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I Introduction 

The advent of the user centric internet in the last few years has rapidly changed the types of 

interactions we observe there. The old model of the internet had a clear distinction between 

people who provided content (website authors) and people who consumed it. The new model, 

often referred to as Web 2.0, incorporates the user into content creation. Websites such 

as Wikipedia, Flikr and even the mighty search engine Google rely on the community of users to 

create and verify content. Some of these websites operate on a non-profit basis, others gain 

revenue through advertising, user profiling, or premium content. A short study by the web 

consulting company Box UK shows that of the 100 examined websites “34% use Advertising, 

12% a Variable Subscription model, and 8% each for Virtual Products (typically digital 

downloads), Related Products (typically a large software company offering a free product to 

attract you to their platform) and Pay-Per-Use.” (Zambonini, 2009) Every website listed in their 

study has a way to generate income and indeed most larger ones do. Most of them have in 

common, however, that users don't get paid in any form for their contributions. A regular 

contributor to Wikipedia, for example, has exactly the same advantages from the website as 

someone who never edited a single line. This seems like a potent business model for website 

owners as they get the workforce of many users without having to pay for it. The attraction for 

users to not just quietly consume is low, however. This paper proposes a model for an online 

currency that can be used by websites to pay their users and vice versa by users to access 

content on websites. A user who reviews a book on Amazon could then earn credit that she 

could either spend on the Amazon website itself, for example to get an audio book download, 

or on any other participating site. Not only would such a model allow users to be rewarded for 

their participation, making them more likely to participate in the first place, it also allows them 

to invest their working power in one place and reap the rewards in another. Basically, this 

system would do for the internet what regular currencies did for the real world, removing the 

needs for direct barter and allowing specialization. 

There are various examples of virtual currencies such as cash equivalent online payment 

methods, point reward systems and currencies from massively multiplayer online games 

(MMOs). These currencies are usually limited to a single game or environment, but can serve as 
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a starting point for creating a universal virtual currency and are therefore discussed in depth 

below. A currency with a broader approach has a lot of influencing factors that a game currency 

has not. Not only do you have to create a stable market with limited inflation and give actual 

value to your virtual credits, you also need to consider political, technical and security factors.  

The following sections describe a process with the goal of finding a working model for a large-

scale virtual currency and determining its feasibility if implemented through simulation. While 

the creation of this model as a whole could be considered research, the focus of this study is on 

the parts of the model that were deemed questionable during its creation. The following four 

questions arose when trying to form the ideas gathered from existing currencies into a model 

for a new one and were answered through simulation. You will find both a more detailed 

explanation of these questions and reasoning as to why these questions are relevant in the 

theoretical parts of this paper below. 

1. Are credits best introduced through RMT, loans, donations (starting credits), or a 

combination thereof? 

2. How important are the tools of RMT and loans for market stabilization? 

3. How do changes in credit supply influence the digital economy? 

4. Are there unobtrusive methods available for the central bank to earn real world money 

in the digital economy? 
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II Motivation 

The idea to create a global1 digital currency stems from the success of customer loyalty 

programs and game currencies as well as the hassle of online payments. A purely digital 

currency that is not bound to any real world one has various advantages. For one, the currency 

is independent from real world fluctuations and its worth is determined purely by the digital 

economy. In the same vein, spending digital money does not directly affect the real world 

wealth of the customer. This paper goes into detail on the topic of real money trading later, but 

in general it is interesting to pay for digital services with money gained from digital work. Not 

binding the digital currency to a real world one also removes many issues that would otherwise 

severely hamstring its introduction. An institution handing out cash equivalents would likely be 

required to adhere to banking oversight and hold significant cash reserves. The virtual world 

Entropia Universe2 from the Swedish Mindark PE AB recently made the move to become a fully 

licensed bank (Carlberg, 2009) and it has to be expected that anyone offering a cash equivalent 

currency will have to do the same. 

Aside from the question of binding to a real world currency, having a pure digital currency has 

various advantages. Digital money is easy to handle and impossible to misplace. All transactions 

are conducted on a central server and only consist of changes of numbers in a database. The 

overhead that other currencies face – such as the cost of inter-institute operations – would be 

greatly reduced when using one centralized bank. No money would have to be minted and 

security would only be a measure of having secured servers and not physical security of cash 

reserves. Since all reserves of the digital currency are handled by a single authority and 

transactions can easily be tracked, theft and money laundering3 will be difficult if not 

impossible.  

Users benefit from a purely digital currency mainly through its ease of use. It would only be 

necessary for the user to authenticate to the central institution to initiate a virtually instant 

                                                      
1
 The digital currency described here can be considered global in two ways. On one hand it is designed to be 

available worldwide (limits being internet access and legislation), on the other it isn’t limited to a small amount of 
users but theoretically available to everyone. 
2
 http://www.entropiauniverse.com/ 

3
 This only concerns money laundering inside the digital currency. The use of RMT to launder real world money with 

this system may still be possible – though detailed logging should help fight that problem as well. 
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transfer, instead of the complex procedures of online banking or the security risk of handing out 

your credit card information. The possibility to get paid for work that they do online should also 

be attractive for users. Many of them already provide content to various websites, be it to earn 

respect within certain online communities or just because they support a specific project. These 

users are sometimes called “prosumers” because they both produce and consume.4 

Compensation for their work will be reinforcing for those that already provide content on a 

regular basis and will inspire others to do so as well. 

From a business perspective, cheap and easy online payments enable companies to market 

products that would previously have been unprofitable. Chris Anderson wrote a book on the 

phenomenon that he calls the long tail, in which he describes how selling niche products can 

become profitable if advertising and distribution costs can be reduced to almost nothing 

(Anderson, 2006). Just as selling records that sell only 2 copies a year was unprofitable before 

the internet greatly reduced the cost of doing so, selling products of low value can be 

unprofitable. The cost of a transaction often outweighs the cost of the product itself in the low-

cost area. A purely digital currency reduces the former and therefore enables the sale of goods 

and services that were previously too cheap to sell.  

Most businesses use a rule of thumb of economics called the 80-20-rule. There are many 

variations of this rule, such as “80 percent of sales come from 20 percent of the products” which 

hold enough truth to them that it’s worth focusing on those 20 percent. Anderson argues that 

even if the 80-20-rule holds true, you are forfeiting 20 percent of potential sales by doing so. 

Transferring his findings to the area of digital transactions one can learn that focusing only on 

the larger transactions means losing out on money that can be made with smaller ones. 

In addition to the high potential a purely digital currency has to increase the welfare of both 

companies and users that adopt it, it also makes for a very interesting research object. 

Economists spend a lot of time on research of the development of economies in various 

countries, but can never do that with perfect information. Even governments and central banks 

don’t have a full overview over all transactions made using the currency they control. For a 

completely digital currency that can only be transferred through the central bank’s servers, 

                                                      
4
 Cf. (Tapscott & Williams, 2006, p. 124ff) 
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economists can – if privacy protection allows it – have perfect information. Many economic 

studies are based on small-scale experiments with artificial economies; experiments in which a 

selection of participants is placed in a specific market setting and their actions are observed.5 

Even existing virtual economies, such as those in MMORPGs, rarely have full disclosure on their 

transactions and are therefore difficult to be studied. A recent notable exception is a paper 

written under the supervision of virtual economics pioneer Edward Castronova. To my 

knowledge this is the first ever public study of actual large-scale data from a virtual world. The 

researchers had access to full transaction data of two servers of the MMORPG Everquest 2 over 

five moths and were able to compare the macroeconomic behaviour of the virtual world to that 

of the real world. The study concludes, among other things, that “Perhaps virtual economies are 

very precise analog for other kinds of real-world economies, such as frontier, developing or 

black market economies.” (Castronova, et al., 2009) The authors come to this conclusion 

because the virtual economy suffered heavy external shocks in the time of their research. 

Clearly, a game’s economy is first and foremost designed with the game in mind. Developers of 

games can accept high rates of inflation following their design changes, for example, if those are 

for the benefit of the game.  

In contrast to game economies, the virtual economy proposed here would be designed to 

provide a stable trading environment and the central bank would use its available financial 

instruments to make sure that it stays that way. If game economies provide a mirror of frontier 

and developing economies, this virtual economy might provide a mirror of a developed 

industrial economy. Research in this area should be a valuable addition to research in game 

economies. 

                                                      
5
 (Gode & Sunder, 1993) used such an experiment as control group to their digitally simulated economy for 

example. 
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III Methodology 

This paper will introduce a model for a virtual currency and detail the results of testing that 

model. The creation of the model is based on research on existing virtual currencies with a focus 

on electronic cash, point reward systems, game currencies, and local exchange trading systems.  

The positive and negative aspects of these currencies will then be combined to form a domain 

model of how a global virtual currency could work. Various methods can be imagined to test the 

validity of such a model, the most obvious one being the implementation of a prototype 

currency along the lines determined by the model and monitoring its results. This method, 

however, is expensive, time consuming, and does not allow for rapid changes in the structure of 

the economy or other variables. A second method would be to create multiple scenarios of how 

such an economy could work out and have experts judge them. Both the choice of experts and 

the choice of scenarios they would be presented with would have great influence on the results 

of the study. 

A third method is described by sociologist Nigel Gilbert: computer simulation. “Simulation 

comes into its own when the phenomenon to be studied is either not directly accessible or 

difficult to observe directly. “ (Gilbert, 1993) He uses a study of the society of hunter-gatherers 

20 000 years ago as an example, similar to the virtual economy proposed here because neither 

can actually be observed. In order to simulate the market described by the domain model, a 

network of software agents will be fed information on the structure of the virtual economy and 

then be put to the task of acting in that economy to the best of their ability. The goal of this 

simulation is not to find out whether companies and users would actually be willing to take part 

in an economy such as the one proposed here, but to find a model of the virtual economy that 

has the potential to function if people are willing to take part. 

Controlling an economy with real people in it is notoriously difficult. The current worldwide 

economic crisis shows us that there isn’t just one perfect theory available that can be applied to 

an economy to keep it stable. Instead, central banks apply various instruments according to 

their own politics with varying success.6 This simulation does not attempt to simulate the long-

                                                      
6
 (Henderson & McKibbin, 1993) for example compared various monetary policy regimes on the basis of instrument 

adjustments and wage persistence. 
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term functionality of the virtual economy proposed here, but focuses purely on the starting 

phase instead. The goal is to find an environment in which it would be possible for a healthy 

economy to develop in the first place. The discussion part of this paper will detail some of the 

possible long-term results this environment may have, but they cannot be simulated within the 

scope of this study. 

III 1. Agent-Based Computer Simulation 

In order to understand agent-based computer simulation, it is first required to define what a 

computer simulation is. Paul Davidsson defines it as concerning “the study of different 

techniques for simulating phenomena on a computer, e.g.: discrete event, object-oriented, and 

equation-based simulation. The phenomenon simulated is an event or a sequence of events in a 

natural or an artificial system (or a combination of these), which could be either existing or non-

existing at the time of the simulation.” (Davidsson, 2002)  

According to Davidsson, a computer simulation can work on either a macro-level or a micro-

level. Macro-level simulations are based on mathematical models, using average characteristics 

of populations and simulating changes in these. Micro-level simulations on the other hand try to 

“model specific behaviors of specific individuals” (ibid.) Agent-based simulations work on the 

micro-level by simulating individual actors in a system interacting and monitoring the emerging 

behaviour. This type of simulation is especially useful when the macro-level behaviour isn’t well 

understood and mathematical modelling therefore difficult or even impossible. 7   

Eric Bonabeau gives a great overview on the inner workings of and the reasons for agent-based 

simulation, only parts of which will be reiterated here. For further information see (Bonabeau, 

2002). In agent-based simulation, “a system is modelled as a collection of autonomous decision-

making entities called agents.” (Bonabeau, 2002, p. 7280) Depending on implementation, these 

agents assess their own state and that of the environment (as far as that is visible to them), and 

use a set of rules to decide how they will act and interact.  Even simple sets of rules and 

interactions can cause unforeseen8 behaviour arising from the predictable actions of individuals 

– a phenomenon called emergence.  “Emergent phenomena result from the interactions of 

                                                      
7
 cf. (Drogoul, Vanbergue, & Meurisse, 2003, p. 3) 

8
 Or at least unmodelled. 
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individual entities. By definition, they cannot be reduced to the system's parts: the whole is 

more than the sum of its parts because of the interactions between the parts. An emergent 

phenomenon can have properties that are decoupled from the properties of the part.” (ibid.) By 

this definition, emergent phenomena cannot be captured by macro-level simulations, making 

agent-based simulations the logical choice for research in the new field of digital economies.   

Bonabeau gives further reasons for using agent-based modelling, some of which apply to the 

examination of a possible virtual economy. An important reason is the heterogeneity of agent 

interactions. Aggregate differential equations (macro-level modelling) cannot compute the 

effect of individual actions, only their aggregate value. An imbalance of the distribution of 

wealth, for example, cannot be shown in an aggregate function as the average values will look 

fine. In an agent-based simulation, each agent’s actions can influence all other agents.  

(Parunak, Savit, & Riolo, 1998) support this, saying that “ABM is most appropriate for domains 

characterized by a high degree of localization and distribution and dominated by discrete 

decisions.” 

While there are existing economic theories that can be used to model the behaviour of 

economies, they are often unreliable and there is no proof whatsoever9 that they can be applied 

to digital economies as well. It is therefore safe to see a digital economy as a messy system10 for 

now – the optimal target for agent-based simulation. 

To summarize, agent-based simulation will be useful because it can describe previously 

unknown behaviour in a virtual economy, assess the impact of individual decisions in that 

economy, and model economic interactions without having to assume that certain economic 

theories are accurate. Agent-based simulation also allows for a direct translation of a decision 

making model for individual actors in an economy into software. (See below.) 

                                                      
9
 There have been some forays into comparing virtual economies, especially those of games, to real world 

economies. (Castronova, et al., 2009) have shown some similarities to the economies of developing countries and 
black-market economies, while (Broer, 2006)  shows that the game economies only behave similar to real world 
ones on a very basic level. Many standard macroeconomic concepts such as the value of leisure time (cf. (Walsh, 
1998, p. 94)) and unemployment (cf. (Cencini, 1995, p. 80)) don’t necessarily exist in virtual economies.  
10

 Cf. (Moss, 2001, p. 1) 
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III 2. Unintelligent Agents 

The most important question for the reliability of an agent-based simulation is the reliability of 

the agents themselves. If one strives to simulate a system with human decision makers, it seems 

logical to model the agents’  decision making processes as close to the human ones as possible. 

The problem with this approach lies in creating an artificial intelligence with not only an 

understanding of market rules but also the ability to estimate the actions of other agents. Any 

artificial intelligence used in a simulation like this would have to prove that its actions are an 

accurate estimation of what humans would do. Considering that not all humans think the same 

way, one would even have to use differently programmed artificial intelligences that represent a 

good average of the population. 

Traditionally, intelligent, goal-based decision making is assumed to be an integral part of agent-

based simulation,11 but Gode and Sunder used an alternative approach and discovered that 

“striving by individual participants to maximize their profits is not necessary for the extraction of 

surplus” (Gode & Sunder, 1993, p. 135) when researching double-auction markets with zero-

intelligence agents. They simulated a local fish market, but instead of endowing their actors 

with an artificial intelligence, they used random decision making within certain boundaries 

instead. While the actors were programmed not to sell or buy at a loss, they did not actually try 

to maximize profits – in stark contrast to classic Walrasian economic models. The interesting 

result was found when they compared the results of their zero-intelligence actors to those of 

humans in the same situation. While individual actors may have made very bad decisions, the 

overall market worked out in a very similar way in both cases.   

The simulation in this paper is built on their findings, accepting average results of zero-

intelligence actors as relatively accurate predictions of average human behaviour. I designed a 

set of boundaries in which these actors could operate, to ensure they were not making 

completely irrational decisions, but otherwise their decisions are random. Gode and Sunder 

called this type of agents ZI-C, zero intelligence with a constraint. Gjerstad and Shachat  have 

argued that these constraints make the actors intelligent (Gjerstad & Shachat, 2007), but 

Othman correctly responds that “The ‘intelligence’ given to these agents is of a very prescribed 

                                                      
11

 cf. (Jennings, 2000, p. 280) and (Macal & North, 2005, p. 3) 
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sort, so restricted as to not compromise them as being fundamentally different from human 

intelligence. No one could confuse the behavior of a ZI agent with that of a human.” (Othman, 

2008) Whether zero-intelligence agents actually possess a rudimentary form of intelligence or 

not, does not influence the validity of simulation results, however. It is sufficient to know that 

ZI-C traders of Gode and Sunder’s definition produce results that closely mimic traditional 

human trading behaviour, even if each individual trader’s behaviour is vastly different from that 

of human actors.  

III 3. Implementation Process 

(Drogoul, Vanbergue, & Meurisse, 2003, pp. 8-9) describe a three-step process of deriving a 

computational system from a real environment. The target system has to be examined and 

something they call micro-knowledge, “’local knowledge’ about the ‘individuals’ without which 

the target system would not exist” (Drogoul, Vanbergue, & Meurisse, 2003, p. 5), has to be 

extracted. This knowledge is then used to build a model of the system that is the basis for 

constructing the computational system – the simulation. They further subdivide the model 

building part into three steps – the building of the domain, design, and operational models. All 

three of these can use agents, but the authors criticize that agents often get lost in the 

translation into an operational model. In order to preserve the agents derived from the 

structure of the virtual economy, the simulation was implemented by building individual 

software processes for every agent. This way the domain model was directly mirrored in the 

final simulation, making the translation in both directions as simple as possible. Changes in the 

domain model could directly be implemented into the simulation and simulation results 

interpreted using the domain model.  

Following Drogul, Vanbergue, and Meurisse, this paper will first address the domain model of 

the new virtual economy that is to be examined further, then the implementation of the 

computational system, followed by simulations of scenarios created from macro-knowledge12, 

and finally analysis of the results of those simulations. 

                                                      
12

 Defined by (Drogoul, Vanbergue, & Meurisse, 2003) as „a set of ‚global‘ knowledge about the target system, 
mostly obtained from the observations“. 
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IV Domain Model of a Virtual Currency 

When creating a domain model for an existing system, one abstracts knowledge of the 

individual actors and their actions through the observation of that system. In this case there is 

no existing system to directly derive the domain model from. There are, however, various 

existing virtual currencies that can provide a starting point for its creation. Their examination 

will unveil two concepts that can be deemed critical to the success of a virtual economy: 

Inflation and the trade of virtual money for real money (real money trading, RMT). Real world 

economics show us that the value of a currency in relation to goods (a decrease of which is 

called inflation) and in relation to other currencies (trade in foreign currencies is the real-world 

equivalent of RMT) are critical to the success of an economy and therefore need to be examined 

for a virtual economy as well.  

Please note that in order to differentiate between elements of a real-world economy and the 

digital one, various terms are used. “Cash” always refers to real-world money, while “credits” 

are the unit for digital money. The adjectives “virtual” and “digital” are used as synonyms of 

each other.   

IV 1. Existing Virtual Currencies 

There are already a number of different virtual and/or alternative currencies in circulation that 

can be used as a basis for creating a new, more globally useful one. During research into the 

different approaches that these currencies use, the following four have shown aspects that can 

be considered highly relevant in the creation of the model of the new currency. Others exist, 

such as the use of data quotas on file exchange servers, but don’t seem to add much to what 

can be learned from the four types of virtual currencies that are described here.  

Electronic cash is a good example of how a purely digital currency can work as an abstraction of 

value. Point rewards systems can be used to examine how and why companies benefit from 

rewarding their customers with a form of currency and provide a good basis for the inner 

workings of a potential new economy. It’s hardly possible to ignore game currencies in this type 

of project, since massively multiplayer games provide excellent examples of working digital 

currencies that have real value without ever needing to allow the exchange of the virtual 
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currency for real money or vice versa. Finally, local exchange trading systems (LETS) are real 

world implementations of alternative currencies that should hold valuable lessons concerning 

the introduction and management of one, be it digital or otherwise. 

IV 1.1. Electronic Cash 

Most larger and many smaller 

transactions in today’s 

economy are already 

performed using electronic 

cash variants. Rarely do 

people pay large sums of money in bills and coins, common methods include wire transfer, 

debit card, and credit card systems instead. These payment methods have in common that they 

put an additional abstraction layer on the process of buying and selling wares. A wire transfer – 

and credit and debit card payments as well in their essence – is the equivalent of a customer 

ordering her bank to transfer a certain amount of money to another customer’s bank. See 

figures 1 and 2 for a graphical description. All figures in this chapter will use physical money as 

the lowest layer of abstraction for clarity, although money is clearly only an abstraction of value 

itself.13  

The term electronic cash14 in this 

paper means a transaction like the 

one above that uses an additional 

internet-based layer of abstraction15. 

The prime example of such a currency 

would be PayPal16. PayPal allows 

online payments to other users using 

                                                      
13

 Mentions of “money” in this paper refer to fiat money unless otherwise mentioned.  
14

 The European Union defines electronic cash as „an electronic surrogate for coins and banknotes, which is stored 
on an electronic device such as a chip card or computer memory and which is generally intended for the purpose of 
effecting electronic payments of limited amounts.” (European Parliament, 2000) 
15

 See figure 3. 
16

 www.paypal.com 
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Figure 1 - Direct buy/sell transaction 
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Figure 2 - Buy/Sell transaction using banks. 
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only their (registered) email address. In this case, the customer orders PayPal to retrieve money 

from her bank and send it to the receiver’s bank.17 The clear advantage of this system is that 

neither sender nor receiver needs to reveal her personal bank account information. 

Additionally, PayPal payments are close to instant, while wire transfers can often take days to 

be processed.18 The disadvantage of systems like PayPal is that they require additional setup 

from the user, such as registering and confirming their bank information with the company, as 

well as requiring the user to trust a third party company with their account information. Direct 

payments with credit cards are therefore still offered by many online content providers in order 

to not discourage users from using the service.  

 

 

Other forms of electronic cash are often less directly connected to the user’s bank account. An 

example here would be Microsoft® Points (MSP), a currency introduced by the company 

Microsoft to allow users to pay for additional content on their systems. MSP are bought with 

money either online or in the form of prepaid cards in shops. While the price for one MSP is 

usually fixed and a direct connection between money and points can therefore be established, 

using points as a currency gives the company various advantages. Any regulatory issues that 

come with money transactions (such as the application of taxes) are only applicable to the sale 

                                                      
17

 Other methods such as prepaid accounts are available. 
18

 This can be achieved because PayPal is itself a bank. PayPal adds money to the seller’s PayPal account before the 
actual transfer is finished. 

 
Figure 3 - Buy/Sell transaction using electronic cash. 
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of the prepaid currency but not to the sale of the actual wares, and users are less likely to 

compare prices of similar products if they cost unfamiliar (and likely already available) points 

instead of money. Micropayments in their broad definition as payments of small amounts of 

money19 are expensive to handle using traditional payment models, which often include fixed 

transaction fees.20 Currencies such as MSP can be sold in bundles, thereby reducing those costs. 

It’s also much easier to use the points as gifts or as an allowance for children, since giving others 

personal account information should be avoided. 

IV 1.2. Point Reward Systems 

Point reward systems (PRS) have long since invaded most people’s daily lives. Most commonly 

they appear disguised as customer rebate cards that allow users to collect points on every 

purchase they make with certain companies and then exchange these points for certain 

products, services, or cash. Another example would be frequent flyer miles, offered by most 

airline companies. These systems bind customers to specific companies by rewarding them for 

repeatedly shopping or flying with them while not being very expensive for those companies. 

Only rarely can collected points be directly converted into cash or applied as rebates to any 

product the customer wishes to buy. Companies mostly offer a selection of products instead – 

making it easy for them to offer products that aren’t selling very well or are acquired for a low 

price. Companies also get free promotion opportunities as customers are more likely to pay 

attention to brochures of things they can get for free21 than to blatant advertising. The 

sandwich company Subway® rewards you22 with a free sandwich (the equivalent of between 

€2.50 and €4 in cash) if you previously bought eight such sandwiches (€26 at an average price of 

€3.25 per sandwich) and buy a soft drink for €1.70. This results roughly in a 10% rebate if you 

                                                      
19

 As opposed to the notion of generally paying small amounts of money for internet time / page views discussed 
around the turn of the millennium by people like Jakob Nielsen (Nielsen, 1998) and Clay Shirky (Shirky, 2000). 
20

 Receiving a PayPal payment funded by a credit card for example costs 3.4 percent of the transaction value plus 
€0.35 at the time of this writing (https://www.paypal.com/cgi-bin/webscr?cmd=_display-fees-
outside&countries=EU). Conducting business in small transactions will therefore cause a large percentage of the 
transaction value to be consumed. A €1 payment will cost €0.384 in fees, a 38.4% loss.   
21

 At least that’s what the customer perceives. There’s no such thing as free lunch. 
22

 In Germany, at the time of this writing, in participating restaurants only. 
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buy a sandwich 9 times and buy a soft drink with your last sandwich (but not with the eight 

previous ones). 23 

Point reward systems are starting to rear their heads in the internet business as well. Unlike 

their real world counterparts they don’t usually require excessive spending on the user’s part to 

receive rewards that are of little worth.24 Instead they reward users for participating on their 

website, creating content and thereby making the website more attractive for other customers. 

Examples would be the companies Qype25 and Ciao26 that offer service and product reviews 

respectively. Users earn contribution points for writing highly rated reviews which can then be 

converted into rewards.27 This practice has multiple advantages for the companies. On the one 

hand they offer incentives to their users to participate, increasing the value of the site and 

therefore the money it makes through different avenues such as advertising. On the other hand 

they gain additional opportunities to advertise to active users, just like the real-world point 

rewards systems described above. 

The main difference between real world point reward systems and those on the internet is that 

many internet companies do not earn their money through direct user payments28. Instead they 

earn money through advertising or donations for example, making the classic PRS useless. The 

advance of the user centric internet (Web 2.0) drastically increased the amount of websites with 

user created content as well, making it the ideal point to introduce point rewards. 

There are various systems like this to be found across the internet, mostly not interacting with 

each other at all. Users earn credit at one website and are able to spend it there, or are only 

rewarded with a title or similar things that mark them as top contributors but don’t give them 

access to anything tangible. 

                                                      
23

 Prices were taken from http://www.subway-tut.de/centix/speisekarte/preisliste.html on April 2nd 2009.  
24

 Not all PRS work through spending money. The National Environment Agency of Singapore (www.nea.gov.sg) for 
example rewards redeemable points for volunteer work. 
25

 www.qype.com 
26

 www.ciao.com 
27

 Qype offers contributors a special status on the website as well as certain events that can only attended by 
people with a large amount of points. Ciao pays cents (1-3) for positive ratings of a user’s reviews which can then 
be claimed via PayPal. 
28

 There are obviously websites that earn money directly through sales and some of them offer PRS of their own. 
Thinkgeek.com for example rewards points for purchases and sometimes as a reward for user input as well. “As a 
Member, you will have the opportunity to earn Geek Points by purchasing products and/or services generally 
offered by ThinkGeek (a "Purchase"), or as offered and approved as promotions on the Website from time to time 
("Promotions"), and/or by participating in questionnaires, surveys or contests ("Contests").” (ThinkGeek, Inc.) 
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IV 1.3. Game Currencies 

Game currencies as a topic of scientific research have surfaced in the recent years. Edward 

Castronova’s study of the currency in the massively multiplayer online game (MMOG) Everquest 

(Castronova, 2001) is often cited as the groundbreaking paper in this field, many others have 

followed. MMOGs are computer games that are not played by a single individual on her 

computer or by a group of players in a local area network but by many, often tens of thousands, 

players on a server over the internet. Most MMOGs have persistence29 as one of their most 

important features. Wealth accumulated by a player in these games is not lost when she stops 

playing but is instead stored on the server indefinitely. 30 Not only do users trade virtual wealth 

within the game’s economy, but many users trade in-game goods for real world money as 

well.31 Famously this is done in the virtual world second life, described further below in the 

chapter on real money trading (RMT). What makes this game an interesting object of study, 

beside the fact that RMT is actually legal there, is that users are able to create their own items 

in the game, such as clothing and vehicles. Many reports32 deal with users that make a living of 

selling items on Second Life.  

An interesting spin on game currencies is the QQcoin, a currency distributed by the company 

Tencent Holdings Ltd. that can be spent in various online games. This currency can be bought in 

prepaid form in many shops and is the main revenue stream for the company. According to a 

report by The Wallstreet Journal, the QQcoin became so popular that many Chinese saw it as a 

more reliable currency than their own Yuan (Fowler & Qin, 2007). Since they were reasonably 

assured that they would be able to turn QQcoins into something useful or trade them to other 

users for goods they needed in the real world, users started using QQcoins as a form of 

payment that wasn’t controlled by the government. According to Fowler and Qin, the Chinese 

government got involved and took steps to prevent the establishment of a parallel currency. 

Recently, the Chinese government outlawed the trade of virtual currency for real world goods. 

                                                      
29

 Richard Bartle, co-author of the first ever multi user dungeon (MUD) defines a virtual world as persistent if “the 
environment continues to exists and develop internally (at least to some degree) even when there are no people 
interacting with it;” (Bartle, 2003, p. 1) 
30

 More or less. Usually until the game proves to be unprofitable and gets closed by the owner. 
31

 See chapter IV 3 below. Cf. (Castronova, 2001), (Dibbel, 2006), (Broer, 2006).  
32

 Both scientists (Bray & Konsynski, 2007) and traditional journalists (Wallace, 2005), (Sutter, 2009) have reported 
on this issue. 
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“The virtual currency, which is converted into real money at a certain exchange rate, will only be 

allowed to trade in virtual goods and services provided by its issuer, not real goods and 

services." (Ministry of Commerce - The People's Republic of China , 2009) 

Regulation like that is dangerous for emerging virtual economies, but as China is (to this 

author’s knowledge) the only country to implement such a law so far, one may hope that these 

are the actions of a single oppressive government and that they will not be repeated elsewhere.  

IV 1.4. Local Exchange Trading Systems 

Local exchange trading systems (LETS) were developed by Canadian Michael Linton in the early 

1980s, the first one going into operation in 1983 at Comox Valley, Canada. 33 LETS are designed 

to allow the local exchange of commodities and services without relying on official currency. 

Definitions of LETS vary slightly in the way that some specifically state that LETS don’t use a 

currency while others call the LETS credits an alternative form of money.34 LETS work through a 

central banking institution that manages accounts for all participating individuals. Participants 

pay other participants for goods or services by notifying that central institution which transfers 

an agreed upon sum of credits to the seller’s account. These credits perform the function of an 

IOU, meaning that the buyer doesn’t have to own any capital before buying from anyone else.35  

Whereas normal currencies are based on trusting the issuer (in most cases the state), LETS are 

based on trusting the community of participants. Michael Pacione description of how debt is 

handled in the LETS he observed shows this clearly: “On leaving the LETS members with 

commitments outstanding are obliged morally to balance their accounts. In extremis the 

steering group has the power to seek an explanation of a member whose activity is considered 

to be contrary to the interests of the membership and to suspend or exclude a delinquent 

member.” (Pacione, 1997) Trust between individuals cannot work with anonymity, which is 

most likely why LETS don’t keep on growing but are usually restricted to a certain local base of 

                                                      
33

 Information on the origin of LETS varies depending on the source. The 1983 start is the earliest mention that 
came up during the research and was taken from http://www.lets-linkup.com/77-Canada.htm.  
34

 Compare Colin C. Williams’ definition “local associations whose members list their offers of, and requests for, 
goods and services in a directory and then exchange them priced in a local unit of currency.” (Williams, 1996) with 
the definition on LetsLinkUK, the website of the UK Local Exchange Trading and Complementary Currencies 
Development Agency: “local community-based mutual aid networks in which people exchange all kinds of goods 
and services with one another, without the need for money.” (LETSLINK UK) 
35

 Cf. (Pacione, 1997) 
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participants. Even within this relatively small frame of participants, trade in LETS tends to be of 

low volume. Gill Seyfang calculated the mean yearly personal expenditure in various LETS and 

found the highest volume to be an equivalent of slightly above 150 pound sterling a year, or 

slightly below 225 pound sterling a year when discounting the bottom 30% of participants.36 

(Seyfang, 1997) 

IV 2. Inflation and Economic Growth 

People who play massively multiplayer online games are often familiar with the concept of 

inflation due to the way that game economies are managed. Inflation describes the decline in 

the purchasing power of money, often measured by the average of prices for a basket of 

consumer goods (the consumer price index, CPI). If the average price of consumer goods rises, 

the actual value of money is reduced equally. A fall in the CPI is called deflation, describing a 

reduction in prices and thereby a rise in the value of money.37 

It is worth noting that changes in the CPI do not necessarily reflect a change in the purchasing 

power of money, as pointed out by (Cencini, 1995, pp. 52-77). As an example, Cencini describes 

a fall in the price of goods due to technological advancements which will be reflected in a lower 

CPI (all other things being equal.) The same amount of money will have the power to purchase 

more goods, but the CPI doesn’t take into account that technological advancement actually 

reduced the value of those goods. For the purposes of this paper, a simple equivalency of 

inflation and CPI shall suffice as the finer details are not relevant to the general problems 

discussed here. 

Causes for inflation can be split into two broad categories – a rise in available money and a 

decline in available goods.  According to the classic economic model of supply and demand, 

prices are determined by the ratio of goods available to the ratio of goods that the consumers 

desire. A decline in a product’s availability will increase its price and cause inflation. A good 

example of this is the rise of oil prices in the 1970s or even as recently as 2008.38 A rising 

                                                      
36

 According to Seyfang, every LETS has a number of members that sign up but never do any trade at all. She 
estimates the number of these non-traders at roughly 30% of all participants. (Seyfang, 1997) 
37

 Cf. (Blanchard & Illing, 2004, pp. 52-56) 
38

 Note that the economic effect of rising oil prices on inflation has previously been overestimated by economists. 
See (LeBlanc & Chinn, 2004).  
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demand for goods can have the same effect. It has been reported, for example, that German 

beer prices drastically increased due to the rise of the popularity of biofuel in the country (The 

Associated Press , 2007). Due to the high popularity of crops that can be used for ethanol 

production, farmers had fewer incentives to grow the barley needed for brewing beer, resulting 

in a reduced supply and therefore higher prices. 

Another cause for inflation can be a rise in the amount of money available in the economy. 

Essentially also a function of supply and demand, an increase in available money with a stable 

amount of available goods increases the amount of money that is spent on each transaction - 

increasing the price level.  

The digital economy proposed in this paper works in a similar way, with a few distinctions. The 

most important difference is that supply is essentially unlimited. A real book store, for example, 

can only sell as many copies of a book as they have. Once they are sold out, new copies need to 

be produced. Supply here is limited by resources and production costs. An online store that sells 

digital copies of books does not have the same problem, bandwidth issues aside it can sell as 

many copies of that book as people are willing to buy at virtually no cost. If the prices in this 

economy were determined by supply and demand alone, prices would drop as low as the sellers 

can afford (essentially slightly above the distribution costs.) 39 This is one of the reasons why 

intellectual property disputes are on the rise ever since the internet got popular. If reproduction 

costs are essentially zero, the only cost for a product is the creation of the original. Intellectual 

property laws are in place to protect these creators, basically granting them a monopoly on the 

good they sell. In such monopoly, prices are set based on a balance between the amount of 

money customers are willing to pay for the product and the amount of sales that can be 

performed at that level.  

A digital economy that deals purely in digital (and therefore infinite) goods is unlikely to 

experience inflation or deflation based on supply shocks. In order to keep such an economy 

stable, one can focus on changes in money supply and the demand for money instead. The 

demand for money is determined by economic growth, details of this are laid out in chapter IV 

                                                      
39

 Digital goods, as defined by Danny Quah, are “nonrival, infinitely expansible, discrete, aspatial, and recombinant” 
(Quah, 2002). Infinite expansibility suggests “that perfect competition in the output market 
would give Arrow-Debreu equilibrium price equal to zero” (ibid). Prices of digital goods are therefore often dictated 
by a monopoly in intellectual property. 
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4.3. For now, suffice it to say that economic growth causes deflation unless it is answered with 

an equal increase in money supply. 

An increase in money supply is the main cause for inflation in MMOGs, because developers do 

not take enough care to keep the supply of money in the game stable. Instead, money is often 

just created by performing tasks for computer controlled characters or defeating computer 

controlled opponents.40 

The question of the optimal rate of inflation is debated among economists, the most advocated 

theory being the Friedman rule. Milton Friedman claimed in 1969 that the optimal fiscal policy 

involves deflation at a rate equal to the real interest rate – or in other words, keeping the 

nominal interest rate at zero (Friedman, 2006).  In practice, most industrial countries have a 

slightly positive inflation instead. (Wolman, 1997) shows that the welfare differences between 

an optimal inflation rate according to the Friedman rule and a low positive inflation rate are 

minimal. Since inflation has certain positive benefits (see below), this paper will assume that a 

low positive rate of inflation is desirable. 

Whether inflation is caused by an increase in money supply or a supply shock, the end result is 

always the emission of money by the central bank and a devaluation of money in the hands of 

the private sector (Walsh, 1998, pp. 134-135).  This emission results in a net gain of goods for 

the central bank, the inflation tax or seigniorage.  A positive inflation leads to an increase of the 

wealth of the money-issuing authority. In the absence of other taxes, a positive inflation looks 

like a good instrument for the central bank to recover costs. A positive inflation means that 

there is a cost associated with holding money, which in moderate amounts can increase trading 

activity.  

IV 3. Real Money Trading 

The term real money trading (RMT) originates in persistent massively multiplayer online games. 

It refers to the act of trading virtual (in-game) assets for real world money. Game companies 

generally frown on this behaviour, but can rarely prevent it. Julian Dibbel (Dibbel, 2006) gives a 

first-hand account of how he spent a year making a living by selling virtual currency and items in 

the game Ultima Online for real world money. These RMT providers are successful due to the 

                                                      
40

 See (Broer, 2006) for a detailed overview. 
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fact that making money in virtual worlds takes time and effort (otherwise it would have no 

value) that some players are unwilling to spend. If a player has a well paying day-job, she might 

be inclined to buy her in-game assets from an RMT company instead of wasting her free time on 

in-game activities that she doesn’t consider fun. This indicates that game economies include the 

classic economic concepts of work and leisure41, even though gaming should theoretically be a 

full-time recreational activity. If in-game wealth equals leisure time it is not surprising that there 

is a willingness to exchange real world money for virtual money.  

What seems odd in the context of a game becomes immediately clear when taken out of that 

context. In a virtual economy in which participants are paid for their work and can use virtual 

money to access consumption goods there is an obvious distinction between work and leisure. 

(Huhh, 2008) shows that the real world income of users determines their participation in RMT. 

A high real world income assigns a high opportunity cost to working in exchange for virtual 

money, making it economically sensible to act as a buyer in RMT instead. Vice-versa, users with 

a low (or no) real world income might actually assign an opportunity cost to real-world work, 

making them sellers in an RMT market. Huhh proves a welfare-enhancing effect of RMT on both 

parties in the trade, which means it is very likely to happen if not artificially prevented. 

RMT provides what is de-facto an exchange rate between two currencies – the virtual one and a 

real one. Edward Castronova famously compared the GNP of the virtual world Everquest to that 

of Russia and Bulgaria (Castronova, 2001). While later studies (Castronova, et al., 2009) tell us 

that these figures were likely exaggerated, these reports show that a direct exchange rate for 

virtual currencies can be established.   

RMT in games is mainly frowned upon for two reasons. For one, players tend to dislike that 

some people can just buy in-game assets that they themselves had to work for. This is 

reasonable to a certain extent, since many MMOGs rate your ability to play the game through 

the assets you own. In-game wealth represents your dedication to the game and your ability to 

play it. If RMT is brought into the picture, this measurement of in-game achievements is lost and 

replaced with a combination of both internal and external achievements.  

                                                      
41

 Leisure is often defined as “free time which may be used for rest, recreation, etc. This definition suggests a 
freedom from responsibility, a specific case of which is freedom from work (hence, the traditional economic 
definition of leisure as non-work).” (DeSerpa, 1971). 



Frictionless Money – Towards a Unified Digital Currency Jan Broer 
Master Thesis  University of Bremen 

IV. Domain Model of a Virtual Currency  25 

RMT also provides a legal problem for many game companies. Many games have a clause in 

their terms of use that any virtual assets remain in the ownership of the game company and the 

user merely has a (revocable) license to use them. The following is an example of the terms of 

use for the game World of Warcraft by Blizzard Entertainment: “All rights and title in and to the 

Service (including without limitation any user accounts, titles, computer code, themes, objects, 

characters, *…+ character profile information, recordings of games played using the Game Client, 

and the Game Client and server software) are owned by Blizzard or its licensors.” (Blizzard 

Entertainment, Inc., 2008) Clauses like these allow companies to stay on the safe side in case 

data is lost, they make wilful changes to the game, or a user’s account is suspended. They also 

mean that selling any in-game assets is strictly speaking not possible for users, since they don’t 

own them in the first place. 

One often cited example of a company that actually condones RMT is the company Linden 

Research, Inc., maker of the MMOG Second Life. The game allows users to buy in-game currency 

from the company for real money that can then be spent in the game. The terms of service for 

the game state in section 1.4 “Second Life "currency" is a limited license right available for 

purchase or free distribution at Linden Lab's discretion, and is not redeemable for monetary 

value from Linden Lab.” (Linden Research, Inc., 2009) And in section 1.5 “Second Life offers an 

exchange, called LindeX, for the trading of Linden Dollars, which uses the terms "buy" and "sell" 

to indicate the transfer of license rights to use Linden Dollars. Use and regulation of LindeX is at 

Linden Lab's sole discretion.” (ibid.) 

This directly influences the creation of the domain model for the virtual currency as it shows us 

that real money trading is both desirable and hard to prevent, but does come with legal issues. 

The model for the virtual currency should include RMT at least as an option so that the 

simulation can test the results of Huhh’s theoretical work. The legal issues must not be 

forgotten, but are not part of the research presented here. 
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IV 4. Model Specification 

Since the goal of this paper is the creation of a large scale digital currency it seems advisable to 

combine the aforementioned approaches and concepts into a single model. Most of those 

approaches have flaws that can be rectified by implementing parts from other approaches that 

handle things better. LETS are a promising concept in this regard as their creators already dealt 

with the issue of purposefully introducing a new currency. It wouldn’t be successful to just 

implement an electronic exchange trading system because LETS are deeply rooted in the ideas 

of a local community and trust. A system that is based on trust between trade partners is of 

little use in the anonymity rich and reciprocation free internet. A system based on IOUs like LETS 

is hardly feasible when dealing with users from all over the world because it is virtually 

impossible to force users to adhere to their contracts. 

Game economies show more promise in that regard as they require the users to earn their 

money first (whether it is by buying a prepaid currency with real world money or earning it in 

the game.) Game currencies, however, are unregulated, often prone to inflation and have 

acceptance issues both with gamers and non-gamers.42 Additionally, it doesn’t make a lot of 

business sense for a game company to pay players for gaming (if they cannot just mint the 

currency themselves).  

Point reward systems on the other hand provide huge incentives for both the companies that 

offer them and the companies whose products can be bought with the points – if done right. 

The current generation of these systems is entrenched in the idea of customer loyalty programs 

and therefore isn’t usually shared with other companies. A program that includes many 

companies (and therefore many more users) may have less of a binding effect but is much more 

interesting for both users (who get more products to chose from) and advertising companies 

(who get a larger target audience with more points to spend). 

The sections below describe a possible domain model for a new virtual currency, attempting to 

harness the advantages of the currencies examined above while avoiding their disadvantages. 

                                                      
42

 In the personal experience of the author, many gamers see RMT as a way of cheating, since players do not earn 
their status in the game by playing well but instead buy it with real world money. On the other hand many non-
players dislike the idea of something in a game being worth money. 
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Implementation decisions that cannot be answered from prior knowledge will be left as open 

questions for the following simulation to answer.  

IV 4.1. Initialization 

The initialization of a new currency is probably the hardest step such a system faces. Looking 

back in history we can see that most money was originally backed with promises, such as gold. 

While the gold standard has been abolished in most countries these days, that was only possible 

because people had enough trust in the value of money itself that there was no longer a need to 

back it up with gold. 43 A new currency has to earn this trust at first, which is especially hard if it 

is not backed up by a direct conversion to regular currencies.  

In order to solve this problem, the system proposed here will need a high amount of initially 

participating companies that promise to honour the new currency and provide interesting 

rewards that it can be spent on. Unlike other currencies, the new online currency has the 

advantage that many users will just automatically collect points for contributions that they 

would make anyway. So even if the initial trust in the currency is almost zero, there will still be 

people collecting the points and it is likely that many of them will then at least try to trade their 

points for rewards. This provides the new currency with a base of users that will at least try it 

and might learn to trust it after a while. These users can then build the core of a user base by 

telling others about their (hopefully positive) experience and thereby increasing the population. 

The more people and companies participate in the system, the more stable it will become, 

gaining even more in momentum. It is critical that enough initial participants can be found to 

put the system above the tipping point44 so that it doesn’t collapse to a lack of transactions. 

Once a reasonable number of participating websites has been found, starting money must be 

provided to them to get the economy rolling. Various methods come to mind here, such as 

selling credits to the companies for real world money, providing companies with a fair starting 

sum of credits for free and lending credits to companies, requiring the return of those to the 

bank after an agreed upon time. As established above, a purely IOU based system like LETS does 

not really work when combined with the anonymity of the internet. 

                                                      
43

 Cf. (Gowa, 1983) 
44

 Cf. (Gladwell, 2000) 
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The credits must be handed out in such a way that companies feel treated fairly, that the 

amount of money in the system stays limited and in relation to the goods being sold, and that 

the system can be reapplied to any newcomer that enters the system. Optimally, money supply 

would always equal the value of goods being sold45 but the latter number might be very hard to 

ascertain when virtual goods are concerned. 

Issuing fixed amounts of money to the starting companies has the advantage of reducing the 

risk for companies to join the system. They don’t have to worry about paying real money to the 

issuing bank or about signing legally binding contracts that require them to regain the credits 

they were given. Problems ensue when companies hand out these credits to their users as an 

incentive but don’t really have an incentive themselves to regain those credits. These 

companies would then not offer any products that the credits can be redeemed for and either 

live on the cost of companies that do that or, if too many companies act this way, reduce the 

value of the credits to zero because they cannot be used for anything. Another problem would 

be companies that newly join the system. If credits are handed to them for free as well, cunning 

entrepreneurs would quickly find ways to create companies, collect the credits, and then close 

their websites again. 

Selling credits to companies has an effect that’s diametrically opposed to those described 

above. Companies will be very reluctant to invest real money into those credits, effectively 

risking all that money in case that the experiment fails. On the other hand it would create a high 

incentive for companies to actually regain the credits they hand out, or even gain more than 

that. This method would also directly bind the virtual money to a real world currency, making it 

essentially nothing else than Microsoft Points or the QQcoin. 

Handing out virtual currency on a loan basis will also make companies reluctant to join the 

system as they will have to fear repercussions if they don’t manage to make that money back. 

This reluctance might be softened by a clause in the contract that waives repercussions in case 

the currency fails. It is obvious that the currency will have to be kept alive with new credits 

when old ones are paid off or money will just be drained from the system. Advantages of this 

are twofold, on the one hand one can avoid binding the system to a real world currency and 
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handing out gifts to companies, on the other hand it makes calculating the amount of money 

each company deserves irrelevant. If a company is willing to take a loan and has the securities 

to back it up, it is irrelevant how they use that money. Additionally,  this gives the creators of 

the currency a powerful tool to control the economy in the form of interest rates. Interest is 

also a tool that can be used to pay for the maintenance of the whole system or even make 

money on it. 

A system based on loans and interest will quickly create a state in which the sum of credits 

owed to the central bank is higher than the amount of liquid money available, meaning it is 

never possible to pay back all credits without a form of equalization. The bank on the other 

hand would generate excess credits (through interest) that it could sell to interested parties for 

real money. It seems advisable to make all transactions of the bank public so that the users can 

be assured that the bank doesn’t just print money at will. 

IV 4.2. Handling 

Once an economy has been seeded with actors and money, transactions can begin to happen. 

The digital economy described here knows three types of actors: Websites, users and the 

money issuing institution (bank). The bank is not relevant for the basic understanding of how 

the digital currency is handled and will therefore be ignored for the next part. It will be 

reintroduced later as appropriate. 

One example of the economy’s 

structure can be seen in figure 4.46 

The figure shows how users and 

companies gain and spend digital 

money. Orange arrows with 

double dollar signs in them denote 

the transfer of digital currency, 

black arrows any other transfer of 

goods or services. Amazon on the right depicts how a classic customer reward system fits into 
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Figure 4 – Example structure of a digital economy. 
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the digital economy. Users perform services for the company, such as writing book reviews for 

Amazon, and get paid in return. That payment is then used to retrieve goods or services from 

the company (i.e. audio books). This generates a closed loop and would not require the use of a 

centralized currency. Users can take the credits they earn at Amazon and spend them elsewhere 

though – for example to pay for their auctions at EBay. In this example EBay accepts digital 

credits from its users but does not provide any opportunity to get them back. EBay is therefore 

an actor that generates a surplus of currency and needs to redeem it somehow in order to stay 

profitable. 

Opposing EBay, one can see Wikipedia. In this example it pays its users in digital credits for 

contributing to the website but does not charge credits for any of its services. Wikipedia 

therefore has a deficit in credits that needs to be compensated. Deficits can be compensated for 

by acquiring credits from other actors in the system. In this example, Wikipedia buys the excess 

credits off EBay with real money, re-establishing the equilibrium. User that do not wish to 

provide any content to companies could likewise buy digital credits off of companies or other 

users with excess amounts.  

This structure directly incorporates the tendency of game economies to encourage real money 

trading. If participants in a virtual economy cannot perform RMT, they need to perfectly balance 

their income and their expenses even if they would naturally have a higher amount of one or 

the other.  

IV 4.3. Growth 

Many factors determine the health of an economy, a lot of which do not apply to virtual 

economies.47 Two that do apply are the velocity of money and the price level. The former 

describes the amount of times that the same piece of currency is spent within a timeframe; the 

latter indicates an average of prices for goods and is generally used as an index for inflation. The 

widely adopted quantity theory of money48 states that both are connected as such:  

where M is the total amount of money in circulation during the period,  is the velocity of 

                                                      
47

 I have already discussed this in detail concerning economies in massively multiplayer online role-playing games in 
my bachelor report. See (Broer, 2006) for details. 
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 See (Friedman, 2006, p. 51ff) 
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money,  is price level of all transactions during the period, and  the sum of those 

transactions. 

This equation shows that both the velocity of money and the price level (and therefore inflation) 

depend on the total money supply and the amount of goods traded. If we assume that the 

digital economy will be accepted and used, it is prone to grow as more companies and users join 

it. Growth brings with it an increase in the number of goods traded, influencing price level if all 

other things are constant. An increase in the supply of goods and therefore    can reduce the 

price level (deflation) and stifle the economy. In order to keep the economy stable one must 

therefore adjust the money supply to the circumstances – most likely by increasing  at the 

same rate as . The money issuing authority (the bank) must therefore monitor the market 

closely and adjust its policy according to those observations.  

These arguments make a strong point for a loan based model of injecting money into the 

economy, since that neatly mirrors the functionality of the real world’s central banks. The digital 

central bank could set interest rates to encourage actors to borrow from it or to discourage 

them. The digital money earned from those loans could then be re-sold to actors for real-world 

money or other assets if more money needs to be injected into the economy. The requests for 

loans and the interest rates that debtors are willing to pay also create another powerful 

indicator of the state of the economy. 

IV 4.4. Incentives 

A digital economy such as the one proposed here must offer sufficient incentive for all types of 

actors to participate in it. If these incentives are not high enough on any side, the economy will 

suffer and eventually fail. If the users are not interested in earning or spending the digital 

currency there will be no transactions made and therefore no economy. Likewise if companies 

are not willing to offer users any way to gain those credits but only ways to spend them, users 

will have no liquidity and will therefore be unable to make any purchases. The following 

sections list reasons for users and companies to participate in the system proposed here. 
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IV 4.4.1. Incentives for Users 

The main goal on the user side is to get the users interested in spending the virtual currency. If 

they are sufficiently interested in what they can get for their credits, they will be willing to work 

for them as well. It is therefore imperative that the companies provide a good selection of 

goods and services that can either only be acquired through the digital currency or are easier to 

acquire through it than by other means. The biggest incentive for users is an economy with 

many participating companies that offer decent products and/or services in exchange for the 

users’ work. Especially users that are already providing their work to companies for free will be 

easily convinced to use the new system. Obviously, these are not the users the companies will 

be aiming for since they already get their work. Other users might be lured in by the promise of 

rewards, just like websites like ciao attract users.  

In order to be successful, it would be advisable to have a system that is easy to use and fast. 

One-click payments and an easy overview of the user’s accounts should be seen as required. As 

an example, one could have a browser plug-in that handles the communication with the 

websites. This would run safely on the user’s computer and would only require a one-time login 

as well as some sort of confirmation on purchases. Ideally, users would never have to leave the 

website they want to buy from. Such a system should also include easy access to a list of 

participating website and their offers. The easier this database is to use, the more users will be 

guided to websites that either sell things they are interested in or require work that the user 

can perform. This database would serve a double duty as advertising for the participating 

companies, without being as invasive as website advertisements for example. 

Obviously, the system must be as secure as possible in order to attract users, especially when 

they are supposed to participate in RMT as well. This paper is not about data security, it will 

therefore be assumed that the newest and best technologies for data security will be applied. In 

general, existing forms of electronic cash provide a good guideline on how a system like this can 

be implemented. What changes is that the transfers from account to account no longer are an 

abstraction of real money but they are the money instead. Where current electronic cash 

systems need multiple layers of abstraction as seen in figure 3 above, the virtual economy 
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would look more like figure 1. Digital currency is directly exchanged for goods or services 

without any need for intermediaries. 

IV 4.4.2. Incentives for Companies 

Ultimately, most participating companies will be interested in making profit. It is not given that 

companies will generally try to make profit in terms of digital money, however. Existing point 

rewards programs are usually used to bind customers to the company and as a form of 

advertising for both the points issuing company as well as for the companies that provide the 

rewards. A company that rewards the customer with credits for her purchases or her work is 

intrinsically more attractive than one that doesn’t, all other things being equal.  

The widespread use of customer loyalty programs in the real world shows that companies are 

generally interested in this kind of public relations. Dowling and Uncles define three goals of 

classic loyalty programs: 

“(1) maintain sales levels, margins and profits (a defensive outcome to protect the existing 

customer base), 

(2) increase the loyalty and potential value of existing customers (an offensive outcome to 

provide incremental increases in sales, margins and profits), and 

(3) induce cross-product buying by existing customers (this may be defensive or offensive)” 

(Dowling & Uncles, 1997, p. 72) 

The system proposed here obviously isn’t just a customer loyalty program but it can be used as 

one if that is desired. The three goals above can also be adapted for loyalty that is not directly 

related to sales. Companies can hand out credits to (1) keep their content providing users, (2) 

increase the amount and quality of input from existing users, and (3) inspire users to provide 

other types of content than they previously did – or provide content to affiliated websites as 

well. 

It is noteworthy that Dowling and Uncles continue to state that customer loyalty programs only 

work under certain circumstances and need to be well adapted to the company’s business 

model. In their words: “In other words, in most cases, all that a customer loyalty program will 

do is cost money to provide more benefits to customers — not all of which will be seen as 

relevant to the brands value proposition and/or positioning. The program is unlikely to 
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significantly increase the relative proportion of loyal customers or profitability.” (Dowling & 

Uncles, 1997, p. 81) 

The system proposed here is more than a customer loyalty program though. Those programs 

are designed to make customers buy a product from a certain company instead of buying a 

similar product from a competitor.  Rewarding users for the contribution of content differs from 

this in so far as users have to be enticed to create content in the first place. Unlike the sales 

business, there are hardly any other factors such as price and quality49 that make users 

contribute to a specific website. 

Offering goods or services that can be bought with the virtual currency also works as 

advertisement, since users that have spare credits will actively go out and search for things to 

redeem them for. Users that never considered paying for a certain service might find it 

attractive once they have the opportunity to get it without paying real world money for it. 

A digital currency also performs very well as a medium for micropayments as described in 

chapter IV 1.1 since users can make payments with (ideally) no costs attached to them – 

allowing for payments as low as the lowest denomination of the digital currency. Companies can 

then afford to sell goods and services that are usually too low cost to be worth selling. 
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 If a user is willing to contribute in general they will usually chose to do that on a website that suits their own 
interests. That does give quality a certain amount of importance, but it differs greatly from sales business. 
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IV 4.5. Structure 

The digital economy proposed here is structured into three main actors: the central bank, the 

website operators and the users. All three actors must function properly in order to keep the 

economy running. The sections below detail an economy in which both loans from the central 

bank and real money trading are available. The results of the simulation will show whether this 

model is actually viable or whether it is better not to use one or both of these instruments.  

IV 4.5.1. The Central Bank 

The central bank lends credits to interested website operators at a moderate interest rate. 

These individuals or companies sign agreements to return the borrowed credits plus interest to 

the central bank within a certain timeframe.50 If a company cannot pay back the owed amount, 

it needs to acquire the necessary credits through RMT. A source for buying credits with real 

world money would be the central bank itself, since it will generate a surplus of credits thanks 

to interest.51 The prime use for these interest based gains will be the maintenance of the central 

bank and the economy’s structures. 
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 Whether this is enforceable or not is not part of this study.  
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 Simulation will show whether this can actually be used as a constant source of income for the central bank or 
not. 
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Figure 5 - Structure of the proposed digital economy. 
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Aside from providing money and infrastructure, the central bank is charged with controlling the 

inflation rate and the velocity of money in the system. As discussed above, these variables can 

be partially controlled through modifications in the money supply. The central bank therefore 

has to keep enough credits in the system to accommodate for economic growth but limit that 

number at the same time to keep inflation in check. It is important that the central bank is not 

allowed to just mint and sell credits so that those keep their worth. Complete transparency of 

economic actions of the central bank seems advisable here as a trust building measure. The 

central bank has three major instruments at its disposal to control the economy: 

1. Amount of credits that are given out through loans. This directly affects the amount of 

credits available in the system – if actors are interested in taking more loans. 

2. Interest rate on loans. If credits for loans are generally available but not enough actors 

are interested in actually taking up loans the central bank can lower the interest rate on 

those. This directly affects the central bank’s income. 

3. Price of surplus currency. If the central bank has large amounts of surplus currency 

(gained through interest) it can lower the price per credit for RMT in order to entice 

actors to buy more credits.  

Ideally the central bank would only use the first instrument to control the market. Decreasing 

the interest rate on loans my lead to insufficient funds to finance the operation of the system 

and lowering the RMT price of surplus currency can lead to much larger issues. This instrument 

can increase inflation since the central bank will set a lower price per credit than the market is 

asking, thereby reducing the price of a credit. This affects the credit-to-real-money exchange 

rate which can then in turn increase the price of products and services when paid in credits. 

IV 4.5.2. Website Operators / Companies 

Depending on their goals52, website operators can have different approaches to the use of this 

digital currency. They can be roughly divided into three categories: companies that sell goods or 

services for credits (sellers), companies that buy user created content for credits (buyers), and 

companies that do both. Obviously there can be companies that focus on buying or selling but 

participate a little in the opposite activity as well. For this specification, every company that 

                                                      
52

 See chapter IV 4.4.2. 



Frictionless Money – Towards a Unified Digital Currency Jan Broer 
Master Thesis  University of Bremen 

IV. Domain Model of a Virtual Currency  37 

participates mainly in selling is considered a seller, one that participates mainly in buying a 

buyer. If both activities are roughly equal in volume the company will be categorized as doing 

both. 

Buyers offer an interface that allows their users to post content on the website. This interface 

can take many forms such as the possibility of a file upload, forms for text input, or tracking of a 

user’s actions on the website. User interaction can take many forms and new ones are invented 

all the time. It is therefore completely at the leisure of the website operator to decide which 

activities to reward. Especially rating the quality of user created content is difficult and has to be 

handled differently by each website operator. All buyers will have a negative income in credits 

and will have to balance that with RMT or similar methods. 

Sellers on the other hand have a positive income in credits by definition, since they sell more 

than they buy. Sellers allow their users to pay for certain goods or services, creating a surplus of 

digital credits on the seller’s side.  This surplus can either be used to acquire real money through 

RMT or to buy services or goods offered by other sellers. The more widely the digital currency is 

adopted, the less necessary the conversion from digital credits to real money will be. It will only 

become completely unnecessary if every good and service anyone would want can be bought 

with the digital currency – a highly unrealistic goal for the near future. 

IV 4.5.3. Users 

The main motivation of people that use the currency will be to acquire access to certain goods 

or services that can be bought with digital credits. Users have two ways to gain those credits – 

either they perform services for website operators (such as creating content) or they buy them 

through RMT. Buying digital credits through RMT can be useful in a couple of cases, such as 

products that can only be bought with credits or if a user doesn’t want multiple companies to 

know their account information. This option will likely be of most interest for users with a 

steady real world income that want to access services on the internet but to not want to take 

part in content creation. Other users might take the opposite way and get paid for their online 

work to spend in the offline world. 
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IV 5. Resulting Questions 

The system described above has left a few open questions, especially in the realm of how 

credits should be introduced into the system. The economic simulation will be used to answer 

the following: 

1. Are credits best introduced through RMT, loans, donations (starting credits), or a 

combination thereof? 

2. How important are the tools of RMT and loans for market stabilization? 

3. How do changes in credit supply influence the digital economy? 

4. Are there unobtrusive methods available for the central bank to earn real world money 

in the digital economy? 
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V Simulation Implementation 

In order to answer the open questions left by the previous chapter, I implemented a simulation 

software that is almost a one-to-one transfer of the domain model into software. Different 

domain models (emulating the various design decisions that could not be made from prior 

knowledge) where used so that the results of the respective decisions could be examined. 

The program described here models a simple economy based on zero-intelligence actors. Users, 

companies and a central bank are modelled as independent processes that communicate with 

each other through messages. A timer process keeps the other actors in check by ensuring that 

all transactions are finished before a new turn is started. Each actor can send status or 

transaction messages to a collecting process that is responsible for the output. 

V 1. Design Model 

The design model of the simulation consists of three parts – the individual agents, an 

environment for these agents to interact in with appropriate channels of interaction, and a set 

of rules that can be used to modify both actors and the environment.53 The design model can 

then be used to create and implement a computational model as described in chapter V 3.  

V 1.1. Agents 

Agents simulate individuals or individual entities within the simulated environment. Real world 

economic models usually show the interaction between consumers (who double as work force) 

and companies. Companies employ workers in order to produce goods that they then sell to the 

consumers. Depending on the type of market modelled, there can be controlling entities as well, 

such as a central bank. Real world economies are obviously more complicated than that, with 

resellers, stock brokers, individuals that have shares in the very companies that they buy from 

or work for, and other complications. Economic models usually ignore these unless there is a 

specific effect connected to them that the researchers desire to understand.   

It seems appropriate to employ the same methodology for the simulation of our new virtual 

economy, starting with the basic interaction between consumers and companies under the 
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supervision of a central bank that interferes as little as possible. This way, changes in the 

outcome of the simulation can be effectively tracked to their sources. Once this basic 

interaction is understood, one can start to add further actors to the model, but that is not part 

of this paper.  

V 1.1.1. The Central Bank 

The central bank is responsible for providing the economy with credits to run on. It has the 

options of lending credits to companies at a fixed interest rate and selling credits to them for 

cash, depending on simulation settings. The central bank does not actively respond to the state 

of the market since the idea of the simulation is to find issues with the market model and not to 

write intelligent central bank software that can handle these issues. Monetary policy can 

therefore largely be ignored in the development of this module. 

V 1.1.2. The Companies 

Companies are the most active part of the simulation. They earn cash by employing users and 

paying them in credits. They acquire credits through selling of (unlimited) goods to users, 

borrowing them from the bank and buying them from other companies or the bank for cash. A 

company’s turn begins by determining the wage it will pay to users that turn, and then taking 

one of the following actions until one of them results in ending the turn. A visualization of these 

rules can be seen in figure 6: 
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Figure 6 - Decision flowchart for company actors. 



Frictionless Money – Towards a Unified Digital Currency Jan Broer 
Master Thesis  University of Bremen 

V. Simulation Implementation  42 

- If no debt needs to be paid off and the company has enough credits to employ a user, 

the company tries to do so. The first user to accept the offer is employed and the 

company ends its turn. If no willing user is found, the turn ends as well. 

- If the company needs credits because it doesn’t have enough credits to afford employing 

a user and it doesn’t yet have a loan, it gets a loan from the bank. The borrowed amount 

is determined randomly between the minimum and maximum settings for loans. 

- If the company has cash and needs credits either to pay wages or to pay back a loan, it 

will try to buy credits from other companies or the bank. The exchange rate is 

determined randomly between zero and two while the amount of credits bought 

depends on the amount of cash the buyer has, the amount of credits the seller has and 

the maximum setting. 

- If the company’s debt is due for payment and it has enough credits to pay back the loan, 

it does so. 

- If none of the above applies, the company is done for the turn. This usually means that it 

cannot pay off a debt and will try to do so again next turn. A company that is in this 

“broke” state may only trade cash for credits in order to acquire the credits necessary. It 

cannot employ any users if it’s overdue on a debt.  

 

V 1.1.3. The Customers 

Users only perform two roles in this simulation – they get employed by companies (allowing 

those to turn credits into cash) and they buy goods from those companies, returning the credits 

into the system. The simulation allows capping of user money spending as well as RMT, but 

neither of these is used in the following experiments. 
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V 1.2.  Functionality 

To keep the amount of possible sources for any observed changes in the economy’s behaviour 

as low as possible, the actions that each actor can perform were limited to the bare essentials. 

The research questions ask for the effectiveness of loans and real money trading as means of 

introducing money into the economy, therefore these functions had to be available to the 

actors. Aside from that, only the basic work-produce-consume circle described above needed to 

be implemented to complete the basic inner workings of an economy. With these five low-level 

functions, both companies and users can acquire digital currency and spend it, which leads to 

market activity.  

V 1.2.1. Loans 

Companies can acquire loans from the central bank at a fixed interest rate. A loan always lasts 

ten turns unless the company goes broke. If it does, it gets an interest-free extension on the 

loan until it is able to pay again. Loans are limited to one per company at a time and their 

minimum and maximum amounts are determined in the settings. The loan amount itself is 

determined randomly in between those two numbers. Companies only try to acquire loans 

when they don’t have enough money to employ workers and cannot get that money through 

RMT. 

V 1.2.2. RMT 

Real money trading is initiated by a company that sends a message to a randomly determined 

other company or the central bank asking for a certain amount of credits at a certain interest 

rate. The Amount of credits asked for depends on the amount of cash available, the chosen 

exchange rate and the maximum setting for RMT. The receiver of the RMT request either 

accepts the request in full, accepts a smaller transfer at the same exchange rate, or denies the 

request outright. This decision is based on the amount of credits available and any potential 

debts that have to be paid off. The bank never sells more than a fifth of its positive credit 

reserves to any one buyer, while companies never sell more than they have in excess of 

upcoming debt payments. Companies will always prefer RMT over loans, but will not engage in 

RMT unless they need money to either pay workers or pay off debts. 
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V 1.2.3. Employment 

To reduce the number of necessary calculations, each company can employ only one user per 

turn in this simulation. An employed user is paid an amount of credits between zero and the 

setting for the maximum wage. Users can deny employment offers but in this setup only do so if 

they are already employed somewhere else.  Employment is renegotiated every round and 

users have no brand loyalty whatsoever. 

V 1.2.4. Cash Income 

The simulation assumes that companies only earn real world money if they have a user working 

for them.  Each company generates cash equal to a fixed setting every turn in which it manages 

to employ a user. Other sources of income are ignored. This means that the total amount of 

cash in the system continually rises as there is no external money sink. If one would fully model 

the transaction of every company and user, the total amount of cash in the system would likely 

stagnate. A prerequisite for the digital currency is that companies gain a financial advantage 

from paying users with credits. The rising amount of cash in the system is a representation of 

this advantage. If a company doesn’t use credits anymore, its cash reserves will cease to grow. 

V 1.2.5. Consumption 

There can be no economy without goods being consumed, otherwise production would be 

pointless and companies could never make any money, resulting in no employment and no 

trading. Users in this simulation simply spend all the money they earn on digital products and 

services provided by the companies.54 Early revisions of the software allowed users to save up 

money, but consumer savings impose additional complexity on economic modelling without 

being relevant to this research and were therefore disabled. Users pick the company that they 

buy their goods from at random, allowing us to see the effects of shifts in consumer behaviour 

in the final market outcome. Companies that do not offer products or services that are in high 

demand will find themselves spending digital currency on users while not selling enough 

consumption goods to refinance those expenditures. Randomized user behaviour over a large 
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 While this may seem unrealistic, Cencini points out that “Consumers’ behavior is monetarily neutral” (Cencini, 
1995, pp. 59-61) His argument is based on an economy that includes secondary banks which are not to be found in 
the model of this virtual economy, but their emergence can be assumed should the virtual currency be successful.  
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amount of samples all but ensures that situations like these are simulated and their aggregate 

effects can be studied. 

V 1.3. Parameters 

The simulation has a number of variable parameters that can be modified to find out which 

changes in the setup of such an economy have which effects.  A second set of parameters can 

be used to adjust the behaviour of the actors so that the economy will function. Just like the 

actors and functions of the simulation, these parameters were chosen to enable simulating the 

various economic setups needed to answer the research questions without introducing any 

unnecessary complexity. Behavioural settings are purely born out of the necessity of giving the 

actors a certain set of rules to follow. Some of these rules have to be modified when changing 

other parameters, and behavioural settings allow for this. Economic settings on the other hand 

define the general setup of the economy, allowing for changes that have meaningful impact on 

the outcome of the simulation. They define general rules such as whether the economy allows 

for RMT or loans so that their effects can be tested as well as numerical settings for basic 

parameters that shall be varied. 

V 1.3.1. Economic Settings 

Economic settings define the inner workings of the economy. Starting values as well as rules for 

the economy are defined in the following parameters: 

- ALLOWRMT: Determines whether credits can be traded for money. This setting can be 

used to test the viability of a digital economy that does not allow RMT. 

- ALLOWLOAN: Determines whether the central bank lends credits to companies or not.  

- INTEREST: Determines the amount of interest companies have to pay for a ten turn loan. 

Can be used to test if an interest-based system is feasible. 

- BANKCREDITS: The amount of credits the bank has available at the start of the 

simulation. Loans can drop it to negative values but RMT is only possible if the bank has 

a positive amount of credits. 

- COMPANYCREDITS: The amount of credits each company has at the start of the 

simulation. 

- COMPANYCASH: The amount of cash each company has at the start of the simulation. 
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The following parameters are not actually modified in any of the test setups used and are only 

listed here for the sake of completeness. They turned out to be irrelevant to the research 

questions. 

- USERCASH: The amount of cash each user has at the start if the simulation. 

- USERCREDITS: The amount of credits each user has at the start of the simulation. 

- INCOMEPERWORKER: Determines the amount of cash a company earns when it employs 

a user.  Can be used to test if increased amounts of cash in the system have an effect on 

the credit economy. 

V 1.3.2. Behavioural Settings 

Behavioural settings allow for the modification of company and bank behaviour. These are 

generally used to set boundaries for the unintelligent agents, so that they can perform 

adequately in the economy. Without a maximum loan amount, agents might take up loans that 

they could never repay and would go broke very fast. Without a minimum on those loans, 

companies might take miniscule loans that never get them started in the economy in the first 

place. Many behavioural settings are hardcoded into the simulation, but the following four can 

be changed as needed:  

- MAXWAGE: The maximum wage paid to each user per turn.  

- MAXCREDIT: The maximum loan a company will get. 

- MINCREDIT: The minimum loan a company will get. 

- MAXRMT: The maximum amount of credits sold in one RMT transaction between 

companies. 
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V 2. Assumptions and Simplifications 

It would be very difficult, if not impossible, to simulate a full economy with independent 

intelligent actors, unforeseeable events, a money market, and full integration of the real world 

economy. A very detailed simulation would also be detrimental to the goal of finding answers to 

the above research questions. Real world economics research proves that determining causes 

for economic events is extremely complicated when many variables are involved. One such 

example would be that there is pretty much a consensus on the effects of exogenous monetary 

policy shocks on economic activity in the short run, but not on the effect of systematic feedback 

responses of monetary policy. 55 

The simulation used here is therefore kept as simple as possible in order to correctly identify the 

causes for observed events without having to take other possible causes into consideration. This 

obviously means that the simulation cannot accurately predict the exact behaviour of the type 

of economy it models but it does provide general insights on the basics of such an economy. In 

the following you will find a list of known assumptions and simplifications that have been made 

in both the creation of the design model and its technical implementation for the sake of this 

research. 

Each of these assumptions and simplifications was made for one of two reasons: Either to 

simplify the interactions inside the simulation and thereby to allow for a better identification of 

the cause of observed phenomena, or to reduce the amount of programming/computational 

work needed for the simulation. Some of these have been discussed previously, the purpose of 

this section is simply to detail in which way the simulated economy differs from a potential 

implementation. When discussing the results one needs to keep these assumptions in mind in 

order to not draw the wrong conclusions. 

V 2.1. Unintelligent Agents 

As described in the methodology above, the simulation uses zero-intelligence actors (with 

constraints) as agents. Not only do unintelligent actors have the advantage that they take far 

less effort to program, train and test; they also provide unbiased results.  This simulation does 
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not try to predict human behaviour inside such a system, but to examine its basic functionality. 

Human actors would clearly bias the results by trying to outsmart each other or find a loophole 

in the system. Any form of AI will have to prove that it is not biased towards one result or 

another. Random decisions don’t introduce any bias (unless you want to challenge the way 

random numbers are generated.) Putting limitations on random decisions can obviously 

introduce a bias that has to be examined and discussed. 

V 2.2. Creation of Real World Money 

There is a somewhat limited amount of currency in the real world economy that is traded 

between actors in that economy. The sum of money should stay roughly equal, barring the 

increase of money supply through a central bank. In the simulation, one can observe a steadily 

growing supply of real world money instead, caused by the assumption that companies make a 

fixed amount of it each turn if they employ a user. The only simulated way that companies can 

spend that cash again is to buy credits from other actors but it cannot be spent on anything 

outside the system. A full simulation of both the real and the virtual world markets would show 

roughly a zero-sum game. Since the simulation only models the digital part and the intersection 

between the two, real world money is a steadily growing commodity. 

V 2.3. Each Company Employs the Same Amount of Users 

In the simulation, each company employs exactly one user.  The number does not matter here, 

however, since the one user could easily stand for 20 or 1000. What does matter is that 

companies can either employ no one or exactly as many users as any other company. There are 

also exactly as many users as companies (though having more users does not change the result 

of the simulation) so that there is no unemployment and no competition for workers. 

Competition is once again not a factor in this research and would only introduce an unnecessary 

bias. 

V 2.4. Unlimited Supply 

Companies sell as many products as there is demand for and do not have to worry about supply. 

This simplification is actually very close to the reality of a digital goods market. Once a digital 



Frictionless Money – Towards a Unified Digital Currency Jan Broer 
Master Thesis  University of Bremen 

V. Simulation Implementation  49 

product has been created it can generally be reproduced in unlimited quantities with minimum 

effort. 

V 2.5. No Savings 

Users use the credits they earn with their work at the next opportunity to buy products from 

one of the companies. Previous versions of the simulation included users saving money but 

while this created interesting shortages in money supply, it didn’t help answering the research 

questions and introduced yet another bias instead. In general, user savings would need to be 

counteracted with an increase in money supply. 

Companies also do not go out of their way to create credit reserves.  If their debts are safely 

financed they will freely sell their credits for cash to anyone who inquires about it. This 

improves the velocity of money in the digital economy and ensures that companies stay liquid 

as long as there are enough credits to go around.   

V 2.6. No Stable Exchange Rate 

Going along with the model of unintelligent actors, the exchange rate for RMT transfers does 

not take any previous exchanges into account. One company may sell credits at a rate of 3:1 one 

turn and buy some at a 1:2 ratio on the next turn. Situations like these clearly have negative 

effects on one and positive effects on another company and will therefore cancel out in the 

overall average. To somewhat control the effect that very bad decisions in this area can have for 

a company, the volume of RMT trading can be capped in the settings.  

V 2.7. Companies Cannot Expand 

The only way growth is measured in the simulation is through the amount of real world money 

each company has. At no point can they invest additional credits to expand their business and 

increase production. What is simulated here is the starting time of the virtual economy; this 

paper does not deal with its long-term development. Long-term research would not only have 

to include growing companies but also new actors being added to the system and other actors 

leaving it.  
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V 2.8. Stagnant Price Levels 

In line with the point above, the simulation knows no inflation or deflation. Prices are chosen 

randomly within certain boundaries and these boundaries do not change. Increases or 

decreases in money supply do influence the economy, but only insofar as liquidity is concerned. 

Increasing the money supply can only ever have a positive effect, or at worst no effect at all. 

Along the same lines, a reduction in available money does not lead to a decrease in prices and 

can therefore stymie the economy. In a realistic economy, fewer available starting credits (up to 

a point) would just lead to an increased worth of these points and lower price levels. If at 1000 

credits available a worker would get paid 5 credits per turn, reducing the supply to 500 would 

just mean halving the worker’s wage as well. Since wages and RMT prices are fixed, however, a 

reduction in money supply can lead to companies being unable to pay any workers and 

eventually to a non-functioning economy. It is still possible to use these simulation results in the 

theoretical context of inflation and deflation, but they will never show up in the actual data. 

V 2.9. Simplified Loan System 

Companies in the simulation are completely trustworthy (since they are not programmed to 

deceive) and can therefore get loans without any collateral. Only a company that is broke will 

essentially defect on a loan. Loans are also limited to one per company at a time and limited in 

their amount. This simply ensures that unintelligent actors will not go broke by taking up loans 

that they do not need. As a result of this, there could be situations where a company could be 

saved by refinancing a loan, but isn’t. That is something that has to be kept in mind when 

examining failed economy setups. In general though, spending within the time that a loan lasts 

is very foreseeable and refinancing should not generally be needed if the scope of the loans is 

set correctly. 

V 2.10. Customers Don’t Use Cash 

It is easy to imagine that users of a digital economy like the one described here, would trade 

real world money they earn for credits and vice versa. Other digital economies show a lively 

trade between users. This simulation does not model either behaviour since it would not have 

any effect on the behaviour of the overall economy. A user that buys credits from a company for 
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cash (that she gained outside of the digital economy) and then spends them again on products 

from that or another company would, in the most influential case, perform an RMT trade 

between two companies in which the buyer doesn’t have to spend any real world money. 

Introducing user RMT into the simulation would only increases the amount of cash generated in 

the system, but not affect any other values significantly. 

V 2.11. Microloans 

In order to facilitate company operations and to compensate for smaller issues with the 

randomized decision making (such as taking a loan that is a little bit too small), companies are 

allowed to dip slightly below a zero balance in their virtual accounts. Once such a negative 

balance is reached, however, it has to be undone before any other payments can be made. This 

can be compared to having a credit card that allows you to spend slightly more money than you 

actually have without repercussions, provided you pay that money back in time.  
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V 3. Computational Model and Technical Implementation 

The simulation was completely implemented in the functional Erlang56 language. Erlang has very 

good support for both multiple processes and multiple processors and therefore seemed ideal 

for a simulation with potential for high processing power requirements. Erlang applications are 

built out of various, small, autonomic processes that communicate with each other through a 

sophisticated messaging system.57 This seemed optimal for an agent-based model in which each 

actor would be modelled into its own process. These processes are then able to communicate 

with each other among the same lines that actual actors in the economy would. The modular 

system allows for switching out certain actors for others or easily introducing additional actors, 

even during runtime. 

Erlang’s multi-core abilities are very helpful when running the simulation on a modern processor 

and even more useful if one wishes to use more than one computer for the calculation. This has 

not been attempted during this research project but is definitely possible if one wishes to 

observe a higher number of actors or simulate an economy over longer periods of time. 

In order to speed up processing and to allow for moderate scaling, actors never try to 

communicate with many other actors at once but traverse them sequentially until a matching 

partner has been found. If a company is looking for a worker, for example, it acquires the list of 

all worker processes, shuffles it, and then sends the first worker in the list an offer. If the offer is 

accepted, the process is done. If not, the next worker will be asked. This way there is no need 

for every agent to communicate with every other agent all the time, resulting in a roughly linear 

increase in processing power needed when adding new agents instead of an exponential one. 

The application has no graphical user interface but instead uses a settings file for input of 

certain parameters. The final test runs were performed on a dual core CPU simulating 20 actors 

over 20000 turns in various setups. Increasing either number results in a roughly linear increase 

in processing time needed, but a combination of operating system limits on simultaneous 

processes and a suboptimal Erlang file access system makes numbers of more than 20 agents on 

that system impractical. The simulation stores its output data in machine-readable text files on 

the hard drive of the system that it is running on. The code contains functionality for a collector 
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process that collects data from agents running on separate computers and combines these into 

a single report, but that was not used for this research. Information on the syntax of the result 

files can be found in the appendix. 

The computational model directly reflects the design model wherever possible; the following 

sections will therefore only highlight additional functionality and changes that were necessary in 

the translation from model to software. None of these should have an influence on the actual 

results of the system.  

V 3.1. Program Structure 

 

 

Figure 7 shows the general structure of the simulation program. Coloured elements are the 

technical equivalents of the actors in the economy seen in Chapter IV 4.5, black and white 

elements are merely helpers that don’t have an equivalent in the virtual economy. The main 

process reads the settings file and, according to those settings, uses the spawner process to set 
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Figure 7 - Program structure of the simulation 
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up and populate the simulation environment. The spawner maintains a list of all processes that 

have been created by it, which can be requested by other processes for communication 

purposes. This list is the only map of the simulation that is available – child processes are only 

aware of the existence of the spawner and timer processes but not of the other agents in the 

simulation. A child process that needs to communicate with another one can request a list of 

potential partners from the spawner as needed.  

Erlang knows no global state and data are only stored within processes. The spawner provides a 

central repository of data on the geography of the simulation, making sure that no outdated 

local information is used. All other data are stored within the process that they pertain to – 

meaning that each process is responsible for its own financial status.  The only central storage of 

data is handled by the writing processes. Each actor can spawn these in order to write data into 

output files. In normal operation mode, only the financial state of each agent is written to disk 

each turn of the simulation, when debug mode is enabled every single action is stored. This is a 

one-way procedure, meaning that agents cannot access data stored this way. 

The table below shows which data is stored where. There are some additional pieces of 

information stored within the processes, but these are purely technical and not necessary for an 

understanding of the simulation. Examples are the current turn, a list of workers that have yet 

to be offered employment this turn, and the location and names of the output files for the 

current run. The third column in the table lists data types, even though the Erlang langue is 

typeless. All processes also inherit access to all data stored in the settings file and can use that 

accordingly. 

  



Frictionless Money – Towards a Unified Digital Currency Jan Broer 
Master Thesis  University of Bremen 

V. Simulation Implementation  55 

Process Data stored Data type 

Spawner - Lists of all spawned processes - erlang atoms defining the 
type of the processes (i.e. 
company)  
- erlang process IDs for 
communication 

Central bank - Total amount of credits owned 
- Total amount of cash owned  
- The current interest rate 
  

- Floating point number 
- Floating point number 
- Floating point number 
 

Company - Total amount of credits owned 
- Total amount of cash owned  
- Total amount of debt 
- Turns remaining until a loan has to be paid back. 

- Floating point number 
- Floating point number 
- Floating point number 
- Integer 
 

Customer - Total amount of credits owned 
- Total amount of cash owned  
 

- Floating point number 
- Floating point number 
 

Writer - List of lines to be written to disk - Strings in message queue 

Timer - Current turn number 
- List of all actors in the simulation 
- List of customer and company processes that aren’t 
done  with their turn  

- Integer 
- List of process ids 
- List of process ids 

 

The timer process controls the whole simulation. It starts the first turn by sending a message to 

every company, customer, and the central bank that a turn has started. Once each agent is done 

with its bit, it sends a message back to the timer informing it of that fact. Once the timer has 

received such a response from every agent in the simulation, it starts a new turn by sending out 

a message to every process again. When the maximum number of turns is reached, it informs 

the spawner instead, who terminates all processes in the simulation – indicating the completion 

of a test run. 

  

 
Table 1 - Data stored in the various simulation processes 
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V 3.2. Agent Interaction 

The agents in the simulation interact using the Erlang message system. Any data that a process 

needs to acquire, but that is not maintained by the process itself, can be requested through 

these messages. The figure below shows an example of how this interaction takes place. In the 

example, the simple action of employing a worker is expanded in detail. 

 

company spawner customer

request list of customers

list of customers

work offer

accept or deny offer

{repeat until a customer accepts}

update credit balance

update employment status

update credit balance

update employment roster

check employment status and wage adequacy

 

 

Other interactions function in a similar manner. Actions that involve finding a suitable partner 

always start by requesting a list of possible partners from the spawner and then communicating 

with those sequentially until a match is made. Communications with the central bank can skip 

this step. Note that information such as the credit balance is only updated locally; there is no 

central bookkeeping unit that needs to be informed. This would obviously not work in a real 

economy but these simulated agents don’t have the capacity to cheat which makes this form of 

bookkeeping equally secure. 

  

Figure 8 - Interaction diagram for customer employment. 
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V 4. Test Setups 

Once the simulation was programmed, a series of test setups needed to be created in order to 

find answers to the research questions. A list of 21 setups was compiled beforehand with a few 

impromptu test runs added later to confirm or deny certain suspicions. The setups vary mostly 

in their economic settings, but behavioural settings were adjusted where needed. All setups 

were designed to have as few differences from the ones they were compared to as possible. 

This greatly increases the accuracy of cause identification.  

V 4.1. Establishing a Baseline 

In order to test the various setups for their efficiency, a baseline was needed that their results 

could be compared to. This baseline needed to be an economy that was deemed to be working 

correctly. Two options come to mind here – either setting up an economy with as few 

instruments steering it as possible and then examining how further instruments can improve on 

that, or setting up an economy with all instruments in place and examining how removing one 

or more of them affects the economy negatively. The limited scope of the simulation combined 

with the relatively low sample size can make improvements on an already working system hard 

to spot. Negatives can be identified more easily since they often lead to catastrophic failures in 

the system. Setup number one was therefore chosen to include all simulated binary features – 

meaning loans, RMT and interest payments. Testing then provided behavioural settings for the 

actors that were both plausible and created a functional economy.  

The economy was then considered functional if the velocity of trading, measured by the first 

derivative of the average amount of cash of the companies, did not become zero for longer 

periods of time.  

V 4.2. List of Test Runs 

A table describing all the simulation setups used in this paper can be found in appendix 1. The 

runs varied from each other in one or more of nine parameters, but in order to easily identify 

the cause for a change in the economic outcome, only the minimum amount of parameters 

were changed in between comparable runs. Where at all possible, only a single environmental 

setting was changed between runs, though these sometimes required an adjustment of the 
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behavioural settings. Drastically increasing the cost of workforce, for example, requires an 

increase in the loan amount a company will take (in a loan-based economy) or companies will 

never be able to hire any workers.    

A total of 26 test runs is referenced in the appendix, 21 of which were planned originally. These 

are numbered in the order they were first performed (1-21) and loosely grouped by the type of 

phenomenon investigated. Run number one is the established baseline of a working economy 

that all changes can be compared to. The last five runs in the table were added later in the 

process when the original runs showed that some additional changes needed to be tested. 

These are numbered E1 through E5, the letter E denoting their status as extra runs. Aside from 

being conceived of at a later point in time, these tests used absolutely the same conditions as 

the original 21. 

Each run has a short description associated with it to make it easier to find out what specifically 

was changed. This is merely a matter of convenience; all the changes are reflected in the other 

columns of the table as well. The last column shows a numeric result code for each test run that 

denotes which of the (at least three) result sets for a setup were used in this paper.  

Parameters that were not changed in any run (user cash and credits, the income a company has 

for each worker it employs, and the maximum amount of credits that can be bought in a single 

RMT transaction) cannot be found in the table for readability’s sake. Below you’ll see an 

example line of the table, a list of abbreviations can be found below the full table in appendix 1. 

# Description MaW MaC MiC BCr CCa CCr Int RMT LOA Result Code 

1 Baseline 20 200 50 1000 0 0 0.02 Yes Yes 1253703462615000 

 

Test run 1, as detailed above, allowed both RMT and loans, and had the bank starting with 1000 

credits and companies with neither credits nor cash. The interest rate was set to 2% and 

workers were paid between zero and twenty credits per turn. The highest loan a company could 

take at once was for 200 credits, the lowest for 50 credits. 

The domain model of the virtual economy knows three ways to inject money into the economy. 

Companies can be handed a certain amount of credits when they enter the system, companies 

can buy credits for real world money they already have, or they can borrow the money from a 
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central bank. Obviously a combination of the above approaches is possible as well. The test 

setups were designed so that these ways of money injection could be tested and their effect on 

the economy analyzed. In the following you will find a short description of what each setup was 

designed to test, for more detailed information check appendix 1 and the results section. 

Tests 10 and 11 deal with a setup where credits can only be borrowed but not bought. Tests 12 

through 17 examine a setup where credits are purely bought with cash, using different 

variations of variables to find out if and how a company like this can be made to work. Tests 18 

through 21 examine what happens if companies cannot buy or borrow credits but have an 

amount of starting credits to work with. 

Tests 2 through 5 establish how a difference in the credits directly available for sale at the 

central bank affects the well-being of the economy. Finally, tests 6 through 9 do the same for 

the demand for credits (as exemplified by rising or falling wages.) 

V 4.3. Reliability 

Since choices are made randomly in the simulation, its results vary from run to run. The high 

amount of turns simulated (20,000), as well the limits on decisions described above, make it 

very likely that overall results will be very similar for any two simulations run with the same 

parameters. In order to further reduce the chances of a fluke, each of the tests has been 

repeated three times to check for different outcomes. Statistical evaluation of the reliability and 

significance of these results could certainly be performed but are not part of this study.  

V 4.4. Collected Data 

Each run of the simulation outputs a set of text files that describe the financial state of the 

actors at every turn. For testing purposes, additional output containing every single taken action 

can be activated but this severely slows down the calculation process and was avoided in 

production runs. Unexpected results were double checked with this extended logging enabled 

to determine whether they were caused by an error in programming or actual market causes. 

None of the results used in this thesis could be traced back to errors in programming. 
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The collected financial states of the actors were loaded into a software packet for data analysis 

and graphing where figures such as the average amount of credits among companies, the 

average debt that companies are in, and their derivatives were calculated. 

V 4.5. Data Analysis 

In order to evaluate the individual test results it was necessary to put meaning to the numerical 

outputs. A combination of development graphs and statistical measurements were useful to 

identify the health of an economy, the impact of certain instruments on it and the effects on 

individual actors. 

V 4.5.1. Health of the Economy 

One major measurement of economies in the real world is their gross national product (GNP), 

the value of all goods and services produced in a country in one year, plus the income earned by 

its citizens abroad, minus income earned by foreigners in the country. This paper does not deal 

with interactions between nationalities but assumes one global digital economy. That eliminates 

the need to calculate earnings of foreigners and citizens abroad and makes the use of the gross 

domestic product advisable. The GDP is simply the value of all final goods and services produced 

in one year. Companies in this simulation earn a fixed amount of real world money for each 

employed worker as a representation of the added value that their work provides to the users 

of the website. This real world money is the final good that the companies strive to produce; the 

increase of cash in the system is therefore the GDP of the virtual economy. For ease of 

comparison, you will often find the GDP per capita and turn in the results section below, which 

is the average amount of cash earned by companies in a single turn. This number is calculated 

from the first derivative of the companies’ average available money that turn. The first 

derivative shows the magnitude of change in the available cash funds in the system, divided by 

the number of available companies. 

Companies are awarded five units of cash when they employ a worker for a turn, a fixed 

number throughout the simulation. A GDP per capita of five is therefore considered the 

optimum state of economic health. If companies are unable to employ workers for a certain 

time, the GDP will drop, hinting at issues in the economy. Note that these graphs do not include 
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real world money paid to the central bank by the companies. This is done to more accurately 

show the effect of these payments on the well-being of the companies. An economy in which 

the companies are paid five units of cash every turn but have to turn most of it over to the 

central bank would not be attractive to them and is not considered healthy. The issue of the 

central bank earning money will be discussed below.  

The average GDP is a good indicator of the general health of the economy, but two economies 

with the same average GDP can still differ in their health. The distribution of GDP over time can 

indicate problematic periods in the lifetime of an economy. Drops in GDP over a timeframe 

indicate a lack of funds to keep production up, and a strong fluctuation shows that there are 

enough funds available in theory but that they are not distributed evenly and companies 

therefore have to spend time on acquiring funds; time in which they do not produce cash. The 

fluctuation can be seen in the graphs, but is also measured by the coefficient of variation (CV.) 

The CV is defined as the ratio of the standard deviation to the mean, or in other words the 

normalized standard deviation of the values. A low CV indicates fewer and/or smaller 

fluctuations while a high CV indicates many and/or large fluctuations. The lower the CV of the 

GDP per capita is, the higher is the stability of the economy. It is important to use the 

normalized value here instead of the standard deviation in order to keep the numbers 

comparable between different mean GDPs. If the mean GDP is one, for example, a standard 

deviation of 0.5 would be very significant. The same standard deviation would be far less 

important on a mean GDP of five. The coefficient of variation reflects this, being 0.5 for the first 

example but only 0.1 for the second. The graphs will sometimes show fluctuations of a large 

magnitude but very short duration. These are created by a combination of inaccuracies in 

output58 and the differentiation function. 

There are other concerns with the health of an economy, such as the question of the optimal 

rate of inflation. This simulation does not allow for inflation and its effects are not reflected in 

the numbers. The results will show that there is a minimum amount of credits needed to keep 

the GDP at its maximum but they will not be able to show the results of a credit supply that is 

                                                      
58

 The actor processes communicate asynchronously, which can lead to situations in which a turn snapshot is taken 
mid transfer. One company would write its current funds into a file after performing its part of the transaction but 
the partner company would output its stats before completing its part. Errors like these will always be fixed again 
on the next turn but they can create short-term spikes in output that do not actually exist. 
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too high. In reality, any increase in money supply that exceeds the growth in demand for money 

will lead to inflation. Total amount of credits in the system (or credits per capita) will be a 

secondary indicator for the health of the economy, where lower numbers are better. This 

means that of two economies with identical GDP, the one that requires fewer credits per capita 

is considered healthier. 

V 4.5.2. Finances and Relevance of the Central Bank 

Some of the test runs allow the central bank to earn real world money through RMT. An optimal 

economy would allow the central bank to continuously earn money to at least cover its own 

expenses. If the digital currency were to become reality, one would need a certain amount of 

income to pay for hardware and personnel expenditures. If the economy was unable to provide 

this income, the bank would have to ask for fees when people wish to take part in the economy. 

Clearly, fees are negative incentives for joining the system – the likeliness of creating a 

functioning economy therefore depends on its ability to generate income for the central bank. 

The income of the central bank is easily tracked as the simulation outputs the bank’s total cash 

holdings every turn.  The cash holdings graph is usually combined with the credit holdings graph 

for a complete overview of the bank’s finances. Fluctuations in either graph are a sign of 

economic activity of the bank, stagnation means that the bank is not taking part in the economy 

at that time. The mean of the first derivative of the central bank’s credit holding can be used a 

single numerical indicator of the overall relevance of the bank’s financial actions. If this number 

is low, one should consider replacing the institution of the central bank completely and 

replacing it with another way of introducing money into the system. 

V 5. Validation 

In his 1951 book “The rise of scientific philosophy” Hans Reichenbach defined what remains an 

essential problem of simulation to this day: “verifiability is a necessary constituent of the theory 

of meaning. A sentence the truth of which cannot be determined from possible observations is 

meaningless”. (Reichenbach, 1951, p. 256) Ever since computer simulations have been 

introduced, the question of validating their results has been asked. The goal of validation is to 

prove the accuracy of a computational model in predicting the results of the system it models. 



Frictionless Money – Towards a Unified Digital Currency Jan Broer 
Master Thesis  University of Bremen 

V. Simulation Implementation  63 

Simple models can mathematically be proven correct, but the more complicated a system is, the 

harder a mathematical proof becomes. A group of NICTA researchers recently published a 

formal proof for the kernel of an operating system (Klein, Kolanski, Norrish, Sewell, Tuch, & 

Winwood, 2009). According to the authors, this is the first formal proof of this type and size to 

ever be completed. Klein et al. only proved 7500 lines of code in their work, demonstrating the 

difficulty of such a task. Formally proving the simulation in this paper would not only require a 

proof of the simulation code itself but also of the programming language used and, for 

completeness, the underlying operating system.  

In 1967, Naylor and Finger suggested the use of statistical analysis to verify the results of 

simulations (Naylor & Finger, 1967), which remains a useful approach to this day. Statistical 

verification compares the results of the simulation to those of the simulated system to state 

with a certain reliability that they are identical (or similar enough, depending on specification). 

The problem with statistical verification in this case is that the simulated system does not yet 

exists and therefore no data can be obtained from it. This makes statistical verification of the 

simulation results impossible. 

With both these options unavailable, it would be unscientific to say that the results of this 

simulation are an accurate prediction of how a digital economy would actually work. Even a 

simulation that is not proven as accurate can be helpful in determining a good starting setup for 

said economy, however. By designing the simulation with as few assumptions on how individual 

actors decide as possible, and by keeping the simulated economy simple and logical, one can 

increase the likeliness that the predicted results mimic those that a real system would have. A 

detailed inspection of the results is necessary to identify whether they could be caused by limits 

of the simulation and not by the economic setting.  

In order to verify the correctness of the code itself, a series of scenarios with obvious outcomes 

were simulated and the results compared to the expected outcomes. In the case of differences 

between the two, a detailed transaction log was checked for the unexpected behaviour. The 

behaviour of the actors was then compared to the expectations, in most cases revealing 

inaccuracies in programming. In two cases the expectations were proven wrong and had to be 

adjusted.   
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Test Run 12 / Scenario 1 
Based on:  Baseline (Run 1) 
Specialty:  Credits cannot be 

borrowed. 
Result:  No economic activity 

VI Results & Discussion 

The experiments described above were aimed at identifying proper strategies for setting up a 

digital economy. They differ mostly in the way that companies can get hold of credits – 

something that can happen either through RMT, loans, donations, or a mix thereof. The sections 

below group the results of the test runs into one of those four scenarios and discuss the 

meaning of those outcomes. Please note that some of the figures show only excerpts of a full 

test run’s data, magnifying the relevant parts. These excerpts can be identified by comparing 

the scale of the x and y axes. 

VI 1. Scenario 1: Introducing Credits through RMT 

When simulating an economy in which companies gain access to credits by paying for them with 

real world money, one has to realize that companies may be reluctant to do so. Human 

behaviour is not included in the simulation and it is assumed that companies have a high 

interest in taking part in the digital economy. 

Test run 12 is identical to the baseline scenario except 

that it does not allow for money to be gained through 

loans. The results of this experiment are easy to predict. 

Companies start with zero real world money in the 

baseline test and therefore won’t be able to engage in 

RMT without earning cash first – which they can’t without employing users which in turn 

requires credits. Test run 12 shows exactly the expected result in that the economy completely 

fails to work – not a single transaction takes place. Figure 9 shows the average credits of 

 
Figure 9 - Credit stagnation in run 12. 

0 10000 20000

0

200

400

600

800

1000

A
v
e

ra
g

e
 C

o
m

p
a

n
y
 C

re
d

it
s

Turn

 Average Company Credits

 Bank Credits



Frictionless Money – Towards a Unified Digital Currency Jan Broer 
Master Thesis  University of Bremen 

VI. Results & Discussion  65 

Test Run 13 / Scenario 1 
Based on:  Baseline (Run 1) 
Specialty:  Credits cannot be 

borrowed, companies 
have 500 starting cash. 

Result:  Full economic activity 
with fluctuations 

companies in run 12 as well as the credits of the central bank. As you can see, they stay at 

exactly the starting values for the whole duration of the test. 

Test run 12 was merely used to confirm that there were 

no alternate sources of credits left in the system. In run 

13, companies were given 500 units of starting cash to 

buy credits with. The central bank still had the baseline 

1000 credits to offer for sale. Since there were no loans 

available and no other source of credit creation, the 

question here was whether 1000 credits were enough to allow the economy to run smoothly. 

The cash flow in Figure 10 averages to almost five, the amount of money a company makes each 

turn for employing a user. This means that except for certain peaks and irregularities, all 

companies are fully operational at this setting. It was to be expected that the central bank only 

makes money at the start in this setup, since it has no way of actually earning new credits to 

sell. The bank’s reserves sell almost immediately, leaving all following RMT between the 

companies and the bank practically out of work. The increased fluctuation in cash income you 

 
Figure 10 - Average company cash derivative for run 13. Credits are introduced through RMT, 1000 credits are available for 
sale in total. 
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Test Run 16 / Scenario 1 
Based on:  Run 13 
Specialty:  Credits cannot be 

borrowed, companies 
have 500 starting cash, 
bank starts with 2000 
credits instead of 1000. 

Result:  Full economic activity 
with few fluctuations. 

Test Run 17 / Scenario 1 
Based on:  Run 13 
Specialty:  Credits cannot be 

borrowed, companies 
have 500 starting cash, 
bank starts with 10000 
credits instead of 1000. 

Result:  Full economic activity 
with almost no 
fluctuations. 

can see in the later parts of the figure is an indicator of individual companies not always having 

enough credits to perform optimally. 

VI 1.1. Higher Credit Supply 

Run 16 examined whether an increase of available 

credits would have an effect on the economy. Since run 

13 already showed an economy that was working very 

well, the only improvement that was expected from run 

16 was an even more stable average cash income and a 

higher average velocity of money. The results once again 

show a working economy and there are indeed almost 

no peaks in economic growth (cash gain) anymore. The 

bank also makes some more money on RMT sales than it did in run 13, but stagnates once again 

as expected as soon as all its money is in circulation. RMT sales by the bank slow down after the 

initial rush when other sources of RMT become available. There is a notable slowdown around 

turn 440 at 250 credits still left in the bank, which seems to indicate a point of credit saturation 

for the economy. Since the bank never sells more than a fifth of its credit reserves to a single 

company, this drop-off point may just be caused by those artificial limits. Examining the drop-off 

point on run 17, which is an example of a very high amount of starting credits on the side of the 

bank, should show whether there is actual market saturation to be seen. 

As expected, run 17 showed almost no more 

fluctuations in economic growth, showing that a certain 

amount of credits is needed in the system to keep all 

companies operational. In an RMT only economy, this is 

essentially limited by the amount of credits the bank is 

willing to sell. In an economy with intelligent actors, the 

price of those credits would play a defining role as well, 

since companies would need to be incentivized to 

engage in RMT with the bank.  
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Figure 11 shows that sales of credits drop off far earlier than the artificial cut-off theory would 

implicate. The first drop-off point can be found at about 2500 credits sold with another steep 

drop to about 4000 credits sold later on. Interestingly, the second drop-off happens at roughly 

the same point in time at which run 13 showed fluctuations in economic growth. Run 16 did not 

show the same fluctuations so it seems that there are two levels of saturation – one at which 

external credit input is no longer needed because companies can handle the situation through 

RMT with each other, and one at which each individual company has acquired enough credits to 

no longer require RMT at all. The slow drops later on indicate that companies still do perform 

some RMT even at this stage, but very little of it. Each company has a one in ten chance to buy 

credits from the central bank when it tries to find an RMT partner, meaning that roughly one 

tenth of the RMT trade that happens in a healthy economy is performed with the bank – slowly 

 

 
Figure 11 - Credits and cash available to the central bank in test run 17. Money is introduced through RMT 
with 10000 credits available for sale. 
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Test Run 15/ Scenario 1 
Based on:  Run 13 
Specialty:  Credits cannot be 

borrowed, companies 
have 500 starting cash, 
bank starts with 500 
credits instead of 1000. 

Result:  Active economy with 
fluctuations, non-
optimal economic 
growth. 

depleting its reserves59. Longer periods of stagnation in the bank’s credit reserves therefore 

mean that no RMT is needed whatsoever.  

The drop at the end of the bank credits curve in figure 11 shows a period during which 

individual companies hoard their credits after making good business decisions while others 

make bad ones. This shortens the effective money supply in the system and forces companies to 

buy from the bank again. If bank money wasn’t available, these companies would stagnate – 

creating the fluctuations in economic growth seen in run 13. 

VI 1.2. Lower Credit Supply and Microloans 

Knowing that the economy can run on a limited amount of credits but will run better if more are 

available, I implemented test run 15 which features a low amount of available credits (500). This 

run was expected to show a non-functioning economy. Instead, the economy still thrived, even 

though it did have some periods in which companies 

couldn’t use their full earning potential. In order to find 

out whether there is a greater than zero minimum 

amount of credits needed to keep the economy running, 

I ran additional tests with even lower amounts of 

available credits.  

                                                      
59

 To investigate this further one could reprogram the simulation, so that the central bank is always the last choice 
for RMT. That would give a very clear indication of the point at which the market’s demand for money is saturated. 
For the purpose of this research, a drop to about one tenth in bank RMT volume is enough of an indicator. 
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Test Run E3/ Scenario 1 
Based on:  Run 13 
Specialty:  Credits cannot be 

borrowed, companies 
have 500 starting cash, 
bank starts with 20 
credits instead of 1000. 

Result:  Unstable economy with 
low economic growth, 
but still functioning.  

 

20 credits each turn was the maximum wage companies could pay in the setup, so I ran a 

simulation with 200 credits available in total (test run E5) and then one with 100 credits (test 

run E4). 200 credits should be enough to satisfy all wage payments and indeed the economy 

was quite stable. 100 credits were meant to be enough on average and the test still shows a 

working economy, albeit not an optimal one. Even a run with only 20 credits available was still 

somewhat viable (test run E3).  

Figure 12 shows that run’s data, detailing that the 

overall cash income is lower than it could be but 

higher than the 20 available credits should allow for. 

This result was clearly unexpected and should in 

theory be impossible – if there aren’t enough credits 

in the economy to employ workers, no money should 

be made. The solution to the puzzle can be found in 

 
Figure 12 - Average company cash derivative for run E3. Money is introduced through RMT, but only 20 
credits are available for sale. 
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the aforementioned microloans.60 Designed as a tool to reduce small errors made by the 

unintelligent agents, they were now used to finance the companies’ expenses.  

Figures 13 and 14 show the average credits of a healthy and a microloan-financed economy, 

respectively. Looking back, all the tests with less than 500 credits available show an increased 

use of microloans to finance the companies. The test with 100 credits has a total amount of 

credits in the hand of companies hovering around the zero line (figure 14) – meaning that about 

half of the demand for money is covered through microloans.  

 

                                                      
60

 See V 2.11. 
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Figure 13 - Average company credits in a healthy (non-microloan financed) economy. 
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VI 1.3. Summary 

The tests in this chapter show that a virtual economy can be built on RMT as the sole source for 

virtual money, provided that enough credits are available for buying. Companies will have a 

certain demand for these credits that needs to be met for the economy to function properly. 

Demand for credits in this simulation is determined by the wages companies pay to their 

customers and certain limits of the unintelligent agents.61 If less money is available than the 

companies need to function, the economy will start to stutter or even come to a halt unless 

other ways of financing, such as loans, become available.  

  

                                                      
61

 Agents buy between 1 and 200 (maximum wage for 10 turns) credits in one RMT transaction due to 
environmental settings. This has an influence on the amount of money bought from the bank, especially in test run 
17. Since companies only pay one wage a turn and get fast returns on investments, this can over exaggerate the 
demand for credits if many of them are available. This has no effect in limited-supply situations. 

 
Figure 14 - Average company credits for run E4, a microloan-financed economy. Credits introduced through 
RMT with only 100 credits available for sale. 
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Test Run 11/ Scenario 2 
Based on:  Baseline (Run 1) 
Specialty:  Credits can be borrowed 

but not traded for cash, 
loans are given at zero 
interest. 

Result:  Active economy with 
fluctuations, non-
optimal economic 
growth. 

VI 2. Scenario 2: Introducing Credits through Loans 

The previous chapter has shown that real money trading 

alone can be used as a way to finance companies in the 

digital economy. This opens up the question whether it 

would be feasible to introduce money to the economy 

solely through loans instead. Test run 11 is an example of 

the baseline economy but without allowing for RMT and 

without any interest on loans. As already hinted on by the 

emergence of microloan financing, this works but is limited 

by the availability of loans. If the agents acted optimally, the companies would make a steady 

profit of 5 per turn in this setup. The unintelligent agents often end up taking loans that give 

them fewer credits than they would need for the run time of the loan. Without RMT this leads 

to unproductive times and a lower average profit throughout the duration of the simulation as 

seen in figure 15. 

 
Figure 15 - Average company cash derivative in test run 11. A loan based economy without interest payments or RMT. 
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Test Run 10/ Scenario 2 
Based on:  Baseline (Run 1) 
Specialty:  Credits can be borrowed 

but not traded for cash, 
loans are given at 2% 
interest. 

Result:  A few turns of economic 
activity with shrinking 
cash income followed by 
absolute inactivity for 
the rest of the 
simulation. 

 

A real life implementation of the digital currency would have intelligent agents but would still 

experience variations of this issue. Credit income will rarely be exactly equal to credit spending 

for individual companies, a factoid roughly reflected in the suboptimal decisions of the 

unintelligent actors. 

Companies in the simulation are artificially limited to a maximum amount they can borrow at a 

time. This prevents companies from both refinancing their loans with new loans indefinitely and 

increasing the available amount of money as they please. While such a limit could be 

implemented in a real version of the digital economy as well, it would be hard to define and 

justify. It would also likely be easy to circumvent by setting up new companies that all use their 

maximum allotted loam amount. It seems advisable to collect interest on loans instead, making 

it unwise for companies to take up more loans than they require. As an additional effect, this 

would allow the bank to regain some of the credits it emitted for its own personal use.  

Test run 10 used the same economy as run 11, but with a 

2% interest rate over ten turns on all loans. Figure 16 

shows an excerpt of the first derivative of the average 

cash of the companies – the indicator for the well being 

of the economy. As you can see, the activity at the start 

is very similar in level to what we have seen in run 11, 

but the health of the economy quickly drops down to 

zero in just 300 turns. The reasons for this are quite 

obvious. At a 2% interest rate every ten turns, the 

companies are essentially asked to pay more credits back 

then they ever got. This increases the collective debt up to a point where none of the 

companies can pay back their debts anymore and therefore can’t partake in any trading. A 

monetary authority can’t just constantly reduce the supply of money in an economy or said 

economy will cease to function. Any capital taken from actors within an economy must be 
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returned to circulation if deflation is to be avoided.62 In addition to the negative effects the 

reduced money supply has on the economy’s well being, it is useless for the central bank to 

earn interest if it does not spend that interest. In real world economies, governments spend 

money made from taxes63 on goods and services provided by the tax payer. Money is returned 

to circulation in exchange for goods, a system that is working very well all over the world. It 

would only be logical to do the same in the digital economy. The companies in the digital 

economy produce real world money as a good; the central bank should therefore spend the 

credits it earns on real world money by engaging in RMT. 

VI 2.1. Summary 

A loan model can work without RMT as shown by test run 11, but it has severe disadvantages. A 

pure loan model will never be flexible enough to allow companies to have enough credits to 

perform all the necessary transactions while at the same time keeping credits in such short 

supply that they will keep their worth. 

                                                      
62

 There are reasons for monetary authorities to shorten the money supply, for example to reduce inflation. This 
must be done in moderation, however, and not unlimited as in this simulation. 
63

 Inflation, and in our case interest as well, are essentially taxes. See chapter IV 2. 

 
Figure 16 - Average company cash derivative for run 10. Credits are introduced through loans with interest. RMT is not 
allowed. 
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Test Run 18/ Scenario 3 
Based on:  Baseline (Run 1) 
Specialty:  Companies start with 

500 credits each, bank is 
inactive, RMT is not 
allowed. 

Result:  Active economy with 
smaller fluctuations. 

VI 3. Scenario 3: Introducing Credits through Donation 

We have seen that both real money trading and loans 

can stabilize the money supply in a digital economy, 

increasing its overall well-being. To identify just how 

relevant these instruments are, I simulated an economy 

in which neither was allowed. Instead, companies would 

start with a set amount of credits and use those to do 

business. New credits could only be earned by selling 

products to customers. In test run 18, every company started with 500 credits at its disposal and 

the central bank was completely inactive. The results show a pretty well working economy that 

nevertheless has smaller instabilities as seen in Figure 17.  

This is astonishing when compared to RMT models, since this run had essentially 5000 credits in 

circulation and yet was less stable than run 16 which had only 2000 overall. Increasing the 

available credits to 20000 (test run 19), double that of the highest RMT test run, got rid of most 

of the fluctuations, leaving the economy at a mean cash earning per turn and company of 4.995 

 
Figure 17 - Average company cash derivative of run 18. 500 starting credits per company. 
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Test Run E1/ Scenario 3 
Based on:  Run 18 
Specialty:  Companies start with 25 

credits each, bank is 
inactive, RMT is not 
allowed. 

Result:  Active economy with 
high fluctuations and 
lower overall company 
cash income. 

Test Run 19/ Scenario 3 
Based on:  Run 18 
Specialty:  Companies start with 

2000 credits each, bank 
is inactive, RMT is not 
allowed. 

Result:  Active economy with 
almost no fluctuations. 

and a coefficient of variation of only 0.027. These statistics are similar64 to those of run 17 (RMT 

with 10000 credits available), but the fluctuations in this setup couldn’t even be fixed through 

intelligent actors, while those in run 17 likely could be.  

Reducing the available credits to 1000 (run 20) increased 

the fluctuations to 0.331 and reduced the overall 

revenue to 4.585 as expected.  A reduction to 500 

credits in run 21 (and 250 cedits in run E1) expanded on 

this trend with a coefficient of variation of 0.352 (0.312) 

and a mean revenue per turn and company of 4.082 

(3.127). Figure 18 shows that the companies still had 

enough credits on average to employ workers, but the inevitable inequalities in credit 

distribution (through consumption by customers) meant that not every individual company had 

enough credits available each turn. Going further down on available funds, the revenues 

continued to drop until they stabilized in microloan territory while the coefficient of variation 

actually stopped rising and fell again. One can assume that microloans, offering equal 

opportunities to every company, even out some of the fluctuations just as normal loans do in an 

RMT economy. Microloans are just an undesired side-

effect of the simulation though and their effects won’t 

be researched in detail here.  

                                                      
64

 It is difficult to compare statistics between runs with RMT enabled and those without, since RMT has a tendency 
to create erroneous spikes in the data and has therefore to be smoothed before processing. Credits through 
donation on the other hand create meaningful spikes which must not be smoothed. The standard deviation and 
therefore the coefficient of variation are modified with smoothing. Mean cash earnings are not significantly altered 
and therefore still a good way to compare the health of these economies. 
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VI 3.1. Summary 

Technically it seems possible to just give companies a starting donation and have the economy 

roll from there, though one might still have to consider RMT between the companies. (And it 

will actually be hard to prevent.) Without RMT, companies need to be given so many credits in 

order to form a healthy economy that the worth of the currency will be diminished. Note that 

this is in accordance with the quantity theory of money insofar as the amount of money and its 

velocity are interchangeable. If you remove RMT from the system, you reduce the amount of 

final transactions performed within the digital economy. Assuming a constant price level (as in 

this simulation) you will then have to raise the amount of money available to keep the final 

expenditures on the same level as they were with RMT. The big issue with this type of economy 

is that without RMT, every company will have to have a perfect balance of earnings and 

spending with no way to balance an excess of either. 

 
Figure 18 - Average company credits in run e1. 25 credits available per company at the start, no RMT or loans allowed. 
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Test Run 1/ Scenario 4 
Specialty:  Both loans and RMT are 

allowed, bank starts 
with 1000 credits, 
interest rate is 2%. 

Result:  Active economy with 
some fluctuations at the 
start but none later on. 
Almost perfect company 
cash gains. 

VI 4. Scenario 4: Introducing Credits through Loans and RMT 

It has already been hinted at in the above sections that a 

combination of loans and RMT should be able to fix the 

issues each of the approaches has. Especially the results 

in VI 2 tell us that at least a form of RMT between the 

bank and the other actors must exist for an interest-

based model to work properly. In other words, the bank 

must have a way to turn its digital assets (credits) into 

something tangible (cash.) Obviously, the bank may not 

just mint credits or inflation would be abundant and the value of the currency would plummet. 

The simulation does not deal with changing price levels, but a certain sanity check must be 

applied to see if a model could work in the long term as well. The goal of this scenario was to 

find a configuration that allows for a positive interest rate (both to accommodate for inflation 

and to earn the central bank some real world money,) while still enabling maximum economic 

activity (an average revenue per company and turn near 5.)  

 
Figure 19 - Average company cash derivative for the baseline run. Both loans and RMT allowed. 
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The baseline test run (1) contains a balance of both loans and RMT. The bank is equipped with a 

generous amount (1000) of credits it can just sell without repercussions. Companies that require 

more credits than that can borrow them at 2% interest rate.  

Figure 19 shows an excerpt of the first derivative of the average company cash in that run.  Cash 

income is not very good in the first few turns in which companies still buy credits from the bank 

but then quickly stabilizes at the maximum of five.  This result is very similar to the results of run 

13, which introduced money solely through RMT but does not require the companies to invest 

real money to get started. The absolute perfect average income of 5 hints at a problem, 

however, that is confirmed when looking at the bank data in figure 20.  The bank sells off the 

credits it has and the ones it has gained from the initial loans that the companies needed, but 

then the companies become independent and do not take any additional loans, which means no 

interest income for the central bank. The central bank can only then make consistent profit 

when the amount of non-borrowed credits in fluctuation is never high enough to allow 

companies to survive without borrowing credits. 

  

 
Figure 20 - Credits and cash of the central bank in the baseline scenario. 
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Test Run 5/ Scenario 4 
Based on:  Baseline (Run 1) 
Specialty:  The bank starts with 500 

credits instead of 1000. 
Result:  Quickly falling economic 

activity leading to 
inactivity within 300 
turns. 

As run 5 will show, such a scenario is impossible to 

achieve in the simulation used here – but it is 

theoretically possible in a real economy. The ratio of 

available credits to the demand for credits can be 

reduced in two ways: either by reducing the available 

amount of credits or by increasing the demand for 

them. The latter happens in any growing economy when 

companies grow or new ones enter the economy. We have seen before that the demand for 

credits depends on the total expenses of the actors in a time frame. If more companies join the 

economy or existing companies grow, more credits will be needed to pay workers. The central 

bank can make these credits available through loans and then sell-off the earned credits via 

RMT. This would lead to an increase in credit supply equal to the economy’s growth which 

should keep price levels stable and earn the central bank some real world money, provided that 

 
Figure 21 - Credits and cash of the central bank in run 5. The bank's starting credits are limited in such a way that companies 
can't pay back their loans. 
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Test Run 2/ Scenario 4 
Based on:  Baseline (Run 1) 
Specialty:  The bank has no starting 

credits available. 
Result:  Quickly falling economic 

activity leading to 
inactivity within 300 
turns. 

the economy actually growths. The economy in this simulation is stagnant, however, and 

therefore cannot be used to examine the outcome of such monetary actions. 

The second way to achieve constant borrowing would be to simply reduce the amount of credits 

sold in the first place to a level below what is needed to keep the economy running, forcing 

companies to take up loans, buy back their interest payments with real money, and keeping 

them constantly in debt. Unfortunately the simulation in its current state does not allow for an 

examination of this possibility either, as the central bank is strictly forbidden from performing 

RMT when it has negative amounts of credits stored. Figure 21 shows this well – the companies 

take up so many loans that even with interest payments the central bank doesn’t ever get 

above zero credits again after the start of the economy. Negative credits mean no RMT with the 

companies, which in turn means that the companies soon are unable to pay back their loans 

and the economy dies.  Essentially, run 5 is the equivalent of run 10 – credits are introduced 

through loans with interest, but companies don’t have a way to actually pay back that interest. 

This is something a future version of the simulation should clearly address by keeping separate 

accounts for credits loaned to companies and credits gained through interest; or simply through 

allowing RMT sales if the sum of outstanding debts and available credits exceeds zero. 

This phenomenon can be seen in run 2 (figure 22) as 

well, which showed the baseline economy completely 

without starting RMT credits available (but RMT 

allowed). In this case, the bank makes no real money 

whatsoever as there is never a point at which it has more 

than zero credits available for sale. The economy 

performs just as it did in run 10, showing that RMT 

between companies cannot stabilize an economy that suffers from a lack of available credits. 

Note that none of these tests show any form of microloan activity. This is due to the technical 

implementation of microloans that makes them unavailable for heavily indebted companies. 
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Test Run 4/ Scenario 4 
Based on:  Baseline (Run 1) 
Specialty:  The bank has 10000 

starting credits 
available. 

Result:  Active economy with 
almost no fluctuations 
except near the start. 

 

Run 17 showed the influence of very high amounts of initial credits on an RMT based market. 

Run 4 is the equivalent of that run in an economy that allows loans as well as RMT. Figure 23 

shows the bank’s available credits and cash for that run, a figure essentially identical to that 

produced by run 17. The only significant difference is the one-time increase of bank credits near 

the start (repayment of loans) that does not happen in a pure RMT economy. There should also 

be a small increase in cash earned by the central bank (the gain from interest) but due to the 

random nature of the simulation, this cannot actually be identified from these test results. It 

would be necessary to run a high number of simulations 

with setups 4 and 17 to gain a statistically significant 

result. It is mathematically obvious, however, that in 

two economies in which the banks sell off all their 

credits to companies, the bank that has additional 

interest earnings earns more cash in the end.  

 
Figure 22 - Credits and cash of the central bank in test run 2. No credits available for initial RMT. 
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Figure 23 - Credits and cash of the central bank in run 4. very high amounts of credits available for RMT. 
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VII Conclusion 

The results show no fundamental problems with a digital economy as it has been described in 

this paper. All three methods of injecting credits into the economy – real money trading, loans, 

and donations (starting credits) – have shown their viability in the simulation. Starting credits 

have issues that were not included in the simulation. Foremost of these issues is the problem of 

controlling money injection: preventing the minting of credits by signing up more (non-existent) 

participants and evaluating each participant’s net worth promise to be more hassle than the 

central bank could cope with. Real money trading has shown to be a very effective way to 

introduce credits, but requires a starting investment by either companies or customers to work 

at all. This starting investment raises the barrier of entry and makes it less likely that the 

economy will reach the critical mass of participants needed to establish itself. 

Loans promise to be a very elegant method of introducing credits, as they don’t require any 

form of starting investment. They do require a legal enforceability though that might not be 

given on the internet. The simulation results for purely loan-based economies were only 

positive if the interest rate on loans was zero, a non-optimal condition. This is due to limitations 

of programming, however, and should not represent a problem in a real implementation if 

handled correctly. A certain form of RMT is a necessity for interest-based economies, however, 

as the money supply may not be continually shortened.  

If enforceability is given, loans with limited RMT seem to be the best solution for the 

introduction of credits into the system. If that is not the case, then a pure RMT system is a 

viable replacement, if one can convince enough companies to participate in the initial start. 

Starting money is not a good overall solution, but could be useful as an incentive for those first 

participants. Creating a working economy by providing free credits to the first few companies 

that participate and then selling credits to anyone that joins afterwards may be a successful 

solution. 

Both theory and simulation indicate that there must be a way for companies that don’t have a 

perfect balance of credit income and payments to either acquire additional credits or trade their 

superfluous credits for something useful. Both loans and RMT provide the former, but only RMT 

can help with the latter. The simulation had successful models with neither RMT nor loans, but 
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those were only successful due to the high amount of starting credits every company received. 

Essentially they started with so many credits that they never got to a point where they required 

more credits. This is clearly a limitation of the simulation as such an overabundance of credits 

would lead to a drastic devaluation of them and rising prices. These rising prices would then 

result in companies having to spend more on workers, depleting their monetary supplies and 

creating a demand for credits again. 

A no-RMT policy can work for game economies because they have other means for participants 

to earn digital currency when they run out. This paper introduces no means for companies to do 

the same in the proposed digital economy, making RMT an essential instrument for the 

stabilization of the economy. Loans can be used to cover spikes in the demand for credits but 

can only be an addition to RMT, not a solution on their own. 

Classic economic theory teaches us that an increase in the supply of money leads to rising price 

levels, inflation, while a decrease results in deflation. The simulation employed fixed price levels  

and therefore could not support the theoretical result, but it is very unlikely that the digital 

economy should not follow these basic economic rules. With that in mind, the numerical money 

supply values the simulation provides have to be seen in relation to the price level. This means 

that the simulation does not indicate that a certain amount of starting credits is needed, but 

that there must always be enough credits to satisfy the demand for them. The number of 

starting credits can therefore be chosen at will (as long as there are enough credits of the lowest 

denomination available to enable smooth trading or fractional payments are allowed), since the 

price levels will be defined based on that initial money supply. Afterwards, however, the credit 

supply must be modified demanding on the demand for credits if one wants to avoid inflation 

and deflation. 

The question of money earned by the central bank may seem greedy, but it is essential that the 

central bank is financed well. Both infrastructure maintenance and market control incur real 

costs that need to be covered in some way or another. Internet based companies earn money in 

various ways such as advertisements, donations, and premium content. None of these seem 

very practical to use for an institution of this type and it would be much less problematic if the 

economy itself would provide the real world money required. In a continuously growing 
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economy, pure RMT can provide these funds when the bank satisfies the demand for credits. 

With the more reasonable assumption that the economy does stagnate at some point (which is 

essentially the model used in the simulation) RMT alone can only provide a certain amount of 

real world cash at the start and none afterwards. Long-term sustainability requires a constant 

demand for credits that can only be acquired through growth, inflation, or shortening of the 

monetary supply (loans). It has been stated before that a certain level of inflation can be 

reached with minimal welfare costs, making the inflation tax a viable way of financing the 

central bank. A well designed loan-based economy could reach this goal as well. 

Overall, the digital economy is promising and could provide a useful tool for online transactions 

and labour. The implementation isn’t easy, however, especially if one wants to base the 

economy on loans. It would be impractical to completely unlink the new economy from existing 

ones, as RMT is a vital tool for both the stabilization of the economy and for sustained central-

bank income. 
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VIII Reflections 

The simulation approach used in this study is well-suited to answer certain questions but unable 

to answer others.  The combination of classic economic theories and the simulation provides a 

pretty good picture of the inner workings of a very basic economy. The simulation mostly 

provides support to what classic economic theory states and helps with identifying the overlaps 

between real world markets and purely digital ones. In its current state the simulation is unable 

to make real accurate predictions, however, and it operates on a few assumptions and 

simplifications that make it unlikely that the results can be transferred one-to-one into a real 

implementation. Additionally it is hard to define how accurate the results really are since we 

have no data on how such an economy actually performs. Optimally the next step in this 

research would not be to improve on the simulation but to implement a prototypical digital 

economy or simulate one with human actors and compare those results to those of the 

simulation. Statistical analysis could then show the shortcomings of the simulation, giving 

detailed instructions for improvement and generally discovering whether my findings so far 

have been correct. 

The agent based approach used in this simulation is a good one, as it easily allows for the 

modification of parts of the economy and can be directly transferred into a real-world test 

setup. Formula-based economic modelling always operates on the assumption that the 

formulas hold true for the economy one is modelling – and assumption that isn’t even reliable 

when modelling real-world economies. The agent based model would even allow for a 

substitution of some agents, but not all of them, with human testers for a verification of the 

validity of zero-intelligence agents. 

On the technical side, the implementation in Erlang eventually caused more issues than it was 

worth. The approach of simulating ever actor as its own process was appealing due to its 

elegance, but eventually not very successful due to the operating system’s limited on 

simultaneous processes. It would have been much easier to simulate a larger-scale economy 

even on a single processor core if the only limit was available computing power (and therefore 

time) instead of artificial limits to the maximum amount of actors. Erlang’s message sending and 

parsing process is said to be very efficient, but the sheer amount of messaging necessary for 
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individual actions would likely make a single-thread application more efficient. Additionally, the 

obscurity of the Erlang language makes it difficult for other researchers to continue my work if 

they so desire. There are agent-based simulation frameworks such as Swarm (N. Minar, 1996) 

available, that might reduce the workload of re-implementing the simulation and that would 

make the result much easier to reproduce.  

Any continuation of this work that goes into the direction of simulating a digital economy’s 

development in the long run would clearly benefit from having economists participating in the 

research. If I were to write this paper again, I would try to find a co-author that has studied 

economics for an improved view on the theoretical aspects. 

The previous chapters have mentioned some shortcomings of the simulation that could be 

changed with relatively little effort. For one, the central bank needs to be able to sell any credits 

it earns from loans, not only those that exceed the line of zero credits in the bank’s accounts. 

That way it would be possible to properly model a loan-based economy with interest instead of 

relying on theory and other simulation results to determine its validity. It would also be useful 

to improve the intelligence of the actors so much that microloans aren’t required anymore. This 

would still keep the spirit of zero-intelligence actors, just with slightly tighter constraints. 

Microloans have the tendency to skew results at very low amounts of credits in the system. 

While the effect of microloans can be identified, results would be clearer if microloans didn’t 

skew them in the first place.  
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IX Appendix 

IX 1. List of Test Runs 

The below table shows a list of all test runs used in this paper. For space reasons, only variables 

that were actually changed are shown below and their names abbreviated. You will find an 

index of abbreviations below the table. 

# Description MaW MaC MiC BCr CCa CCr Int RMT LOA Result Code 

1 Baseline 20 200 50 1000 0 0 0.02 Yes Yes 1253703462615000 

2 No initial 

BCr 

20 200 50 0 0 0 0.02 Yes Yes 1253703670206000 

3 Higher 

initial BCr 

20 200 50 2000 0 0 0.02 Yes Yes 1253704037902000 

4 Very high 

initial BCr 

20 200 50 10000 0 0 0.02 Yes Yes 125370422262000 

5  Low initial 

BCr 

20 200 50 500 0 0 0.02 Yes Yes 1253704681860000 

6 Higher cost 

of workers 

50 500 125 1000 0 0 0.02 Yes Yes 1253705561706000 

7 Higher cost 

of workers, 

adjusted 

BCr 

50 500 125 3000 0 0 0.02 Yes Yes 1253706687888000 

8 Lower cost 

of workers 

5 50 15 1000 0 0 0.02 Yes Yes 125370679712000 

9 Lower cost 

of workers, 

adjusted 

BCr 

5 50 15 500 0 0 0.02 Yes Yes 1253707005775000 

10 No RMT 20 200 50 0 0 0 0.02 No Yes 1253520157822000 

11 No RMT, 

No interest 

20 200 50 0 0 0 0 No Yes 1253520157822000 
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# Description MaW MaC MiC BCr CCa CCr Int RMT LOA Result Code 

12 No Loans 20 NA NA 1000 0 0 NA Yes No 1251987585653000 

13 No Loans, 

starting 

cash 

20 NA NA 1000 500 0 NA Yes No 125256882762000 

 

14 No Loans, 

lower 

starting 

cash 

20 NA NA 1000 100 0 NA Yes No 1253799010965000 

15 No loans, 

starting 

cash, lower 

BCr 

20 NA NA 500 500 0 NA Yes No 125351486759000 

16 No loans, 

starting 

cash, 

higher BCr 

20 NA NA 2000 500 0 NA Yes No 1251812904420000 

17 No loans, 

starting 

cash, 

higher BCr 

20 NA NA 10000 500 0 NA Yes No 125264384761000 

18 Starting 

Credits 

20 NA NA 0 0 500 NA No No 1253524007546000 

19 Higher 

starting 

credits 

20 NA NA 0 0 2000 NA No No 1253524318439000 

20 Lower 

starting 

credits 

20 NA Na 0 0 100 NA No No 1253525752795000 

21 Very low 

starting 

credits 

20 NA NA 0 0 50 NA No No 1253526668663000 
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# Description MaW MaC MiC BCr CCa CCr Int RMT LOA Result Code 

E1 Even lower 

starting 

credits 

20 NA NA 0 0 25 NA No No 1253530241917000 

E2 lowest 

starting 

credits 

20 NA NA 0 0 10 NA No No 1253532239591000 

E3 No loans, 

starting 

cash, 

extremely 

low  BCr 

20 NA NA 20 500 0 NA Yes No 1253517649496000 

E4 No loans, 

starting 

cash, very 

low  BCr 

20 NA NA 100 500 0 NA Yes No 1253516490344000 

E5 No loans, 

starting 

cash, low  

BCr 

20 NA NA 200 500 0 NA Yes No 1253515872477000 

 

 #: The numerical identifier for the test run.  

 Description: A short description of the test run’s individual aspects. MaW: The maximum 
wage paid to workers. 

 MaC: The maximum loan a company will take. 

 MiC: The minimum loan a company will take 

 BCr: The amount of credits the bank starts with 

 CCa: The amount of real world money (cash) each company starts with. 

 CCr: The amount of credits each company starts with. 

 Int: The interest rate. 

 RMT: Defines whether companies may engage in real money trading or not. 

 LOA: Defines whether companies may borrow money from the central bank. 

 Result code: A unique identifier for the simulation results used for the paper.  
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IX 2. Output syntax 

The simulation knows two forms of result output – a detailed but slow logging of every action 

taken by an actor and an economic summary output that only stores the financial status of the 

actors each turn. The former outputs lines of text formatted as Erlang tuples with atoms 

describing and structuring the content. A full list of possible messages can be found in the 

source code, but here is an example for clarification: 

{{type,made_work_offer},{source,{company,<0.74.0>}},{worker,<0.84.0>},{wage,3},{turn,1},{tim
estamp,{1246,707996,949067}}} 

The first sub-tuple determines the type of the event that is logged, in this case a company 

making an offer of employment to a user. The second one always contains the source of the 

message, consisting of the type of process that sent it (in this case a company) and its process 

ID. Following sub-tuples can vary depending on the type of message. In this case they include 

information on which worker process was offered employment and which wage it was offered. 

The last two tuples determine which turn that event happened in and at what time, the later 

being given in Erlang’s timestamp notation. 

The more commonly used type of output, the economic summary output, is a comma separated 

list of values. One of these files exists for every actor, with the structure being as follows: 

For the central bank: timestamp, turn, credits, cash 

For companies: timestamp, turn, credits, cash, debt 

For customers: timestamp, turn, credits, cash 

As an example, a single turn’s entry for a single company could look like this: 

1253703670,29,56.0,176.85688350355358,90.781253703670 

Meaning that  in turn 29 the company owned 56 credits, roughly 177 units of cash, and had a 

debt of about 91 credits to the central bank. 

IX 3. Source Code 

The source code for the simulation software is freely available at 

http://www.scrusi.de/papers/thesis/AgentBasedVirtualEconomy_JanBroer_v1_0.zip  

but requires Erlang as well as a minimal understanding of the language to run. 
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