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Abstract. There is increasing emphasis on modern participatory and educational approaches to 

collaboratively address sustainability and circularity challenges in cities and urban areas. C6 is 

a role-playing, serious game that immerses players in the complexities of circular construction 

at the city scale. In a turn-based format, players make strategic decisions about material 

sourcing while balancing trade-offs among higher circularity, carbon footprint, and cost. The 

game simulates realistic future dynamics, including policy shifts and material shortages. 

Designed to stimulate systematic and critical reflection, C6 demonstrates how geogames can 

merge the complexity of circular construction possibilities, sustainable trade-offs, and realities 

of future urban expansion into engaging participatory decision-making. 

 

 

Keywords: circular construction, urban mining, system dynamics, city-based games 

 

 

 

 

 

1 Introduction 

Governments around the world aim to achieve a fully circular economy by 2050 (Ministry of 

Infrastructure and Water Management, 2019). In the construction sector, this ambition is particularly 

important, as the sector accounts for around 30 percent of global waste generation and carbon 

emissions. Although reuse can significantly lower environmental impacts (Fodor et al., 2023), 

empirical studies show that recovered materials alone will not meet future construction demand 

(Yang et al., 2022). Consequently, the assumption that new buildings can be fully supplied by urban 

mines remains unrealistic. 

      At the same time, there is growing emphasis on bio-based construction materials as renewable, 

low-carbon alternatives (Yang et al., 2022; Metabolic Consulting, 2023). Yet, bio or reusable 

material on the spatial scale of cities is limited in nature, and even under optimistic scenarios, is 

projected to reach just under 50 per cent of the construction materials market share in Europe by 

2030 (Metabolic Consulting, 2023). In practice, reusable and bio-based materials are often discussed 

separately, with the assumption that either, or both, will be sufficient for a circular city in the future. 

      Our study challenges this assumption through a systematic analysis of the issue and presents a 

serious game to help players become aware of the limitations and trade-offs of circular cities and 

buildings. The rest of the paper discusses C6: Compete, Collaborate, and Co-Create Your Circular 

City, a participatory serious game that enables stakeholders to experience and reflect on material 

trade-offs in city design. Serious games and Geogames are proven means to experience such trade-

offs under realistic future constraints rather than treating circular strategies in isolation (Akbarieh, 

Han, et al., 2025b; Poplin, 2025). Serious games for circular construction have shown value in 

translating these trade-offs and consequences into tangible interactive experiences (Akbarieh, Han, 

https://orcid.org/0000-0001-9561-4547
mailto:a.akbarieh@tue.nl
mailto:q.han@tue.nl
mailto:alexander.klippel@wur.nl


  

  
 

 

116 

et al., 2025a; Archila et al., 2023). 

2 Research Focus and Methodology 

This study followed an iterative design science approach with three phases: (i) game design 

grounded in literature and system dynamics method, (ii) implementation through rapid digital 

prototyping followed by a physical version, and (iii) evaluation via playtesting, structured 

debriefing, and post-game feedback collection. Further details of system dynamic modelling is 

available in Akbarieh, Klippel, et al. (2025). 

      The game mechanics were informed by principles of the circular economy and by literature on 

the limits of urban mining and constraints on bio-based materials. To translate these insights into a 

playable structure, the authors developed a causal loop diagram that represents the 

interdependencies among material availability, market shares, policy pressure, cost, carbon 

footprint, and circularity outcomes. A moderate future scenario was used with an assumed 20 

percent bio-based share and a 10 percent injection of high-quality reusable materials entering the 

market, based on studies of Metabolic Consulting (2023) and Yang et al. (2022). These assumptions 

were used to parameterize product availability and price shifts across rounds and to construct 

missions that require players to navigate trade-offs rather than optimize a single metric. 

 

 
Fig. 1. Overview of four Product Cards. Each product card has characteristics and costs. The color of the 

card shows if the origin of products is conventional (orange), reusable (green), or bio-based (purple) 

 

      C6 featured three competitive rounds. Across rounds, players choose projects (from three 

shuffled options of Detached House, Apartment and Renovation project – Fig. 1) and procure 

products from three supply categories: reusable materials, bio-based materials, and conventional 

materials (Fig. 2). Each product card encodes three attributes that drive decision-making: circularity 

score, carbon footprint score, and cost. Players role-play as building designers, shaping a future 

circular city by choosing materials for their projects within their budget constraints. After the last 

round, players receive their performance feedback and decision log: (1) Individual Impact: 

breakdown of their scores in every round. (2) A Final score of all their rounds, (3) a collective City-

Level Impact: A broader evaluation of how the team, i.e., city, has performed. The winner is the one 

with a higher final score. A very detailed Excel file was developed for recording cards played by 
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each player in each round in each group, based on which the final scores were calculated and 

compared. This Excel file functions as a leaderboard. Formula 1 shows the score for one round for 

one player. The final score is the average of three rounds. 

       

𝑅𝑜𝑢𝑛𝑑 𝑆𝑐𝑜𝑟𝑒 = 100 × [(
𝐶𝑖𝑟𝑐𝑢𝑙𝑎𝑟𝑖𝑡𝑦 𝑆𝑐𝑜𝑟𝑒

𝑀𝑎𝑥 𝐶𝑖𝑟𝑐𝑢𝑙𝑎𝑟𝑖𝑡𝑦
) + (

𝑀𝑖𝑛 𝐶𝑂2−𝑃𝑙𝑎𝑦𝑒𝑟 𝐶𝑂2

𝑀𝑖𝑛 𝐶𝑂2−𝑀𝑎𝑥 𝐶𝑂2
) + (

𝐵𝑢𝑑𝑔𝑒𝑡 𝐿𝑒𝑓𝑡

𝑆𝑡𝑎𝑟𝑡𝑖𝑛𝑔 𝐵𝑢𝑑𝑔𝑒𝑡
)]         (1) 

 

C6 was first prototyped digitally using Miro and then translated into a physical card-based board 

game. The Miro version was played with three groups to optimize the mechanics and overcome 

shortcomings before creating the physical prototype. The physical version was tested with six 

groups in a workshop. Structured debriefings, the collection of qualitative feedback under ethical 

approval, and open discussion followed this phase. 

3 Results and Discussion 

The game was presented to 18 policymakers (six teams of three players playing simultaneously) 

during Circular Economy Week 2025. The game was designed to help designers of circular cities 

and circular buildings see the impact of their designs by providing a final score and allowing them 

to observe their own choices and trade-offs during gameplay. It proved to be successful: Players 

were required to balance circularity scores, carbon footprint values, and budget constraints 

simultaneously. This multi-criteria decision-making revealed that high circularity does not always 

coincide with low carbon impact. This nuance is often overlooked in simplified sustainability 

narratives. Several participants explicitly commented during debriefings that the game challenged 

their assumption that “circular automatically means sustainable." 

 

 
Fig. 2. Overview of the three Project Cards. One card is played by the player per round 

 

 

      A notable finding was the contrast between digital and physical gameplay. In digital playtests, 

participants tended to make faster decisions. They often experimented with riskier or less reflective 

strategies and did not care that much about their available tokens. In contrast, the physical board 

game encouraged slower, more deliberate engagement. Players spent more time examining cards, 

discussing trade-offs, and justifying their choices to teammates. This behavioral difference suggests 

that physical artefacts can enhance reflection and sensemaking in complex decision environments, 

which is a promising direction for future research.   

      Debriefing discussion with players also led to more profound game design questions: Should 

budget constraints always steer players toward circular choices? Or can we design situations where 

players opt for circularity even when they have the means to do otherwise? The pilot playtest further 
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revealed a fascinating insight: players consistently expected to face budget shortages and were 

surprised (and at times dissatisfied) when circular design options were actually affordable. Despite 

being familiar with circularity issues, many participants seemed preconditioned to view serious 

games through a binary lens of "money vs circularity." They expected Circular products/materials 

to be more expensive. While we did explore this trade-off, the game also introduced other tensions, 

such as circularity vs sustainability, alongside event-based market shifts. A key challenge remains: 

how can we prompt players to reflect on their decisions as if they were actual designers, rather than 

anchoring their thinking solely in the constraints of the real world? These are questions that our 

team will systematically explore in future workshops and optimizations. 

 

 
Fig. 3. Overview of C6 serious game in Miro. Game has three rounds and three players 

 

 

      Policymaker interest exposed a boundary between serious games and interactive policy tools: 

Some expressed a desire for future similar serious games to inject their own policy ideas and 

observe system responses. However, C6 revealed that translating policy proposals into simulated 

market impacts requires explicit modelling of causal pathways and interdependencies, which is 

time-consuming and needs many variables. This insight motivates us to create a future extension 

toward an AI-assisted or digital prototype, since paper-based versions of versatile policy simulations 

proved operationally difficult. This discussion raised a conceptual question about where a serious 

game ends and a decision support system begins. 

      Implementation of the physical version of C6 revealed several practical limitations: 

Approximately 1,200 cards with round-specific values were required for six simultaneous groups of 

three players, making preparation time intensive (Figure 4). The management of transitions between 

rounds and across multiple teams proved challenging, occasionally disrupting gameplay flow and 

players' comfort. These constraints revealed the limits of a physical city scale serious game and 

motivated a future digital version of C6. 

      Evaluation also encountered limitations: fewer than half of the 18 participants voluntarily 

completed the post-game questionnaire, limiting the scope of the quantitative assessment. 

 

 
 



  

  
 

 

119 

 

Fig. 4. Board game version of the C6 serious game, showing the product cards (laid down) and event cards 

(stand up). The color of the card shows if the origin of products is conventional (orange), reusable (green), 

or bio-based (purple) 

 

4 Conclusions 

In conclusion, by immersing players in a dynamic environment where multiple variables (e.g., 

material availability, circularity potential, environmental performance, and economic constraints) 

interact and shift across time, the game encourages players to understand interdependencies and 

consequences. C6 also contributes to the growing landscape of serious games that move beyond 

awareness-raising and toward structured decision-making, trade-off evaluation, and collaborative 

visioning. 

 

Acknowledgments. The authors gratefully acknowledge the EWUU alliance for supporting this initiative and 

would like to sincerely thank all the individuals who participated in the gameplay sessions for their time, 

enthusiasm and valuable feedback. 

 

Disclosure of Interests. The authors declare no competing interests. 

 

References 

Akbarieh, A., Han, Q., & Klippel, A. (2025a). Circupoly: A Serious Game for Circular Urban Built 

Environment. Proceedings of the 2nd Geogames Symposium, 85–89. 

Akbarieh, A., Han, Q., & Klippel, A. (2025b). Playing for a Purpose: A Systematic Review and Framework 

for Gamified Sustainability Interventions in Urban Built Environments. Results in Engineering, 

105277. https://doi.org/10.1016/j.rineng.2025.105277. 

Akbarieh, A., Klippel, A., & Han, Q. (2025). A System Dynamics-based Serious Game for Circular 

Decision-Making in the Built Environment: 4D-BE 2025: 4th Research Day on Digitalization of the 

Built Environment. Digitalisation of the Built Environment, 17–20. 

https://doi.org/10.5281/zenodo.15162470. 

https://doi.org/10.1016/j.rineng.2025.105277
https://doi.org/10.5281/zenodo.15162470


  

  
 

 

120 

Archila, H. F., Lashley, R., Lamond, J., Prabhakaran, A., Msipo, A., & Escamilla, E. Z. (2023). 

‘Smartifying’ Construction for Circular and Zero-Carbon Biobased Buildings (SmartBioC). In S. 

Amziane, I. Merta, & J. Page (Eds.), Bio-Based Building Materials (pp. 926–936). Springer Nature 

Switzerland. https://doi.org/10.1007/978-3-031-33465-8_71. 

Fodor, J., Akbarieh, A., Schäfer, M., & Teferle, F. N. (2023). Sustainability assessment of a novel reusable 

and demountable steel-concrete composite floor system. In ECPPM 2022—eWork and eBusiness 

in Architecture, Engineering and Construction 2022. CRC Press. 

Metabolic Consulting. (2023). Impact scan for timber construction in Europe. Metabolic Consulting. 

Ministry of Infrastructure and Water Management. (2019, November 4). Circular Dutch economy 

by 2050—Circular economy [Onderwerp]. Ministerie van Algemene Zaken. 

https://www.government.nl/topics/circular-economy/circular-dutch-economy-by-2050. 

Poplin, A. (2025). Geogames: An expanded definition, application areas, geogame types, and a proposed 

research agenda. Environment and Planning B: Urban Analytics and City Science, 

23998083251382383. https://doi.org/10.1177/23998083251382383. 

Yang, X., Hu, M., Zhang, C., & Steubing, B. (2022). Urban mining potential to reduce primary material 

use and carbon emissions in the Dutch residential building sector. Resources, Conservation and 

Recycling, 180, 106215. https://doi.org/10.1016/j.resconrec.2022.106215. 

https://doi.org/10.1007/978-3-031-33465-8_71
https://www.government.nl/topics/circular-economy/circular-dutch-economy-by-2050
https://doi.org/10.1177/23998083251382383
https://doi.org/10.1016/j.resconrec.2022.106215

