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Abstract. To understand the consequences of the E.U. ban on incandescent 

lamps, an agent-based model is developed in which consumers are simulated in 

their lamps purchase behaviour. Consumers are modelled based on 

heterogeneous preferences and develop opinions on lamps (memory and 

perceptions), and share these in a social network structure. Lighting technology 

is modelled using many different lamps of different technology types. The 

results indicate that the ban on bulbs will be effective in realising an energy 

efficient sector, albeit at significant expense to consumers. An alternative 

policy, introducing a tax on incandescent lamps, would also be effective given a 

sufficient level of taxation.  

Keywords: social simulation, transition management, agent-based modelling, 

consumer lighting, energy  

1 Introduction 

For the Netherlands alone, yearly electricity usage in consumer lighting equals 3.8 

TWhe, comparable to the output of one large coal power plant (800 MWe) [1]. 

Because the predominantly used lamps are only 2% efficient, a figure hardly 

improved since the 1910's, there is a clear scope for improvement [2-4]. 

Indeed, in the last decades more energy efficient alternatives have been developed, 

for example the CFL (compact fluorescent lamp) or the LED lamp [2]. However, 

stimulus programs have seen mixed successes in stimulating their adoption [5, 6]. 

Presently, CFL saving bulbs are present only in 55% of European households [7].  

Consumers adopt CFL technology only partially because of a number of obstacles 

[8]. Both CFL and modern LED saving lamps are characterized by high up-front cost 

for consumers, which serves as a barrier for adoption. Consumer's implicitly use high 

discount rates when purchasing energy efficient durable goods [9, 10].  

However, in consumer lighting, changes are forthcoming. The European Union's 

phase-out of incandescent lighting is a clear strategy that will change the sector, it 

involves regulation designed to remove from stores the cheapest forms of inefficient 

household lighting [11]. Although implied, it is uncertain whether the lighting sector 

will become efficient overnight; consumers may switch to forms of inefficient 

lighting that are exempt to the phase-out; or consumers' behaviour will change. The 

precise dynamics induced by the phase-out are unknown. 
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Not only display consumer markets complex behaviour [12], the myriad of 

decisions and interactions of consumers and light bulb producers (purchase, 

marketing, product innovation), the interactions between consumers themselves 

(word-of-mouth, fashion), and those in the technology (incompatibilities between 

lamps and luminaires), determine the short and long run impact and effectiveness of 

policy.  

From the perspective of transitions [13-15], governmental policy, such as the E.U. 

ban on bulbs, can be viewed as an instrument to manage a desired transition. This 

transition-policy should be ex-ante tested for effectiveness [16]. General linear or 

system dynamics models are rather useless to determine which and whether 

consumer-oriented policy will be effective. Instead one must study the underlying 

complexities in a market to reveal crucial processes and possibly effective strategies 

to manage this market.  

 Framing the system as a complex socio-technical system [17], agent-based 

modelling (ABM) offers a useful simulation paradigm to do this [18]. ABM allows 

for modelling interactions within a network of consumers and producers. Rather than 

a static general linear model, an ABM is capable of exploring the dynamical 

properties of such a complex system. The more adaptive a system, or the more 

heterogeneous individuals in the system, the greater the opportunity to learn from 

ABM's [19].    

In this paper, we present an agent-based model of the socio-technical consumer 

lighting system. Policy makers and other players in the sector can use the simulation 

model to test their strategies, learn to understand patterns that appear, and design a 

feasible transition oriented policy. The research question of this paper is: 

What are the effects of government policies on the transition to low-electricity 

consumer lighting? 

The structure of this paper is as follows. First, the model is introduced shortly in 

section 2. Then, the model's implementation details are described in section 3. 

Experimental setup is in section 4, results in section 5, and lastly, we end the paper 

with conclusions and outlook in section 6. 

2 Model 

An agent-based model is developed of the consumer lighting system, which 

incorporates 250 household agents as consumers, a manufacturer as retailer agent, and 

a portfolio of lamps and fixed luminaires (lighting fixtures) as consumers' lighting 

technology. A conceptual overview of the model components and mechanisms is 

presented in figure 1. In developing the model use was made of a modelling 

framework for assessing transitions in energy infrastructure systems [16].  

The social subsystem contains a network of consumers, who purchase and 

dismantle lamps. Consumers communicate with other consumers about their 

purchases and they have a memory retaining knowledge on lamps.  Consumers form 

opinions about individual lamp models, technologies and brands. When lamps fail, 

the consumer acquires replacement lamp(s) from a retail store that matches the socket 

of the failed lamp's luminaire. 
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The technical part of the system consists of the lamps people have in their homes. 

In the model, a consumer owns a number of fixed luminaires, with attached to these a 

number of light bulbs that match in socket type and wattage. Usage for each lamp is 

related to the location in the house: some lamps are used more often than others.  

 The retailer has 70 different lamp models for sale, amongst which incandescent, 

CFL, halogen and LED bulbs. The model allows for the assessing the consequences 

of innovations in the simulated technologies (such as performance improvements and 

declining prices of recent technologies). 

 

Fig. 1. Overview of modelled social and technological entities and relationships. One 

household is displayed in detail (lower left). Households engage in a social network (upper 

left), purchase lamps at a manufacturer subject to government policy (right).  

3 Implementation Details 

3.1 Consumers: Household Agent 

Consumers are heterogeneous in their initial portfolio of lamps (total number of 

luminaires, socket types, and the specific lamps installed initially) and are 

heterogeneous in their preferences for light colour, colour rendering and light output. 

Consumers start with neutral opinions (to become negative or positive in simulation).  

The consumers' lamps purchase decision is modelled using multi-criteria analysis 

incorporating a number of criteria. The criteria relate to aspects of the lamps 

(purchase price, efficiency, and lifetime), preferences for subjective lamp qualities 

(colour, colour rendering, light output) and opinions (perceptions) on the lamp's 

aspects (lamp model, brand, and technology type). One criterion relates to what other 

consumers do (normative influence / fashion).  

A number of important behavioural assumptions underlie the criteria weight factors 

that determine the relative importance of the normalised scores. As purchase price 

needs to be the most important criterion [8], it is assigned a high weight factor of 4. 

Then lamp efficiency, colour rendering, light colour, the household's opinion of lamp 
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technology type and normative adaptation (fashion: imitating neighbours) are 

assigned a weight factor of 2: important, but not as strong as purchase price. Last, the 

lamp's light output, lifetime, and the consumer's opinions on brand and lamp model 

are even less important, these get a weight factor of 1. Between household agents, 

weight factors differ by +/– 50% to make them heterogeneous.  

A consumer's opinions (a [-1..1] scale) change autonomously as a result of own 

experiences with bought lamps and through information it receives from neighbours 

in the social network (word-of-mouth). Parameters and increment values used for 

autonomous opinion change are:  

─ if positive experience: + 0.1  

─ if negative experience: – 0.3  

─ if positive experience, contrary to existing opinion: + 0.2. 

When a consumer communicates its opinions, the opinions of a neighbour are 

averaged between its old value and the other consumer's opinions. 

3.2 Technology 

Empirical data on the 70 modelled lamps and the luminaires were collected in a 

variety of lighting stores [1]. For the modelled lamps, the following characteristics are 

implemented and used in the consumer's purchase decision: the lamp technology, the 

expected life time, uncertainty of the lifetime, light output, electricity consumption, 

colour rendering index, colour temperature, voltage, shape, socket and purchase price. 

Furthermore, survey data on the number of lamps in consumers’ homes and the hours 

of use was used.  

3.3 Model Validation 

While direct empirical validation of the model's outcomes is not possible as some 

policies have not and will not be implemented in reality, a number of verification and 

validation checks were completed. These included a range of structure–behaviour 

tests that focussed on the outcomes of purchase decisions by consumer agents. The 

range tested comprised a set of model runs that completed a parameter sweep of 25 

model parameters (of which 14 full factorial). Thus, a little over 10 million purchase 

decisions were analysed. It was verified whether these could be explained within the 

logic of the model.  

4 Experimental Design 

We have modelled a base case, with no governmental policy, and three possible 

policy interventions: ban of standard light bulbs, a taxation scheme on standard light 

bulbs and a subsidy scheme on LED lamps. These policy variables are formalised as 

follows: 

─ Ban on bulbs. This policy experiment entails a complete ban on the standard 

incandescent light bulb, phased in between year 2 and 5 (relative to the start of 
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the simulation). This policy is comparable to the EU ban on household light 

bulbs: first the incandescent bulbs with the highest wattages are removed from 

the stores, after which progressively the lower wattages are removed. 

─ Incandescent tax. This policy scenario introduces a taxation on the sale of 

incandescent light bulbs that increases progressively during the first five years 

of the simulation to a maximum of € 2,00 per lamp (which is relatively large 

compared to a purchase price of € 0.35 – € 1.50). 

─ LED subsidy. The third policy is a subsidy on the purchase price of LED 

lamps. The subsidy is a discount of 33% of the purchase price. After five years, 

relative to the start of the simulation, the subsidy is slowly removed until year 

ten, where it is zero. 

For each policy case, the simulation is executed a number of repetitions (100) to 

increase the probability for different possible bifurcations.  

5 Results 

In each model run, results are generated on the transition to the use of more efficient 

lighting, which is captured through a number of indicators. The main indicators are 

the adoption levels of the different lamp technology types, household electricity 

 

(a) Base case 

 

(b) Ban on bulbs 

 

(c) Incandescent taxation 

 

(d) LED subsidy 

Fig. 2. Adoption levels of lamp technologies. 

 



6 Maarten Afman, Emile Chappin, Gerard Dijkema, Wander Jager 

consumption, and money expenditure for lamp purchases. Results are plotted using a 

number of lines derived from the box-plot statistical tool to show the mean and the 

spread of outcomes between runs. The lines indicate the mean, inner quartile range 

(50% of the data), and the lower and upper whisker lines (for data following a normal 

distribution, 98.6% of the data). Outliers are not plotted (they are not significant). 

5.1 Adoption Levels of Lamp Technology 

In figure 2, the adoption of the four different lamp technologies is plotted over 

simulated time (40 years), a sub graph per policy scenario. The results show that both 

the ban on bulbs and the taxation scheme on incandescent bulbs are probably effective 

to phase out the incandescent bulb in the long run. The ban on bulbs has a faster and 

more prominent effect. Without policy and with the LED subsidy the incandescent 

bulb remains dominant.  

5.2  Cost to Consumers 

Figure 3 displays simulation results for the yearly amount of money spent on lamps 

purchases, averaged over all households.  

Under the ban on bulbs scheme, consumers' investment costs peak in the first 

decade with an average of € 28 per year to replace their broken light bulbs. With the 

taxation scheme this is less (€ 18 per year). The financial pressure on the consumers is 

much lower without policy or with the LED subsidy (€ 4 per year). For both the ban 

on bulbs and the taxation scheme, the total costs do drop in the long run, because 

electricity costs go down and the lifetime of efficient lamps is longer. 

5.3  Electricity Consumption of Consumer Lighting 

Figure 4 shows results for the average yearly electricity consumption for lighting. In 

both the ban on bulbs case and under the taxation scheme, electricity consumption 

declines significantly, to reach a level of about a third of what it is in the base case 

and the subsidy for LED scheme. The decline is quickest under the ban on bulbs 

policy, where results are reached within the first decade of simulated time.  

 

Fig. 3. Money spent on purchases of lamps 

 

Fig. 4. Electricity intensity of consumer lighting 
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5.4 Other Results 

The simulation results indicate that the normative influence is of importance. Further 

research to which extent word-of-mouth effects influence the system evolution is 

needed. It is expected, that, although light bulbs are products characterized by low-

involvement of consumers, the social network is very relevant, if only to change the 

level of involvement.  

6 Conclusions and Outlook 

From the simulations, we conclude that it is likely that the E.U.'s 'ban on bulbs' policy 

is a very effective way to curb the use of incandescent lamps for consumer lighting. 

The adoption declines because of purchases of more energy efficient lamps. The 'ban 

on bulbs' is likely very effective at reducing electricity consumption of the consumer 

lighting sector, and quickly realises this effect.   

The 'bulbs–tax' policy is also likely to be effective at reducing the use of the 

incandescent lamp and decrease household's electricity consumption. However, it 

may well take a lot longer to reach similar consumption levels as under the 'ban on 

bulbs' policy. In contrast to the other policies, the 'subsidy for LED'-policy is unlikely 

to achieve much effect, compared to no intervention.  

Summarising, the simulation model leads appears to confirm that, in the long run, 

the 'ban on bulbs' is the most effective way of achieving a lower electricity usage for 

lighting, but a tax on bulbs of € 2 is also effective. It is advised that policy makers 

also look at other consequences of policy – e.g. cost to consumers, innovation.  

 

Future work. Depending on the policy instrument employed, we can see a significant 

variation in the occurrence and timing of a switchover between incandescent and 

efficient lamps (CFL/LED). As future work, we plan to do more sensitivity analysis to 

assess whether there are stable regions in the system, where a transition is not likely 

to occur, and how stable the transition is.  

The experimental setup outlined in this paper is not the only way the model can be 

executed. There are many more model settings and parameters. One item for future 

work is to do additional structured testing and develop additional verification and 

validation tests for these kinds of models.  

As the model is set up in a modular way, we can easily introduce new policies to 

assess.  We intend to implement a dynamic tax level, endogenous to the model. The 

government agent may start with a low tax and adjust this during simulation, if it 

deems the system is not undergoing a transition. Another possibility is to implement 

information strategies: marketing by manufacturers and promotional campaigns by 

government.  

Furthermore, we are also planning to do empirical research on consumer 

preferences, consumer choice and social influence in the kind of purchase decisions 

described in this paper. This helps us in improving the model in this respect and 

adding to its validity. 
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