

CO2 equivalents emissions during each stage of aggregate
provision

8000

7000 B Waste disposal

6000

m Aggregate transportation
(total for all types of
aggregates)

5000

4000

M Production of recycled
aggregates

3000

C02 equivalent
g/ton

2000

M Production of primary
aggregates

1000

Stockholm Helsinki Hamburg

Figure 23 CQ eq emissions during each stage of aggregate poovis

2) Particles emissions

Particles emissions during each stage of aggregate provision
(particles g/ton)
12,00
B \Waste disposal
10,00
= 8,00 -
_:% m Aggregate transportation
o (total for all types of
w
= 6,00 aggregates)
g ®m Production of recycled
o 400 aggregates
2,00 M Production of primary
aggregates (gram)
0,00
Stockholm Helsinki Hamburg

Figure 24 Particles emissions during each stagaggregate provision

Figure 23 and Figure 24 show that Hamburg has the highest level of greesd@as
emissions and particles emissions during the sthgggregate transportation. This can
be explained due to the fact that Hamburg impaytgegates from other Federal States
and countries. On the other hand, Hamburg hasotest level of C@ and patrticles
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emissions during the stage of aggregate produetighprocessing (due to its high level
of recycling).

Concluding it may be observed that the largest gions of CQ equivalents and
particles in the studied regions are derived frggragate transportation.

Comparison of the proposed scenarios

In order to see possibilities to decrease the imfram aggregate transportation it was
decided to propose some potential measures (suchaage in transport distances or
change in modes of transports) and compare thasesos in the studied regions (as
described further).

The scenarios regarding the potential ways of aggestransportation were proposed as
following:

Scenario 1- situation nowadays (that correspondidadindings shown in the previous

sections):
+ Stockholm:

- average distances of aggregate transportation-n2%30 km for sand and
gravel; 25 km for crushed rock);

- the share of modes of transport: 94% of aggregatesransported by trucks,
2 %- by rail, 4%- by water transport.

* Helsinki:

- average distances for transportation of primaryreggtes - 30 km (40 km
for sand and gravel, 15 km for crushed rock);

- the share of modes of transport: 99% of aggregatetransported by trucks;
0,09%- by rail, 1%- by water.

e Hamburg:

- average distances for transportation of primaryreggtes- 50 km (not
specified per type of material);

- the share of modes of transport: 91% of aggregatetransported by trucks,
9% of aggregates are transported by water tran$potarge distances, no
data were found about aggregate transportatiomibyay.

Scenario 2- Average transport distances for thespartation of primary aggregates are
decreased by 10 km in the studied regions:

» Stockholm: the average distance is changed frokn28 15 km.
* Helsinki: the average distance is changed fromrBQk20 km.

« Hamburg: the average distance for primary aggregasé@sportation is changed
from 50 km to 40 km.

Note, that Stockholm and Helsinki have more pobBéds to decrease transport
distances by 10 km as in Scenario 2 (by priorigzine location of quarries and pits in
land use planning, for instance). However in theecaf Hamburg it would be more
difficult, due to the fact that Hamburg cannot cohthe location of quarries and pits, as
it imports most of the aggregates.
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Scenario 3- 20% of primary aggregates (natural samdl gravel, crushed rock) are
transported by boat

Stockholm: the rate of primary aggregates tranggiort by boat is changed from 4% to
20%.

Scenario 4- 20% of primary aggregates (natural samdl gravel, crushed rock) are
transported by railway

» Stockholm: the rate of primary aggregates trangport by railway is changed
from 2% to 20%

Only Stockholm was taken for comparison of the &den3 and Scenario 4 (due to
similar tendencies of the impact decrease whensp@m modes are changed).
Comparison of scenario 3 and scenario 4 is shounfon CO, eq emissions, because
of the lack of data regarding particles emissionsng) aggregate transportation by
railway.

Comparison of the proposed scenarios is shownerfigjures belowHKigure 25 Figure
26 andFigure 27).

Change in CO, eq emissions when the transport distances
for primary aggregates are decreased by 10 km

7000

5000

5000

4000 m Scenario 1- Situation

nowadays
3000
M Scenario 2- Change in

transport distances

C02eqgfton

2000

1000

Stockholm Helsinki Hamburg

Figure 25 Change in C£eq emissions when the transport distances areedsed by 10 km
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Change in particles emissions when the transport distances
for primary aggregates are decreased by 10 km
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Figure 26 Change in particles emissions when ttévesiport distances are decreased by 10 km

Figure 25andFigure 26show that the decrease in transport distance® lyrilreduces
the emissions of C{equivalents by approximately 1300 g per ton oivéeed material
and particles emissions by approximately 1.6 gipeiof delivered material (in the case
of Stockholm).

Figure 27shows that when increasing the volumes of prinaggregates transported by
boat from 4% to 20% the emissions of £&yuivalents are decreased by 450 g/ton of
delivered material (or in other words, @&nissions would decrease by 6300 ton/year).

Change in CO, eq emissions when the transport modes for
aggregate transportation are changed
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Figure 27 Change in C{q emissions when the transport modes for aggregateportation
are changed

Concluding, the figures above proved that thera isuge potential of mitigating the
pressures derived from aggregate transportatiodelsyeasing distances and changing
the modes of transport.
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6.3. State

The mentioned above pressures may change the tatagés of environment (water, air,
soil and biodiversity). As it was mentioned befooee of the largest pressures from
aggregate provision is emissions to air causeddnsportation. Thus it was decided to
compare the state of air and greenhouse gas enmsssidhe studied cities (using such
indicators as concentrations of PM10 and,€Qissions).

Number of days PM10 concentrations exceed 50 pg/m3 (02 emissions (ton/capita/year)
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—
=)

==}
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Stockholm ~ Helsinki ~ Hamburg

Figure 28 PM10 and CO2 emissions in the studigd<ci

When comparing the state of environment in theistutegions it was observed that
Hamburg has the highest level of PM10 concentratinrthe region and Helsinki has
the highest level of C£emissions per capita.

However since aggregate provision is not the amiystry that generates PM10 and
CO, emissions it is hard to draw conclusions that ighie main cause of such
volumes. Thus it may be assumed that togetherweitiicles, power plants and other
industrial processes, aggregate provision hastaiceshare in air pollution and GO
emissions (as it was proved in the chapter of press p 48).
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6.4. Impact

It may be concluded that the previously describexbgures from aggregate provision
may lead to the following main impacts (both on tbeal and global scales) in the
studied regions:

e local impacts (direct and indirect) :

1) depletion of non-renewable natural resources (ahwgravel, soil, water etc.),
caused by the extraction of primary aggregates,eggdes transportation as well
as waste disposal);

2) loss or damage to biodiversity (during all the stagf aggregate provision)
3) landscape alterations (especially during aggregatgaction)

» global impacts (indirect):
1) global warming potential (mostly during aggregasams$portation).

Moreover aggregate provision may lead to a seteghtive social impacts (e.g. impact
on human health and safety mainly caused by trrafkid and aggregates extraction)
and economic impacts (e.g. through the consumptiowater and energy) (WRAP,

2007).

53



MASTER THESIS IN ENVIRONMENTAL STRATEGIES RESEARCH SoM EX 2009-26

6.5. Responses

Transportation

Most of the interviewed actors concluded that arities on the regional and local level
should be responsible for the issues regardingegade transportation. That is why
most of the measures are expected to be done frerpart of the regional government
(Lansstyrelsen in case of the Stockholm County)randicipalities. Some interviewees
also expressed opinion that this issue is more girestion for planners than for
environmentalists.

Interviewing stakeholders in Hamburg it was obsémat aggregate transportation was
not a high priority for them, probably because tivaport most of the aggregates and
they cannot control the location of quarries.

Stockholm and Helsinki, on the other hand, raisddgh awareness about this issue.
The respondents in those regions expressed semgirdbns about which measures
should be done by the regional government in orter optimize aggregate
transportation. They are as following:

» Aggregates should be prioritized in the land usenping (in order to locate
strategic areas for storage places and areas wdith ifansportation connections)
(SBMI, Finnra etc.);

* Need for more terminals for sea transportation aaitlvays connected to
quarries (Lansstyrelsen);

Analyzing the current responses of the regionakgawients in the studied cities, it was
observed that Stockholm and Helsinki have the target on the regional level for the
decrease of transportation distances and use ef otledes of transport. No targets
regarding aggregate transportation on the regiewal were set in Hamburg (according
to the literature review). However German stategelfarmulated a national goal for
minimizing transportation of building materials (Men et al, 2003).

Use of primary aggregates

Most of the stakeholders agreed that the main resgsoof the government that can
reduce the use of primary aggregates should be alotiee national level. No current or
possible responses on the regional, local or prdgel regarding material use were
discussed.

So the proposed responses on the national levelsai@lowing:

e Policy instruments such as environmental taxes han use of natural raw
materials (see the definition of environmental taxhe Glossary), that could
lead to the increasing prices for primary aggregate

» Development of an accounting system on aggregate fhcluding primary,
secondary, recycled and reused aggregates (thdtl woovide better statistical
data)

Comparing Germany, Finland and Sweden it may beladed that Sweden has the
most developed system of environmental taxatiomé&tural raw materials (mainly, the
use of gravel).

According to the findings in literature review, Ge&ny has no environmental taxation
for gravel extraction.
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The Swedish gravel tax is EUR 1.38 (or SEK 13)tpene (that makes up 12% of the
final aggregate price) (EEA, 2008). This tax turmmat to be an efficient tool for
decreasing the volumes of natural gravel extractibmay be also seen dfigure 19
that Stockholm has the lowest volumes of naturaleglrextraction (in comparison with
Helsinki and Hamburg). Thus it is also importantéoognize that there have been other
contributory factors that have supported this tresuth as a change in road building
policy and tightening of permit regime (EEA, 2008).

Finland has also implemented the fee for gravelrab$on. No data were found about
the exact sum of this fee. However, it can be assuthat this fee is not an effective
policy tool for the reduction of natural gravel dtion as it can be seen on the example
of the region of Helsinki that uses the highesuwwés of natural gravel (in comparison
with Hamburg and Stockholm).

Finland, on the other hand, has developed anoth@ioach to the sustainable use of
primary materials- by developing an accountingesysthat provides online information

on aggregate resources and substitute materialsstteccessible to all stakeholders
(Raisanen, 2005). This system has just recently beplemented. But it is expected to
be an important step towards achievement of swibraggregate provision.

Aggregates recycling and reuse

All the studied regions have the targets set far itcreased level of aggregates
recycling and reuse but these measures are stilkiprocess of development.

According to the answers received from the intevgi¢he best measures that promote
the increased use of recycled aggregates on tienabkevel are as following:

» Tax for waste disposal

« Establishment of standards that could guaranted goality of secondary and
recycled aggregates, and consequently reduce #dtefoeprimary aggregates

Stockholm for example has significantly decreadesl rate of landfilling (from 40%
several years ago to 10 %) and increased the f&®W recycling (sedigure 20with
the current situation). And this trend can be pélytiexplained by the introduction of
waste tax in 2000, that made it more expensivandflll the waste (with the current
price of 435 SEK per ton of landfilled material)fall Sverige, 2009).

Hamburg shows the best results in terms of goventimm@esponses towards the
promotion of aggregates recycling. The city (aslvasl the whole Germany) has an
efficient and successful construction and demalit®ystem. Landfilling costs for
construction and demolition waste are very highHamburg (seerigure 18, that
provides an economic incentive for recycling. Ma@o Germany established the
standards that guarantee good quality of recydledyzts (LAGA and RAL standards)
that are the keys to facilitating recycling (COWARAQO06).
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7. DISCUSSION
The overall aim of this master thesis was to arelye general trends of aggregate
provision from environmental point of view in sefled regions around the Baltic Sea
(on the example of Stockholm, Helsinki and Hambufd)e study also aimed to learn
from the experiences of other regions and to fintlideas that could be used for the
achievement of sustainable aggregate provisionamegion of Stockholm.

Some of the main trends of aggregate provisioh@nstudied regions and problems that
were aroused during the performance of the studydacussed in this chapter. The
Discussion starts with comparing the general tresfdsggregate provision in terms of
aggregate use, transportation, and reuse and mgyidl the studied regions. Other
important issues that were discussed are the daf#ygand methodology of the study.
And, finally the ideas for the future research pumgposed.

7.1. Comparison of the studied regions

Transportation

The study showed that Stockholm County and Helsibldgtropolitan Area have
sufficient quantity of deposits for primary aggregsa (sand and gravel and crushed
rock) within the region. That is the main reasonywle transport distances for primary
aggregates are shorter in those regions than inbHamHowever, it was pointed out
by most of the interviewees in Helsinki and Stodkihdhat land use conflicts (and
mainly “not-in-my-backyard” problem) lead to in®e transport distances. Hamburg,
on the other hand, is importing most of the aggegérom other Federal States and
even countries. That is why the localisation of rgqea in Hamburg is beyond the
regional scope.

It was also observed that the use of alternativdasmf transport (such as water and
railway transport) is not very popular in the stdlregions (especially Stockholm and
Helsinki). This tendency may be also explainedh®yfact that aggregates provision is
not given a high priority among the planners anat tis why it is becoming more
difficult to localise water terminals in strategilaces.

Hamburg has larger percentage of aggregates traaspo by water. But most of these
aggregates are transported from other countridarge distances. And unfortunately it
was impossible to track how those aggregates wansported in the countries of their
origin.

Use of primary aggregates

As explained in the chapter of Responses, StocklamidhHelsinki have set the targets
for decreased use of natural gravel. The reasothi®iis the protection of water areas.
It may be observed that Stockholm County has mahagstart decreasing the volumes
of natural gravel extraction. This region uses ldest volumes of natural gravel per

capita in comparison with Hamburg and Helsinki. léger some of the interviewees

emphasized that increasing use of crushed rock dviméan larger consumption of

energy, and consequently more £&missionsThus a careful analysis should be made
of the trade-offs between water protection areasesergy use.
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Aggregates reuse and recycling

Hamburg shows the best results in terms of aggesgaicycling. The main factor that
influences this trend is the lack of natural resesrfor primary aggregates and efficient
policy tools set by the government (see Respongesg¢rms of landfill taxes and
standardisation.

Stockholm and Helsinki have smaller percentageth@frecycling of construction and
demolition waste. However it was observed during titerature review that the
volumes of recycled aggregates used in Stockholdh Helsinki are increasing with
every year (seBigure 19andFigure 20showing the current state).

7.2. Data analysis

Data gaps

As described in the chapter of Results, some assomspand estimations were made
during the analysis of impact throughout the lifele of aggregates. The reason for that
were certain data gaps in the statistics on agtgggavision in the studied regions.

Stockholm County, for example, has incomplete sia regarding the volumes of
reused aggregates and construction and demolitastenon the regional level. But on
the other hand, it has good statistics regardiegvtllumes of primary aggregates and
the numbers of quarries with permissions.

The federal State of Hamburg has well-organizedissizs and lots of information
regarding recycling of aggregates, as well as cocsbn and demolition waste.
However, there is a lack of data regarding theafggrimary aggregates and transport
distances. This could be explained by the fact thatFederal State of Hamburg does
not have its own resources of primary aggregates.

Helsinki, in general, showed the best well accéssibtatistics regarding the
environmental state in the city in general and eggte provision in particular.
However, it was difficult to find data regardingetheuse of aggregates (as in the case of
Stockholm and Hamburg).

There have also been some data gaps in inventsujtsevhen calculating the impacts
of aggregate provision. Moreover the existing eraiss data are quite old- from 1990s
(see Appendix 5). But on the other hand it was chdbat for example emissions data
for aggregate transportation are almost the sanemwbmparing new data proposed by
EC in Fry (2007) and the old ones given by Tillngdral (1994).

Unfortunately, no new emission data were foundstezh stages as aggregate extraction
and processing. During the literature review it viegnd that even the most recent

scientific works based their calculations for aggite processing and extraction on the
old emission data (dating back to 10 year ago). sinde the technology and methods

for aggregates extraction and processing are chgngiry fast, there is a strong need

for finding new emission data for these stagegygregate flow.

It should be noted that the same emission data takes for all three case studies. And
as the result specific technologies (for exampteafygregate extraction and processing,
or mitigation measures) used in each region seggratre not considered. That is why
the conclusions that can be drawn from these aionls can only show the general
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idea about the major impacts of aggregate provjdiom they cannot be used for the
comparison of the technology used in the studigres.

Data uncertainties

Even though it was attempted to identify similageagate flows in the studied regions
and make as much accurate analysis as possibkhoiilld be admitted that data
uncertainties are unavoidable when comparing surhptex systems as aggregate
provision among the regions of different countri€se following main factors could
cause data uncertainties:

+ Different definitions in the studied countries:

For example, the definition of waste is one of thest unclear issues that may create
problems for statistics and institutional practiesen inside of the region. Thus, when
collecting statistics on construction and demaiitimaste it was noticed that many
stakeholders even inside of one region have diitguerceptions of waste (especially in
the sphere of building industry).

» Currency conversance:

Hamburg and Helsinki are in the euro zone, butl8tolen has another type of currency
(krona). So in order to compare the prices for eggtes and waste landfilling, Swedish
krona was converted to euro according to the cayreate of year 2009 (as the prices
for Stockholm were found for the year 2009). Buicsi the currency rate is changing
every day this could lead to some uncertaintieswdmnparing the prices.

« Different statistics in the studied countries:

Some of the data for comparison was taken fromngmgonal or regional statistics.
However, it may be assumed that each country Hesaht methods and approaches to
the collection of data. Moreover, the year of dailection can also play a vital role in
the final results.

» Language problems (risk for misunderstanding dutiiagslation of data)

Interviewing was performed in English in most oé tbases (that was not the native
language for none of the stakeholders). Even thogldefinitions and terms used were
internationally recognized and known, there mustabeepted the slightest risk for
misunderstanding.

7.3. Methodology

DPSIR framework

DPSIR model was used as an analytical frameworkafggessing quantitative and
qualitative data. However the choice of indicatansl the way they were grouped is an
important subject for discussion.

As it was explained before, the choice of indicatosed for comparison was based on
data availability and comparability. That is why $IR framework analyzed in this
study is not as complete as proposed in the tablgubh indicators as geological
conditions in the studied regions, future needggragates for construction purposes,
land use, noise production and others were omitted the study due to lack of data or
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time limitations. However these data could be veajuable for understanding the
whole picture of aggregate provision.

Certain difficulties were also encountered wheruging the data into drivers, pressures
and state. Since aggregate provision is a very migsue with many actors and
processes involved, the boundaries between thdsgarges sometimes seemed unclear.
For example, "aggregate transportation” was gro@sed pressure, as it causes high
pressure on the environment. But on the other ltacmlld also be grouped as a driver
(since it is a human activity that causes presswses in the definition of DPSIR
methodology, p 17).

Another issue that should not be overlooked whalyaing the DPSIR framework is

the links between all its elements. As Kristens2004) states that it is also important to
understand the links between all the elements oBIRP For example, relationship

between drivers and pressures depends on the Boerefy of the technology. Fewer

pressures are produced from drivers, when ecoiaffiy is high.

As far as aggregate provision is concerned, driggush as population and economic

growth that cause larger need for aggregates)netlinecessarily cause high pressures
on the environment in case the methods of aggregase and provision are eco-

efficient. And in order to achieve the eco-effiatgnof aggregate use and provision,

such responses of the government as policies agetsashould be set.

LCA approach

When using life cycle approach for assessing theasts of aggregate provision in the
studied regions, it should be realised that thal fiesults strongly depend on the choice
of system boundaries. Thus it is important to poiat the importance of some stages
that were delimited from the system boundariesyaeal in this study.

The stage of aggregates use in construction wataken into account when analysing
the impacts of aggregate provision. However comsigethis stage could have

significant impact on the final results. Analyzitigge use of aggregates for construction
purposes could point out the main environmentalaictp from the use of primary,

recycled and secondary aggregates, as well asofihdhe main differences between
them.

Another important stage in aggregate provision wed delimited is land recovery after
aggregate extraction. Analyzing this stage coulthtpout such impact categories as
land use, biodiversity and social aspects (sucth@asmpact on the local population
etc.).

It should be also noted that only some of the emvirental aspects were considered in
this study. That is why the final conclusions reyag the impacts of aggregate
provision in the studied regions should be drawrefcdly. There is a need to analyze
such important issues as social impacts (accideamsployment, health etc.),
economical impacts (expenses for road maintendraffic congestions, turnover etc.)
and other environmental impacts not included inghely (acidification, biodiversity,
land use, water depletion, mineral resource depietioise etc.).
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7.4. Proposal for the future research

Based on the literature review and interviews, sofnthe interesting issues regarding
aggregate provision that could be developed furthere identified. They are as
following:

Finding out new solutions for the localization tdrage places and new logistic
solutions for aggregate transportation on ordedeorease the distances and
times for aggregate transportation and storage.

Performing a complete LCA of aggregate provisioncl(iding all impact
categories and important life cycle stages) in otdainderstand and realize all
negative impacts of aggregate provision on therenuent.

Evaluate social and economical impact of aggregatevision, using for
example such tool as cost benefit analysis in otdeinclude other than
environmental aspects of sustainability.

Performing of the strategic environmental assesSNSEAs- assessments of
policies, plans and programmes) regarding policiesygregate provision in the
studied regions. This could be done in order tolyaeahow the policies
regarding aggregate provision (for example thegygliromoting increased rate
of recycling) would influence on the environmentgcial and economical state
of the region in general.

Performing international comparisons of the stadsldor the use of recycled
and secondary aggregates in construction in ocdienpirove existing standards.

International comparisons of the quality for coanstion and demolition waste
management in order to find out new possibilities the improvement with
regards to CDW management

Investigation of the new emissions data duringstfes of aggregate provision
to be able to evaluate the actual impacts of agdeegrovision that exist
nowadays.

Collecting more data on aggregate flow on differtentitorial levels in order to
identify possible strategies for improvement of r@g@te provision.

Suggesting common regulations for all EU countries.
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8. CONCLUSIONS AND RECOMMENDATION

Having performed the study, it may be concluded tihe regions of Stockholm,
Helsinki and Hamburg have certain similarities ahflerences regarding aggregate
provision on the regional level. Geological cormis (mostly, access to primary
resources) and policy instruments are the mairofadghfluencing the current systems
of aggregate provision in the studied regions. Thamne of the main reasons why the
differences in aggregate provision occur dependmthe region.

The Federal State of Hamburg shows the best examegarding the use of recycled
aggregates and management of construction and demaolaste. The Metropolitan
Area of Helsinki shows the best example regardivey data accessibility on material
flows (and aggregates flow in particular) and teinmental state of the city in
general. Stockholm County shows the best exampmgarding the use of primary
aggregates and decreased use of natural gravel.

As far as similarities are concerned, most of thgregates in the studied regions are
transported by trucks. And consequently aggregatassportation causes the highest
levels of CQ and particles emissions in comparison with otlages of aggregate
provision (excluding the use of aggregates, whers®ons were not calculated) in the
three case studies. Thus there is a huge potémtigcreasing the negative impact from
aggregate provision by decreasing the distancegrdmsportation and changing the
modes of transport (as shown in the scenarios4£,se p 50- 51).

Planners (especially on the regional and munidipédivel) and property developers (in
Swedishbyggherra) are the most important actors in terms of agdgeetfansportation,
since they make final decisions regarding the looadf quarries, terminals and the use
of different modes of transport. Authorities on tiegional level provide guidelines and
policy instruments regarding the use of material ammaste disposal. Other important
groups of stakeholders include: aggregate supptypeamies, transportation companies,
waste management companies, contractors, consudadtR&D institutions.

This study proved that aggregate provision is & wemplex process including many
environmental, social and economical issues as agethany actors involved. Thus the
main recommendations drawn from the study are lasximg:

» Aggregates should be prioritized in the land useping (providing strategic areas
for localisation of quarries, pits and terminals ti@nsportation) in order to decrease
the transport distances. Key stakeholdeasithorities on the regional and
municipality level.

* Need for more transport regulations and increasedai water and rail transport.
Key stakeholdersAuthorities on the regional level, property deveop as well as
aggregate supply companies.

* More knowledge is needed on how to manage congirueind demolition waste.
Key stakeholdersall stakeholder groups involved in aggregate prmnigsee p38).

* Need for standardizations on recycled and seconaggyegates. Key stakeholders:
R&D, authorities on the national level, propertyeépers.

* Need for better statistics and accounting of agmpes flow in order to enable
identification of strategies for the improvementagfgregate provision in the future.
Key stakeholdersauthorities on the national, regional and municipetel, property
developers.
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PERSONAL INTERVIEWS
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Jan Bida
SBMI (Swedish Aggregates Producers Association)
April-May, 2009

Bjorn Frostell
KTH
February, 2009

Erik Karlstrand
Ragn Sells
July, 2009

Per Murén
NCC Roads (Sweden)
May, 2009

Olov Sabell
Jehander
May, 2009

Harald Svensson
Fortum
May, 2009

Lars Akerblad
Stockholm Lansstyrelsen (The County AdministraBeard of Stockholm)
April, 2009

Helsinki
Soile Atos
GTK (Geological Survey of Finland)
June, 2009

Martti Karkkainen
Rudus (Finland)
May, 2009

Pia Ramo
Aggregates Department (INFRA)
May, 2009

Kari Ruohonen
Finnish Rail Administration
May, 2009
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Hannu Siitonen
Uusimaa Regional Council (Finland)
May, 2009

Juha Uuksulainen
YTV (Helsinki Metropolitan Area Council)
May, 2009

Hamburg

Sebastian Doderer
Port of Hamburg
May, 2009

Bernt Matthes
Minisrty of Urban Development and Environment
May-June, 2009

Thomas Prenzer
Trade Association of Construction Material in Nevitest Germany
May, 2009

Renate Taugs

Hamburg Ministry of Urban Development and Enviromté&eological Survey
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May, 2009
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APPENDICES
Appendix 1

Classification of the construction materials (McNaly, 1998)

Cut and broken rock:
» Dimension stone (structural and cladding);
* Breakwater armourstone and rock core;
« Dam rip-rap, embankment slope protection blocks;
* Pitching and beaching stone;
e Ruble, dam rockKfill;
* Rock slag.
Coarse crushed rock:
e Course aggregate for concrete and asphaltic cacret
e Surfacing aggregate ("chippings’);
e Railway ballast, macadam pavements and gabion;stone
« Free-draining sub-base, drainage layers;
* Recycled concrete aggregate (RCA) and recyclesa#iptAP)
Fine crushed rock:
« Prepared road-base and sub-base;
« Processed granular filters;
* Bedding material, grit, crusher dust.
Sand and gravel:
* Crushed and screened river gravel;
* Washed fine aggregate and sand filters;
* Mortar sand (‘fat” sand), plastering sand,;
« Sand fill, stabilizing grit;
e Granulated slag
Soil materials:
» Brick, tile and pipe clay;
* Natural road-base;
» Stabilized soils;
e Common fill;
« Select fill, sub-ballast; capping layers;
* Pulverized fly ash (PFA) and furnace bottom ashA}-B
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Appendix 2
Chosen indicators for each stage of aggregates fldgrouped by DPSIR
framework)

Indicators DPSIR

Units typology
Material extraction from geological deposits and Qarrying/Processing
Number of sites granted for aggregate extracti@hpancessing [number of sites] P
Export/ import of aggregates from (to) other regi¢oountries) | [ton] D
Aggregates price [SEK/ton] R/P
Turnover of the aggregate supply industry sector EKSear] P/S
3. Material use in construction
Volumes of material used [Mton] P
4. Transportation and storage
Quantity of transported aggregates per mode o§praim [ton/year] P
Average distances of aggregate transportation (trenguarry
to the end-user or landfill) [km] R/P
Average distances of aggregate transportation frenguarry tqg
the end-user or landfill by lorries (specifiedtigpe of material) [km] R/P
Cost of aggregate transportation per mode of ti@sp [SEK/ton/km] R/D
5. End-of-life (landfilling, reuse and recycling)
Landfill cost for inert waste [SEK/ton] R/D
Landfill cost for mixed Construction and Demolitivviaste
(CDW) R/D
Volumes of the mentioned below types of CDW that is
landfilled [ton/year] P/R
Volumes of the following types of CDW that is retga or
reused [ton/year] R/P
Total volume of produced CDW P
Total volume of CDW that is landfilled P/R
Total volume of CDW that is recycled or reused R/P
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Appendix 3

Groups of stakeholders interviewed

Stakeholder Stockholm Helsinki Hamburg
Property owners, Kretsloppsradet Rudus Oy

Property developers

Material suppliers SBMI (Sveriges Aggregates Trade association

byggmaterialindustrier
NCC Roads,
Jehander

Department;
Rudus

of construction
materials

Authorities (building,
land and environment

National SGU GTK (Geological Geological Survey
Survey of Sweden) | of Hamburg
Finnish Rail
Administration
Regional Uusimaa Regional
Council
County Lansstyrelsen i Ministry of Urban
Stockholms lan Development and
Environment in
Hamburg
Municipal Helsinki Metropolitan
Area Council
Transportation Jehander Port of Hamburg
companies and
organisations
Waste management | Ragn Sells

companies
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Appendix

4

Inventory data for LCA

Stockholm

Data Data sources, comments
PRIMARY AGGREGATES
Extraction from the quarry (processing):
crushed rock (ton) 5100000 Lansstyrelsen (2009)
natural gravel and sand (ton) 310000(¢ Lansstyrg2eo0)
Transportation to the end-user by truck
Average distances (km):
sand and gravel 30 Lansstyrelsen (2009)
crushed rock 25 Lansstyrelsen (2009)
Average all types of material (average NCC (2009), SBMI (2009)
distance): 25

Own calculations from the

Volumes of aggregates transported (ton): 12600006ceived data
Transportation to the end-user by sea
Average distances (km): 35 Jehander (2009)
Volumes of material (ton): 500 000 Jehander (2009)
Transportation by rail-way
Average distances (km): 50 NCC Roads (2009)
Volumes of material (ton): 300000 |NCC Roads (2009)

RECYCLED AND OTHER TYPES OF AGGREGATES

Volumes of recycled aggregates (mainly

Estimated on the basis of NC(

7/

-

recycled concrete) (ton): 600 000 |(2009)
Other types of aggregates (for instance, afteé 00 000 Lansstyrelsen (2009) and SGU
rock blasting during large construction proje g (2007)
or excavation waste)
Average distances for transportation (km) 25 (Lemetsen, 2009)
END-OF-USE
Volumes of CDW landfilled (ton) 325054 SWECO (2D08

Estimated from finding the
Distances for transportation to the landfill average distances to the large
(km) 30 landfills near Stockholm
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Helsinki
Data Data sources, comments
PRIMARY AGGREGATES
Extraction from the quarry (processing):
crushed rock (ton) 11500000 Karkkainen (2009)
natural gravel and sand (ton) 9200000  Karkkain®o92
Transportation to the end-user by truck
Average distances (km):
sand and gravel 40 Mroueh (2000)
crushed rock 15 Karkkainen (2009)
All types of primary aggregates (average estimated
distance): 30
Own calculations from the data
Volumes of aggregates transported (ton): 227600606reived
Transportation to the end-user by sea
Average distances (km): 50 Mroueh (2000)
Estimated after Karkkainen
Volumes of material (ton): 200000 |(2009)
Transportation by rail-way
Average distances (km): 15 Railway Administration (2009)
Volumes of material (ton): 40000 Railway Administration (2009)
RECYCLED AGGREGATES
Volumes of recycled aggregates 500 000 estimated
Average distances for transportation to the Karkkainen (2009)
end-user (km) 10
END-OF-USE
VVolumes of CDW landfilled (ton) 234 936 YTV (2006)
Transportation to the landfill or
incineration plant
Estimated from finding the
average distances to the large
distances (km) 30 landfills near Helsinki
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Hamburg
Data Data sources, comments
PRIMARY AGGREGATES
Extraction from the quarry (processing):
crushed rock (ton) 5400000 Matthes (2006)

natural gravel and sand (ton)

8100000 Matthes (RO06

Transportation to the end-user by truck

Average distances (km):

Estimated, based on Geological

sand and gravel 50 Survey of Hamburg (2009)
crushed rock 50

All types of primary aggregates (average

distance): 50

Volumes of material (ton):

12264276stimated

Transportation to the end-user by sea

Average distances (km):

Estimated from finding the
distances to the countries
aggregates are imported from
700 (UK, Scandinavia)

Volumes of aggregates transported (ton):

1235724 e FAdrt of Hamburg (2007)

Transportation by rail-way

Volumes of material (ton):

Assumed, that none aggregates
are transported by railway

U7

No data

RECYCLED AND OTHER TYPES OF AGGREGATES

Volumes of recycled aggregates 1400 000 Matthe8gp
Volumes of material refilled (material used for Matthes (2006)
gravel pits backfilling) 2 600 000G

Average distances for transportation to the assumed
end-user (km) 25

END-OF-USE

Volumes of CDW landfilled (ton) 400 000 Matthes QB)
Transportation to the landfill or

incineration plant

distances (km) 30 estimated
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Appendix 5
LCI data
CO2 eq Particles | Reference

Extraction from the quarry
(processing):
production of 1 ton of gravel (g/ton) 129,5576 @02 | Stripple, 1995
production of 1ton of crushed rock (g/ton) 2325,08 |0,477 Stripple, 1995
Transportation by truck
Transportation of all types of aggregates Tillman, 1994 and
(average value) (g/tonkm) 139,1 0,22 |Fry (2007)
Transportation by sea
Transportation of all types of aggregates Tillman, 1994 and
(average value) (g/tonkm) 21,868 0,05 |Fry (2007)
Transportation by rail-way
Transportation of all types of aggregates Fry (2007)
(average value) (g/tonkm) 41 No data
RECYCLED AGGREGATES

Estimated after

Ilwabuchi, 1996
Processing (g/ton) 1118 0,24 |and Stripple, 1995
END-OF-USE

Estimated after
Landfilling (g/ton) 355,38461540,05075 |Olsson et al, 2008
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Appendix 6

CDW composition and aggregate consumption in German Sweden and Finland

CDW compositionin Germany (Hamburg)

m wood
m tar free bitumen mixes

m mixed building and
demolition waste

m metal and plastics

W gypsum contaminated
waste

m concrete, bricks, tile and
1% 2% ceramic

Source: COWAM (2006)

CDW compaosition in Finland

0%

m wood
W concrete, bricks
M metal

glass

m other-
nonspecified

Source: Thormark (2002)

CDW compositionin Sweden

o wood

m concrete, bricks

o metal

glass

m other-
nonspecified

Source: Thormark (2002)
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Appendix 7

Questionnaire

A — QUESTIONS ABOUT THE INTERVIEWEE

Organisation

Name

Address

Title

Years of working experience
Tel

e-mail

Please mark the stakeholder group you belong to.

Please mark the stakeholder group you belong to.

Stakeholder group Mark the
field

Property owners (property
developers)

Authorities

Material supply company

Transportation company

Transport organization

Contractors

Consultants

R&D

Other,
Which?
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B- GENERAL QUESTIONS TO ALL STAKEHOLDERS

1. Which group of stakeholders plays an important moleggregates provision in your
region (respectively each strategic issue)? Gigeade from 1 to 5 (with 5- as the most

important)
Stakeholder group Land use Transportation | Material use
(including reuse and
recycling)

Property owners, property
developers (byggherrar)

Authority (controllers, regulators,
permission-givers)

National Level

County Leve]

Municipal Leve

Transportation companies (akerie

N—r

Aggregate supply companies

Contractors (and other end-users pf
aggregates)

Consultants

R&D

Other?

2. Are there any targets set for the decrease t#rrabtransportation or the use of other modes
of transport in your region?

a) No

b) If yes, which ones?

3. Is aggregate transportation considered in tiagegfic planning of the city?
a) No
b) Yes
¢) Comments:
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C- REGIONAL INDICATOR QUESTIONS
Please answer the questions that are relevanutofigtd of work.

1. Material extraction from the source (geological depsits, other industrial
processes or construction activities)

Indicators Units Answer

Area of land granted for
aggregate extraction and
processing [ha/capita], [ha/ton ]

Cost of land
[SEK/ha]

Number of sites granted for | [number of sites]]
aggregate extraction and
processing

Export/ import of aggregates [ton]
from (to) other regions
(countries)

2. Quarrying/ Processing

Indicators Units Answer

Aggregates price: [SEK/ton]

1) natural gravel (0-8 mm)

2) crushed rock (2-8 mim)

3) filling materia

4) fly ash from coal
powered station

5) recycled concrete

Turnover of the aggregate
supply industry sector [SEK/year]

3. Material use in construction

(e Units Answer

Volumes of material used [Mton]

1) natural gravel and sand

2) crushed rock

3) filling material

4) fly ash from coal
powered station

5) recycled concrete
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4. Transportation and storage

Indicators Units Answer

Quantity of transported
aggregates per mode of
transport [ton/year], [%0]

1) lorries:

a) primary aggregates

b) secondary and recycled
aggregates

2) sed

3) ralil

Average distances of
aggregate transportation
(from the quarry to the end-
user or landfill) [km]

a) by lorries

b) by sea

c) by railwaysg

Average distances of
aggregate transportation from
the quarry to the end-user or
landfill by lorries (specified
by type of material) [km]

a) natural sand and grave

b) crushed rocl

c) fly ash from coal powered
station

d) recycled concrete

Cost of aggregate
transportation per mode of
transport: [SEK/ton/km]

1) lorrieg

2) sea transport

3) railway

5. End-of-life (landfilling, reuse and recycling)

Indicators Units Answer
Landfill cost for inert waste [SEK/ton]
Landfill cost for non-hazardous
waste [SEK/ton]
Landfill cost for hazardous

waste

Landfill cost for mixed
Construction and Demolition
Waste (CDW)

Volumes of fly ash from coal
powered station that is
landfilled [ton/year]
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Volumes of the mentioned
below types of CDW that is

landfilled: [ton/year]
1) concretg
2) gravel
3) masonry
4) asphalt
5) other?:

Volumes of the following typeg
of CDW that is recycled or

reused: [ton/year]
1) concrete
2) gravel
3) masonry
4) asphalt
5) other?:
Total volume of CDW that is
landfilled

Total volume of CDW that is
recycled or reused

D- OPEN QUESTIONS
1. If possible, propose other indicators (not ideld in the list above) that could measure
the sustainability of material supply in your regio
I

2. Which problems in your opinion obstruct susthleanaterial provision in your region?
iv.

Vi.

3. Other comments-
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