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Sammanfattning 

Stadsutvecklingens behov av ballastmaterial kommer att öka dramatiskt under de 
kommande åren inom Stockholmsregionen och en signifikant miljöutmaning kommer 
att förknippas med stora flöden av ballastmaterial. Materialterminaler taremot bygg- och 
rivningsavfall, förädlar det och levererar återanvänd ballast till byggindustrin, detta 
bidrar till att minska efterfrågan på naturliga byggmineraler. Dessa material 
transporteras främst på vägar mellan materialterminaler och utvecklingsområden i 
Stockholmsregionen. Transportsektorn står för nästan en tredjedel av 
växthusgasutsläppen i Sverige, det finns en motivation för att undersöka de 
miljömässiga fördelar för att minimera transporterna av ballastmaterial. Denna 
studieomfattar kvantiteter av bygg- och rivningsavfall i formen av jord och berg massor 
från framtida utvecklingsområden och utgör en fallstudie i området gällande tre 
kommuner; Botkyrka, Huddinge och Haninge i södra Stockholm, baserat på deras 
kommunala översiktsplaner fram till år 2030. Detta har genomförts med hjälp av en 
programvara för markarbetsestimering, ESAR-modellen, utvecklad av Ecoloop AB. 
Avstånden mellan befintliga och planerade materialterminaler och framtida 
utvecklingsområden tillsammans med de uppskattade materialkvantiteterna har 
kombinerats för att upskatta totala fordonskilometer för transport av dessa material i ett 
business-as-usual scenario fram till 2030. En jämförelse har gjorts för ett alternativt 
scenario med strategiskt placerade materialterminaler inom fallstudieområdet, varvid en 
metod har utvecklats för att strategiskt placera materialterminaler baserat på GIS-
programmet ArcMap tillsammans med kartlager för marktillgänglighet för lokalisering 
av materialterminaler som tidigare utvecklats inom ramen för en relaterad studie. I 
jämförelse med business-as-usual, att utnyttja befintliga och planerade 
materialterminaler, minskar en strategiskt placerad materialterminaler inom 
fallstudieområdet transportavståndet för utgrävda jord-och berg massor från 
utvecklingsområden till de materialterminalerna med cirka 42 % eller 3,67 miljoner 
fordonskilometer, vilket motsvarar en minskning med 3478 ton CO2e inom hela 
tidshorisonten för denna studie.  Ett annat resultat från ESAR-modellen är att den 
uppskattar behovet av ballastmaterial för återfyllning av material. En 
materialflödesanalys för en strategiskt placerad materialterminal indikerar att 
materialterminalen kan uppfylla återfyllningsbehov för ballastmaterial i form av 
återanvänd ballast i hela sin verksamhet. Den totala minskningen av transportavstånd 
för material in och ut från utvecklingsområden är 45% eller 5,54 miljoner 
fordonskilometer, vilket motsvarar en besparing på 5248 ton CO2e. 
Utsläppsminskningar av växthusgaser från strategiskt belägna materialterminaler 
kommer sannolikt att också vara betydande bortom gränserna för denna studie och 
motivera ytterligare forskning.  
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Abstract 

Urban development demands on construction aggregates are set to rise dramatically 
over the coming years within the Stockholm region and a significant environmental 
challenge will be associated with the large flows of construction aggregates and 
excavated materials in and out of future development projects respectively.   Material 
banks receive construction and demolition waste (CDW), process this waste and supply 
recycled aggregates to the construction industry helping to reduce the demand on 
natural construction minerals.  The transportation of these material flows between the 
material banks and development areas is predominantly by road in the Stockholm 
region.  With the transport sector responsible for almost one third of green-house-gas 
(GHG) emissions in Sweden, there is a motivation for investigating the environmental 
benefits of minimising transportation distances of construction aggregates.  Quantities 
of CDW in the form of excavated granular soil and rock from future development 
locations within a case-study area comprising three municipalities; Botkyrka, Huddinge 
and Haninge, in the south of Stockholm, have been estimated based on their municipal 
comprehensive plans up to the year 2030.  This has been done with the assistance of an 
earthworks estimation tool, the ESAR model, developed by Ecoloop AB.  Distances 
between existing and planned material banks and future development areas together 
with the estimated material quantities have been combined to approximate total vehicle-
kilometres for the transportation of these materials under a business-as-usual scenario 
up until 2030.  A comparison has been made to an alternative scenario of strategically 
located material banks within the case-study area, whereby a methodology has been 
developed within this study to strategically locate material banks utilising GIS software 
ArcMap together with land availability map layers for siting material banks previously 
developed under a separate related study.  In comparison to the business-as-usual 
scenario, one strategically located material bank within the case-study area reduces total 
material haulage distances of excavated granular soils and rocks from development 
areas to the material banks by approximately 42% or 3.67 million vehicle-kilometres, 
equating to a reduction of 3478 tonnes of CO2e throughout the time horizon of this 
study.  Another output from the ESAR model is the estimated construction aggregate 
demand for sub-surface earthworks backfilling activities.  A material flow analysis for 
the strategically located material bank indicates that the material bank is able to satisfy 
the sub-surface backfilling construction aggregate demand in the form of recycled 
aggregates throughout its operation.  Considering the flow of recycled aggregates back 
to development areas for backfilling earthworks activities, a total combined reduction of 
45% or 5.54 million vehicle-kilometres of material haulage distance is achievable, 
equating to a saving of 5248 tonnes of CO2e.  Reductions in GHG emissions from 
strategically located material banks are likely to also be significant beyond the 
boundaries of this study and warrant further research.  
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1 Introduction 

The Stockholm region has set a development plan in motion for Stockholm to become 
Europe's most attractive metropolitan region under the Regional Development Plan for 
Stockholm's Region - RUFS 2010 (TRF, 2010).  The population of Stockholm is projected to 
increase at a rapid rate of over 37000 persons annually to 2023 and exceed a total population 
of more than 3 million by 2045 (TRF, 2014).  Residential and commercial development 
targets together with infrastructure ambitions have been detailed within the regional 
development plan and individual municipal comprehensive plans (MCPs) with a short, 
medium and long-term horizon (2020, 2030 and 2040 respectively) to cater for this 
anticipated rapid population growth.   

A significant environmental challenge will be associated with the large flows of construction 
aggregates and excavated materials both into and out of these future development projects 
respectively.  The environmental impact from material flows into and out from construction 
sites are related to fuel combustion within the engines of distribution vehicles and are directly 
proportional to transportation distances between the construction sites and material sources 
and receptors. 

This study builds on previous academic work related to Project Optimass - an initiative 
established by Stockholm based Ecoloop AB that specialises in effective and efficient 
materials management in the construction industry.  One of the key focus areas for Project 
Optimass is related to the establishment of material banks in strategic locations in order to 
facilitate more sustainable materials management.  Such material banks receive, process, sort, 
upgrade and resell construction and demolition waste (CDW) in the form of recycled 
aggregates.  Through strategically locating these banks, with a long term view on the 
development of a region, haulage distances of CDW and construction aggregates may be 
reduced resulting in both economic and environmental benefits.  It is the environmental 
benefit from reduced material haulages resulting from strategically located material banks that 
this paper aims to evaluate. 

1.1 Background 

1.1.1 Greenhouse Gasses and the Latest Figures from Sweden 
Under the fifth Assessment Report released by Working Group I of the United Nations' 
Intergovernmental Panel on Climate Change (UNIPCC) in 2013, climate change has been 
categorically linked to anthropogenic air pollution.    The concentration of greenhouse gasses 
(GHGs) - comprising carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), sulphur 
hexafluoride (SF6), hydrofluorocarbons (HFCs) and perfluorocarbons (PFC) - in the Earth's 
atmosphere has a direct affect on global temperatures, with increases in the atmospheric 
concentration of CO2 being the largest contributor to global temperature rises since the 
Industrial Revolution (IPCC, 2013).   

The primary source of today's elevated levels of CO2 in our atmosphere is from the 
combustion of fossil fuels.  The latest figures published by the European Union in 2014 show 
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that in 2012, 57.6 million tonnes of GHG emissions - measured as CO2 equivalent (CO2e) - 
were released in Sweden (excluding land use, land-use change and forestry emissions and 
international bunkers) of which, the transportation sector contributed 19.1 million tonnes of 
CO2e representing 33.2% of the total GHG emissions – higher than that of the EU-28 average 
of 19.7%.  Road transportation accounts for the largest part of the total GHG emissions within 
the transportation sector, responsible for 17.9 million tonnes of CO2e or 93.7% of the 
transportation sector’s total, excluding international bunkers (COM, 2014a).  The main reason 
for Sweden’s transportation sector being the dominant contributor to the overall GHG 
emissions is a result of Sweden’s energy mix, which in 2012, comprised 51% of renewable 
energy compared to the EU-28 average of 14.1% (COM, 2014b). 

1.1.2 Industrial Minerals and the Need to Recycle CDW 
The Geological Survey of Sweden (Sveriges Geologiska Undersökning, SGU) defines an 
industrial mineral as “a rock, mineral or other naturally occurring material of economic value” 
(SGU, 2015).  Primary aggregates are industrial minerals that are commonly used in 
construction and comprise either naturally deposited sands and gravels or are a product of 
crushing hard, strong rock formations – typically limestone, igneous rocks and sandstones 
(Zuo et al., 2013). 

Sweden currently consumes about 85 million tonnes of aggregates annually for roads, 
railways and concrete (SGU, 2015).  The primary aggregate supply has seen a dramatic shift 
from the use of limited natural sand and gravel resources to crushed rock as the priority now 
is to protect groundwater assets that rely on these naturally formed ridges of sand and gravel 
(SGU, 2015). With many existing gravel pits scheduled to close within the next 10-15 years, 
the use of alternative materials and reusing existing materials must increase (TRF, 2010).   

The definition for CDW varies within literature with some definitions all inclusive of surplus 
materials arising from construction and other definitions omitting excavated soil and rock 
from CDW (Magnusson et al., 2015).  For the purpose of clarity, mention of CDW within this 
paper refers to all surplus materials arising from construction activities on site.   

Large amounts of CDW are generated in the construction sector and little is known on their 
actual quantities (Magnusson et al., 2015).  Excavated rock, sands and gravels (herein referred 
to as granular arisings) as well as various other inert CDW materials such as demolition 
concrete from structures and asphalt from road plainings are proven to be of high reusability 
for civil engineering purposes and can hence replace quarried materials (Magnusson et al., 
2015, Blengini and Garbarino, 2010, Simion et al., 2013).  Environmental benefits from 
replacing these quarried materials with recycled CDW have been investigated and confirmed 
in numerous studies (Blengini and Garbarino, 2010, Simion et al., 2013).   

Magnusson et al., 2015, summarises the environmental and economic benefits for onsite reuse 
of excavated soil and rock through the effective planning of mass balancing of earthworks and 
highlights the constraints of available space within dense city regions for onsite sorting of 
CDW. Granular arisings that are not reused onsite are commonly transported to recycling 
facilities or to a temporary storage facility.  In Stockholm, the annual quantity of granular 
arisings (in the form of excavated rock) from construction activities is estimated to be almost 
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half of the total aggregate demand for the region (SGU, 2015).  One recent approximation of 
the quantity of recycled CDW materials in 2010 in Sweden is 50%, although this figure is 
subject to considerable uncertainty (Swedish EPA, 2012).  There is a large potential benefit of 
maximising the recycling of CDW from an industrial mineral preservation perspective and 
this is a key focus area for the Swedish EPA which has set an objective of a nominal 70% 
reuse of CDW materials by 2020.   

1.1.3 GHG Emissions Related to Transportation of Primary Aggregates 
The development of the Stockholm Region over the coming years will place a large demand 
on primary aggregates as well as generate significant quantities of CDW.  Within RUFS 2010, 
there is a highlighted need to reduce the environmental aspects relating to the use and 
transportation of aggregates (TRF, 2010).  It is estimated that transportation of aggregates 
alone accounts for between 20-40% of the CO2 emissions from the entire aggregate industry 
with the majority of aggregates being transported by road (Fry, 2007).  Reduced 
environmental impact from the transportation of aggregates is suggested to be done through 
securing regional sites for centrally located aggregate banks as well as considerations for an 
increased proportion of transportation of aggregates by rail and by boat (TRF, 2010).   

Numerous Life-Cycle Assessments (LCAs) have been conducted on infrastructure projects to 
quantify the contribution of the main elements of a project to the overall GHG emissions.  
Some studies indicate that the energy consumption and greenhouse gas emissions associated 
with transportation of construction aggregates can account for up to 20-30% of the total 
energy consumption and GHG emissions from the construction stage (Mroueh 2001, Egis 
2010), whilst others suggest this proportion to be less contributory to overall construction 
stage emissions such as Barandica et al. 2013 (0.4 – 2.2% of total GHG emissions).  
Invariably, construction projects have a high degree of uniqueness; haulage distances, 
construction elements (such as tunnels and cuttings) and topography, being just some of the 
variables that can significantly affect the weighting of material transportation on the overall 
construction stage GHG emissions for infrastructure projects.   

With the quarries close to built-up areas in Stockholm County largely exhausted, there is now 
a shortage of rock from quarries in the county (TRF, 2010).  Densification of built-up areas is 
a key strategy of Stockholm’s Regional Development Plan, thus new production sites would 
likely be established further away from these built-up areas where land is less scarce (Vaivars, 
2010).  This will inevitably result in longer haulage distances and thus increased GHG 
emissions associated with transportation of primary construction aggregates. 

1.1.4 Material Banks (CDW Recycling Facilities/Fill Banks/Material Terminals) 
CDW recycling facilities have arisen over the years from numerous driving factors.   Not only 
are there environmental and economic benefits associated with the reduced consumption of 
virgin construction minerals, but there is also the recognised need and environmental benefits 
of preserving limited landfill capacities (Lu and Tam, 2013).  In Hong Kong, where there is 
an urgent need to reduce waste going to landfills, inert fill reception facilities have been 
established to receive CDW and process the hard inert materials into recycled aggregates for 
use in construction activities (Lu and Tam, 2013).  Figures 1 and 2 present photographs of 
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CDW storage and recycling facilities in both Hong Kong (publicly operated) and Sweden 
(privately operated). 

 
Figure 1: Tuen Mun Public Fill Bank, Tuen Mun, Hong Kong. 

Civil Engineering and Development Department (CEDD).  Size: 35 Ha.  Capacity: 4.9M m3. Photos: Mark Miyaoka 

 

Figure 2: DA Mattson Material Bank (and Recycling Facility). 

Vallsta, Upplands Väsby, Sweden. Privately owned. Photo: Mark Miyaoka 

The suitability for reuse of excavated soil and rock is dependent upon the material’s 
geotechnical (e.g. particle size distribution, hydraulic conductivity etc.) and geo-
environmental (e.g. organic content, leachate concentration etc.) properties (Magnusson et al., 
2015).  Surplus materials of high reusability (section 1.1.2) are more commonly sent to 
recycling facilities whilst surplus material of low reusability such as surplus wet cohesive 
soils will often be disposed of.   
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The proximity of a recycling facility to active development sites is vital to its economic 
viability and environmental impact with shorter distances resulting in reduced transportation 
costs and transportation related GHG emissions (Magnusson et al., 2015).  Today, the 
common practice in Sweden is for material flows to be managed at a project level and often 
by the Contractors (Magnusson et al., 2015, Morén, 2015).  Several of the larger construction 
companies in Sweden such as Skanska, NCC and PEAB, have their own aggregate production 
divisions, supplying material for their own operations and to other customers (Vaivars, 2010).   

It is seldom the case that materials management is strategically considered at the regional 
level (Morén, 2015).  Through in-depth interviews, Morén, 2015, has highlighted the 
recognised need and known benefits from incorporating CDW recycling facilities into 
Municipal Master Plans amongst key stakeholders and attributed one possible reason for the 
lack of such planning to inadequacy of data on CDW quantities.  This is in-line with the 
findings of Magnusson et al., 2015. 

(For the purpose of clarity, the term material bank used in this report shall refer to CDW 
recycling and storage facilities.) 

1.1.5 Project Optimass 
This study builds on previous academic and in-house work related to the research project 
“Optimass” - an initiative established by Stockholm based Ecoloop AB that specialises in 
effective and efficient materials management in the construction industry.  One of the key 
focus areas for Optimass is related to the establishment of material banks in strategic locations 
in order to facilitate more sustainable materials management.  Previous research work 
undertaken related to Optimass that is relevant to this study has been the development of a 
tool for estimating excavated soil and rock quantities at a regional level, the “ESAR  
Model”, and a GIS based method for localising potential material bank sites based on various 
constraints and criterion.  These two research projects will be briefly described in the 
following sub-sections. 

1.1.5.1 ESAR Model 
The Excavated Soil and Rock (ESAR) Model is a tool developed by Ecoloop AB in order to 
approximate sub-surface earthworks quantities (demand and supply) for residential, 
commercial and infrastructure developments using information at a municipal planning level 
only (such as population growth estimations, average number of floors, gross floor area/office 
area and approximate development areas).  The model was primarily developed to address a 
recognised need for estimations of future quantities of excavated soil and rock at a regional 
level in order to facilitate optimally located material banks based on anticipated material 
flows (TRF, 2010, SGU, 2015, Magnusson et al., 2015, Morén, 2015).  The methodology for 
the development of the model associated with ESAR flows for residential development areas 
is described in research work carried out in the paper titled: “Sustainable Mass Handling - 
Modelling quantities of excavated soil and rock in residential construction projects” 
(Israelsson, 2014).   

In essence, first detailed models were constructed for housing construction and roads and 
trenches (infrastructure) construction, using generic foundation construction and geometric 
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principles.  Next, the detailed models were combined into one simplified model which uses 
mean and standardized values and relates the quantity of ESAR to the number of residents in 
the area.  The detailed and simplified model were then tested on an existing residential 
development area for which actual ESAR volumes were referenced – the Annedal Case 
Study,  which revealed a deviation between the simplified model and referenced ESAR 
volumes of 3.8% (Israelsson, 2014).  The simplification process is exemplified in the steps 
shown in Figure 3.  

 

Figure 3: Simplification Process of the ESAR model for Residential Development Areas. 

(Israelsson, 2014) 

The findings from the model based on the Annedal Case Study were compared to case studies 
detailed in a paper by Gangolells et al., 2009, whereby 4.83 and 4.95m3 of excavated soil and 
rock per square meter of site occupancy was generated during the construction of two 
different multi-family houses. These values were compared to values developed theoretically 
with the ESAR model of 5.40 – 6.16 m3/m2 of ground area covered by the buildings.  
Israelsson noted that in Gangolells et al.’s work, the term “site occupation” did not specify 
whether or not this area incorporated the area covered by the houses only or a larger area 
including space taken up by vehicles, excavators and auxiliary equipment on the site. 
Nevertheless, Israelsson concluded that the comparison gives a positive indication of the 
applicability of the theoretical approach on which the ESAR model is built when considering 
that “the primary goal of the calculation model is not to as accurately as possible estimate the 
volume and mass of ESAR generated in a residential area, but rather provide an easy and 
early usable method to create a template volume for planning purposes” (Israelsson, 2014). 

The model was subsequently enhanced with the addition of commercial developments and 
infrastructure outside of these development areas by Ecoloop AB.  The basis for the 
commercial developments largely follows the principles and logic of the prior work done by 
Israelsson (2014) for residential development areas (Magnusson, 2015), whereas the 
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infrastructure developments related part of the ESAR model focus primarily on city road 
infrastructure and is built upon local construction standards together with simplified road 
geometrical assumptions (Magnusson, 2015).   

1.1.5.2 GIS Based Method for Locating Material Banks 
A Geographic Information System (GIS) based method for locating material banks has been 
developed and detailed in a Master Thesis titled: “Lokalisering av ytor för hantering av jord - 
och bergmaterial i Södertörn”(translated to: “Locating areas for management of soil and 
rock materials within Södertörn”) (Morén, 2015).  The principal goal of the paper was 
develop a visual based method for identifying potential sites for material banks within the 
Södertörn area.  To achieve this, information was gathered through interviews with key 
stakeholders in the materials management industry along with a literature study to identify the 
criterion that determines favourable and less favourable locations for material banks.  The 
initially identified criterion were critically reviewed and refined to those that all interviewees 
agreed upon.  The refined criterion were then subdivided into those that were considered to 
have a positive, negative or neutral impact on location, with neutral typically representing 
areas where it would be possible for material banks to be established following further in-
depth consideration.  The assigned attributes were translated into geographical information 
and input into GIS software ArcMap.  Attributes were grouped into 4 degrees of availability; 
high, moderate, low and very low, based on possible combinations of attributes for a given 
area.  The results of the GIS based method using ArcMap for the Södertörn area are shown in 
Figure 4. 

 
Figure 4: Degrees of availability for material banks in the Södertörn area presented using ArcMap. 

(Morén, 2015). 

The paper then progresses onto performing a case study scenario for selecting a potential 
material bank site.  This is done by plotting 10km radius circles around potential future 
development areas, identifying surfaces with high degrees of availability, eliminating surfaces 
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with insufficient land for setting up a material bank (nominal criteria > 2Ha) and finally 
conducting an example transport analysis using network lines obtained from Trafikverket’s 
network database “Lastkajen”.  Further details of the steps and results are presented in the 
paper (Morén, 2015).  It is important to note that hypothetical quantities of soil and rock were 
used in order to develop the case study scenario. 

1.2 The Problem 

There is a recognised environmental need, together with economic and environmental 
benefits, to increase the use of recycled aggregates in the construction industry as well as 
consider methods to optimise transportation of these aggregates with respect to transportation 
mediums and proximity between supply/receptor facilities and construction sites (TRF, 2010, 
SGU, 2015, Swedish EPA, 2012, Magnusson et al., 2015, Blengini and Garbarino, 2010, 
Simion et al., 2013).  Transportation of primary aggregates and CDW is predominantly 
carried out by road (Fry, 2010) and distances are likely to increase as urban areas become 
more densely developed (Vaivars, 2010, TRF, 2010).  With almost one third of Sweden’s 
GHG emissions in 2012 originating from the transport sector and road transportation in 
particular being the dominant source of emissions accounting for 93.7% of GHG emissions 
(excluding international bunkers) (COM, 2014a), reducing transportation related emissions 
will have a significant contributory factor to Sweden’s total GHG emissions.   

A Regionally Coordinated Materials Management Approach 

The common practice today in development projects is to pass the management responsibility 
for material flows onto the construction company contracted to carry out the project 
(Magnusson et al., 2015, Morén, 2015).  With some of the main Contractors also owners and 
operators of their own materials suppliers (Vaivars, 2010), transportation distances for 
material flows are not necessarily to the nearest facilities.  Furthermore, little data is known as 
to the quantities and fate of CDW generated from projects – a likely result of the individually 
managed material flows for each construction project.   

The benefits of a coordinated materials management approach between projects has been 
highlighted in a case study report by CL:AIRE (Contaminated Land: Applications in Real 
Environments) in 2013.  The report is based on a “Cluster Project” in the Northwest of 
England involving four remediation sites in relatively close proximity to one another and one 
common temporary decontamination/treatment facility (recycling facility) which received, 
treated and redistributed non-hazardous contaminated soils for reuse.  When compared to 
single-site remediation projects (i.e. business-as-usual), a total of 97,000 miles (156,000 
kilometres) were saved in lorry transportation distances resulting in a net 109 tonnes savings 
in CO2 emissions (CL:AIRE, 2013). 

There is a desire to incorporate strategic materials management into Municipal Master Plans 
amongst key stakeholders in Stockholm (Morén, 2015, TRF, 2010).  One possible reason for 
the lack of such planning has been attributed to an inadequacy of data on CDW quantities 
(Morén, 2015).  The SGU is currently developing a proposal in consultation with the Swedish 
EPA on how the data on granular arisings (predominantly excavated hard materials suitable 
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for reuse as construction aggregates) in the construction industry can be collected, with the 
final report scheduled for release in December 2015 (SGU, 2015). 

1.3 Aim 

There is a clear motive for reducing transportation emissions related to the movement of 
materials to and from construction sites and whilst most of this is currently handled on a 
project level, little is done at the regional level through a broader coordinated materials 
management approach. This study has an evaluative purpose: “To investigate the potential 
environmental benefits in terms of reductions in CO2e, of strategically located material banks 
between future development areas, detailed within long-term municipal comprehensive plans 
in the Södertörn area, with a focus on reducing material transportation distances”. 

Under a prior study undertaken by Morén (2015) to demonstrate a GIS based methodology for 
strategically locating material banks (section 1.5.1.2), hypothetical quantities of soil and rock 
were used in order to develop a case study scenario.  This study aims to have a more 
representative estimate of soil and rock types and quantities from future development projects 
within three municipalities of the Södertörn area; Botkyrka, Haninge and Huddinge, based on 
the latest municipal comprehensive plans (MCPs), using Ecoloop’s ESAR model (section 
1.5.1.1).  These more representative quantities will be used to strategically locate material 
bank sites and, through the comparison of transportation distances between the strategically 
located banks scenario versus a "business-as-usual" alternative, offer an estimate of the 
environmental benefits in terms of CO2e from reduced transportation distances of granular 
arisings and recycled aggregate. 

1.4 Delimitations 

Several delimitations have been made at the outset of this study in order to narrow down the 
broad extents of the problem whilst at the same time ensuring that the analysis boundaries are 
sufficiently inclusive to draw meaningful conclusions.  Delimitations have been applied to the 
development areas, the construction activities and types of developments to be considered, the 
time horizon, the material flows, the materials to be considered and the environmental impact 
sources.  These will be further elaborated in the following sub-sections. 

1.4.1 Development Areas  
The selected case study area is within the Södertörn area with a particular focus on future 
developments within three municipalities: Botkyrka, Haninge and Huddinge (Figure 5) herein 
referred to as the “Study Area”.  These three municipalities have been selected to be the 
primary focus of this study as they are adjacent to one another and the quantity of data from 
three municipalities is considered sufficient for the purpose of this study.   
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Figure 5: Topographic Map of the Södertörn Area. 

(ESRI, open data) 

1.4.2 Construction Activities and Types of Developments 
The ESAR model is developed based on earthworks activities during the construction stage.  
For building development areas, the model considers sub-surface earthworks materials and 
excludes sub-surface structures (concrete retaining walls, spread footings etc.).  For 
infrastructure developments, backfilling has been taken up to existing ground level and in the 
case of roads, earthworks has been extended to include pavement layers.  Other earthworks 
related activities such site formation and landscaping have not been considered in the ESAR 
model and for the purpose of simplification, the topography has been assumed to be level. 

The development types to be analysed with the ESAR model will be delimited to building 
developments and their associated infrastructure with a focus on multi-family dwellings 
(apartment buildings) and commercial buildings (industrial, municipal services, trade and 
offices) for which the largest quantities of earthworks are envisaged.  Low rise residential 
houses (detached, semi-detached, terraced houses) and inner city roads beyond the residential 
and commercial development areas will not be considered in the material flow analysis. 

In addition to the development types to be analysed using the ESAR model, a regional 
infrastructure project that is currently in the planning stages, known as the Cross-Connection 
Södertörn, has been included within the analysis.  This is a county road that will span across 
two of the municipalities within the Study Area; Huddinge and Haninge and is to be 
constructed within the time horizon of the study. Given the scale of the project, it is likely to 
contribute a significant amount of material to the material flow analysis for the Study Area 
and as such, this infrastructure project has been included into the study.  The estimated 
earthworks quantities for the county road project will be done utilising a bespoke spreadsheet 
incorporating known alignment details and road construction standards. 

Extents of the Study Area 
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Other construction activities outside of the construction stage that give rise to aggregate flows 
such as maintenance, refurbishment and demolition activities have been excluded from the 
analysis boundary.  These activities are seldom covered within MCPs and as their locations 
would be unknown, strategically locating material banks based on proximity to construction 
activities would not be possible.  Furthermore, given that urban densification is a key theme to 
the Stockholm's regional development plan (TRF, 2010) it is assumed that strategically 
locating banks for planned construction sites would also be beneficial, in terms of proximity, 
to other construction activities arising from already developed areas. 

1.4.3 Time Horizon 
The time horizons for the most recent MCPs are summarised in Table 1. 

Table 1: Time Horizon for MCPs 

Municipality MCP Issue Date Time Horizon Reference 
Botkyrka May 2014 To 2040 (Botkyrka Kommun, 2014) 
Huddinge May 2014 To 2030 (Huddinge Kommun, 2014) 
Haninge April 2015 (Draft) To 2030 (Haninge Kommun, 2015) 

 

As two of the three municipalities have time horizons up to 2030, the chosen time horizon for 
this study shall be 2016 to 2030. 

1.4.4 Material Flows 
A conceptual model for construction material flows has been developed by Magnusson et al. 
(2015) and presents the possible material flow paths for construction materials.  The 
conceptual model is presented in Figure 6. 

 
Figure 6: Construction Material Flows and the Demand and Supply in Construction. 

(Magnusson et al., 2015). 
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As can be seen in the model, construction material demands can be met by imports from 
outside of the system, extraction (e.g. quarries) or from residues from construction/industry 
(e.g. recycled CDW).  The sources are illustrated as the blue boxes/dashed lines.  The 
consumption of the construction materials within the system have been illustrated in red 
boxes/solid lines under the categories of Active stock (e.g. buildings, roads), Inactive stock 
(e.g. landfill of CDW) and Export (e.g. quarried materials leaving the system).  A material 
bank that receives and recycles CDW would be positioned within the central building material 
supplier in the model above.  To limit the scope of this study, a boundary is set around 
material flows between construction projects and material banks.  Material flows from other 
external sources will not be considered.  As material flows would be compared between a 
strategically located material bank and existing banks, any shortfalls in the material supply 
would be obtained from external sources in both scenarios thus justifying this delimitation.  
Similarly, it is assumed that CDW that is not recycled would be disposed of in the same 
manner under both scenarios. This boundary has been illustrated on the construction material 
flow model in Figure 7. 

 
Figure 7: Problem Boundary within the Construction Material Flow Model. 

1.4.5 The Materials 
In section 1.4.2, it was mentioned that the construction activity to be considered for this 
analysis shall be delimited to earthworks during the construction stage.  The materials that are 
associated with sub-surface earthworks activities and their movements are presented in a 
material flow diagram (Figure 8).  The diagram is an example of sub-surface material flows 
for a building development project.  It is an expansion of the problem boundary presented in 
the previous section (Figure 7), whereby a material bank represents the building material 
supplier.  Construction material flows from external sources and to inactive stocks have not 
been expanded as they are considered to be beyond the problem boundary.  The diagram has 

Problem 
Boundary 
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been constructed with inspiration from work carried out by (Bergstedt and Linder 1999, 
Magnusson et al. 2015 and Zuo et al., 2013). 

 

 

Figure 8: Sub-surface Material Flow Diagram for Building Developments 

Materials to be considered for the material flow analysis fall under two categories; excavated 
materials and backfilled materials.   

1.4.5.1 Excavated Materials 
Excavated materials are delimited to recyclable inert CDW materials that arise from 
excavation work that are commonly handled by most of today's existing material banks - 
natural granular arisings (rock, gravel and sand).  Concrete demolition arisings and other inert 
CDW such as bricks that can also be crushed into recycled aggregates have been omitted from 
the materials inventory in this analysis (as discussed in section 1.4.2) as well as artificial fill 
(made ground from previous land use) that may be sorted and give rise to inert recyclable 
CDW.  The reason for this is that it is difficult to estimate quantities of recyclable CDW from 
areas of artificial fill without further geotechnical investigations (such as trial pits and 
boreholes).  Such a level of detail is considered too high for the purposes of strategically 
locating material banks from a regional development perspective.  Other excavated materials 
such as wet cohesive soils, whilst have potential value for reuse after treatment (another key 
focus area of the Optimass project), are today commonly disposed of (Magnusson et al., 2015) 
and as such, not considered to be delivered to the material banks under this study. 

1.4.5.2 Backfilled Materials 
As mentioned in section 1.4.2, in the case of building developments, backfilling materials to 
be considered are sub-surface earthworks materials and sub-surface structures (concrete 
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retaining walls, spread footings etc.) have been excluded.  For infrastructure developments, 
backfill required has been taken up to existing ground level and in the case of roads, 
earthworks has been extended to include pavement layers.  Backfilling materials can be 
further sub-divided into those for general backfilling purposes and those for structural 
backfilling purposes.   

General backfill is material used to fill in voids and does not perform any particular structural 
purpose.  Examples are the backfilling of trenches for pipe laying once the pipe bedding and 
surround have been constructed and the backfilling of any over excavation for foundations 
(usually carried out to facilitate working space within excavations).  The quantities of general 
backfill for building developments and infrastructure are built into the ESAR model 
(Israelsson, 2014).  The general backfill is considered to come entirely from site-won 
materials and predominantly from cohesive materials.  In the event that there are insufficient 
cohesive materials to satisfy general backfilling requirements, site-won granular materials are 
assumed to be used with a preference for utilising smaller aggregate particle sizes that require 
less onsite sorting and processing.   

Structural backfill materials comprise construction aggregates selected for their specific 
characteristic properties.  Examples are for uses such as drainage stone, granular pedestals and 
in the case of roads for this analysis, embankment layers up to the top of pavement.  
Similarly, structural backfilling materials have been differentiated in the ESAR model 
(Israelsson, 2014). 

A summary of the materials to be included and excluded from the material flow analysis is 
presented in Table 2.   

Table 2: Included and Excluded Materials in the Material Flow Analysis 

Included Materials 

Excavated Materials Backfilled Materials 
Rock General Backfill 

Sands and Gravels Cohesive soils 
Moraine (Till) Granular soils 

  
 Structural Backfill 
 Aggregates (Primary and recycled) 

Excluded Materials 

Excavated Materials Backfilled Materials 
Wet Cohesive Soils  General Backfill 
Contaminated Soils Topsoil 

Artificial Fill  
Organics Structural Backfill 

Other CDW (Concrete, bricks etc.) Concrete 
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1.4.6 GHG Emission Source 
The emission source to be considered is from the combustion of fuels for the transportation of 
the materials included in the material flow analysis (section 1.4.5) during the construction 
stage of development projects that result in the release of GHGs into the air.  Figure 9 
presents the comparison to be made between two alternative scenarios; with and without 
strategically located material banks. 

 
Figure 9: Material Transportation Scenarios 

As can be seen in Figure 9, the environmental benefit of having strategic material banks is 
compared to the “business-as-usual” scenario of utilising existing material banks only.  Under 
the strategically located material bank scenario, existing banks will also be included as these 
are assumed to remain operational throughout the development time horizon.   

Indirect GHG emission sources may vary as a result of modified transportation distances.  
Such indirect sources may be from road maintenance vehicles associated with road wear and 
the life span of distribution lorries and hence GHG emissions related to their production etc.  
Such indirect GHG emission sources will not be considered in this study. 

This study aims to compare the potential environmental benefits of strategically located 
material banks from a materials transportation perspective.  Ultimately, it is the potential 
reduction in GHG emissions related to modified transportation routes that will be assessed.  
Although there would be other emissions such as those related to the loading and unloading of 
materials, their sorting and processing prior to loading and after unloading such emissions are 
assumed to be similar under both scenarios and are thus not considered in this study.   

  



 

 
16

2 Methodology 
This section presents the key stages in the methodology for how the purpose of this study was 
achieved mentioning data collection methods, interpretation of the data and assumptions made 
along with how any problems encountered were dealt with and what consequences they may 
have on the results. 

2.1 Estimation of Soil and Rock Quantities 

Soil and rock materials to be considered in the material flow analysis have been previously 
listed in Table 2 (section 1.4.5.2).  Quantities of these materials were estimated using 
Ecoloop’s ESAR model for building development projects and a bespoke spreadsheet for 
quantifying earthworks associated with a future large scale infrastructure project that traverses 
the municipal boundary between Huddinge and Haninge – the Cross-Connection Södertörn.  
The methodology used and assumptions made to estimate material quantities and types are 
discussed in the following sub-sections. 

2.1.1 Building Developments 

2.1.1.1 Main Inputs for the ESAR Model 
The main inputs required for the ESAR model for different building development types are 
summarised in Table 3. 

Table 3: Required Inputs into the ESAR Model for Material Quantities 

Building Development Type Main Inputs 
Multi-Family Residential Population Projection, No. of Floors  
Low-rise 
Commercial/Industrial 

Gross-Floor Area (GFA) 

Multi-storey Commercial Gross-Floor Area, No. of Floors 
All Geology, Development Timeline 

For all development types, the geology is required to estimate excavated material types and a 
development timeline is required for the material flow analysis throughout the time horizon 
for this study, 2016-2030. 

2.1.1.2 Data Collection Sources 

2.1.1.2.1 Population	Projection,	No.	Of	Floors	and	Development	Timeline	
The primary source of information for population figures, building development projects and 
their timeline is from MCPs for the three municipalities (Botkyrka Kommun, 2014, Huddinge 
Kommun, 2014, Haninge Kommun, 2015). 

2.1.1.2.2 Geology		
In order to obtain an estimation of the material types being excavated, approximate locations 
for development areas was required along with geological information pertinent to those 
areas.  The development areas were obtained from the MCPs and soil types were obtained 
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from Quaternary deposit maps obtained in shapefile data format from SGU for import directly 
into GIS software ArcMap. 

2.1.1.3 Data Interpretation 
Due to a lack of standardisation between MCPs, the level of detail greatly varies amongst the 
plans.  A summary of the available information and information gaps within the MCPs is 
presented in Table 4.  The grey highlighted columns represent data required for the ESAR 
model and material flow analysis. 

Table 4: Available Information and Information Gaps within MCPs 

[Available information marked with (X)] 
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Botkyrka  X X  X  X X X   X 

Haninge   X  X X X  X  X  
Huddinge   X  X  X  X  X  

As can be seen in Table 4, several information gaps were identified during the data collection 
stage that was crucial for constructing the material flow analysis.  Assumptions and methods 
used to obtain the required information are presented in the following sub-sections. 

2.1.1.3.1 Population	Projection	for	Each	District	
Populations for each municipality in the first quarter of 2015 were obtained from Statistics 
Sweden (SCB, 2015).  The overall high and low population projection for each municipality 
was detailed in the latest MCPs (Botkyrka Kommun, 2014, Huddinge Kommun, 2014, 
Haninge Kommun, 2015).  However, in order to strategically locate material banks and obtain 
reasonably representative types of materials excavated, it is necessary to obtain information 
on development areas to at least the district level.  As a result of the varying level of detail 
amongst MCPs, the interpretation was done differently for each municipality. 

For Botkyrka, high and low population projections were known for grouped districts up to 
2040.  First these population figures were adjusted on a pro-rata basis to projections for 2030 
to be in-line with the other municipalities and the time horizon for this study.  Next, the 
population within each grouped district was split up into those assumed to be living in multi-
family dwellings and those living in single-family homes.  To do this, descriptive details 
within the MCP were the first point of reference, identifying those areas for which a specific 
development type is desired (e.g. areas designated for densification with apartment buildings 
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and areas designated specifically for single family dwellings).  For areas where this was not 
detailed in the MCP, housing statistics presented in a report from the Office of Regional 
Planning Stockholm County Council were used (Johnsson, 2010). 

The number of new multi-family homes to be developed based on this extrapolation was then 
checked against the target number of multi-family homes to be developed (given in the MCP- 
Table 4). After this, the population figures for each grouped district were split up equally 
amongst individual districts in the group.  This was an assumption made to facilitate 
estimations for population figures living in multi-family dwellings at the district level.  As the 
districts had been grouped according to their location in Botkyrka (i.e. adjacent districts 
grouped), an equal split amongst the individual districts was considered to be an acceptable 
assumption that would not significantly impact the results. The steps of the population 
interpretation are presented in Appendix 1. 

For Haninge, only the overall high and low population projection was given in the latest 
MCP.  However, the MCP from 2005 (Haninge Kommun, 2005) provided information on 
population projections for the individual districts of Haninge up to 2025.  This was used to 
first obtain a percentage split of the total projected population amongst the districts and, 
together with descriptive details in the latest MCP (including a given desired split of single 
and multi-family dwellings), was then used to apportion the total projected population living 
in multi-family dwellings to the individual districts.  A check was also performed against 
given housing development targets in the MCP. The steps of the population interpretation are 
presented in Appendix 1. 

For Huddinge, similarly to Haninge, only the overall high and low population projection was 
given in the latest MCP.  However, in the case of Huddinge, the level of detail given for 
development areas and descriptions was higher than the other two municipalities and this 
facilitated the apportioning of the total projected population for the municipality amongst the 
districts.  This was checked against development targets for homes in the municipality along 
with population figures presented for the districts as of 2011.  The steps of the population 
interpretation are presented in Appendix 1. 

2.1.1.3.2 Number	of	Floors	
The number of floors is a requirement in the ESAR model for both multi-family dwellings 
and multi-storey commercial developments.  The number of floors within each district is 
seldom specified within the MCPs.  Where the number of floors was not detailed in the 
MCPs, the number has been assumed based on surrounding buildings using Google Maps 
Street Viewer (Google Maps, 2015).  This is in line with a common statement in the MCPs 
which says that the appearance of the area should not be adversely impacted and the existing 
theme should be maintained (Botkyrka Kommun, 2014, Huddinge Kommun, 2014, Haninge 
Kommun, 2015). 

2.1.1.3.3 Commercial	GFA	for	Districts	
Significant future commercial development areas were highlighted in all of the MCPs with 
Botkyrka’s commercial development plans coming primarily from an MCP released in 2002 
and referenced as still valid in an Environmental Impact Assessment Report compiled by 
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Iterio AB (Iterio, 2014).  The split between low-rise commercial and multi-storey commercial 
was assumed based on descriptions from the MCPs and surrounding areas.  For example, 
commercial areas detailed within zones of densification where there were existing multi-
storey buildings dominating the area, were assumed to comprise 100% multi-storey 
commercial developments, whereas areas detailed within specifically designated industrial 
areas were apportioned a larger weighting of low-rise commercial development.  Due to a 
limited level of detail within the MCPs at the district level, only significant commercial 
development areas highlighted in the MCPs have been considered in the material flow 
analysis.  These omissions will likely result in underestimations of material flows for 
commercial developments.  However, the proportion of materials arising from commercial 
developments outside of the significant areas highlighted in the MCPs is considered to be 
small.  The information extracted and interpreted from the MCPs related to commercial 
developments is presented within Appendix 2. 

2.1.1.3.4 Development	Timeline	
Botkyrka was the only municipality to present an approximate timeline for development 
projects within their MCP (Botkyrka Kommun, 2014).  However, within all of the municipal 
plans, annual housing development targets had been specified and were specified to be at a 
constant rate (e.g. 600 residential units per year for Haninge, Haninge Kommun, 2015).  As 
the ESAR model relies upon population as an input variable, a constant rate of population 
increase was assumed for the other two municipalities.  This assumption was considered to be 
in-line with the development targets and in-view of the lack of available information, was 
considered to be appropriate.  The timeline breakdown for Botkyrka is presented in Appendix 
1 along with the timeline assumptions made for Huddinge and Haninge. 

2.1.1.3.5 Excavated	Material		
Areas for development were clearly defined within the MCPs for Huddinge and Haninge and 
defined in somewhat lesser detail within the Botkyrka MCP.  In the case of Huddinge and 
Haninge, plans showing designated areas for development were highlighted within each 
district and accompanied with descriptions of the desired types of development (e.g. 
densification of existing built-up area with commercial and residential buildings, new 
development areas with a focus on multi-family dwellings etc.).  In the case of Botkyrka, 
approximate areas were identified within the districts, using circles to identify those areas, and 
accompanied with descriptions of the types of developments desired in those areas.  Upon 
further investigation of those circles plotted on the maps within Botkyrka’s MCP, it was 
identified that those highlighted areas outside of built-up areas were located on plots of land 
that had little existing development.  It was therefore concluded that the circles drawn in 
Botkyrka’s MCP maps could be used to represent demarcated areas for development similar 
to the more detailed demarcations in the other two MCPs. 

The areas for development were plotted into ArcMap and combined with the Quaternary soil 
map shapefile data (SGU, 2015).  The areas for development were then clipped and 
percentages of soil and rock types were extracted over the entire development area.  A few of 
the smaller development areas to the east of the Study Area fell outside of the extents of the 
Quaternary soil shapefile data obtained from SGU.  In order to obtain representative 
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percentages of soil types for these development areas, soil maps were obtained directly from 
SGU’s website, the development areas were marked onto the maps and approximations were 
made by eye.  The outputs of the soil and rock types encountered over the development areas 
are presented in Appendix 3.   

In order to broadly approximate material types that would arise from excavation activities, 
certain assumptions had to be made.  The first assumption was that, the topography was 
assumed to be level at all development sites.  Although in reality, the topography is seldom 
level, site formation work and the final design ground level is not detailed until the later 
stages of development projects and as such, for the purposes of estimating materials at a 
regional level based on regional development plans, the assumption of a level topography is 
considered appropriate.  This is also in-line with the ESAR model assumptions (Israelsson, 
2014).  A second assumption was that the actual building developments and associated 
infrastructure within defined development areas are spread equally.  The reason for this 
assumption is that at the regional planning level, details such as building locations and 
associated infrastructure are not presented.  This results in a rather high level of uncertainty 
between estimated soil and rock types and actual types to be encountered.  Nevertheless, for 
the purpose of obtaining initial approximations of material types, this method is considered 
appropriate for the broad regional perspective at which material flows and considerations for 
strategically locating material banks is based upon.  A third assumption was that the near 
surface geology extends to the full depth of excavations.  Although the depth to bedrock could 
be obtained from SGU, intermediate soil strata would be unknown.  Incorporating the bedrock 
level into the analysis alone would require a three dimensional analysis which was considered 
too detailed for the purposes of this regional scale study. Furthermore, for the purpose of 
identifying granular arisings (i.e. recyclable CDW of high value), this assumption is 
considered to be conservative as areas of bedrock unidentified from the Quaternary maps due 
to a shallow soil cover, would give rise to more crushed rock for buildings with basement 
structures and/or structures with deeper foundations.   

2.1.1.3.6 Grouping	of	Materials	
The materials encountered within the development areas have been grouped into five 
classifications; rock, sands and gravels, till, cohesive soils (clays/silts) and others (artificial 
fill, peat etc.).  The groupings of the materials were made based on soil descriptions from the 
Quaternary maps along with knowledge about geological formations (Mácsik, Pousette and 
Jacobsson, 1998) and through discussions with a local engineering geologist (Mácsik, 2015). 

Excavated Materials 

The excavated materials included in the material flow analysis are rocks, sands and gravels 
and tills (Table 2, section 1.4.5.2).  The most common rock types encountered within the 
Study Area are quartz-feldspar-rich sedimentary rocks (sandstone, greywacke etc.) and 
igneous rocks (granite, granodiorite etc.).  Processed granitic rocks and hard sedimentary 
rocks such as greywacke and hard sandstone are widely used by the construction industry as 
construction aggregate (UOA, 2005) and at present, are the source of most of Sweden's 
construction aggregate (SGU, 2015).  However, their use as a construction aggregate depends 
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upon several strength characteristics such as brittleness and resistance to abrasion as well as 
other chemical properties such as the level of gamma radiation (a natural occurrence in 
granite) (SGU, 2015).  SGU has a publicly available Rock Quality Map with analyses of over 
1,500 samples of rocks collected throughout Sweden, which is constantly being updated.  
However, given the regional level of this study, and the lack of detailed geological and 
geotechnical information for the particular developments sites (with such information usually 
obtained following site specific ground investigation at the early design stages of 
development projects), rock identified within the Quaternary soil maps, when excavated, is 
assumed to be a granular arising with 100% reusability as a recycled CDW aggregate.  This 
does not account for various degrees of weathering that may classify some of the excavated 
rock as unsuitable for use as a construction aggregate.  However, over estimation of excavated 
rock suitable as a construction aggregate under this assumption is somewhat offset by the 
omission of rock encountered below the shallow soil cover during excavation, unidentified 
from the Quaternary soil maps (section 2.1.1.3.5). 

Regarding the soil types encountered, postglacial and glacial sands and gravels are typically 
clean granular soils (i.e. low percentage of fines) (Mácsik, 2015) and therefore are assumed to 
be 100% reusable.  Sandy moraine is the most common till encountered in the Study Area.  
Till is typically characterised as comprising a mix of soil types ranging from finer particles 
such as clays and silts up to boulder sized particles (>200mm).  30% of the till is assumed to 
comprise cobbles and boulders that can easily be sorted on site and both processed and reused 
on site or transported to a material bank for processing and subsequent recycling.  The 
remaining 70% is assumed to comprise a cohesive mixed soil that can be reused on site as 
general filling material or disposed of either through spreading within the site boundaries or 
taken to a designated receptor facility.  This assumption has been based on typical particle 
size distributions of tills described in Avén, 1984 and confirmed with a local engineering 
geologist (Mácsik, 2015). 

Backfilled Materials 

The backfilled materials that are to be included in the material flow analysis are construction 
aggregates (crushed rocks and natural sands and gravels) used as both general and structural 
filling materials as well as cohesive soils for general backfilling purposes only (section 
1.4.5.2).  The cohesive soils to be used are assumed to comprise site-won cohesive soils.  
Common cohesive soils encountered within the Study Area are glacial and post-glacial clays 
and silts along with cohesive till.   

2.1.1.4 Other Variables in the ESAR Model 
Other variables beyond the main inputs described in section 2.1.1.1 were also required model 
inputs.  Such variables included average residential building areas (used to determine an 
excavation factor), excavation depths for basement structures, number of car park spaces per 
apartment, net living area per person, number of persons per apartment and ratio of gross to 
net living area (Israelsson, 2014).  However, given the lack of detailed development 
information available at the regional planning level with regards to residential building areas, 
excavation depths and number of car park spaces, standard values were used based on 
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previous work carried out by Israelsson (2014), taking the Annedal residential area in 
Stockholm to represent a typical residential area, along with statistical values for living areas 
and persons per household previously collected by Israelsson (2014).  

Once the main variables for the ESAR Model were obtained from the interpretation of MCPs 
and soil maps, the variables were input into the model together with the standard values for 
the other variables to obtain estimations for the quantities of soil and rock generated from 
development areas and quantities of backfilling materials required by those areas.   

2.1.1.5 Modification of ESAR Model Output for Material Flow Analysis 

2.1.1.5.1 Bulked	Masses	for	Transportation	
The model output for excavated materials and required materials are un-bulked; i.e. excavated 
materials are burrowed volumes and required materials are compacted volumes.  As the focus 
of this study is on the transportation of these materials, bulking factors were applied to the 
excavated materials as they would be transported in a loose state.  To determine the volume of 
required materials in their loose state, typical compacted densities of materials were divided 
by their loose bulk densities to obtain a shrinkage factor.  Required volumes were then 
multiplied by this shrinkage factor to obtain the total required loose volumes of materials.  
The bulking and shrinkage factors used are presented in Table 5. 

Table 5: Bulking and Shrinkage Factors for Materials 

Material 

Avg. 
Burrow 
Density 

x103 
(kg/m3) 

Bulking 
Factor 

Bulk 
Density 
(Loose) 

x103 
(kg/m3) 

Avg. 
Compacted 
Density x103 

(kg/m3) 

Shrinkage 
Factor 

References 

Granites/ 
Greywacke/ 
Sandstone 

2.7 1.775 1.52 1.95 1.28 
(The Engineering 
Toolbox, 2015, 

Geoguide 1, 2000) 

Gravel/Sand 1.84 1.25 1.47 1.84 1.25 
(The Engineering 
Toolbox, 2015, 

Geoguide 1, 2000) 

Clay/Silt 2.2 1.3 1.69 N/A N/A 
(The Engineering 
Toolbox, 2015, 

Geoguide 1, 2000) 
Till/ 

General 
Backfill/ 

Embankment 
Fill 

2.02 1.275 1.58 2.00 1.26 
(The Engineering 
Toolbox, 2015, 

Geoguide 1, 2000) 

The materials were then converted into their masses by simply multiplying the bulk volumes 
by their bulk densities.  Masses are used rather than volume as the weight is often the limiting 
factor for the loading capacity of HGVs when transporting bulk material with high densities 
such as soil and rock (Stripple, 2001). 

2.1.1.5.2 Material	Balance	
As mentioned previously in section 1.1.2, due to constraints such as available space 
(particularly in built-up urban areas), much of the material that would otherwise be useful as 
backfilling material is often exported from construction sites (Magnusson, 2015). However, a 
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certain amount of site reuse will be carried out.  For the purpose of this study, general backfill 
demand is assumed to be completely satisfied by excavated (site-won) materials primarily in 
the form of cohesive soil (section 1.4.5 and Figure 8).  In the event of a shortage of cohesive 
materials, granular arisings will be substituted.   

For simplification purposes, a reuse percentage of 15% has been assumed for granular 
arisings to satisfy the structural fill requirements for all developments.  This initial assumption 
was made as a significant proportion of developments in the Study Area are related to 
densification of built up areas and as such, the amount of space available on site would be 
limited for sorting and processing granular arisings.  This percentage of reuse was 
incorporated into the material balance as a variable and can thus be adjusted to individual sites 
as more information about the developments arises. 

The ESAR model has differentiated between crushed rock and natural sands and gravels as 
two separate structural backfilling materials (Israelsson, 2014).  To simplify the material 
demand, crushed rock and natural sands and gravels have been grouped into the same material 
category: Aggregates.  This is done because natural sands and gravels can be completely 
substituted by crushed rock (SGU, 2015), a common practice today in Sweden and in-line 
with Sweden’s natural resource strategy (section 1.1.2). 

The model inputs together with the model outputs and material balances have been extracted 
and are presented in Appendix 4. 

2.1.2 Cross-Connection Södertörn 
The Cross-Connection Södertörn has been included within Stockholm’s Regional 
Development Plan (TRF, 2010) and is intended to form the southern portion of the outer 
cross-connection route forming a connecting road across Södertörn between the NR73 and the 
E4/E20 (Figure 10). 

 
Figure 10: Location of Cross-Connection Södertörn within the Study Area. 

 (Background Image Extracted from RUFS TRF, 2010) 

Cross-Connection Södertörn is currently in the planning stages with an anticipated 
construction start date as early as 2020 (Trafikverket, 2015a).  This is a regional infrastructure 
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project that spans across two of the municipalities within the Study Area; Huddinge and 
Haninge.  Given the extent of the project, its location within the Study Area and its 
construction start date anticipated within the study’s time horizon (2016-2030), it is likely to 
contribute a significant amount of material to the material flow analysis for the Study Area 
and as such, this infrastructure project has been included into the study. 

2.1.2.1 Data Collection Sources 

2.1.2.1.1 Road	Geometries	
In the 1990s and early 2000s feasibility studies were undertaken for Cross-Connection 
Södertörn (formerly Södertörnsleden) (Larsson, Öhman, Tyréns AB, 2015).  The study areas 
were split into sections as shown in Figure 11. 

 

Figure 11: Previous Study Areas for Södertörnsleden. 

(Larsson, Öhman, Tyréns AB, 2015) 

Cross-Connection Södertörn had undergone preliminary alignment design for the separate 
study areas presented in Figure 11.  These preliminary alignment plan and profiles were 
archived and are available online from the Swedish Transport Administration’s website 
(Trafikverket, 2015b, Trafikverket, 2015c, Trafikverket, 2015d).  New legislation and 
regulatory changes led to the Swedish Transport Administration reconsidering the previous 
work undertaken for Södertörnsleden with a new holistic approach (Larsson, Öhman, Tyréns 
AB, 2015).  Given the level of detail from the preliminary alignment drawings available for 
the original Södertörnsleden and little current knowledge about the renamed Cross-
Connection Södertörn, an assumption has been made for the purposes of this study in that the 
vertical and horizontal alignments will not deviate significantly from the original plans with 
key structural elements remaining as well (tunnels, junctions and road widening sections).  
Thus, the available archived data has been used to estimate earthworks quantities. 
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For typical road geometries, Swedish Transport Authority Road Design Standards have been 
used (Trafikverket, 2012).  Typical geometries for road tunnels have been referenced from the 
Norwegian Public Roads Administration’s Standard for Road Tunnels (Statens Vegvesen, 
2004).  Typical pavement layer thicknesses (sub-base to top of pavement) were obtained from 
the Construction Handbook for Roads and Water Construction (Avén, 1985).  

2.1.2.1.2 Geology	
In order to obtain an estimation of the material types being excavated, geological information 
along the road alignment is required.  For this, Quaternary deposit maps were acquired from 
SGU.   

A summary of the information extracted from various sources to estimate earthworks 
quantities and types (including pavement) quantities is presented in Table 6. 

Table 6: Data Sources for Estimating Earthworks Quantities for Cross-Connection Södertörn. 

Source Available Information Reference 
Swedish Road Design 
Standards 

Road Geometry 
Widths of: lanes, central reserve, hard strip, 
hard shoulder, verges, embankment side 
slope gradient. 

(Trafikverket, 2012) 

Norwegian Road Tunnel 
Design Standard 

Road Tunnel Geometry  
Tunnel cross-sectional area (for two-lane 
tunnels, type T9.5) 

(Statens Vegvesen, 2004) 

Construction Handbook 
for Roads and Water 
Construction 

Road Geometry  
Pavement thicknesses including sub-base for 
asphalt concrete pavement 

(Avén, 1985) 

Plan and Profile 
Drawings 

Road Geometry  
Number of lanes 
Vertical Alignment 
At-grade portions and heights of 
embankments and cuttings 
Road Features  
Tunnels, junctions and slip roads, structures 
etc. 
Geology  
Depth to bedrock from longitudinal cross-
sections 

(Trafikverket, 2015b, 
Trafikverket, 2015c, Trafikverket, 
2015d) 

Quaternary Soil Maps Geology 
Soil and rock types encountered along the 
road alignment 

(SGU, 2015) 

2.1.2.2 Data Interpretation 
The ESAR model has been constructed to incorporate road infrastructure projects.  However, 
given the scale and various likely construction elements that will generate and require 
significantly different quantities of earthworks such as tunnels, grade-separated junctions and 
road-widening, it was decided early on in the study not to use the oversimplified ESAR model 
assumptions for this road project and rather utilize the more detailed information to estimate 
material quantities. 

A bespoke spreadsheet was constructed whereby variables for road geometry and elevation 
could be input to estimate earthworks quantities. The alignment was split up into chainages 
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based on the road elements encountered.  The elements were split into five categories; tunnel, 
embankment, at-grade (±1m above existing ground level), cutting and road widening. 

2.1.2.2.1 Tunnels	
The Masmolänken section of the Cross-Connection Södertörn comprises a north and 
southbound tunnel each approximately 1km in length.  Typical two-lane road tunnel 
geometries have been used to estimate volumes of excavated materials.  The Norwegian Road 
Tunnel Design Standard has been used as a reference with cross-sectional areas for the 
tunnels given in the manual.  From geological maps, the tunnels pass predominantly through 
rock with a zone of glacial sand and gravel encountered approximately midway of the tunnels 
over a distance of 100m.  As such, the majority of the tunnel is assumed to be constructed 
with a drill and blast method.  Rock mass variables and construction variables can lead to 
varying amounts of over break during tunnel construction and a tunnel over break of 10% has 
been assumed (Mahtab et al., 1997). 

2.1.2.2.2 At‐Grade,	Embankments	and	Cuttings	
At-grade has been defined in the earthworks spreadsheet as sections of the road that are within 
1m above or below the existing ground level.  At-grade portions of the road are assumed to 
require a nominal 1m excavation for replacement of the sub-grade materials with 
embankment and pavement layers of sufficient strength (Avén, 1985). 

Sections of the road where the vertical alignment is over 1m have been grouped into 
“embankments”.  For these sections, the embankment widths at the base of the embankments 
have been determined based on typical embankment side slopes of 1:2 (vertical to horizontal, 
1V:2H).  Together with the road width at the pavement level (determined from the typical 
road geometry, Trafikverket, 2012), and typical embankment construction materials, the total 
volume and type of earthworks materials can be estimated. 

Where the road elevation is 1m below the exiting ground level, the road has been grouped into 
“cuttings”.  The cutting (and embankment) side slope gradients are variables that can be input 
into the spreadsheet.  Side slopes of 1V:1H have been assumed within rock and 1V:2H within 
soils.  With the road width at the pavement level known, together with the exiting ground 
level and approximate bedrock elevation, the volume and quantities earthworks materials can 
be estimated. 

2.1.2.2.3 Road	Widening	
Under the previous design of Södertörnsleden, road widening is to take place over the 
majority of the Haningeleden 2-4 road section where the existing R259 is to be widened to a 
2+1 road.  Although this is likely to be increased to a 2+2 road in the revised design (Larsson, 
Öhman, Tyréns AB, 2015), as no information is available on this new layout, the previous 
design for the road widening to a 2+1 is adopted for this study. 

Road widening is assumed to take place on one side of the existing road.  The existing road 
width is known along with the typical road width of 2+1 roads from the Swedish Road Design 
Standards (Trafikverket, 2012).  Other assumptions included an additional excavation width 
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of 1m to allow for interlocking between the existing road and the adjacent earthworks for the 
road widening, and a pavement overlay over the entire road width.    

2.1.2.2.4 Bridge	Structures	and	Other	Road	Features	
Earthworks associated with the foundations of bridge structures have been omitted from this 
analysis.  As the estimated earthworks volumes up to bridge abutments or box structures has 
been included in the spreadsheet, any additional earthworks materials would arise from the 
excavation for the foundations of the bridge structures and backfilling activities.   The total 
road length is estimated to be approximately 20km and the earthworks quantities associated 
with bridge foundations is assumed to be a small quantity when considering the total length of 
this project. 

Possible locations of earth retaining structures (retaining walls) that run along the road 
alignment have been identified from the plan drawings, along with areas of relaxed 
embankment side slopes, widened central reserves and widened verges.  As the embankment 
side slopes and road geometry are input variables in the spreadsheet, these features have been 
included in the earthworks quantities estimation. 

2.1.2.2.5 Road	Foundations	for	Embankments	
Additional sub-grade excavation has been assumed where road embankments are over 
clays/silts.  The depth of the additional sub-grade excavation has been limited to 1m assuming 
that areas of extensive soft ground will be treated using ground improvement techniques (such 
as prefabricated vertical drains), resulting in nominal excavation of in-situ soils. 

2.1.2.2.6 Road	Pavement	
The road pavement is assumed to be asphalt concrete.  Thicknesses of pavement layers have 
been taken from Avén 1985 selecting an average pavement class of 5 (Trafikklass 5, Avén 
1985).  The percentage of aggregates assumed in asphalt concrete is 85% of the total volume 
(MCHW, 2009a). 

The plans and profiles of Södertörnsleden used for the estimation of soil and rock quantities 
for Cross-Connection Södertörn have been attached in Appendix 5. 

2.1.2.2.7 Construction	Timeline	
Construction of Cross-Connection Södertörn is anticipated to commence in 2020 and be open 
to traffic by 2025 (Trafikverket, 2015a).  The assumption is that the construction is carried out 
at an even rate simultaneously along the entire route.  This assumption is made as the contract 
procurement method and phasing of the works is unknown.  Earthworks typically commences 
shortly after the construction commences and peaks towards the middle of the construction 
duration.  As pavement is also included in the materials inventory and is usually carried out at 
the later stages of construction, a fairly even distribution of the earthworks intensity is 
assumed.  With five years of construction from the commencement in 2020 to the completion 
at the end of 2024, the earthworks intensity has been split-up as 20%-25%-25%-20%-10% for 
the five years running from the beginning of 2020 to the end of 2014 respectively. 
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2.1.2.2.8 Materials	
Excavated material types encountered along the alignment are identical to those for the 
building developments within the Study Area.  The groupings of these excavated materials 
follow the same grouping as that for building developments (section 2.1.1.3.6). 

Filling materials for road infrastructure have been categorized into general embankment 
filling materials and aggregates (crushed rock).  General embankment filling materials are 
used for embankment layers between the sub-grade or any granular basal layer and the 
pavement layers (including the sub-base).  Site-won materials that are most commonly used 
as general embankment filling materials include crushed rock, natural sands and gravels and 
till (Mácsik, 2015).  Crushed rock is typically used to construct the sub-base and is the 
common aggregate used in cement bound pavement layers (MCHW, 2009a).  Crushed rock is 
also used for a variety of purposes beyond pavement layers such as at the location of 
structures as structural backfill to abutments, granular pedestals for structural foundations, at 
the base of embankments for basal drainage layers etc (MCHW, 2009b).  Nevertheless, for the 
purposes of simplification, crushed rock demand is assumed to be from the pavement layers 
(and in the case of at-grade construction, for the entire road construction) and general 
embankment fill is assumed to be from crushed rock, sands and gravels and site-won till.   

2.1.2.2.9 Material	Balance	
The processing and reuse of site won material is a priority on all construction projects and 
with road projects, the possibility of reuse is higher within their site boundaries than for 
development projects with less available working space.  A site reuse of 50% has been 
assumed for the Cross-Connection Södertörn.  Similarly to the building development material 
balance, the site reuse percentage is a variable that can be modified should specific reuse 
goals be set for development projects. 

Earthworks volumes were converted into loose bulk volumes for the transportation analysis 
using the same method described in section 2.1.1.5.1. Similarly, to the building development 
material balance, general embankment fill will be first satisfied by site-won till and 
subsequently by site-won granular arisings.  For required materials, crushed rock and natural 
sands and gravels have been grouped into required aggregates and it is assumed that till from 
other development projects and/or material banks will not be delivered to the road project.  
Thus, any shortfalls in site-won materials for the general embankment fill are to be made-up 
from imported aggregates. 

Screenshots of the bespoke spreadsheet are presented in Appendix 6.  The material quantities 
from Cross-Connection Södertörn have been combined with the building development 
material quantities and the material balance is presented as an add-on to the ESAR model 
output in Appendix 4. 

2.2 Strategically Locating Material Banks 

2.2.1 Existing Material Banks 
Prior to strategically locating material banks, it is important to identify existing material banks 
as these banks will form the basis for the business-as-usual scenario.  This, in turn, will be 
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used as a comparison to the scenario of strategically located material banks to quantify the 
environmental benefits between the two scenarios.  Existing material banks and quarries 
which also dual as material storage areas have been plotted together with the development 
locations within the Study Area using GIS software ArcMap (Figure 12). 

 

Figure 12: Existing Material Banks and Quarries Within and Immediately Surrounding the Study Area. 

As can be seen in Figure 12, existing material banks are generally located outside of the 
development areas in Botkyrka and in northwest Huddinge whereas to the east of the Study 
Area, there are centrally located existing material banks (Jordbrokrossen and Jordbrotippen, a 
quarry and a material bank) for developments within the north of Haninge and the southeast 
of Huddinge.   

2.2.1.1 Consideration of Temporary Existing Material Banks 
Temporary material banks have been identified within the Study Area.  However, the duration 
that these material banks will remain operational is limited, and unless they have been 
specifically located for a future development project, they have been assumed not to be 
operational under the two scenarios.  In the case of specifically located material banks, only 
two temporary material banks; Rikstens Frilufts stads and Alby 1:8 had been identified that 
have been established for specific development projects: Rikstens Business Park and 
Albyberg Industrial Park (shown on Figure 12).  These temporary material banks are assumed 
to only handle material flows for those specific developments and no other surrounding 
developments. 
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2.2.2 Steps for Strategically Locating a Material Bank 
To strategically locate material banks, a visual based method utilising GIS software ArcMap 
was adopted.  The following steps were carried out to strategically locate material banks. 

Step 1 – Identify Clusters of Developments Furthest Away from Existing Material Banks 

Existing material banks together with development areas were plotted using ArcMap and a 
visual based method was used to identify clusters of developments furthest away from 
existing material banks.  With centrally located material banks for the developments to the 
east of the Study Area, the north and northwest of the Study Area were identified as being the 
focal areas for maximizing environmental benefits from strategically located material banks. 

Step 2 – Plot Material Flows into and out of Development Projects 

Once the material balance had been carried out for each individual development area, the net 
demand and supply of material quantities flowing into and out of each development area were 
plotted. From the plot, areas where there was a concentration of larger material flows could be 
identified.  These areas are of most interest as they would carry a larger weighting of the total 
material transportation distances (tonne-kilometres) within the Study Area, and hence 
strategically locating a material bank close to these areas would be most beneficial from an 
environmental (and likely economical) perspective. 

 Step 3 – Overlay Degrees of Availability GIS Map Layers 

The next step was to identify potential material bank locations central to the larger 
concentrations of material flows.  This was done by overlaying the “Degrees of Availability” 
map layers in ArcMap previously developed by Morén (2015) (introduced in section 1.1.5.2).   

Preference was given to areas with high availability followed by moderate availability with 
areas of low availability and very low availability ignored.  Each individual potential location 
was looked at in further detail using the topographical basemap layer to confirm that the areas 
did not clash with existing developments, had access to a nearby road and to measure the 
potential area for the strategically located material bank.  

2.2.3 Transportation Routes to and from Existing and Strategically Located Material 
Banks 

Once the potential sites had been identified, transportation distances between development 
areas and existing as well as strategic banks were collected.   

2.2.3.1 Business as Usual Scenario – Utilisation of Existing Material Banks 
The responsibility of materials management is often placed onto the Contractor who in many 
cases may have their own construction aggregate supply sources (Magnusson et al., 2015).  
With economics often being the deciding factor in the sourcing of and recycling of 
construction materials for a project, the nearest material bank may not necessarily be the 
supplier and receiver of these materials.  Therefore, under the business-as-usual scenario, 
whereby materials flow to and from development areas from existing material banks, a 70/30 
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proportion of material flows have been assigned to the nearest and second nearest material 
banks respectively.   

2.2.3.2 Strategic Material Banks Scenario 
Under the strategic material bank scenario, both strategic material banks and existing material 
banks are optional locations for material to be transported to and sourced from.  This is based 
on the assumption that existing material banks would remain open in conjunction with new 
strategically located material banks.  This assumption conforms with the general opinion of 
key players in the materials management industry that have mentioned that there is currently a 
shortage of material banks (Morén, 2015) as well as RUFS 2010, that has highlighted the need 
to identify and safeguard areas for the establishment of aggregate banks (TRF, 2010).   

Where material transportation distances are closer to strategic material banks than to existing 
material banks, 100% of the granular arisings and recycled aggregates are assumed to be 
delivered to and from the strategic material banks.  This assumption is based on a regional 
approach to materials management whereby projects would be incentivised or contractually 
obliged to utilize regionally established strategic material banks. 

2.2.3.3 Transportation Route Data Collection 
Sweden's roads are classified into bearing capacity classes; BK1, BK2 and BK3 where each 
class allows different vehicle weights and dimensions. BK1 permits the largest/heaviest 
vehicles with BK2 being somewhat more restrictive and BK3 the most restrictive.  It is 
predominantly BK1-rated roads that are suitable for heavy goods vehicles (HGVs) and these 
represent approximately 95% of Sweden's public road network BK1-rated (Morén, 2015).  
With such a high percentage, it is assumed that the majority of roads in the Study Area are 
BK1 roads.  

Initially, the route analysis was intended to be done using the Closest Facility tool in the 
Transport Analysis extension within ArcMap.  However, network data could not be retrieved 
and built within the time frame for the study.  As such, it was decided to use Google Maps’ 
Directions tool to collect data on travel distances between the material banks and the 
development areas (Google Maps, 2015).  The average distance going to and coming from the 
material banks were recorded for each development area as one way distances would not 
represent the true travel distances for a distribution lorry (i.e. a distribution lorry takes a 
material load from a development area to a material bank and returns to the development 
area).  All recorded distances were double checked to reduce the possibility of manual errors.   

2.2.4 Assigning Material Banks to Development Areas 
Once the distances between the material banks and the development areas were collected, 
they were tabulated and the optimal material bank was identified for each development area 
(the optimal material bank being the one with the shortest transportation distances).  This 
enabled the identification of the development areas that would have their material flows 
directed towards strategically located banks and facilitate the comparison of transportation 
related GHG emissions between the two scenarios over the entire Study Area. 
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2.2.5 Selecting Strategically Located Material Banks 
With the developments and strategic material banks paired, a selection of the bank or banks to 
be utilised under the strategically located material banks scenario was made.  This was carried 
out using a weighted scoring method, whereby development areas were assigned a weighting 
factor based on estimated material quantities entering and leaving those development areas as 
a proportion of the total estimated material quantities entering and leaving all development 
areas within the Study Area.  This would then be multiplied by the distances to and from 
material banks to identify optimal material banks - those having the lowest vehicle-
kilometres.  The formulas used for the weighted scoring method are summarised in equations 
1 to 3 below: 

  (Eq.  1) 

     (Eq.  2)  

              (Eq.  3) 

Combinations of banks were then further examined to see the aggregated benefits of using 
multiple banks. 

2.2.5.1 A Check of Material Flows into and out of the Selected Material Banks 
The final step was to check the material flow into and out of the strategically located material 
bank over the study time horizon.  This is an important step because if the recycled aggregate 
demand exceeds the supply, the aggregate would be required to be imported from elsewhere 
thus reducing the overall environmental (and likely economical) benefit from the strategically 
located material bank.  Additionally, checking material balances within strategic material 
banks over time can help to highlight any potential for utilising surplus recycled aggregates in 
other applications such as recycled aggregate for concrete. 

2.3 GHG Emissions from Transportation 

Greenhouse gas emissions from transportation sources include CO2, CH4, N2O, and various 
HFCs. CO2, CH4 and N2O are all emitted through the combustion of fuels (direct emissions), 
with HFCs related to refrigerants used to cool the internal vehicle environment (fugitive 
emissions, Defra et al., 2009).  The extraction, refining and transportation of the oil itself will 
also involve the emission of GHGs (pre-combustion or "well-to-tank" emissions).  These are 
categorised as indirect emissions (Defra et al., 2009).   

The fuel to be combusted is assumed to be 100% mineral diesel oil under both scenarios - a 
common fuel for heavy goods vehicles (HGVs) used to transport aggregates (Defra et al., 
2009).  The pre-combustion emissions for diesel oil vary between different studies (Stripple, 
2001, Eriksson and Ahlgren, 2013) with pre-combustion CO2 emissions representing a typical 
range of between 4-13% of combustion emissions in Sweden.   
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Stripple (2001) carried out one of the first LCAs for an entire road construction project in 
Sweden.  Although somewhat dated, his inventory has been selected as the inventory is most 
relevant to Sweden.  The data provided by the inventory includes emissions for GHGs in 
vehicle-kilometres for a 14T distribution lorry (HGV) based on maximum load out and empty 
on return.  Stripple (2001) also acknowledges the questionable reliability of pre-combustion 
emissions.  Nevertheless, the pre-combustion emissions presented in Stripple (2001) have 
been adopted for this study.  The inventory data used to perform the GHG emission 
calculations are presented in Tables 7 and 8. 

Table 7: Fuel Consumption Data for a 14T Distribution Lorry 

HGV Load 14 Tonnes 

Fuel Consumption (max. load) 0.39 l/vkm 

Fuel Consumption (Empty) 0.29 l/vkm 

Fuel Consumption (max. load empty on return) 0.34 l/vkm 

Energy (max. load empty on return) 11.9 MJ/vkm 

Table 8: Inventory Data for Distribution Lorry and Diesel Combustion Emissions. 
(Stripple, 2001) 

Unit 

Flow per MJ 
used diesel, 
distribution 

truck 

Pre-combustion 
addition per MJ used 

diesel 

Total Flow, distribution 
truck per vehicle-kilometre 
(Maximum load out, empty 

on return) 

Oil MJ 1 0.1 13.1 

CO2 g 75 4 943 

CH4 g 0.00005   0.000597 

N2O g 0.0016   0.0191 

To obtain total vehicle-kilometres for each development area, the quantities of material flows 
going out from and coming into each development were divided by the HGV maximum load 
and then multiplied by two to account for the empty return journey.  By multiplying the 
vehicle-kilometres by the quantities of GHGs (CO2, CH4 and N2O) per vehicle-kilometre 
(given in Table 8), the total quantity of GHGs were obtained for each development.  The 
GHGs were then converted into CO2e using the latest conversion factors from the IPCC's 
Fifth Assessment Report (AR5) (Shindell et al., 2013).  Finally, total CO2e emissions 
compared between the Business As Usual scenario and the Strategic Material Banks scenario 
for the entire Study Area for both material outflows (granular arisings), inflows (recycled 
aggregates) and total (in and out flows).  The outflows would be from excavation activities 
that would occur under both scenarios and therefore any potential CO2e savings in outflows 
would represent the nominal potential environmental benefit.  Imported aggregates may come 
from primary or recycled sources.  Inflows of construction aggregates coming from material 
banks assume 100% use of recycled aggregates for construction activities within the study.  
Including the CO2e savings from these inflows represents a theoretical maximum potential 
environmental benefit within the boundaries of this study. 
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3 Outputs from Key Stages of the Study  
This section presents the outputs from the key stages in the study with a logical progression 
towards the final result.  Tabulated outputs from the estimation of soil and rock quantities 
from building development projects and the Cross-Connection Södertörn within the Study 
Area along with data extracted from MCPs and Geological maps have been discussed in the 
Methodology section and are attached in the Appendices.  Results from each of the steps for 
strategically locating material banks (section 2.2.2) will be presented, together with the 
selection of strategic material banks, the material flow analysis for the identified strategic 
material banks and a summary table of the potential environmental benefits from strategically 
located material banks.  

3.1 Strategically Locating Material Banks 

3.1.1 Identifying Clusters of Developments Furthest Away from Existing Material 
Banks 

The development areas within the three municipalities; Botkyrka, Huddinge and Haninge, 
were plotted using ArcMap together with existing material banks to identify clusters of 
development areas that were located furthest away from existing material banks (Figure 13).   

 
Figure 13: Location of Development Areas and Existing Material Banks.   

(Clusters of development areas located furthest away from existing material banks are highlighted) 
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As can be seen in Figure 13, Jordbrokrossen and Jordbrotippen, a quarry and a material bank, 
are in relatively close proximity to developments within the north of Haninge and the 
southeast of Huddinge.  In contrast, there is an obvious lack of centrally located material 
banks for developments within Botkyrka and the northwest of Huddinge.  From this step, two 
clusters of developments within the Study Area were identified as being the focal areas for 
maximizing environmental benefits from strategically located material banks. 

3.1.2 Material Flows into and out from Development Areas 
The total quantity of materials flowing into and out from development areas within the Study 
Area over the entire time horizon of the study are presented in Figure 14.  These quantities 
have been obtained from the ESAR model outputs and the bespoke spreadsheet for Cross-
Connection Södertörn (Appendices 4 and 6). 

 
Figure 14: Total Material Flows into and out from Development Areas. 

From plotting total material flows into and out from development areas, development clusters 
with large material flows could be identified (Figure 14).  These are the areas likely to carry 
the largest weighting of total material flows during the time horizon and as such, were areas to 
initially investigate for strategically locating material banks along with the clusters identified 
in Figure 13.  Two remote development areas (Skogås and Trångsund) with moderately large 
material flows were identified to the northeast of Huddinge.  However, due to their more 
remote locations and the proximity of the existing Jordbrokrossen and Jordbrotippen material 
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banks to adjacent developments to the south, it was decided not to consider this location for a 
strategic terminal site. 

3.1.3 Identifying Potential Material Bank Sites 
Figure 15 presents the "degrees of availability" map layers overlaid for the Study Area using 
ArcMap and was used to identify potential material banks sites within the areas of interest 
identified in Figures 13 and 14. 

 
Figure 15: Degrees of Availability Overlaid with Development Areas 

From Figure 15 you can see that the degree of availability generally increases southwards 
from the Stockholm city centre.  This is in line with known materials management issues in 
urban areas (TRF, 2010) with this trend set to continue as densification and expansion of 
these urban areas continues with time (Vaivars, 2010).  With lower degrees of availability in 
close proximity to the identified development clusters of interest, the potential locations for 
strategic material banks narrow down.   

Initially three potential material bank sites were identified.  These are presented in Figure 16. 
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Figure 16: Possible Locations of Strategic Material Banks 

Close-ups of the locations for the potential strategic material banks together with their degrees 
of availability are presented in Figures 17 to 22.             

Figure 17: Location of Strategic Material Bank (SMB1) Figure 18: Degree of Availability at SMB1 Site 
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Figure 19: Location of SMB2 Figure 20: Degree of Availability at SMB2 Site 

Figure 21: Location of SMB3 Figure 22: Degree of Availability at SMB3 Site 

3.2 Selection of Material Banks 

SMB1 is located to the north of Flemingsberg and is centrally located to a cluster of 
developments with large material flows (Figure 14).  SMB2 is located to the south of 
Flemingsberg and while also close to the cluster of developments with large material flows, is 
not as centrally located as SMB1.  SMB3 is located in a central position to multiple 
development areas with Botkyrka.  However, the degree of availability is only moderate and 
SMB3 does not serve development areas with particularly large material flows within the time 
horizon of this study. 

A weighted scoring method has been used to rank the strategically located material banks and 
is attached in Appendix 7.  The weighted scores are presented in Table 9 with the lowest score 
representing the strategic bank which when combined with existing material banks, gives the 
lowest total vehicle-kilometres for the entire Study Area.  
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Table 9: Weighted Scores for Strategically Located Material Banks 

Strategic Material Bank Weighted Score Rank 
SMB1 10.32 1 
SMB2 11.74 2 
SMB3 16.73 3 

Business-As-Usual 19.83 - 

SMB1 and SMB2 are relatively closely located with SMB1 more central to the cluster of 
developments with high anticipated material flows identified in Figure 14, giving SMB1 a 
slightly better score.  Given their close proximity, establishing two material banks at this 
location would not significantly reduce GHG emissions from material transportation within 
the Study Area.  As such SMB1 is preferred over SMB2.  SMB3 reduces transportation 
distances for clusters of development areas with lower anticipated material flows (Figure 14), 
and therefore, does not achieve as low a weighted score as SMB1 and SMB2.  The weighted 
score for SMB1 is significantly better compared to the Business-as-usual scenario than for 
SMB3.  Furthermore, the SMB1 reduces the haulage distances of materials for the most 
number of developments within the Study Area, with development areas benefiting from 
SMB3 also benefiting from SMB1.  The number of development areas with shortened haulage 
distances to and from SMB1 is highlighted in Figure 23. 

 
Figure 23: Developments with Reduced Material Transportation Distances from SMB1 
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Given the weighted scoring for the banks together with the site availability and proximity to 
developments with high anticipated material flows, SMB1 was selected as a standalone 
material bank to consider under the Strategically Located Material Banks scenario.  
Additional consideration has also been made for the establishment of two material banks; 
SMB1 and SMB3 to investigate the potential aggregated reductions in GHG emissions from 
reduced vehicle-kilometres.   

3.3 Material Flow Analysis  

3.3.1 SMB1 Only 
The material flowing into and out from SMB1 from the construction activities within the 
study boundary have been plotted over the study time horizon and is presented in Figure 24. 

 

Figure 24: Estimated Material Flows into and out from SMB1 from 2016 to 2030 (SMB1 only) 

The material flowing into SMB1 are the granular arisings from excavation related 
construction activities and the material flowing out is the recycled aggregate demand for sub-
surface backfilling construction activities for building developments and road construction up 
to pavement level for the Cross-Connection Södertörn (assuming 100% use of recycled 
aggregates for these construction activities).  The balance represents the annual net flow with 
a positive value indicating a net inflow into the bank and a negative value indicating a net 
outflow.  The tabulated annual flows into and out from SMB1 from each development area is 
attached in Appendix 8. 

As can be seen in Figure 24, there is a relatively steady flow of material into and out from the 
SMB1 from 2016 to 2019 and from 2025 to 2030.  This is a result of the assumptions made 
for linear rates of development taking place where development timelines were unavailable 
within the Study Area (section 2.1.1.3.4).  From 2020 to 2024 there is a rise in construction 
aggregate demand.  This is the period during which construction of Cross-Connection 
Södertörn is anticipated.   
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The area of high availability of within the SMB1 site is approximately 30Ha.  Taking the 
Tuen Mun Public Fill Bank as a reference (Figure 1), the material storage capacity should be 
in the range of about 4 million m3.  The area therefore more than satisfies the anticipated 
annual inflow and can cater for excess material that can be sorted and processed for use as 
recycled construction aggregate in other applications such as for concrete production and 
maintenance purposes. 

3.3.2 SMB1 and SMB3 
Material flow analyses were also carried out for SMB1 and SMB3 in the strategically located 
material banks scenario with two banks established in the Study Area.  The material flows are 
presented for each of the banks in Figures 25 and 26. 

 

Figure 25: Estimated Material Flows into and out from SMB1 from 2016 to 2030 (SMB1 and SMB3) 

 

Figure 26: Estimated Material Flows into and out from SMB3 from 2016 to 2030 (SMB1 and SMB3) 
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From the material flow analyses it becomes evident that the volume of material handled by 
SMB1 is significantly more than SMB3 with a net in-flow of approximately 17 times more 
from 2016 to 2019 and a total cumulative flow of approximately 3 times more throughout the 
study time horizon.  Additionally, SMB3 experiences a shortfall of recycled aggregates to 
satisfy projected demands until the middle of 2017 which would likely result in construction 
aggregates having to be located from a source further away, thus reducing the total potential 
environmental benefit from reduced material haulages.  Tabulated annual flows into and out 
from SMB1 and SMB3 from their paired development areas are attached in Appendix 8. 

3.4 GHG Emissions Calculation Output 

GHG emissions for the business-as-usual and strategic material banks scenarios (SMB1 only, 
SMB1 and SMB3) have been calculated and the results are summarised in Table 10. 

Table 10: Vehicle-Kilometres and GHG Emissions for Business-As-Usual and Strategic Material Bank Scenarios. 

Scenario 

Material Flows Into 
Development Areas From 

Material Banks 
(Recycled Aggregate) 

Material Flows Out From 
Development Areas To 

Material Banks 
(Granular Arisings) 

Total Flows 
(In and Out of 

Development Areas) 

 
Haulage 
Distance 

 ('000s vkm) 

GHG 
Emissions 
(T CO2e)

Haulage 
Distance 

 ('000s vkm)

GHG 
Emissions 
(T CO2e)

Haulage 
Distance 

 ('000s vkm) 

GHG 
Emissions 
(T CO2e)

Business-As-
Usual 

3505 3323 8735 8281 12240 11604 
 

Strategic 
Material Bank 

SMB1 
1638 1553 5066 4803 6704 6356 

Reduction 
from Business-

As-Usual 
1867 1770 3669 3478 5536 5248 

% Reduction 53% 42% 45% 
 

Strategic 
Material Banks 

SMB1 and 
SMB3 

1450 1553 4621 4803 6071 6356 

Reduction 
From 

Business-As-
Usual 

2055 1948 4114 3900 6169 5848 

% Reduction 59% 47% 50% 

The calculations of the GHG emissions for the above scenarios are provided in Appendix 9.  
The results presented in Table 10 are further elaborated in the Analysis and Discussion 
section.
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Analysis and Discussion 

3.5 Strategically Located Banks versus Business-As-Usual 

Strategically locating material banks with a regional perspective on material flows for the 
selected Study Area and within the time horizon of the study has identified significant 
potential reductions in GHG emissions.  These potential reductions in GHG emissions are a 
result of reduced vehicle-kilometres travelled by HGVs hauling construction materials.  The 
construction materials and their flows considered within the boundary of this analysis are 
excess granular arisings transported from development areas to material banks and recycled 
aggregate transported from material banks to development areas. 

Based on the reduced material haulage distances from strategically locating one material bank 
(SMB1) for the purposes of receiving, processing and redistributing net granular arisings from 
nearby development projects, a reduction of 42% of GHG emissions associated with the 
transportation of these material outflows from development areas has been estimated.  These 
granular arisings comprising rock and natural sands and gravels are materials that are 
commonly recognised in the construction industry as having intrinsic value in the form of 
recyclable aggregates (Magnusson et al., 2015, SGU, 2015) and as such, would normally be 
either sorted, processed and reused on site or transported to a material bank for processing and 
redistributing at a later date as recycled aggregate.  Therefore, this reduction of 42% of GHG 
emissions from transportation of net granular arisings represents a minimum potential 
reduction for the Study Area.  Estimated quantities of net granular arisings from the ESAR 
model together with quantities from Cross-Connection Södertörn project reduction of 
approximately 3.67 million vehicle-kilometres equating to an estimated saving of 3478 tonnes 
of CO2e that can be achieved from the transportation of these materials throughout the study's 
time horizon.   

Excavated and recycled aggregates in the form of processed crushed rock and natural sands 
and gravels from construction sites are identical to quarried and processed primary 
aggregates.  Aggregate demands for sub-surface backfilling aggregates and road construction 
can be theoretically satisfied by recycled aggregates and an increased use of recycled 
aggregates from CDW is a strategic goal of Sweden's EPA (Swedish EPA, 2012).  With this 
premise, a reduction of 53% of GHG emissions can be achieved from strategically locating 
one material bank within the Study Area, assuming that the material bank is able to satisfy the 
construction aggregate demand for sub-surface building development earthworks and the 
Cross-Connection Södertörn.  Based on the estimated construction aggregate demand from 
the ESAR model and from the earthworks quantities estimated for Cross-Connection 
Södertörn, the potential reduction in haulage distance is approximately 1.87 million vehicle-
kilometres  equating to a saving of 1770 tonnes of CO2e within the Study Area.  This brings 
the total potential reduction in GHG emissions from material transportation related to the 
construction activities within the analysis boundary to 45% (5.55 million vehicle-kilometres 
equating to 5248 tonnes of CO2e based on the estimated material quantities). 

The material flow analysis conducted for strategically located material bank SMB1 (section 
3.3.1) indicates that received granular arisings from the development sites throughout the time 
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horizon of the study is sufficient to meet the construction aggregate demands from 
construction activities within the boundary of this study.  Therefore, the potential savings in 
GHG emissions from construction aggregate transportation to development areas is 
achievable - subject to a sound regional materials management approach.   

A deeper investigation into the potential benefits of strategically locating more than one 
material bank within the Study Area was carried out with two material banks; SMB1 and 
SMB3, considered within the strategically located material banks scenario.  For this particular 
Study Area, the environmental benefit of establishing more than one material bank is 
considered to be nominal, with an additional 5% reduction in GHG emissions from the 
transportation of materials.   This is primarily due to the comparatively lower material flows 
into SMB3, with SMB1 centrally located to developments with the largest anticipated 
material flows.  Nevertheless, the deeper investigation has offered further support towards the 
need to obtain relatively accurate estimations of material flow quantities and qualities at the 
regional planning level in order to facilitate strategic regional materials management through 
the establishment of strategic material banks. 

3.5.1 A Surplus of Recycled Aggregates 
Based on estimated material flows, there is a projected accumulation of materials within 
SMB1 (Figure 24).  The projected surplus recycled aggregates could be used in the production 
of concrete and for other purposes such as road maintenance and in turn, reduce the 
consumption of primary aggregates.  Extraction and production of these primary aggregates 
from quarries and their imports can thus be avoided offering additional environmental 
benefits (Blengini and Garbarino, 2010).   

The assumption of using 100% recycled aggregates for the backfilling works and Cross-
Connection Södertörn road construction can arguably be a conservative assumption when 
making the comparison between established strategic material banks and business-as-usual.  
Directing CDW materials to strategic material banks and importing recycled aggregates from 
these banks can be enforced within construction contract documents, raising the project level 
materials management to the regional level.  Under the business-as-usual scenario with 
material management handled by Contractors, backfilling materials for construction activities 
within the analysis boundary may not necessarily come from recycled aggregates.  Similarly, 
transportation of CDW to material banks may not necessarily be the Contractor's preferred 
choice and this material may ultimately end up within a landfill. 

3.6 Factors Influencing the Results 

The reduction in GHG emissions between the two scenarios of this study; business-as-usual 
and strategically located material banks, is directly related to reductions in transportation 
distances achieved from strategically locating material banks closer to development areas.  
However, the estimated quantities of GHG emissions saved are subject to several factors 
within the Study Area and assumptions made during the methodology.  Certain factors and 
assumptions have been identified as having a significant impact on the quantities of estimated 
GHG emissions.  These will be discussed in the following sub-sections. 
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3.6.1 Geology 
The geology encountered within the development areas has potentially the largest impact on 
the results with quantities of granular arisings dependent on geological conditions at each site.  
With the detailed locations of construction activities within development areas largely 
unknown at the regional planning level, the geology at each development site has been 
simplified by using percentages of rock and soil types encountered over the entire 
development area.  With this methodology, this particular Study Area has yielded larger 
quantities of granular arisings than estimated aggregate demand for most of the development 
areas.  The environmental and economical feasibility of establishing strategic material banks 
therefore relies heavily upon the geology of a region. 

3.6.2 Rock Quality 
Excavated rock has been categorised as being a granular arising with 100% reusability as 
recycled aggregate in this study (section 2.1.1.3.6).  This effectively does not account for 
various degrees of weathering that may be encountered or any excavated rocks that may be 
classified as unsuitable for use as a construction aggregate.  Such an assumption may have an 
impact on strategically locating a material bank with preference to locate the banks closer to 
areas with higher potential for generating recyclable CDW.   

3.6.3 HGV Laden Values 
HGVs used to transport aggregates are assumed to have a maximum load of 14 tonnes with a 
transportation loop of maximum load out and empty on return.  The load capacity and 
transportation loop are directly proportional to vehicle-kilometres travelled.  Having the same 
transportation assumptions under both scenarios yields a percentage reduction in GHG 
emissions that holds true regardless of these assumptions.  However, the quantity of GHG 
savings can be significantly affected by these transportation assumptions.  Needless to say, 
larger maximum transportation loads and a more efficient materials transportation 
management would result in significant GHG reductions under both scenarios. 

3.6.4 Assumptions and Parameters of the ESAR Model  
The material quantities flowing into and out from development areas plotted on Figure 14, 
clearly shows an overall surplus of material flowing out from the majority of development 
projects.  Whilst geology plays a crucial role in the proportion of granular arisings, another 
main reason for the overall surplus is related to ESAR model assumptions and input 
parameters.  Firstly, the model has been developed based on an existing residential area (the 
Annedal residential area) comprising multi-family dwellings (apartments) with basement 
structures (typically underground parking in more dense urban areas).  With little known 
about the detailed layout and facilities of future multi-storey residential developments, the 
model's recommended standard values based on the Annedal residential area have been used 
for all apartment constructions.  Similarly, quantities of excavated materials for low-rise 
commercial developments are based on the gross floor area multiplied by a standard 
excavation depth.  In reality, excavations for building foundations and underground facilities 
are subject to multiple variables such as geological conditions, site constraints and the 
developer's plans to name a few.   
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3.6.5 Development Timeline 
Linear rates of development were assumed over the entire time horizon of the study for all 
development areas within two of three municipalities.  This assumption was made due to 
limited information available within the MCPs related in relation to a development timeline 
and is based on the linear annual development targets set within the MCPs.  As such, the 
material banks were strategically located with consideration towards total material flows 
within the time horizon and the assumed development timeline used only to perform the 
material flow analyses for the material banks.  The material flow analyses were carried out to 
determine if sufficient quantities of recycled aggregate were available to meet demands 
throughout the banks operational timeline.  This is important as any material deficit would 
mean that construction aggregates would need to be sourced elsewhere, eroding the total 
potential environmental benefit of a strategically located material bank.  Similarly, any 
material surpluses beyond a projected demand could be identified and highlighted as recycled 
aggregate that may potentially be used for other construction activities in substitution of 
primary aggregates.  The assumptions on linear rates of development resulted in favourable 
material flows for SMB1.  However, for a sound regional materials management approach, 
more detailed information regarding development timelines would be required. 

3.6.6 Percentage of Site Reuse 
A reuse percentage for granular arisings of 15% was assumed for building developments and 
50% for the Cross-Connection Södertörn within this study.  This assumption was made based 
on a general theme of densification of urban areas within the regional and municipal 
development plans, whereby available area for sorting, processing and storing excavated 
materials onsite is more limited in dense city regions.  Increasing this percentage will reduce 
the material flow quantities and hence GHG emission savings related to reduced material 
haulages.  Nevertheless, Magnusson et al. (2015) highlights studies related to the extensive 
environmental benefits from site reuse of excavated materials, indicating that this should be a 
first priority within all construction projects. 

3.6.7 Population Projections 
Population projections are a required input of the ESAR model for obtaining estimations of 
granular arisings and construction aggregate demands from residential building developments.  
High and low population growth scenarios are presented within the MCPs and for this study, 
an average population projection has been taken and checked against residential development 
targets.  With material quantities assumed to be directly proportional to population growth in 
the ESAR model, the input population projection will have a direct impact on estimated 
material flows within a study area.  
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4 Conclusions and Recommendations 

4.1 Conclusions of the Study 

The purpose of this study was: “To investigate the potential environmental benefits in terms 
of reductions in CO2e, of strategically located material banks between future development 
areas, detailed within long-term municipal comprehensive plans in the Södertörn area, with a 
focus on reducing material transportation distances”.  Based on long-term MCPs for the 
municipalities of Botkyrka, Huddinge and Haninge, with a time horizon up to 2030, quantities 
of granular arisings and construction aggregate demands were estimated using Ecoloop's 
ESAR model for building developments and a bespoke spreadsheet for the Cross-Connection 
Södertörn.  Potential material banks were subsequently located and from them, one 
strategically located material bank was selected as the optimal material bank based on 
proximity to clusters of developments anticipated to have the highest material flows as well as 
the most reductions in total vehicle-kilometres of transporting estimated quantities of granular 
arisings and recycled aggregates within the study area.  In comparison to the Business-as-
usual scenario of utilising existing and planned material banks, the strategically located 
material bank within the Study Area offers a potential reduction of 42% of GHG emissions 
from the transportation of granular arisings from development areas to material banks and a 
53% reduction from the transportation of recycled construction aggregate from material banks 
to development areas.  Based on estimated material quantities, a total combined reduction of 
45% is calculated equating to a reduction of 5248T CO2e.   

A further analysis was carried out to investigate the aggregated environmental benefit of 
having two strategically located material banks SMB1 and SMB3 with regards to facilitating 
further reductions in GHG emissions from further reduced vehicle-kilometres.  The additional 
material bank resulted in an additional 5% reduction in GHG emissions when compared to the 
establishment of just one material bank; SMB1.  The rapidly diminished additional 
environmental benefit from establishing an additional material bank within the study area has 
resulted in the conclusion that the establishment of a single strategically located material 
bank, SMB1, remains an optimal solution for the Study Area and highlights the magnitude of 
the environmental benefit from reduced material transportation distances, of strategically 
locating material banks with a regional perspective. 

4.2 Recommendations for Future Similar Studies 

4.2.1 ESAR Model Validation 
The ESAR model is a useful tool, offering a simplified method of approximating excavated 
material quantities and backfilling aggregate demands at a regional scale with little known 
detailed information.  With the development of the model based on one existing residential 
development, further validation of the model assumptions and factors used is highly 
recommended.  Through collaboration between Contractors, Consultants and Developers, 
actual earthworks quantities from existing and future developments should be attainable and 
offer a simple and effective way of testing and validating the ESAR model. 
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4.2.2 Employment Projections 
The ESAR model has been constructed with key inputs that are considered to be available at a 
regional planning level such as projected population figures.  While the key input data was 
generally available for residential developments (through data interpretation) as well as 
information on significant commercial developments, limited information in the form of 
useful input parameters was available for the less significant commercial developments - in 
particular, gross floor area.  However, projected figures for new job creation were given 
within all MCPs.  Integrating job creation figures into the ESAR model by, for example, 
relating job numbers to gross-floor areas may be one way of capturing material quantities 
arising from commercial developments outside of the main commercial development areas. 

4.2.3 GIS Map Layers for Degrees of Availability 
Previous work carried out by Morén (2015) resulted in the production of GIS map layers 
showing the degrees of availability for locating potential material banks within the Södertörn 
area and proved to be an extremely useful visual based method for carrying out a preliminary 
screening of potential sites.  Morén (2015) acknowledges shortfalls in the criteria used to 
build the GIS map layers that are of importance for a more detailed siting of material banks.  
Identified shortfalls include the lack of topographical and geotechnical considerations that 
may impact the constructability of material banks.  Such information should be further 
investigated when narrowing down options for material banks.  This has not been done for 
this analysis, with the optimum bank selected on the basis of the bank having the highest 
environmental benefit regarding vehicle-kilometres of material haulage.  Another important 
criterion that has not been displayed within the GIS based visual method is the land ownership 
and willingness of landowner's to lease or sell the land for the establishment of a material 
bank.  This along with other shortfalls detailed within Morén's (2015) study should be further 
investigated during subsequent stages of locating potential material bank sites.   

4.2.4 Incorporation of SGU's Rock Quality Map 
SGU has a Rock Quality Map that is constantly being updated to identify areas of high quality 
construction aggregate assets.  Incorporating such a quality map into the ESAR model would 
help to increase the certainty in the quantity of recyclable CDW arising from future 
development areas. 

4.2.5 Methodological Alternatives 

4.2.5.1  Identifying Development Clusters Located Furthest Away from Material Banks 
The visual based method for identifying development clusters furthest away from existing 
material banks (section 2.2.2) may not be as obvious as within the chosen case-study area.  As 
an alternative to the visual based method, the Service Area approach within the Transport 
Analysis extension in GIS software ArcMap could be utilised.  The Service Area function in 
the Transport Analysis extension allows the user to generate polygons around facilities based 
on a specified travel distance.  In this case, the facility would be the material bank, and a 
specified travel distance along the road network could be set to identify development 
locations further than this specified distance from existing material banks.  The specified 
distance could be determined based on a weighted average transportation distance between 
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existing material banks and development projects, with a distance set to less than or equal to 
the weighted average distance (the weighting based on estimated material flow quantities).    
This in turn could then be used to identify clusters of development areas that would benefit 
the most from a more centrally located material bank. 

4.2.5.2 Obtaining Transportation Routes 
The transportation routes for the transportation analysis were obtained using Google Maps 
Direction Tool.  This proved to be a very time consuming approach and subject to higher risk 
of manual errors.  The originally intended approach of using the Closest Facility tool within 
the Transport Analysis extension of ArcMap (section 2.2.3.3), whereby the closest routes 
between facilities (material banks) and incidents (development areas) can be identified along 
an imported network data set (e.g. BK1 roads), is thus recommended for any future 
investigations of a similar nature. 

4.2.6 Collaboration with Municipalities 

4.2.6.1 Standardisation of MCPs 
During the data collection stage of this study, it was observed early on that the information 
and level of detail presented within MCPs varied significantly between municipalities (Table 
4).  To facilitate a regional materials management approach based on estimations of future 
material flow quantities and qualities that will flow within and between municipals, a 
standardisation of the level of detail and information presented within long-term municipal 
plans is crucial.  While it is understood that the level of uncertainty increases with time 
regarding projections, information related to population projections at the district level rather 
than municipal level would help to facilitate more accurate estimations of the extents of 
construction activities at particular locations that would in turn, assist in strategically locating 
a material bank to handle CDW and supply recycled aggregates.  Additionally, a more 
detailed development timeline would facilitate more accurate material flow analyses for 
identifying material surpluses and deficits that may arise within material banks during their 
operation.   

4.2.6.2 Incorporation of Strategic Material Banks into MCPs 
Although future development areas were included in the GIS map layers for degrees of 
availability (Morén, 2015), consideration should be given to the temporary use of future 
development sites for material banks.  Establishing temporary material banks over areas 
designated for future development may not only centrally locate a material bank near other 
future development areas but may also provide an opportunity for ground improvement in the 
form of surcharge for areas where the underlying geology comprises soft compressible soils.  
Strategic material banks identified as part of the regional planning process should be 
integrated into long-term MCPs, as this would be the ideal way to safeguard potential sites 
and fast track their establishments. 

  



 

 
50

5 Further Research 

5.1 Additional Environmental Benefits Beyond the Problem Boundary 

5.1.1 Other CDW Materials 
Briefly mentioned within the Analysis and Discussion section was the possible use of surplus 
recycled aggregates for construction activities beyond the boundary of this study that would 
ultimately contribute to additional reductions in GHG emissions.  In addition to this, inert 
demolition materials such as demolition concrete, brick, tiles and asphalt plainings are CDW 
materials that have not been included in the analysis boundary.  These materials could be 
directed towards strategically established material banks and contribute to further reductions 
in the demand for primary aggregates. 

5.1.2 LCA of Strategically Located Material Banks 
While the environmental benefit in terms of reduction in CO2e from reduced transportation 
distances of construction minerals has been the focus of this study, conducting a LCA for the 
establishment of strategic material banks can capture the overall environmental costs and 
benefits within an extended boundary.  This extended boundary may, as an example, include 
the reduced demand for primary aggregates, reduced road wear and associated maintenance, 
increased life of distribution lorries from reduced vehicle-kilometres and reduced amount of 
landfill space taken up by disposal of CDW along with the impacts associated with the land-
use change to establish strategic material banks and emissions related to the processing of 
CDW.  Furthermore, approximating life-cycle GHG emissions associated with the 
establishment of material banks can also serve as an environmental breakeven benchmark 
when considering environmental time-to-pay-off for setting up additional material banks 
within a study area. 

5.1.3 Delimitations on Construction Activities and Development Types 
Low rise residential housing has been omitted from the analysis boundary.  The reason for 
omitting low rise residential housing is that the quantities of ESAR are assumed to be 
insignificant due to shallow foundations (i.e. no basement structures considered).  However, 
earthworks from the associated infrastructure such as roads leading up to the houses along 
with the installation of buried utilities are likely to give rise to net aggregate demands.  
Similarly, apart from the Cross-Connection Södertörn, infrastructure outside of the 
development areas such as new roads and utilities have not been included in this analysis and 
are also likely to increase aggregate demand.  Whilst the commercial and multi-storey 
residential building developments included in this analysis are considered to be of most 
significance from an earthworks perspective, these excluded developments and associated 
infrastructures are likely to generate net demands on construction aggregates and including 
these may help to identify further GHG emission savings from the use of recycled aggregates. 

5.1.4 Cohesive Soils 
There is a recognized need to establish sites for dumping excavation material – the latter 
specified as being primarily located in the southern half of Stockholm (TRF, 2010).  Wet 
cohesive soils (clays and silts) are typically classified as unsuitable and are commonly 
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disposed of.  Haulage distances for cohesive soils leaving construction site boundaries for 
disposal are typically much longer than that for granular arisings as a result of their inherently 
lower construction value (Magnusson, 2015).  Another key focus area of the Optimass project 
is related to the upgrading of these wet cohesive soils.  Upgrading of unsuitable materials will 
put less pressure on the land demand for disposal and provide another source of recycled 
material which can replace virgin construction minerals. 

From the ESAR model and bespoke spreadsheet for the Cross-Connection Södertörn, after 
taking into account site reuse of cohesive soils for general backfilling purposes, 
approximately 5.16 million tonnes of cohesive soils are estimated to be leaving construction 
site boundaries within the Study Area between 2016 and 2030.  Comparatively, 6.55 million 
tonnes of granular arisings are estimated to be transported to material banks for recycling 
purposes.  This is approximately 44% of total excavated materials leaving the construction 
site boundaries excluding artificial fill, other CDWs and organic soils.  Given the longer 
haulage distances for cohesive soils to receptor facilities coupled with the significant 
quantities that can be generated, establishing strategic material banks for the purpose of 
receiving and upgrading these materials would have substantial environmental and 
economical benefits. 

5.2 Validation of the Study 

Data collection of actual excavated material types and quantities, destination and sources of 
granular arisings and construction aggregate and fuel consumption associated with the 
transportation of these materials could be carried out for upcoming projects identified within 
the Study Area.  This information could be used to validate the methods, models and 
assumptions of the study and identify areas for further refinement.   

5.3 Competition Among Material Banks 

There is a general consensus that there is an insufficient number of material banks located in 
close proximity to urban areas in the Södertörn area (Morén, 2015).  Nevertheless, 
establishment of strategically located material banks would have an impact on material flows 
within a region.  As highlighted in this study, strategic material banks may be new banks or 
existing banks that are already fairly centrally located to future development areas. When 
identifying and safeguarding strategic material banks, there is a need to engage all 
stakeholders at the outset, agreeing at the regional level the durations that key material 
suppliers and receivers shall remain operational.  An investigation into the impacts from 
increased competition on neighbouring existing material banks should therefore be carried 
out.  Material flows that are reduced to strategically important existing material banks must 
not reach a critical level that may result in the material bank's closure.   

5.4 Consideration of Temporary Existing Material Banks 

Temporary material banks have been identified within the Study Area.  However, the duration 
that these material banks will remain operational for is limited and they are therefore assumed 
not to be operational under the business-as-usual and the strategically located material banks 
scenarios.  However, as highlighted by Morén (2015), the permit process for opening new 
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material banks is stringent and subject to numerous criterions being satisfied.  Consideration 
should therefore be made towards strategically locating material banks at existing temporary 
material bank sites, extending their operational duration to receive and supply material 
throughout a specified development time horizon. 

5.5 Optimising Material Logistics 

A regional materials management approach whereby material banks are contractually 
designated to receive and supply CDW and recycled aggregate respectively from development 
projects, offers an opportunity to optimise the logistics of these materials.  With a common 
location for depositing and collecting materials for a development project, the average laden 
value of HGVs can be increased dramatically.  With a typical laden value of 50% assumed for 
this study, representing a full load out and empty return, a full load each way would 
effectively half the GHG emissions for those materials that would otherwise be transported 
separately.  While this would not be achievable for all material flows all the time, there is 
clearly a potential for improved materials management through the identification and 
utilisation of strategically located material banks. 

5.6 Economical Considerations 

This study has a primary focus on environmental benefits of strategically locating material 
banks for the management of CDW materials at a regional level between development areas 
detailed in long-term development plans.  The economic viability of establishing material 
banks to receive CDW and supply recycled aggregate has not been investigated in this study.  
Nevertheless, the economic feasibility is of paramount importance to businesses engaging in 
the materials management industry.  The regional management of materials may introduce a 
new dynamic into the traditional materials management industry.  By shifting the total 
responsibility of CDW handling away from the Contractor towards a more regionally 
managed approach (through the introduction of contractual requirements for the handling of 
CDW and utilisation of recycled aggregates), savings to the total costs of development 
projects may arise, provided strategically located terminals can offer lower production and 
transportation costs than competing construction mineral quarries.  When considering the 
transportation costs alone, with fuel combustion being the predominant source of GHG 
emissions related to the transportation of materials, the economical benefit is likely to be 
proportional to reduced vehicle-kilometres in the form of reduced fuel purchases along with 
other indirectly related costs such as vehicle maintenance etc.  As such, potential reductions in 
GHG emissions may be indicative of the magnitude of related economical savings from a 
transportation perspective alone.  The time to pay off for other costs of establishing new 
material banks, operating the banks and finally, decommissioning the banks will be directly 
proportional to material flow quantities and qualities.  This gives support for the need to 
identify excavated material quantities and qualities at a regional level over a projected time 
horizon - a main objective of Ecoloop's ESAR model. 

5.7 Concluding Remarks 

This study is a first complete attempt of utilising Ecoloop's ESAR model and GIS Degrees of 
Availability map layers, together with the development of a methodology for strategically 
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locating material banks within three municipalities of the Södertörn area.  Taking the three 
municipalities in Södertörn as a case-study area to evaluate environmental benefits of 
strategically locating material banks with a long-term regional perspective, there is a clear 
opportunity to significantly reduce GHG emissions related to the transportation of CDW and 
recycled aggregates alone.  Along with potentially significant GHG emission reductions and 
economical savings beyond the boundary of this study, it is with hope that this study will 
initiate further investigation and eventual action into the establishment of strategically located 
material banks based on a regional perspective of future material flows. 
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Appendix 1: Projected Populations and Timeline 
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Appendix 2: Commercial GFA 
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Appendix 3: Soil and Rock Types for Development Areas  
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Appendix 4: ESAR Model Inputs and Outputs 

(With Material Balance)
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Appendix 5: Plans for Södertörnsleden  

(Used for Cross-Connection Södertörn)
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Appendix 6: Earthworks Quantity Estimates for Cross-
Connection Södertörn  
(Bespoke Spreadsheet)
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Appendix 7: Weighted Scoring Method for the Selection of a 
Strategically Located Material Bank
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Appendix 8: Material Flow Analysis for Strategically Located 
Banks 
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Appendix 9: GHG Calculations 

a) SMB1 Only
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