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lengthen return on investment periods. As such, literature 
has highlighted the need for further understanding about 
financing circular business models, especially aspects 
related to investment decisions for physical capital assets 
(Korse et al., 2016).

To help increase understanding about circular economy 
and the development of circular business models, a 
number of serious games have been developed. This 
is likely due to both games’ abilities to model complex 
systems and assist in reasoning and planning (Sitzmann, 
2011; Ke, 2009). However, a review of these existing games 
reveals a focus on motivating the creation of circular 
businesses rather than specifically addressing economic 
aspects of business operations or detailing financial 
implications behind investment decisions. 

Developed to address this gap, the business game RISK 
& RACE has been developed and this paper investigates 
how such a serious game can assist educators in modeling 
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Governments, companies, and scholars have expressed 
concerns about the long-term viability of our current 
resource production and consumption rates. Many 
consider moving to a more circular model as a necessary 
and logical step for today’s society. Analysis also suggests 
this makes sense from an economic standpoint, with 
estimates that moving to a circular economy could 
generate €1.8 trillion within Europe by 2030 (Ellen 
MacArthur Foundation, 2015).

Companies, perhaps intrigued by the promise of cost 
savings and new business opportunities, have expressed 
interest in applying this circular way of thinking in the 
development of new business models. Business models 
describe how a company creates, delivers, and captures 
value (Osterwalder et al., 2010) and are viewed as 
important enablers for circular economy (Bakker et al., 
2014b). Circular business models imply that the useful life 
of products and components is prolonged and/or material 
flows are closed. 

In practice, many types of circular business models are 
emerging, with Bakker et al. (2014a) distinguishing five 
types: Classic Long Life Model, Hybrid Model, Gap-
Exploiter Model, Access Model, and Performance Model. 
However, in moving to adopt these models, companies 
often encounter barriers. Many models encourage retained 
ownership of physical assets, resulting in capital tie up 
and increased business risk (Linder & Williander, 2015). 
Furthermore, a change in business offer (i.e. moving from 
selling to renting) can disrupt the revenue stream and 
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Abstract
As the topic of circular economy gains increasing popularity, a growing number of serious 
games and tools have been developed to assist in educating about circular business models. 
A review of these existing games suggests a lack of emphasis on business operations and 
financial implications behind circular business model investment decisions. In contrast, recent 
academic literature suggests the economic implications of adopting circular business models 
should be stressed, given potential financial differences between circular business models and 
linear business models. This paper introduces Risk & Race, a serious game developed to assist 
in bridging this gap between literature and practice by illustrating the financial drivers and 
barriers to implementing circular business models in practice. Initial findings from testing with 
students suggest the game succeeds as a support tool for modeling business operations and 
explaining the financial side of circular business models. 
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Table 1. Key Financial Barriers to CBMs.
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While these existing circular economy-focused games 
have specific and differing learning outcomes, most aim 
at giving a generalist introduction to various motivations 
for a circular economy and simplify the financial 
perspective. For example, although In the Loop utilizes 
a monetary system where players must make strategic 
investment decisions, purchase resources, and distribute 
products, players do not track financial records (i.e. fixed 
and variable cash flow) and human resources are notably 
absent. As such, players receive surface-level takeaways 
regarding the financial implications of circular business 
models.

�
�������	���(����
�����)����
Risk & Race (Figure 1, Table 2) is a serious game developed 
to explore the financial side of circular business models. 
At the beginning of the game, each player ‘inherits’ a 
manufacturing company in debt. The aim is to increase 
company value throughout the game and be the company 
with the highest value at the end of the game. This 
company value is expressed by the player’s total amount of 
cash, investments, labor force, and societal impact.

The game is played in ten to fifteen rounds. Each round 
signifies one year and the game follows a pre-set narrative 
with various scenarios (i.e. PESTEL forces) unveiled each 
round that change the game conditions. Using game 
mechanics similar to other ‘worker placement’ games1, 
players need to carefully choose and plan their actions 
during each round. They can purchase resources, produce 
and sell products, train employees and make investments 
in an effort to increase company value. After each round, 
players must ‘bookkeep’ by recording their fixed and 
variable costs, investments, and revenue from product 
distribution.

The game environment of Risk & Race is a complex system 
with multiple feedback and feedforward loops which can 
be divided into two main parts: the external environment 
(i.e. the game narrative and other players’ actions) and the 
internal environment (i.e. player’s decisions and company 
resources). The game’s changing narrative mimics many 
factors in the current external business environment that 
are seen as drivers for circular economy. Price volatility 

drivers and barriers of circular business models. 
Following a brief background section about existing 
games and previous research, the scope and theory behind 
Risk & Race is presented. Finally, first insights into the 
applicability of the game in education are summarized 
from play testing sessions with high school and higher 
education students.

%�	�������
Circular Business: Drivers & Barriers 
Previous research has highlighted the significance of 
financial drivers and barriers in regards to adopting 
circular business models. 

Proponents of circular business models stress potential 
gains from reduction of risk (i.e. greater security of 
resource supply, protection against price volatility) (Peck 
et al., 2015) and economic growth (i.e. new revenue 
opportunities, new market potential, and cost savings in 
manufacturing) (Ellen MacArthur Foundation, 2013). 
However, as the assumptions that business operations are 
based upon change over time and with different market 
demands (Linder & Williander, 2015), macro environment 
conditions do not always prove certain circular business 
decisions to be economically beneficial.

Furthermore, adopting circular strategies in reality poses 
financial threats to firms’ existing business models and 
a number of barriers have been identified. Much of the 
knowledge about circular business is based on existing 
literature on product service systems as, in contrast to 
the current linear ‘sell more, sell faster’ business model, 
circular business models often move away from one time 
sale of products. 

In addition to impacting company cash flow and 
lengthening return on investment periods (Mont, 2000), 
additional firm resources are often required. Products 
many need to be redesigned in order to make them 
more durable, repairable, and upgradable (Sauve et al., 
2015; Berchicci and Bodewes, 2005), leading to greater 
upfront investment. Additional costs may also result from 
arranging take-back and reverse logistics (Kissling et al., 
2013) or hiring additional employees to perform skilled 
tasks such as repair (Kowalkowski et al., 2015). As such, 
many firms do not implement circular business models. 
Table 1 summarizes these identified barriers. 

CE Game-based Tools
Games for learning, or serious games, often represent 
reality and present players with a unique dynamic 
learning situation (Crawford, 1984). In the fields of 
sustainability and circular economy, such games have 
received attention as learning objects in both research and 
practice (DeWulf, 2010, Sadowski et al. 2013, Life cycle 
game, 2016). Recent games developed within the field of 
circular economy include In the Loop (Whalen & Peck, 
2014), Make it or Break it (ResCoM, 2016), the Game of 
Circularity (Resource 2015 and the Game of Circularity, 
2015), and Circulab (Circulab game, n.d.). 

Figure 1. Playing Risk & Race. © S. Manshoven

¹ Also known as action drafting, this is a game mechanic where players choose 
action(s) to perform from a set of actions available to all players by placing 
workers on spaces associated with the desired action.
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decisions usually make more economic sense as play 
progresses rather than in the beginning of the game. 

Initial Testing Insights
After an initial iterative design process, playtesting sessions 
were conducted in Finland, Germany, the Netherlands, 
and Belgium with a variety of potential target groups 
including business professionals, entrepreneurs, high 
school students, and university students. To provide some 
insight into the game’s potential as a tool in education, 
this paper briefly reflects on only the latter two types of 
sessions, specifically three sessions with students that 
took place during the second half of 2016. One session 
was held with high school students in Germany [n= 12], 
while two sessions were held with master’s students in the 
Netherlands [n=26] and Finland [n=66]. 

While all sessions emphasized the need for a moderator 
to guide each round, clarify concepts, and ensure the 
game runs smoothly, results indicate Risk & Race could 
provide valuable contributions to educational programs, 
especially for master’s students. Most participants used 
a combination of distribution types and purchased 
strategies, enabling them to compare the effects that 
various circular (and linear) actions had on their company 
financials. Surprisingly, participants also did not find the 
bookkeeping aspect of the game tedious, as there was 
some concern from the designers that this part would be 
seen as distracting from gameplay. 

After playing the game, master’s students reported 
greater knowledge about resource management, business 
continuity, and company finances due to the game’s 
emphasis on resource purchasing and cash flow. While 
a comparison of pre and post surveys taken by students 
in the Netherlands reported an emphasis on smart 
investment after playing, surveys from both master’s 

and uncertain supply of resources is expressed throughout 
the game through player competition, limited quantities, 
and, following external events, changing resource prices 
or availability. Policy mandates and new technologies, 
such as the phasing out of certain resources due to health 
concerns or improved recycling abilities, also influence 
players towards adoption of circular business models.

At the same time, barriers to adopting circular business 
models are present. Table 3 summarizes how the key 
financial barriers to adopting circular business models are 
modeled in Risk & Race. Unlike other circular economy 
games, human resources are required to perform activities 
(i.e. purchasing materials, producing products) and, as 
such, players must balance employment costs with every 
action, thus illustrating the limited capacities of firms. 

The external business environment also impacts each 
company as, following certain market trends, market 
demand changes each round with the game narrative. Also, 
resource costs can change due to price volatility on the 
market, or geopolitical tensions, changing the company’s 
profit margin. Players can react to these evolutions by 
investing in new or more efficient product design and in 
new (circular) strategies to assure their resource supply. 

Other financial implications of certain internal business 
decisions related to circular business models also become 
apparent as the game progresses. As players may choose to 
distribute products either through direct sales (ownership) 
or pay-per-use contracts, increased return on investment 
periods are modeled. While the latter distribution method 
reduces the effect from certain external environmental 
influences (i.e. resource competition), the longer pay-back 
time is clearly modeled. 

Finally, adoption of above-mentioned policies and new 
technologies require significant upfront investments and 
do not have clear rates of return. In some cases, players 
must first invest in multiple strategies before being able to 
see long-term financial benefits. As such, circular business 
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Embodiment in Risk & Race

Increased return on investment time 
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Visible by comparing the two 
types of distribution: Direct sales 
(player gains revenue immediately); 
Product-Service (player receives 
slightly more revenue, distributed 
over three rounds)

���������������	�������	������
����
arranging reverse logistics

Economic costs and uncertainty of 
take-back volume associated with 
operating reverse logistics

Increased human resources costs Human resources required to 
operate circular strategies; players 
must make trade-offs between 
hiring new workers or smartly 
allocating current employees.

Upfront investment needed for 
innovation (i.e. adapting products 
from CBMs)

����������������������������	��
circular strategies; some are also 
conditional (i.e. you must invest in 
�������������������	���	������
remanufacture products).

Changing market demands & 
assumptions

Game is dynamic system with 
!�������������"�#��$��������
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the game; External events reveal 
new conditions; Players compete 
over the same resources.
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of how main financial drivers and barriers to adoption 
of circular business models from literature have been 
translated and embodied in a serious game. 

Risk & Race appears to make a valuable contribution to 
the growing field of circular economy serious games as 
the game provides insight into company finance and 
illustrates resource management, company cash flow, 
and the influence of external factors (PESTEL). However, 
elaboration on current findings and additional playtesting 
must be carried out. Reflection of the game development 
process and specific mechanics could also be interesting 
from a serious game design perspective.
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student groups indicated increased familiarity with a 
variety of business-related and circular economy-related 
terms and concepts including variable cash flow, fixed 
cost, product service systems, remanufacturing, and 
reverse logistics. 

In contrast, some additional modifications could be 
necessary if the game is to be used more widely with 
high school students. The high school students appeared 
to have more difficulty than the master’s students in 
understanding and playing the game. Furthermore, some 
language issues were also encountered. While the master’s 
students were familiar with working in English, the 
German high school students were not. 
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This paper introduced Risk & Race, a game developed to 
increase understanding of circular business models. While 
financial differences between linear business models and 
circular business models are often stated to exist, when 
educating about circular economy concepts through the 
use of game-based learning, such differences are not often 
explicitly illustrated. This paper provides a first overview 
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