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Introduction
People and experts agree, the world is facing tough challenges in the future. Global warming 

is a reality, the population is growing, and so is the amount of energy used per capita (World 

Resources Institute, 26/04/2009). These things are correlated; the increase of energy use is 

one reason behind the global warming (UNDP, 2007). There are clean energy sources, such as 

water, solar and wind, but as long as oil and coal are major ways to create energy, the use of 

energy is strongly related to the amount of carbon dioxide emission. According to 

International Energy Association (World Resources Institute, 2005), these are the major 

energy consuming activities:

Table 1. Energy consumption by sectors (per cent)

Industry
Road 

transport
Other 

transport
Agriculture

Commercial &
public services

Residential Other

Developed 
countries

30,6 24,3 6,5 2 10,7 21,3 4,5

Developing 
countries

33,3 15,3 3,3 2,9 3,9 35,7 5,6

If these different types of energy consuming activities are analyzed, it is interesting to see that 

in many cases, there is already existing technology that can be used to reduce energy usage 

and emissions. For example, many new models of cars consume less fuel per km than old 

models; there are several solutions to energy efficient heating systems, such as district 

heating; many new models of domestic appliances, from electric water boilers to TVs and 

fridges also consume less electricity per same output. 

One interesting area is lightning. Lightning is a major energy consumer. In households alone, 

lightning can contribute to up to 25 per cent of the total energy consumption 

(Energimyndigheten, 2009).  

EU regulations have already set a deadline for the use of incandescent light bulbs 

(Energimyndigheten, 2009). Phasing out of incandescent light bulbs is possible due to 

existence of several alternatives that are significantly superior to incandescent bulbs in terms 

of lifetime and consumed electricity per equal light output. However, some of the alternatives 

have significant drawbacks.  Florescent tubes (FTs) and compact fluorescent lamps (CFLs), 
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for example, contain mercury and must be treated like any other environmentally dangerous 

goods. 

One other alternative is LED, light emitting diodes. The technology has been known since the 

1930s, but the development of diodes has been particularly fast during the last few years. In 

comparison to incandescent bulbs LED-lamps can be a few ten times more efficient and they 

are at least twice as efficient as fluorescent lamps. An average life time of an incandescent 

bulbs is 1000 hours; FTs and CFLs can last for 10 000-20 000 hours. LED-lamps, on other 

hand, have a life time of up 50 000 hours, which means that they last about 50 times longer 

than incandescent bulbs and at least 2,5 times longer than FTs and CFLs (Haglund, Niklas). In 

addition, LED-lamps do not contain any dangerous substances. All these benefits of LED-

lamps make many experts to acknowledge that LED-lamps will soon win the market as the 

primary source of artificial lighting. Here is the quotation from the home page of the 

Energimyndigheten about LED-lamps:

”Energimyndigheten vill stim[ul]era utvecklingen av denna teknik som kan ge 

betydande energivinster i hela världen.”

(Energimyndigheten, 26/04/2009)

However, although regulations can force organizations and individuals not to use a certain 

product, next to consumer demand driven changes, the most important force that is in place in 

a market economy to change behavior in terms of energy use, is cost savings. In order to save 

costs, one needs to change behavior and make investments, both of which are forces that 

reduce the speed of change.

Schools and gymnasiums (from here and on, just schools, unless distinguishing is required) 

are major consumers of electricity and efficiency of their lighting systems is particularly 

important due to several factors. 

First of all, schools are closed during the season when Sun light contributes most to the 

illumination of facilities, i.e. during summers. This means that artificial lighting is probably 

the most important source of illumination in Swedish schools, considering on which latitude

Stockholm is situated. 
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Second, lighting affects the education process, meaning that poorly designed lighting systems 

can reduce the concentration level of pupils and hence lower their ability to learn (AFS, 

2000). 

Third, between 40 and 50 percent of schools’ electricity consumption goes to lighting 

(SISAB, 2006). 

Fourth, limited budget of schools implies that high electricity costs could affect quality of 

education, meaning that schools could be unable to improve their education facilities, 

equipment, etc. if they have to pay high amounts for electricity.

Fifth, school policies on these, and other, issues send important signals to pupils regarding 

environmental values and attitudes. 

Research problem
The most important force in the market economy that makes different actors to change their 

behavior is the necessity to reduce their costs, or, in other words, necessity to improve their 

competitiveness. Management of schools, on the other hand, does not behave in a similar 

fashion as the management of companies. Though schools are also interested in reducing their 

unnecessary costs, they do not face the fate of being eliminated by the competitors if their 

costs are higher than those of other schools. These arguments, however, are valid for public –

not private – schools, but my research concerns only public schools. The difference between 

possibilities and threats for public schools and companies may result in different approaches

towards modernization of facilities and equipment.

If schools would choose to replace FTs (typically used for lighting in most of the larger 

rooms) with LED-lamps, this would reduce their consumption of electricity and hence 

expenses on it. But to what extend high costs stimulate change of behavior remains a 

question. As was already mentioned, LED-lamps have other advantages in comparison to FTs, 

such as absence of dangerous substances. Transition to LED-lamps would then reduce the 

negative environmental footprint of every school. But whether managements of schools are 

particularly concerned about environment is also unclear. 

Although energy saving lamps may be seen as the primary alternative today, I have chosen to 

compare lamps that are currently used in classrooms with LED-lamps, since LED-lamps do 
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not contain heavy metals and are generally considered to be more energy efficient than energy 

saving lamps.

Research objective and research questions
This research will consist of two parts. In the first part I will try to get an understanding about 

schools’ lighting systems – namely what kind of lamps schools use – and whether currently 

used lamps are seen as satisfactory. In order to uncover the economic side of the issue, I will 

need to find out about schools’ electricity costs, whether they are perceived as high, how 

many hours per year lamps are switched on, etc. I will also need to know if schools took any 

steps towards reducing their electricity costs through improving their lighting systems and 

what results they have achieved. To what extend schools are interested in environmental 

issues is another question that must be answered, but this question will be relevant to the 

research only insofar it helps to understand if choice of lamps used is motivated by 

environmental concern. I will also search for an answer about whether schools have financial 

means to invest in efficient types of lamps. 

In the second part of the paper I will try to answer the question of whether it would be 

beneficiary for schools to replace lamps used for lighting classrooms with LED-lamps. The 

primary questions of this part are: which schools would benefit most from installing LED-

lamps? What findings, obtained from research of schools’ lighting systems, speak for and 

against replacement of FTs with LED-lamps? Can schools actually afford this relatively 

expensive technology? What are the environmental gains from installing LED-lamps?

Method
In order to get information needed to answer the questions in the first part of this research, I 

will choose schools of different size, level (grundskola and gymnasium), profile, and situated 

in different municipalities. Obviously, different schools face different costs, while 

managements of schools have different level of concern for the environment. Hence, the 

interplay of factors that lie behind the usage of current lamps will also be different, as well as 

the combination of forces that might cause transition to usage of more efficient lamps. 

Investigating various types of schools will, thus, help to understand what factors have more 

significance for schools of certain types, if, of course,  such patterns will be discovered.
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I will contact and interview personnel that have the best knowledge about school’s lighting 

system and economic issues. If necessary, I will contact other actors that can contribute with 

relevant information.  

In the second part I will try to estimate whether it would be beneficiary for schools to replace 

lamps used for lighting classrooms with LED-lamps. I will compare cost savings to 

investments needed in order to achieve them. A few similar analyses will be done to illustrate 

different outcomes for schools of different sizes. Since other positive effects, such as reduced 

carbon emissions, are hard to quantify in terms of money, I will not try to quantify these when 

calculating the gains from changed lightning. I will also assume that there are no 

governmental regulations that are forcing a change to take place, i.e. the calculation will be 

strictly based on profitability. In order to ensure that my calculations will be correct, I will try 

to acquire help of professionals that deal with investment opportunities and lighting systems. 

I will use simple mathematical formulas to make calculations that will help to explain the 

outcomes of switching to using LED-lamps, and also to make vivid illustrations for my points 

of view. I will use a variety of internet sources that will serve as the basis for my calculations 

and assumptions.

One potential problem that might negatively impact the validity of my findings is a low 

response rate from that schools that I will be investigating. In case of the low response rate the 

results might not be representative, which would mean that the analysis and conclusions 

would also have little value. On the other hand, inability to obtain information from schools is 

also a type of information, which is relevant for my research. For instance, low response rate 

could mean that schools are not concerned with the question of lighting and therefore either 

did not yet realize what savings – environmental and monetary – can be made from using 

more efficient lamps, or do not care about making these savings. 

Theory
Environmental issues are one of the top-priorities for many Swedes. They receive much 

attention from the media, the government, ordinary people, as well the management of 

schools. Concern about environment and the negative consequences of the climate change 

stimulate change of behavior, which reflects in what products and services we consume, what 

parties we vote for and what electronic appliances we use. Degree of concern certainly varies 

between different individuals and organizations, some show little interest in environmental 
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issues and may start using environmental products if these products have other benefits, such 

as lower price or better quality. 

In the light of absence of policies that would force schools to reduce their electricity 

consumption, managements of schools find themselves in the situation rather similar to the 

situation of other consumers. Efficient lamps provide energy savings and therefore cost 

savings. This is one incentive to start using them. For this incentive to be strong, 

managements of schools must not only perceive their electricity costs as high but also be 

aware about the possibilities to reduce their costs and be able to estimate if expenses in new 

equipment will yield benefits in appropriate time-frames. In other words, in order to make a 

thought-through investment in new lamps, schools must have a certain level of technical and 

economical expertise. If such an investment really is a profitable affair, then it is possible to 

expect that those schools that have competent (and one may add forward-looking) personnel 

would also install efficient lamps. Desire to decrease costs is a very important factor, but it 

might not be enough to push schools to go from understanding to action.

While economic gains can be called a rational factor, concern about environment is a more 

psychological one. It is very unlikely that schools have personnel that can calculate the 

positive changes for the environment if the school starts using energy saving lamps. If some 

schools do switch to energy saving lamps it is probably because the management “simply” 

cares about environment or wants to improve the image of the school. For the environmental 

incentive to be strong, there are no requirements for the level of any kind of expertise. This 

allows suggesting that environmental incentive could be more wide-spread among 

managements of schools, then the realization of economic gains.

As for now, schools do not have any obligations to reduce their energy consumption and 

therefore presence or absence of energy saving lamps in schools fully depends on the 

individual situations that schools find themselves in (economic), as well as on the values of 

the management of schools (environmental). How strong these incentives are and how they 

interrelate is yet to be found out, but it is important to mention that if there would be a 

governmental policy that would regulate schools’ electricity consumption, it would be by far 

the strongest driving force for change.

This theoretical framework will be used to analyze empirical findings in the first part of the 

research. It will further will be developed in the second part, where I will try to calculate 

economic and environmental benefits that each schools could achieve if the replace their FTs 
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in classrooms with LED-lamps. The distinguishing feature of the second part is that there I 

will use precise calculations and will leave little room for “psychology”, such as abstract 

feelings of concern about environment.   

Lighting in Stockholm’s schools and gymnasiums
Obtaining information about schools’ lighting systems and their economical situation proved 

to be a more difficult task than I expected. I’ve spent many hours traveling around the city 

and hanging on the phone. Many people I talked to were surprised to hear that someone is 

actually interested in the issues I was investigating. Sometimes, when I came to schools 

without booking a meeting, I was met with discontent and irritation, as if I was some kind of 

sneaky reporter, sniffing out for dirty information. Most of the interviewed, however, were 

nice and friendly people, ready to share the information they had. Unfortunately for me, many 

of them didn’t have much to share.

Forty schools in six municipalities of Stockholm were contacted during the course of the 

research. Twenty out of the forty schools were “missing” the personnel that were competent 

enough to answer any questions regarding the type of lamps their school is using, school’s 

electricity costs, interest in changing lamps in order to reduce costs or whether the school was 

interested in improving its environmental footprint.

In the other 20 cases the personnel could answer only a few questions (out of 15; the full list 

of questions can be found in Appendix 1) and some questions were never answered. For 

instance, schools do not keep track of how many light sources there are in their facilities, what 

the ratio between different types of lamps currently used is, and how many hours per year 

lamps are switched on.

The most typical answer on the question about types of used lamps was “different”. Different 

types of lamps are used to illuminate classrooms, hallways, cafeterias, libraries, computer 

rooms, toilets, auditoriums, gyms, and offices. In cases when more detailed answers could be 

obtained, there showed to be little difference between choices of lamps for classroom lighting. 

Representatives of five schools who knew about lighting systems in classrooms answered that 

that T8 and T5 (only one reported using T5) fluorescent tubes (36 and 35 Watt respectively)

were used. Other locations of schools were illuminated with incandescent and halogen bulbs, 

as well as CFLs.
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Representatives of gymnasiums showed far greater knowledge of lighting systems than 

representatives of schools. The personnel of Bromma, Farsta, Södra Latin, and Thorildsplan 

gymnasiums could provide more or less detailed information about their lighting systems. In 

1995-96 facilities of Södra Latin gymnasium underwent total renovation and since then only 

energy saving lamps are used for illumination purposes. Bromma gymnasium is also using 

only energy saving lamps since a few years ago. In Farsta and Thorildsplan gymnasiums 

inefficient lamps are currently being replaced by efficient – mainly incandescent by CFLs – as 

soon the inefficient lamps fuse. Four other schools have also reported that they are trying to 

replace all their inefficient lamps with CFLs. 

In general, knowledge of technical details about lighting systems showed to be very poor for 

the overwhelming majority of the interviewed personnel. Level of expertise varies between 

different schools and seems to be depending on personal engagement (or one could say 

interest) in the jobs the personnel has to carry out. This can be illustrated with one example: 

the janitor of the Rålambshovsskolan could not tell what the most common type of lamps 

were used in his school, even though he changes the burned-out lamps a few times a week. 

The janitor of the Thorildsplans gymnasium, on the other hand, not only knew what kind of 

lamps were used around the school but also took initiative and experimented with LED-

lamps, as well as discussed advantages of these lamps at the meeting of the school 

management.

To some extend low level of knowledge can be explained by the fact that school managers 

share responsibility for lighting with another actor, Skolfastigheter i Stockholm AB (SISAB). 

Most of the schools in Stockholm are owned by SISAB. SISAB is responsible for upkeep of 

schools (i.e. buildings), renovations, ensuring that working environment corresponds to the 

standards of Arbetsmilöverket, etc. An interview with Lars Sandström, an administrator 

(förvaltare) on the question of lighting for a number of schools in Kungsholmen reviled that 

lighting in schools is a complex issue. As he explained, purchase and upkeep of armatures is 

the responsibility of SISAB, while purchase of lamps and energy costs lie on the shoulders of 

schools. This creates a situation in which SISAB is not particularly interested in modernizing 

armatures since for them it would mean nothing else but additional expenses. Cost of change 

of armatures in just one classroom can be as high as 30 000-40 000 SEK.  Schools, on the 

other hand, do not take initiative of contacting SISAB with requests to upgrade their 

armatures since they don’t perceive that it’s their responsibility. According to Lars 
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Sandström, only one school recently turned to SISAB with a request to help to reduce its 

electricity costs.

Exploring the benefits from replacement of old armatures is not a part of my research and I

never tried to obtain information on this question. There can be no doubt that considerable 

savings can be achieved if old armatures are replaced with new ones, but modern armatures 

are not only expensive but also complex and sometimes unreliable. Armatures and lamps can 

be both complementary and substitute items in relation to each other, meaning that schools 

might choose to upgrade both of them or to upgrade just one (depending on advantages and 

disadvantage of the two). The box below tells about the results of the experiment that 

currently goes on in that one and only school that recently turned to SISAB for help. Results 

of this experiment could directly affect schools’ interest in lamps, that’s why these results are 

both interesting and relevant.

Eiraskolan – an isolated experiment

Some time ago SISAB received additional funding from Kungsholms stadsdelsförvaltning. 

These funds were supposed to be spent on helping schools in Kungsholmen to improve their 

environmental footprint. At the time the interview with Lars Sandström took place, only one 

school – Eiraskolan – contacted SISAB with the purpose to participate in a project that would 

help to reduce school’s electricity consumption. SISAB then proposed to conduct an 

experiment with two types of modern armatures, one type would be motion sensitive – the 

light would be turned on when somebody enters the room and switched it off a few minutes 

after the last person leaves – and the other type would be daylight armatures – they keep 

constant illumination level in the room. Results of the experiment, up to the date of the 

interview, were not very cheering. The motion sensitive armatures were having problems with 

tracking system and did not function properly. The daylight armatures were disliked by many 

students and teachers since they failed to produce enough light (though the problem could be 

with the poor choice of lamps for the armatures).

The majority of representatives of schools were satisfied with the currently installed lamps 

(excluding impact of certain lamp types on the environment; will be discussed below). 

However, in three schools T8 fluorescent tubes were disliked because they were constantly 

flickering, creating a constant level of noise which was disrupting pupils’ concentration and 

sometimes gave them headaches. Two schools reported that recently pupils had to leave the 

classrooms for 20 minutes because of the brake down of FTs. In one of these two schools, 
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Klastorpsskolan, the level of concern about the brake down of FTs was so high, that the 

school management had a meeting (20 minutes before I called) about replacing all fluorescent 

tubes, hopefully – as the interviewed said – with LED-lamps. In addition, Lars Sandström, 

told that some schools perceived that lifetime of fluorescent tubes was shorter than expected 

and the reason to that was that children play with switches, while it is recommended to leave 

FTs and CFLs switched on for at least 15 minutes before switching them off. 

Practically every school that reported using energy saving lamps are doing so because of 

environmental concerns, and none of the schools reported that energy saving lamps are (or 

were) installed to reduce electricity costs. At the same time several schools have “very high” 

electricity costs, among them, for example, Rålambshovsskolan, Hässelby gymnasium, Lilla 

Adolf Fredriks skola, and Loviselunds skola. Notably, two of these schools – Lilla Adolf 

Fredriks and Loviselunds skola – were using mainly FTs and CFLs. All the schools that 

reported not using CFLs and other energy saving lamps are doing so because of the lack of 

funds. None of the schools showed to have any developed investment plan for replacing 

inefficient lamps. In at least some schools this depends on the particular way of thinking that 

rectors have, as Lars Sandstöm explained. School rectors often think in one year intervals, 

they always must think about the budget for the year, which is why making long-term plans 

and investments is often rather difficult for them. 

None of the schools – even those that switched to using only energy saving lamps – could 

provide any numbers about electricity savings after replacement of inefficient lamps.  

All the interviewed personnel that could provide some information about schools’ lighting 

systems were aware about dangerous substances that FTs and CFLs contain, as well as that 

inefficiency of incandescent bulbs leaves significant negative footprint on the environment. 

Summary of results: many schools lack personnel that is competent enough to give detailed 

information about the lighting systems in their schools, the level of competence varies 

between different schools and depends on the personal qualities and views of the personnel. 

The same could be said about usage of energy saving lamps, most of which are installed 

because of the environmental reasons. Only few schools are dissatisfied with the currently 

installed lamps even though environmental concern seems to be universal among the schools. 

Similar types of lamps are used for classroom illumination (FTs) and only one of the schools 

considers the opportunity to replace FTs with LED-lamps. Replacement of lamps is the 

easiest strategy if the school would want to improve efficiency of its lighting system, first of 
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all due to high cost of the replacing armatures, second, because the actor (SISAB) that is 

responsible for upkeep of armatures lacks the incentives to replace them.        

Analysis of results
Any reader who is familiar with the rules of conduct for successful interrogation might be 

skeptical about the validity of analysis presented below. Indeed, quantity and quality of 

answers that I have obtained does not allow making wide-scale generalizations and 

conclusions about all the schools in Stockholm area. For doing this, the results are simply not 

sufficient. On the other hand, similarity of answers, no matter how few they are, is a good 

ground for making reasonable assumptions. If the logic of these assumptions is simple and 

clear, then it could, to some extent, compensate for the imperfection of the empirical data. In 

this analysis one can find both assumptions and speculations, but none of them are taken out 

of thin air.  

The fact that twenty out of forty schools were missing the personnel that could answer any 

questions about lighting system in their schools and that the representatives of the other 

twenty schools could answer only very limited number of questions shows that lighting is not 

the issue that schools dedicated much attention to. In other words, one could say that this 

issue is not handled professionally. In most of the cases lighting systems are being handled 

the same way as they were handled for many years.

As the examples of two janitors indicate, to some extend modernization of lighting systems is 

dependent on the initiative of individual employees. From these examples also follows that 

interest and concern of a janitor can be just as good driving force for improvement of lighting 

system as signals from school’s economy manager. 

The level of expertise of janitors can be decisive for introduction of low energy lamps. The 

problem with replacing inefficient lamps with the efficient counterparts is that replacements 

are often not that easy to find and finding appropriate replacement requires relatively high 

level of expertise. Schools use wide variety of lamps and wide variety of armatures. Without 

having knowledge about what kind of lamps can be replaced – and without having a desire to 

turn to external help to solve this problem – schools may keep on with using old equipment. 

Especially this concerns fluorescent tubes. FTs are relatively efficient in converting electricity 

to light. If to take into consideration several technical details – such as color temperature of 

lamps, color rendering index, etc. – the most appropriate replacement for FTs are LED-lamps 
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(Haglund, Niklas). LED-lamps are relatively new to the wide public, they are not as 

advertized and not as easy to find as FTs. This relatively well explains why none of the 

schools reported to be using LED-lamps for classroom lighting. It’s notable to mention, 

though, that at least in two schools potential of LED-lamps was already realized, i.e. 

Thorildsplans gymnasium and Klastorpsskolan. 

The level of technical competence, interest in modernizing lighting systems, as well as 

personal engagement into this issue seems to be higher in schools of higher level 

(gymnasiums) and schools of greater size. It is easy to understand why schools of greater size 

show bigger interest in modernizing lighting. It is simply because the gains from this 

modernizing are more obvious. Here I do not mean financial gains (since such would 

probably be similar for large and small schools if to adjust real gains to the size of the 

schools’ budget) but gains in terms of reduced environmental footprint. Management of larger 

schools could also feel bigger pressure from, for example, local media, politicians, parents, 

etc. than management of small schools. 

It is a bit trickier to uncover the relation between academic level of schools and use of energy 

saving lamps. Firstly, this might depend on the fact that gymnasiums are typically large and 

therefore arguments presented above are also valid for all gymnasiums. Secondly, rectors of 

gymnasiums might feel higher pressure from their students since these student are better 

educated and probably more aware of environmental issues.

Certainly, presence of available funds that can be invested in replacement of inefficient lamps 

is also decisive. As several schools reported, low energy lamps are not being used at the 

moment due to the lack of money needed for this investment. On the other hand, none of the 

schools reported to be installing low energy lamps to reduce their costs even though many 

perceive their electricity costs as high. When put side by side, these finding lead to the 

conclusion that economic gains from replacing inefficient lamps are not fully realized by the 

schools. Why could this be the case? 

It is possible to suggest that it may well be the case that FTs, which are typically used for 

lighting classrooms and offices (that probably make 80-90 percent of the school area), are so 

dominating that replacement of inefficient types of lamps (to which FTs don’t belong to) 

would not cause reduction in electricity consumption by more than some percentage points. If 

this is the case then this could to some degree explain why none of the schools have

investment plans for replacing inefficient lamps, why no schools could provide any 
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information about reduction of their costs and why all of the schools mentioned 

environmental concern as the only reason for changing inefficient lamps. Some percentage 

points of reduction in electricity costs is not actually little but in the schools total expenditure 

sheet these several percent will be reflected in decimals.

It was established that armatures that schools are maintained by SISAB and therefore schools 

show little interest in upgrading armatures. On the other hand, schools pay for the lamps they 

use as well as electricity costs, which why investment in new types of lamps of efficient 

lamps – including LED-lamps – should be especially interesting for schools. Some troubles 

experienced with testing modern types of armatures could result in even less interest for 

upgrading armatures. Another barrier that stands on the way of upgrading armatures is very 

high cost; approximately equal to 30 000-40 000 SEK per classroom.

Not all schools are satisfied with the fluorescent tubes they use, mainly because they contain 

environmentally dangerous substances, sometimes produce noises, could interrupt education 

process in case of the breakdown and their lifetime is reduced if they are switched on and off 

more frequently than recommended.

As we have seen, actual findings correspond with predictions – made in the theoretic part of 

the report – rather well. Psychological factors that cause change in behavior are much 

stronger, and should be a surprise. What is surprising is that economic incentives are almost 

completely absent. Could absence of these incentives be fully explained by the assumption 

that schools have not yet experienced significant reduction in costs as a consequence of 

changing lamps? Perhaps. But to be sure that economic incentives are actually strong enough 

to motivate the change of behavior, we have to turn to detailed calculations.

Analysis of costs and benefits for installing LED-lamps in classrooms
LED-lamps consume less electricity than fluorescent tubes for production of the same output 

of visible light. This implies that installation of LED-lamps would lead to reduced electricity 

costs and reduced emissions of CO2. In addition, LED-lamps have other advantages, as was 

discovered during the course of the research. LED-lamps don’t flicker and hence don’t 

produce any unwanted noise, they don’t contain any dangerous elements, and their lifetime is 

not decreased if they are turned on and off frequently. Five times longer lifetime – in 

comparison with FTs – also means reduced expenses (in terms or equipment and labor costs) 

in the long run.
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However, in order to estimate if LED-lamps are worth to invest in it is necessary to construct 

a calculation table, which would show the payoff time for installing LED-lamps and which 

would be based on specific factors that are relevant for lighting in schools. The assumptions 

made for constructing this table are:

 Price of electricity is 1 kr/kWh

 Lamps are switched on 8 hours a day, 300 days per year. Schools have a long vacation 

period during summer and a number of other vacation periods when lighting is not 

used at all, while “working day” in schools are typically shorter than in offices, 

factories, etc., which is why this assumption is most likely correct.

 Inflation is not considered. Inflation leads to the increase of prices for everything, i.e. 

the increase of prices is proportional, which is why there are not strong reasons to 

make adjustments for inflation in my calculations.  

 Real interest rate used for internal rate of return calculations, or internal rate of return 

(IRR), is 3 percent. IRR is used to estimate efficiency or quality of investment. In the 

table I choose to use a relatively low IRR because this investment does not imply 

significant risks, meaning that there is a very low probability that installed LED-lamps 

will not fulfill the expectations regarding reduction of electricity costs. 

 Price of a fluorescent tube is 27 SEK, which is an average price for a standard T8 36 

Watt fluorescent tube that meets the requirements (such as color temperature and color 

rendering index) for lighting education facilities (Ljusbutiken, 5/05/2009; Elprodukter, 

5/05/2009)

 Glow-starters need to be replaced at the time FTs are replaced. This assumption is 

relevant to a high degree because most of the schools use old equipment.

 Labor cost to replace a fused lamp equals to 20 min*250 SEK/hour. If already 

employed, real cost would be the value of the work forgone when replacing broken 

lamps. 

 Corresponding power of LED-lamp needed to produce the same light output – as a T8 

36W fluorescent tube – is 18 Watt. The price of such a lamp for today is 450 SEK 

(Haglund, Niklas) 

 Labor costs for initial replacement of an FT with a LED-lamp is not considered since I 

assume that the LED-lamp can be installed at the moment when the FT fuses, hence 

cost for installing a LED-lamp would be the same as the cost of replacing the old FT. 
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 The calculations are done to illustrate replacement of only one FT with one LED-

lamp.

Table 2
A Real interest rate used for internal rate of return calculations: 3 %
B Electricity  price: 1 kr/kWh
C Price change for electricity (real terms): 0 %
D Calculation period: 10 Yrs
E Time per day light is switched on: 8 hrs/day
F Days light is switched on: 300 days/year
G Time per year light is switched on (E*F) 2400 hrs/year
H Life expectancy for a flourescent tube: 10000 hrs
I Life expectancy for LED-lamp: 50000 hrs
J Change frequency flourescent tubes (H/G): 4 yrs
K Change frequency LED: (I/G) 21 yrs
L Life expectancy glow starter: 4 yrs
M Cost of a flurescent tube and a starter: 28 SEK
N Cost for changing a light bulb/glow starter: 85 SEK
O Power of flourescnet tube: 36 W
P Corresponding power of a LED-lamp: 18 W
Q Price of LED-lamp: 450 SEK
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Basing on these assumptions it is possible to construct a table that shows if investment in 

LED-lamps is worth doing. The calculation period is 10 years. This long period is required for 

better understanding of the benefit of the long lifetime of LED-lamps.

Net investment in this table shows the expenditure on new investment minus the value of the 

replacement investment, or, simply put, price for a LED-lamp minus the price of a fluorescent 

tube (450-28). Accumulated saving for each year shows how much has been saved during this 

and previous years. Net present value (NPV) is a measure that tells if investment is worth 

making. Typically, it is considered that investment is worth making if NPV>0. Payoff time 

tells after what period the investment has paid for itself. And the return on investment after 

ten years shows how much money has been gained (in this case gained) in relation to the 

invested amount. 

From this table we can see that if a LED-lamp is installed instead of the fluorescent tube, 

every subsequent year electricity costs would be reduced twofold. During the period of 10 

years fluorescent tubes would need to be replaced twice, while the same LED-lamp would 

Table 3
Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Yr 6 Yr 7 Yr 8 Yr 9 Yr 10

Fluorescent tube
Price (lamp and starter): 28 28 28
Change: 85 85 85
Electricity cost: 86 86 86 86 86 86 86 86 86 86
Total cost: 199 86 86 86 199 86 86 86 199 86

LED-lamp
Price (lamp) 450
Change: 85
Electricity cost: 43 43 43 43 43 43 43 43 43 43
Total cost: 578 43 43 43 43 43 43 43 43 43

Net investment LED: 422
Saving: 43 43 43 43 128 43 43 43 128 43
Accumulated saving: 43 86 130 173 301 344 387 431 559 602

Net present value of yearly 
savings

507 SEK

Payoff time 8,3 yrs
Return on investment 10 yrs: 20 %
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still be operational (in fact, LED-lamp wouldn’t need to be changed for additional 11 years, as 

follows from Table 1). NPV would be equal to 507 crones and investment would yield 20 

percent gains.

Unfortunately, the payoff time – which equals to 8,3 years – is too long to consider 

investment worth doing. Such long payoff time can be explained by the specificities of the 

lighting in schools, namely that lamps are switched on only during 8 hours per day and 300 

days per year. If the assumptions made for these calculations are relevant then school 

management should wait before investing in LED-lamps, that is if they consider only the 

economic aspect of this investment. However, the results of the research presented in the 

previous section point out that profitability (in monetary terms) of investment is not the major 

reason why schools switch to using new types of lamps. 

Before discussing environmental gains from installing LED-lamps, I find it reasonable to 

change some assumptions made for previous calculations. Changing several assumptions and 

analyzing the results will show under what conditions investment in LED-lamps would be a 

more profitable affair.

The major factors that in our case influence profitability of investment are the time lamps are 

switched on, electricity costs (SEK/kWh), life expectancy of fluorescent tubes and price of 

LED-lamps. Another major factor is the number of days per year lamps is switched on. 

However, while chosen factors might vary between different schools (time lamps are switched 

on and life expectancy of FTs) and change with time (price for electricity and cost of LED-

lamps), it is unreasonable to assume that number of days lamps are switched on does or will 

differ. In the following examples I will change only one parameter for each case.

If in one of the schools lamps are switched on not 8 but 10 hours per day, then life expectancy 

of fluorescent tubes would reduce from 4 to 3 years and life expectancy of LED-lamps from 

21 to 17 years (detailed calculations can be found in Appendix 2). Within 10 years fluorescent 

tubes would then need to be changed 3 times – instead of two – which would increase 

purchase and maintenance costs during this period by 113 crones (85 labor cost+ 28 lamp and 

glow starter). Yearly electricity costs would increase by 20 percent (obviously) from 86 to 

108 crones, while electricity costs for LED-lamp would increase from 43 to 54 crones. It is 

notable to mention that though ratio between the electricity costs of two lamps remains the 

same, the difference in absolute terms increases with every additional hour per day the lamps 

are switched on. In this case, the difference in absolute term increased by 13 crones. Payoff 
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time reduced by 1 year – from 8,3 to 6,3. Net present value rose to 669 crones from 507 

crones and the rate of return on investment increased from 20 to 58 percent. 

Changing only one parameter significantly increased attractiveness of investment but even in 

this case the payoff time of 6,3 years is far too long to be seriously considered as an option. In 

this scenario, initial investment costs are just as high but long-term costs are significantly 

reduced, which is why some schools that have available funds might find that this investment 

opportunity is actually not that bad.

Let’s now consider that children in schools do play with switchers – as was reported by some 

schools – which reduce the lifetime of fluorescent tubes (for detailed calculations see 

Appendix 3). Even if we assume that lifetime of FTs decreases by 25 percent, then it wouldn’t 

result in any major changes in the calculation sheet. Lamps would need to be changed every 

third year instead of every fourth, which would again increase the cost by 113 SEK over a 

ten-year period. The payoff time would decrease by 1 year, down to 7,3 years, while NPV 

would increase by 69 SEK and the rate of return on investment by 17 percent. Hence, reduced 

life time of fluorescent tubes alone cannot be considered as a strong enough argument for 

switching to LED-lamps.

LED is still innovative technology even though it has already started to penetrate the market 

with full force. Undoubtedly, price for LED-lamps will fall drastically within a few years. The 

real question here is what should the price for LED-lamps in order to make investment in 

them a very profitable deal (for schools)? The answer is around 150 SEK per lamp. In this 

case the payoff time lies at 2,4 years and the return on investment after ten years will make 

316 percent (detailed calculations can be found in Appendix 4). In the previous section 

(Lighting in Stockholm’s schools and gymnasiums) I stated that some rectors don’t show 

great interest in long-term investment because they always have to consider the budget for the 

year. That is why, in my opinion, such investment as new type of lamps needs to pay for itself 

after no more than 2-2,5 years in order to be considered by schools.

The fourth parameter that might change in the near future is the price for electricity. Let’s 

consider the case when the price is doubled. This scenario is not at all unrealistic. The graph 

below shows development of price for electricity (SEK/kWh) between 1980 and 2007 

(Energimyndigheten, 2008b). The price rose more than sevenfold (nominally) during this 

period.
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mercury and distracting noises) that lamps might cause for the students. Still, from the 

economic point of view, schools should put on hold their investment plans for LED-lamps.

Environmental aspects
Until now I have deliberately avoided discussion of environmental gains that are related to 

usage of LED-lamps. This was done with the purpose to leave space for a discussion about the 

scale of the reduced impact on environment that is connected with the transition to usage of 

any kind of environmental lamps. As all the schools reported, environmental concern is the 

primary reason behind installation of low energy lamps. The question I would like to answer

in this section is: are these incentives and efforts actually producing any notable impact on the 

environment? 

Firstly, let’s calculate the reduction of CO2 emissions which can be achieved from replacing a 

T8 36 Watt fluorescent tube with a LED-lamp. In this table the same assumptions are used 

that have been used in previous calculations, i.e. that lamps are switched on 8 hours per day 

300 days per year. The formula for calculating the yearly consumption of electricity is 

(Watt*h/year)/1000. 

Table 5
Watt h/year

Flourescent tube: 36 2400
LED-lamp: 18 2400
Electricity consumption per year  
(kWh)

86,4 43,2

To estimate the impact on the environment the numbers presented in the table need to be 

converted in CO2 emissions. The emission factor, developed by the department of Industrial 

ecology at KTH, is 104,5 grams per kWh (Fahlberg, 2007). This is the factor for the so called 

“Nordic electricity mix”, which means that it most suitable for calculations due the variety of 

electricity suppliers the schools use. This factor, however, does not reflect only CO2

emissions but also emission of other dangerous substances (CH4 and N2O), i.e. this factor 

show CO2 equivalent for all three substances.

By multiplying the emission factor with the number of kWh each type of lamp uses, we will 

get the following numbers: usage of one fluorescent tube will result in emission of 9029 gram 

of CO2 per year; and usage of a LED-lamp will results in 4514 grams of CO2 emissions per 
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year. Calculations for one lamp are not very illustrative, which is why it’s necessary to try to 

estimate what emissions are connected to usage of lamps on the level of the entire school.

For doing this we need to know how many lamps are used in an average school for classroom 

illumination. Representatives of schools that have been contacted during the course of the 

research also gave me the approximate number of classrooms that each school has. Farsta 

gymnasium, for example, has 35 classrooms, Hässelby gymnasium – 20 classrooms, 

Klastorpsskolan – 27 classrooms. Thus, the number of classrooms I shall use for calculations 

will be 25 (an approximate average). Now remains to answer how many lamps are used for 

classroom lighting. I shall turn to the lighting solutions for classrooms provided by the 

Fagerhult Group, which is the largest lighting group in the Nordic region (Fagerhult,

10/05/2009). Adopting their solutions for my calculations will reduce the chance of making

false assumptions.

Fagerhult presents two examples of lighting systems that are “currently used” in classrooms. 

A classroom of a large size (9*7.5 meters) uses 3 armatures for illuminating the whiteboard 

and 9 armatures for illumination of the room. Each armature contains 2*36 Watt fluorescent 

tube, which means that 24 lamps are used in the classroom. 16 lamps in 8 armatures can be 

found in a classroom of an average size (8*6 meters), 2 armatures are used to lighten to 

whiteboard and 6 to illuminate the classroom.

Now, if we assume that in an average school 15 classrooms out of 25 are large and the rest are

average, this will lead the conclusion that the number of lamps used in the school is 520 

(24*15+16*10).

Environmental footprint of the 520 FTs would then make 4 875 kg (520 lamps*9029 

gram/1000) or 4,875 tons. In comparison, the environmental footprint of the 520 LED-lamps 

is 2 347 kg (520 lamps*4514/1000) or 2,347 tons. The difference is then 2,528 tons (4,875-

2,347) of CO2. Is this difference large enough to motivate the change of lamps? To find this 

out we need to compare this amount to other sources of emissions, for example, cars.

A Volvo S40 2,4 automatic emits 217 grams CO2/km (Hådell, 2008). Previously has been 

shown that if you replace an FT with a LED-lamp, it will reduce CO2 emissions by 4515 

grams (9029-4514). This means that replacement of an old lamp with a new one would mean 

the same for the environment as if somebody drove his/her Volvo 21 km less (4515/217) per 

year. If all lamps in school would be replaced it would be equivalent of 11 people not taking a 
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trip from Stockholm to Gothenburg and back (the distance between Stockholm and 

Gothenburg is approximately 490 km).  

None of the schools that have been studied replaced their fluorescent tubes with LED-lamps. 

Mostly, old incandescent lamps were replaced with compact fluorescent lamps, which are on 

average 4 times more efficient (Energumyndigheten, 2009). In this case, when the difference 

between initial lamp and the replacement is greater, the reduction of negative impact on 

environment would also be greater. It should be noted that there are LED substitutes also to 

the incandescent bulbs, that’s why from the environmental point of view compact fluorescent 

lamps are not the best alternative. 

Graph 1 shows price development for emission rights at the Nord Pool, Nordic power market. 

As the graph illustrates, the price varies between 30 and a few Euro per ton. There is a rule of 

thumb that states that “a price of 10 euro/ton adds 7 öre/kWh to the electricity price at Nord 

Pool” (Svensk energi, 12/05/2009 ). 

Graph 1

There are many homepages of different organizations where you can buy out emission rights 

and hence influence the amount of allowed emissions. For example, on the home page of 

Naturskydsförening it is possible to buy out one ton of emission rights for the price of 290 

SEK. This means that if an average school would spend 870 SEK on buying out 3 tons of 

emission right it would mean more for the environment than replacing all of the 520 old 

lamps with new ones. For the money that any “environmentally friendly” school pays for 
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replacement of old lamps (FTs with LED or incandescent with compact fluorescent), this 

school could purchase emission rights for many, many tons of CO2. 

Presented arguments lead to the conclusion that from the rational and economic point views 

schools don’t choose the most effective strategy for making their contribution for 

improvement of the environment. In absolute terms the contribution of any school would be 

significant if they chose to replace old lamps but having in mind how easily any factory (or 

some other actor) could purchase emission rights and add those few tons of CO2 in the

atmosphere, this contribution does not seem as very important.

Certainly, even if management of schools were aware about how small (in relative terms) 

contribution they make by changing lamps in their facilities, it is very unlikely that they 

would change their strategy. There are other things that management must think about, such 

things as, for example, image of the school. Change of lamps in school’s facilities is a large-

scale project visible to anybody’s eyes, while purchase of some emission rights would only be 

reflected in the school’s budget, unless the management would try to make a bigger thing out 

of it. Reduction of costs for electricity is another factor that schools consider (even though 

don’t always report that they do). It’s the interrelation of all these aspects that makes schools 

to act as they do.

The LED-light at the end of the tunnel (Final discussion)
Every year the Swedish governmental organizations grant hundreds of millions of crones to 

support the construction of environmental power plants, such as solar and wind. These 

donations are supposed to increase the share of environmental energy. Hence, the money are 

spent on replacing old energy sources with new ones and this is done with the purpose to 

reduce negative impact on the environment. There is, however, another way to achieve the 

similar results and this way is to reduce our energy consumption by replacing energy 

consuming appliances with more efficient counterparts. For instance, one could replace old 

FTs with LED-lamps. Since schools in many cases lack finances and interest of making long 

term investments, they could be encouraged to do so if their costs would be shared with 

governmental organizations. 

How much support is required? Previously I have shown that if the price for a LED-lamp lies 

around 150 crones, it would mean the payoff time of 2,4 year and in this case managements 

would probably be interested in making such investments. Hence, the governmental 
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organizations need to contribute with a difference between the actual price and the price 

schools would be ready to pay, i.e. 300 crones per lamp (450-150).

According to the statistics from the Skolverket (12/05/2009) there are 4 755 elementary 

schools in Sweden. Let’s assume that an average school still uses 520 lamps for classroom 

illumination. Now, if all the FTs are replaced with LED-lamps in all of the elementary schools 

in Sweden, it would reduce country’s energy consumption by almost 107 GWh per year 

(detailed calculations can be found in Appendix 6). Each school would have to contribute 

with 78 000 crones for changing lamps and would receive 156 000 crones in governmental 

support. In total, supporting all the elementary schools in the country would cost the 

government 741 780 000 crones. After the transition to LED-lamps is done, each school 

would be saving over 22 000 crones per year on electricity costs.

Would this be a reasonable investment for the government? In April this year, 

Energymyndigheten granted 69 100 000 crones to o2 Vindkompaniet AB as help to construct 

30 wind turbines in either Härjedalens or Gällivare kommun (Energimyndigheten, 

13/05/2009). These turbines estimate to produce 260 GWh per year. The total cost of the 

project is approximately 1,2 billion crones. Thus, for the same amount of money that it costs 

to build 30 wind turbines it would be possible to replace FTs with LED-lamps in 5128 schools 

(full price of 450 crones per lamp is used in calculations), which would reduce energy 

consumption by over 115 GWh per year.

If the government would choose to support replacement of lamps, the total energy gains per 

the amount of money would be somewhat smaller. However, this would greatly contribute to 

reduction of environmental impact that comes from usage of lamps that contain mercury. 

Thousands of schools would reduce their electricity and maintenance costs which would free 

funds that could be used for other purposes. Replacement of lamps in several thousand 

schools is a much more large-scale project than building a few tens of turbines, which means 

that it would create more job opportunities and would positively influence the image of the 

government on a much wider scale. Also, construction of additional energy sources does not 

necessarily mean that these sources will replace the old ones and therefore will result in 

decreased CO2 emissions. Reduction in electricity consumption, on the other hand, means that 

there is less need for electricity no matter from what sources it would come. In other words, 

from the environmental point of view, it’s much better to make appliances more efficient than 

produce additional energy to run inefficient appliances. 
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Conclusions
When I just started this research I had a strong belief that LED-lamps are perfect substitutes to 

old FTs and that they could provide considerable gains in both monetary and environmental 

terms. By the end of research I have discovered many facts that helped to transform my 

beliefs into knowledge. Each school could save tens of thousands crones if they install LED-

lamps in their classrooms; they could reduce negative impact on environment equivalent to 

several tons of CO2 emissions; environment – as well as pupils – would also benefit from 

absence of mercury (which FTs contain) exposure; LED-lamps could also solve several other 

problems, such as the undesirable sounds that FTs can produce.

However, as my calculations have shown, from the strictly economical point of view, most of 

the schools should for now abstain from investing in LED-lamps. The most important reason 

for this is the high initial cost for these lamps. Some schools could still find it profitable to 

invest in LED-lamps even now, these are those where lamps are switched on for a long time 

and that have electricity suppliers that charge high prices. I have shown how governmental 

support could make investment in LED-lamps interesting for any school. The size of this 

support in monetary terms would be equivalent to construction of a few tens of wind turbines, 

but this amount would suffice to help several thousands of schools to replace lamps in their 

classrooms.

From the environmental point of view, LED-lamps really are perfect substitutes to FTs. 

Thousands of tons of CO2 and other dangerous elements would never be emitted in the 

atmosphere if schools would choose more efficient lamps. I have also shown that even though 

this reduction is very considerable in absolute terms, until the prices on the emission rights 

remain as low as they are right now, this reduction would change very little. 

The overwhelming majority of schools install energy saving lamps due to the reasons of 

environmental concern. And this makes me think that replacement of FTs on a wide-scale will 

happen sooner than all the factors that make investments profitable change to what they 

should be.

Many questions are yet to be answered if the results of this research are to be used in practice. 

For instance, one needs to develop more detailed investment and replacement plans in order to 

see how exactly each school could switch to usage of LED-lamps. Exact measurement of 

environmental gains in terms of reduced mercury exposure is another interesting issue.
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Economic factors may slow down the advance of LED-lamps into schools. But one thing is 

certain, LED is the future and there are ways to make it come faster.
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Appendix 1
 How many light sources/lamps are there in school?

 Does school follow any specific guidelines concerning appropriate lighting in 

classrooms, hallways, etc.?

 What types of lamps are you currently using?

 What types of lamps are dominating? What is the ratio?

 What types of lamps are used for classroom illumination?

 Are you satisfied with the lamps?

 Is there any ongoing project for switching to more efficient lamps?

o Have many have been changed?

 Have you recorded any positive changes such as reduction in electricity 

and upkeep costs?

o How much has been invested in monetary terms?

o What is the primary reason you decided to replace inefficient lamps? Is it in 

order to reduce electricity cost, environmental concern or something else?

 Is there any directive from the government/municipality that states that you have to 

switch to more efficient lamps?

 Are there available funds to make (further) investment in more 

efficient/environmentally friendly lamps? 

 How many hours per year are lamps switched on? What are the seasonal changes?

 What is schools electricity cost per year? Do you keep track of how much lighting cost 

per year?
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Appendix 2

A Real interest rate used for internal rate of return calculations: 3 %
B Electricity  price: 1 kr/kWh
C Price change for electricity (real terms): 0 %
D Calculation period: 10 Yrs
E Time per day light is switched on: 10 hrs/day
F Days light is switched on: 300 days/year
G Time per year light is switched on (E*F) 3000 hrs/year
H Life expectancy for a flourescent tube: 10000 hrs
I Life expectancy for LED-lamp: 50000 hrs
J Change frequency flourescent tubes (H/G): 3 yrs
K Change frequency LED: (I/G) 17 yrs
L Life expectancy glow starter: 3 yrs
M Cost of a flurescent tube and a starter: 28 SEK
N Cost for changing a light bulb/glow starter: 85 SEK
O Power of flourescnet tube: 36 W
P Corresponding power of a LED-lamp: 18 W
Q Price of LED-lamp: 450 SEK

Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Yr 6 Yr 7 Yr 8 Yr 9 Yr 10
Fluorescent tube
Price (lamp and starter): 28 28 28 28
Change: 85 85 85 85
Electricity price: 108 108 108 108 108 108 108 108 108 108
Total cost: 221 108 108 221 108 108 221 108 108 221

LED-lamp
Price (lamp) 450
Change: 85
Electricity price: 54 54 54 54 54 54 54 54 54 54
Total cost: 589 54 54 54 54 54 54 54 54 54

Net investment LED: 422
Saving: 54 54 54 139 54 54 139 54 54 139
Accumulated saving: 54 108 162 301 355 409 548 602 656 795

Net present value of yearly 
savings

669 SEK

Payoff time 6,3 yrs
Return on investment 10 yrs: 58 %
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Appendix 3

A Real interest rate used for internal rate of return calculations: 3 %
B Electricity  price: 1 kr/kWh
C Price change for electricity (real terms): 0 %
D Calculation period: 10 Yrs
E Time per day light is switched on: 8 hrs/day
F Days light is switched on: 300 days/year
G Time per year light is switched on (E*F) 2400 hrs/year
H Life expectancy for a flourescent tube: 7500 hrs
I Life expectancy for LED-lamp: 50000 hrs
J Change frequency flourescent tubes (H/G): 3 yrs
K Change frequency LED: (I/G) 21 yrs
L Life expectancy glow starter: 3 yrs
M Cost of a flurescent tube and a starter: 28 SEK
N Cost for changing a light bulb/glow starter: 85 SEK
O Power of flourescnet tube: 36 W
P Corresponding power of a LED-lamp: 18 W
Q Price of LED-lamp: 450 SEK

Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Yr 6 Yr 7 Yr 8 Yr 9 Yr 10
Fluorescent tube
Price (lamp and starter): 28 28 28 28
Change: 85 85 85 85
Electricity price: 86 86 86 86 86 86 86 86 86 86
Total cost: 199 86 86 199 86 86 199 86 86 199

LED-lamp
Price (lamp) 450
Change: 85
Electricity price: 43 43 43 43 43 43 43 43 43 43
Total cost: 578 43 43 43 43 43 43 43 43 43

Net investment LED: 422
Saving: 43 43 43 128 43 43 128 43 43 128
Accumulated saving: 43 86 130 258 301 344 472 516 559 687

Net present value of yearly 
savings

576 SEK

Payoff time 7,3 yrs
Return on investment 10 yrs: 37 %



33

Appendix 4

A Real interest rate used for internal rate of return calculations: 3 %
B Electricity  price: 1 kr/kWh
C Price change for electricity (real terms): 0 %
D Calculation period: 10 Yrs
E Time per day light is switched on: 8 hrs/day
F Days light is switched on: 300 days/year
G Time per year light is switched on (E*F) 2400 hrs/year
H Life expectancy for a flourescent tube: 10000 hrs
I Life expectancy for LED-lamp: 50000 hrs
J Change frequency flourescent tubes (H/G): 4 yrs
K Change frequency LED: (I/G) 21 yrs
L Life expectancy glow starter: 4 yrs
M Cost of a flurescent tube and a starter: 28 SEK
N Cost for changing a light bulb/glow starter: 85 SEK
O Power of flourescnet tube: 36 W
P Corresponding power of a LED-lamp: 18 W
Q Price of LED-lamp: 150 SEK

Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Yr 6 Yr 7 Yr 8 Yr 9 Yr 10
Fluorescent tube
Price (lamp and starter): 28 28 28
Change: 85 85 85
Electricity cost: 86 86 86 86 86 86 86 86 86 86
Total cost: 199 86 86 86 199 86 86 86 199 86

LED-lamp
Price (lamp) 450
Change: 85
Electricity cost: 43 43 43 43 43 43 43 43 43 43
Total cost: 278 43 43 43 43 43 43 43 43 43

Net investment LED: 150
Saving: 43 43 43 43 128 43 43 43 128 43
Accumulated saving: 43 86 130 173 301 344 387 431 559 602

Net present value of yearly 
savings

507 SEK

Payoff time 2,4 yrs
Return on investment 10 yrs: 316 %
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Appendix 5

A Real interest rate used for internal rate of return calculations: 3 %
B Electricity  price: 2 kr/kWh
C Price change for electricity (real terms): 0 %
D Calculation period: 10 Yrs
E Time per day light is switched on: 8 hrs/day
F Days light is switched on: 300 days/year
G Time per year light is switched on (E*F) 2400 hrs/year
H Life expectancy for a flourescent tube: 1000 hrs
I Life expectancy for LED-lamp: 50000 hrs
J Change frequency flourescent tubes (H/G): 4 yrs
K Change frequency LED: (I/G) 21 yrs
L Life expectancy glow starter: 4 yrs
M Cost of a flurescent tube and a starter: 28 SEK
N Cost for changing a light bulb/glow starter: 85 SEK
O Power of flourescnet tube: 36 W
P Corresponding power of a LED-lamp: 18 W
Q Price of LED-lamp: 450 SEK

Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Yr 6 Yr 7 Yr 8 Yr 9 Yr 10
Fluorescent tube
Price (lamp and starter): 28 28 28
Change: 85 85 85
Electricity price: 173 173 173 173 173 173 173 173 173 173
Total cost: 286 173 173 173 286 173 173 173 286 173

LED-lamp
Price (lamp) 450
Change: 85
Electricity price: 86 86 86 86 86 86 86 86 86 86
Total cost: 621 86 86 86 86 86 86 86 86 86

Net investment LED: 422
Saving: 86 86 86 86 171 86 86 86 171 86
Accumulated saving: 86 173 259 346 517 603 690 776 948 1034

Net present value of yearly 
savings

875 SEK

Payoff time 4,8 yrs
Return on investment 10 yrs: 107 %
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Appendix 6

A      Number of lamps per school   520

B      Schools   4755

C      Flourescent tube   36 Watt

D      Corresponding power of a LED-lamp   18 Watt

E      Cost of an FT and a glow starter    28 kr

F      Cost of a LED-lamp   450,00 kr

G      Hour per year lamps are turned on   2400 hrs

H      School's share of the cost for 1 LED-lamp   150 kr

I      Government's share of the cost for 1 LED-lamp   300 kr

J      Costs of replacment for 1 school (school's share; A*H)   78 000 kr

K      Governmental support for 1 school (A*I)   156 000 kr

L      Governmental support for all school (B*K)   741 780 000 kr

M      Reduction in electricity consumption for 1 school/year (A*G*(C-D)/1000)   22 464 kW

N      Reduction in electricity consumption for all schools/year (A*B*G*(C-D)/1000)   106 816 320 kW

O      Total replacment costs (A*B*F)   1 112 670 000 kr

P      Total electricity savings (1 Sek/kWh) for 1 school   22 464 kr

Q      Total electricity savings (1 Sek/kWh) for all schools   106 816 320 kr
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