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Traditionally, gravel, cement and concrete producers focus on their role as material or resource
suppliers. The higher the material turnover, the higher the economic success. Hence, the
business-model is in conflict with the societal goal of increased resource efficiency. Driven by
stricter regulations, some companies have recently developed new business models focusing on
additional services in waste-management and logistics. From a policy perspective, such
diversification strategies are very interesting because they accelerate changes in economic
structures that lead to increased resource efficiency. In our project, we analyse how this
development could be further encouraged. We introduce the term “co-evolution” describing a
process of mutual learning between representatives of public policies and business. To this end
we use system dynamic modelling in combination with integrated assessment. In our
transdisciplinary research approach, we collaborate closely with stakeholders in industries and
public policy using group-model-building. Data is collected in case study analysis with seven
different companies producing sand, gravel, cement, concrete and services in logistics,
construction and waste management. Both system dynamic and assessment model are based on
Material-Flow-Analysis on different scales (company and region). It proves to be a valuable tool
to ensure consistency of both models as well as data quality. First results show that different
policies in waste-management, resource-management and settlement development have a strong
effect on decision making in material and construction industries.

1. Introduction

Traditionally, gravel, cement and concrete producers focus on their role as material suppliers. The
most important share of their value creation is situated up-stream in the production chain including
excavation, crushing, production of cement, gravel and concrete and transport. Their economic success
depends on material turnover and conflicts with the societal goal of increased resource efficiency.

In recent years, some companies diversified their portfolios with additional services in waste
management and logistics. These innovations are driven by policies in public procurement, waste
management and spatial planning. From a policy perspective, such diversification strategies are
promising as they accelerate structural changes fostering resource efficiency. This relates to SDG 12
«Responsible consumption and production» and SDG 11 «Sustainable Cities and Communities».

Yet, economic structures in the material and construction sector in Switzerland start to change as
construction activities decrease and markets for construction materials are saturated [1]. Whereas new
business models — up to now — helped to increase market shares in growing markets, they will now be
crucial for a company’s economic future. As a result, many companies are reviewing and adapting



their business models (see e.g. [2]). The success of different business models will — again — be strongly
influenced by public policies. This relates to SDG 9 «Industry, innovation and infrastructure».

Against this background, the research project «Co-Evolution of Business Strategies in material and
construction industries and public policies» funded by the Swiss National Science Foundation
investigates the co-evolution mechanisms of construction industry business models and the
corresponding public policies, in view of a circular economy. Co-evolution in this context refers to the
interdependent evolution of public policies (the regulatory environment) and market performance of
private sector companies. Successful co-evolution occurs when economic outcomes improve in
parallel with resource efficiency, which is the focus of public policy. In this paper we explain our
research design and present preliminary results. In the conclusions we discuss our insights on
transdisciplinary research combing system dynamic modelling and integrated assessment based on
Material Flow Analysis in the context of management of material, energy and natural resources.

2. State of research

In socio-technical systems, long periods of slow change are interrupted by periods of radical change
[3]. These periods are transitional shifts, governed by reinforcing feedback, where systems move from
one dynamic equilibrium to another [4]. In this context, the term co-evolution is used if «the
interaction between different societal subsystems influences the dynamics of an individual subsystem,
leading to irreversible patterns of change» [5]. Research on co-evolution and transition research has
been focused on ex-post analysis [5] empirically investigating interdependencies between different
societal subsystems, e.g. environmental regulation and competitive performance [6], environ-mental
taxation and resource management [7], alternative business models and mass market players [8].

In the recent decade the framework for transition management has been further developed and
applied for ex-ante analyses of the processes facilitating transitions towards sustainability [4].
Methodologies for transition managements involve transdisciplinarity and typically follow multi-
method approaches. Quantitative modelling is frequently used as a tool, integrating heterogeneous
disciplinary knowledge as well as knowledge and values from scientific and non-scientific origin [9].
In our project, we develop simulation models for analysing and facilitating co-evolutionary transition
processes for construction industries. Simulation models are increasingly developed and/or used
within participatory or transdisciplinary approaches [10][11]. The integration of simulation models in
transdisciplinary processes requires hybrid frameworks where multiple qualitative and quantitative
methodologies are applied, making use of a combination of existing quantitative sources, case studies,
and stakeholder input (for example [12]). In our project, we use the following modelling approaches:

e Material Flow Analysis: MFA is a method to investigate processes and their dependencies in a
company or industry. In the construction industry, and especially in waste management, various
studies have been carried out in recent years. An overview can be found in [13]. Many studies
focus on stock-flow-models of defined regions [14].

e Assessment models based on Material Flow Analysis: Material flow analysis can be used in
combination with environmental and economic performance indicators (see [15] for an overview).
For environmental assessment, material flows in production chains are analysed and the
significance of potential environmental impacts is evaluated. For economic assessment, MFA is
considered as physical input-output analysis (PIOT), analogous to economic IOA, and combined
with data on prices of products and production factors [16].

e System dynamics (SD) modelling: System dynamics is a computer-aided approach to policy
analysis and design. It applies to dynamic problems arising in complex social, managerial,
economic, or ecological systems — literally any dynamic system characterized by interdependence,
mutual interaction, information feedback, and circular causality [17]. Co-evolutionary processes
involve delays, feedback, tipping points, and path dependency. In addition, the impacts of transition
policies tend to have unanticipated consequences. They thus lend themselves particularly well to



the use of dynamic, quantitative modeling approaches. System dynamics has been used
successfully to support socio-technical transition management processes [18].

3. Methods and data

The main challenge in our project is to identify and understand contemporary co-evolution processes

in the construction industry. The research is embedded in a transdisciplinary setting, involving stake-

holders of the Swiss construction industry, with the goal to direct the transition towards realignment of

societal goal of increased resource efficiency with business goals. The guiding research questions for

the project as a whole are:

(1) What are the central co-evolution mechanisms driving alternative business models and regulation in
the Swiss construction industry?

(ii))How can this co-evolution process be directed towards sustainability?

To answer these questions, we develop a system dynamic model and an assessment model (see
subsections 3.1 and 3.2).

|3.] Assessment model

The model developed in this study combines MFA with data from LCA and prices/costs to evaluate a
region and/or company ecologically and economically

To investigate the processes and inter-industrial dependencies of the companies or regions, we use
Material-Flow-Analyses — as first step - which include all relevant processes and materials of the mineral
building materials industry. From these MFAs, Physical-Input-Output tables (PIOT) are then generated.

The data basis for the material flows of the region is provided by an existing data base (named
KAR-Model) that has been developed in many studies commissioned by cantonal administrations for
nine cantons over several years including data on material flows exchanged between cantons and the
neighbouring countries [1]. It allows us to analyse different case studies on regional scale — comparing
regions with different characteristics such as density of settlement, etc.

In order to map the Swiss construction industry, we selected seven companies as case studies that
cover all production steps in the value chain of construction minerals, ranging from material
extraction, over processing virgin/recycling aggregates, producing cement and concrete, constructing
building and providing services in logistics and waste management. Most companies’ activities in this
study focus on concrete production with a variation in the degree of vertical integration. In different
workshops data was collected on material flows as well as costs/prices and validated with data from
official statistics and statistic of trade associations, e.g. [19].

The assessment model combines economic and ecological assessment:

o Economic assessment based on value added. The value added represents factor income generated
by labour and capital on regional scale and is used to indicate economic effects. It relates to SDG 11
«Sustainable Cities and Communities» as the regional economy benefits from urban development.
On a company scale, factor income is analysed in the production chain by subtracting material costs
from material turnover. Any upstream chains and the resulting costs outside the system boundary are
not considered in the analysis. Costs and turnover are both estimated by multiplying material flows
with material prices to obtain a monetary Input-Output table (MIOT). For the study, market prices
of Switzerland are used, which were verified by interviews in the case studies.

¢ Environmental assessment based on Global Warming Potential (GWP), Cumulative Energy
Demand (CED), resource and landscape conservation. These indicators reveal how much the
industry harms the environment by pollution and resource consumption. It relates to a number of
SDGs, including SDG 13 «Climate action». Yet, our focus is on consumption of natural resources
on regional scale. To evaluate these environmental impacts, the obtained MIOTs are extended with



emission coefficients by linking coefficients for emissions/resource consumption from the database
ecoinvent (version 3.4) and data from the MFA-model.

3.2 System dynamic model

The system dynamics models conceptualizes balancing and reinforcing feedback mechanisms that a)
to stabilize the current regime and impede a transition towards circular economy; and b) accelerate the
transition to a circular economy. A quantitative simulation is used to analyse and design public
policies that can accelerate that transition.

We conducted a series of transdisciplinary group model building workshops with a panel including
10 experts from industry associations, public administration and environmental NGO (ongoing
workshop series, 4 three hourly workshop sessions already conducted, 2 workshops remaining for
designing public policies and an implementation plan). The group model building participants are the
«model owners» and participate in important modelling decisions. Between the group model building
sessions, information from the group model building session are synthesized into a consistent model
and triangulated the information from the group model building session with other information
(material flow data from MFA, data from semi-structured interviews with case study partners).

The first two workshop were dedicated to problem definition and dynamic hypothesis formulation
and took place before the MFA analysis. The initial challenge was to identify adequate system boun-
daries of the material and construction system of Switzerland with the participants. Therefore, we con-
ducted three standard «group model building scripts» ([20], [21]) to help eliciting the problem under-
standing, initiate the modelling process and data collection, based on a shared problem hypothesis.

We conducted case study interviews to validate assumptions about business policies of companies.
Additionally, we used MFA data for a model region (annual MFA data from 2012 to 2017), historical
and current price data and cost data to calibrate the model. We triangulated this information with the
dynamic hypothesis from the first two group model building workshops. During this triangulation
process, we iteratively built first drafts of a system dynamics simulation model.

The GMB workshops 3 and 4 formed a learning process, in which the group model building panel
completed the model. According to [22] a model is considered valid when the model is judged as con-
vincing by group model building participants and the assessment of the policy designs does not change
as additional information was added. Model validation is based on (i) formal model testing (e.g. [23]);
(i) comparing model parameters, variables, relationships and behaviour to existing theory and empiri-
cal data hierarchically on different levels [22]; and (iii) building confidence in the model validity in a
community represented by the GMB panel members ([23], [24]).

4. Results

In the first two years of our research project we analysed business models of six companies as case
studies and carried out four workshops in the group model building process. We started developing a
system dynamics model as well as an assessment model and used first model prototypes for case study
analysis of specific material and waste management systems on regional scales. Our preliminary
results are summed up in the following two subsections.

4.1 Assessment model

We used the model prototype of the assessment model to analyze individual companies (as part of the
case study analyses) as well as three regions: the cantons of Argovia and Thurgovia and the upper
Rhine valley in the north of canton Grisons [25].

The assessment on company level showed that



e Environmental impacts are dominated by cement production (cumulative energy demand, global
warming potential), extraction of primary resources and landfilling of CDW construction and
demolition waste (resource and landscape conservation). Yet, most gravel and concrete producers
have no influence on cement production.

e Most value added is created in cement production and construction activities. There are two
important co-production processes: (i) gravel extraction and landfilling of excavated materials as
well as (ii) processing of recycling aggregates and waste management of CDW. Both co-production
processes create a comparable amount of value added per output unit.

e Primary gravel is mostly substituted with excavated material (with a high gravel content) whereas
recycling aggregates are of minor importance.

The assessment on regional level confirm the results on company level. There is a trade-off between
economic benefits from construction activities on a regional scale and induced environmental impacts,
which cannot be resolved by gravel and concrete producers alone. Their contribution to economic
benefits is small and their impacts on the environment are primarily relevant on local scale. Only
around 5% (cantons Thurgovia and Aargovia) of all factor income generated in the value chain of
construction materials can be accounted to gravel and concrete produced within the region (including
related waste management services). The remaining 95% are generated in construction activities
including their supply chains from other industries. For these reasons, business models in gravel and
concrete production don’t have a major influence on eco-efficiency on a regional scale.

Yet, gravel and concrete producers contribute significantly to closing material cycles of construction
minerals on regional scale. Their strategy aims at saving primary gravel as well as managing volumes
for depositing mineral construction waste and excavated material. It also increases efficiency in transport
logistics. In a case study for the upper Rhine valley we could show that the amount of virgin gravel/sand
extracted per year could be decreased by 44% if all excavated material was used in gravel production.

4.2 System dynamic modelling

We identified a lock-in situation to the status quo, blocking the uptake of secondary resources. In
many Swiss regions gravel producers earn more money by depositing excavated materials (in empty
gravel pits) than by producing gravel. As a result, current prices for gravel are low and it is not
economically beneficial to produce aggregates from mineral construction waste or excavation
material. This lock-in situation was repeatedly reported by case study partners.
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Figure 1: Stock and Flow Diagram including business policies that explain the extraction business model lock-in. Adapted
from Kliem and Scheidegger (see [26]).

Figure 1 shows a stock-and-flow diagram representing an extract from a larger model [26] that
visualizes the lock-in dynamics.
Firstly, the diagram shows relevant material stocks and flows (Disposal Volume, Gravel Extraction,
Recovered Gravel from Excavated Material, Disposal of Excavated Material). Secondly, it includes



causal relationships representing business policies, as reported in the case studies. For example, arrow
«1» reads «if the disposal volume is low, companies operating gravel pits desire extracting more
gravel (in order to create new disposal volumes).» Arrow «2» reads «if gravel extraction is high,
companies recover less gravel from excavated materials (because gravel prices are low).»

Connecting the physical material flows to current policy decisions, resulted in a model showing the
feedback structure causing a lock-in to primary resource consumption. The feedback loop B1 repre-
sents a balancing feedback loop intended by the companies of the gravel sector: if disposal volume is
low, they extract more gravel, and create thus empty space for disposal. The feedback loop R1 is rein-
forcing and describes the lock-in origin: the more gravel extraction, the less recovered gravel from
excavated materials, the more disposal of excavated materials; this reduces the disposal volume, thus
companies extract more gravel.

Combining a MFA with associated policy mechanisms sharpens the focus on a selected dynamic
problem. A quantitative system dynamics model allows the analysis of policy interventions, and helps
to understand the long-term effects of policies, while reducing the risk of unintended consequences.
The model accounts for material flows, material stocks as well as relevant informational feedback.
This perspective helps to consider important non-linear policy feedback mechanisms when analysing
and designing transition policies.

5. Conclusions

MFA and SD practice starts from slightly different ontological and epistemiological positions [27]. On
a continuum from a «subjective» to an «objective» approach to science, both are rather positioned on
the «objective» side. However, the way SD is used in this project suggests a slightly more subjectivist
perspective. The «model owners» in the GMB workshops participate in modelling decisions, and their
point of view directs the modelling of the causal mechanisms explaining the dynamic problem.
However, the modeller make sure that the model is consistent with basic physical laws and that model
validation principles are respected. This way, SD is ideally suited to bridge from MFA — taking an
ontologically realist and epistemiologically positivist position — towards a more subjectivist view
required for conceptualizing and designing transition dynamics in socio-ecological systems.

From a SD perspective, MFA helps analysing the «physical backbone» of resource management
systems. MFA uses a very simple modelling approach, based on mass balancing of material or
substances. It is a suitable tool to develop a consistent data base for material extraction, processing,
use and deposition, especially in cases of poor data availability. It aims at developing robust input-
output models taking account of uncertainties and supporting data validation. This is very important in
our project for case study analysis, because companies do not provide complete and consistent data
sets. In this sense, MFA is an excellent tool for pre-studies in system dynamic modelling.

From a SD perspective, MFA helps analysing the «physical backbone» of resource management
systems. MFA uses a very simple modelling approach, based on mass balancing of material or
substances. It is a suitable tool to develop a consistent data base for material extraction, processing,
use and deposition, especially in cases of poor data availability. It aims at developing robust input-
output models taking account of uncertainties and supporting data validation. This is very important in
our project for case study analysis, because companies do not provide complete and consistent data
sets. In this sense, MFA is an excellent tool for pre-studies in system dynamic modelling.

In addition, MFA can reveal information on system dynamics if used to calculate time series for
material flows. In our project, we could use an existing MFA data base that has been developed and
applied for over a decade to analyse material flows of gravel, excavated materials and mineral
construction waste over time. It proves to be a very valuable data source to model system behaviour.

The MFA-based assessment model reveals which processes or sub-systems are most relevant in
transition towards a more sustainable economy - with respect to goals defined by the «model owners».



From this starting point, SD-modelling can focus on a specific puzzling dynamic problem. In our
research project, we identified extraction of gravel and deposition of CDW as key issues. We,
therefore, decided to focus on co-production of virgin gravel and deposition of excavated materials.

From a MFA perspective, SD-modelling helps identifying and describing dynamics of resource
management systems. MFA models can be either time depended (if time series data is given for
exogenously defined parameters) or driven by dynamics of material stocks (e.g. stocks of buildings).
Yet, they cannot capture dynamics caused by feedback loops within the system or include knowledge
about the reaction of processes to economic incentives or changes in the regulatory system. SD-
modelling can fill this gap. In our project, we reveal that relative prices of virgin gravel and recycling
aggregates are influenced by co-production of virgin gravel and deposition of excavated materials. If
excavated materials can be used to refill empty gravel pits, prices for virgin gravel will fall. As a
result, there are little economic incentives to use recycling aggregate as substitute for virgin gravel.

This research approach can be transferred to other regions outside Switzerland. Yet, it requires a
very good MFA data base as well as a relationship of trust between research groups and industries.

6. Outlook

The results obtained in this project can directly transferred into practice, as they provide the basis for:

e Recommendations for actors from politics and administration for the development of measures and
instruments for a recycling economy in the construction industry and for the promotion of an efficient
use of mineral raw materials (effectiveness analysis of policies). In the final year of our project we
will evaluate different public policies such as (i) taxation of gravel extraction or imports and (ii)
policies to grant permissions for gravel extraction or deposition of excavated materials.

e Improved decision bases for companies in the construction industry to further develop their business
models towards sustainable development. In the final year of our project we will evaluate how
different business models perform with respect to goals of sustainable economic development
represented by our indicator set (factor income, Global Warming Potential (GWP), Cumulative
Energy Demand (CED), resource and landscape conservation).

To these aims, both models will be used together for scenario analyses, combing scenarios for (i)
development of parameters outside the system focusing on alternative future developments of the built
environment and (ii) parameters influences by alternative public policies.

References

[1] Rubli S and Schneider M 2018 KAR-Modell - Modellierung der Kies-, Riickbau- und
Aushubmaterialfliisse : Modellerweiterung und Nachfiihrung 2016

[2] Rinas T 2011 Kooperationen und innovative Vertriebskonzepte im individuellen Fertigteilbau,
Entwicklung eines Geschéftsmodells. ETH Ziirich. https://doi.org/10.3929/ethz-a-006850376

[3] Rotmans J, Kemp R and von Asselt M 2001 More evolution than revolution: transition
management in public policy. Foresight, 3(1), 15-31. doi:10.1108/14636680110803003

[4] Kemp R, Loorbach D and Rotmans J 2007 Transition management as a model for managing
processes of co-evolution towards sustainable development. International Journal of Sustainable
Development & World Ecology, 14(1), 78-91. doi:10.1080/135045007

[5] Kemp R, Rotmans J and Loorbach D 2007 Assessing the Dutch Energy Transition Policy: How
Does it Deal with Dilemmas of Managing Transitions? Journal of Environmental Policy &
Planning, 9(3), 315-331. http://www.informaworld.com/10.1080/15239080701622816.

[6] Ramanathan R, He Q, Black A, Ghobadian A and Gallear D 2016 Environmental regulations,
innovation and firm performance: A revisit of the Porter hypothesis. Journal of Cleaner
Production. doi:10.1016/j.jclepro.2016.08.116

[7] Soderholm P 2011 Taxing virgin natural resources: Lessons from aggregates taxation in Europe.
Resources, Conservation and Recycling, 55(11), 911-922. doi:10.1016/j.resconrec.2011.05.011



(8]

[13]

[14]

[15]
[16]
[17]
[18]
[19]
[20]

[21]

Schaltegger S, Ludeke-Freund F and Hansen E G 2016 Business Models for Sustainability: A Co-
Evolutionary Analysis of Sustainable Entrepreneurship, Innovation, and Transformation.
Organization & Environment, 29(3), 264-289. doi:10.1177/1086026616633272

Forster R 2009 Overcoming Implementation Barriers of Scientific Simulation Models in Regional
development: The Function of Participatory Modeling. ETH Ziirich. https://doi.org/10.3929/ethz-
a-006018320

Etienne M 2014. Companion Modelling. Dordrecht: Springer Netherlands. doi:10.1007/978-94-
017-8557-0

Van de Fliert E, Herrmann S and Alkan Olsson J 2011 Integrated assessment of agricultural
sustainability: exploring the use of models in stakeholder processes. International Journal of
Agricultural Sustainability, 9(2)

Engle N L, de Bremond A, Malone E L and Moss R H 2014 Towards a resilience indicator
framework for making climate-change adaptation decisions. Mitigation and Adaptation Strategies
for Global Change, 19(8), 1295-1312. doi:10.1007/s11027-013-9475-x

Augiseau V and Barles S 2016 Studying construction materials flows and stock: A review.
Resources, Conservation and Recycling. doi:10.1016/j.resconrec.2016.09.002

Bergsdal H, Brattebe H, Bohne R A and Miiller D B 2007 Dynamic material flow analysis for
Norway’s dwelling stock. Building Research & Information, 35(5), 557-570.
doi:10.1080/09613210701287588

Kytzia S and Nathani C 2004 Bridging the gap to economic analysis: Economic tools for industrial
ecology. Progress in Industrial Ecology. Vol. 1, No. 1-3, 2004, 143-164

Kytzia S 2009 An Input-Output Framework to Enhance Consistency in Hydrid Modeling. in: Suh
S Handbook of Input-Output Economics in Industrial Ecology, 99-121

Richardson G P 1991 System Dynamics: Simulation for Policy Analysis from a Feedback
Perspective 144—169. Springer New York. doi:10.1007/978-1-4613-9072-5 7

Ulli-Beer S 2013 Dynamic Governance of Energy Technology Change. Berlin, Heidelberg:
Springer Berlin Heidelberg. doi:10.1007/978-3-642-39753-0

CemSuisse 2018 Annual Report 2018 key figures Bern: Association of the Swiss Cement Industry
Andersen D F and Richardson G P 1997 Scripts for group model building. System Dynamics
Review, 13(2), 107-129. https://doi.org/10.1002/(SICI)1099-1727(199722)13:2<107::AID-
SDR120>3.0.CO;2-7

Luna-Reyes L F, Martinez-Moyano I J, Pardo T A, Cresswell A M, Andersen D F and Richardson
G. P. 2006 Anatomy of a group model-building intervention: Building dynamic theory from case
study research. System Dynamics Review. https://doi.org/10.1002/sdr.349

Groesser S N and Schwaninger M 2012 Contributions to model validation: hierarchy, process,
and cessation. System Dynamics Review, 28(2), 157—-181. https://doi.org/10.1002/sdr.1466
Forrester J] W and Senge P M 1978 Tests for building confidence in system dynamics models.
System Dynamics Group, Sloan School of Management, Massachusetts Institute of Technology.
Hovmand P S 2014 Community Based System Dynamics. http://link.springer.com/10.1007/978-
1-4614-8763-0

Meglin R, Kliem D, Scheidegger A and Kytzia S 2019 Business-models of gravel, cement and
concrete producers in Switzerland and their relevance for resource management and economic
development on regional a scale IOP Conf. Ser. Earth Environ. Sci. 323

Kliem D and Scheidegger A (forthcoming) Participative governance of the Swiss construction
material industry — Transitioning business models and public policy in Bianchi, C. (forthcoming).
Enabling Collaborative Governance in Dynamic Performance Management, Springer

Lane D C 1999 Social theory and system dynamics practice. European Journal of Operational
Research, 113(3), 501-527. https://doi.org/10.1016/S0377-2217(98)00192-1



