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Abstract 
 

The use and cost of energy affects people more and more by the day as the global energy problem 

becomes more and more severe. According to forecasts, the constantly increasing population will lead 

to triple primary energy consumption by 2050. This means that sustainable transformations are 

necessary by means of innovative concepts on renewable energy generation. 

This piece of work elaborates on a potential innovation that can contribute to the much needed 

transformations. The Solar Noise Barrier (SONOB) is an innovative approach for redesigning the noise 

barriers on highways and railways and assigning to them versatility and extra functionality. This happens 

with the application of Luminescent Solar Concentrator (LSC) panels on the noise barrier. 

This report presents an investigation of the LSC technology initially as an individual technology in small 

scale and then as part of the Solar Noise Barrier system as part of the bigger picture. Apart from the 

technical potential, the Solar Noise Barrier is also investigated from the business potential. For this 

purpose, a business plan was created which investigates the function of a business unit which manages 

the production and distribution of the Solar Noise Barrier as a product. 

Unfortunately, due to the Non-disclosure agreements between Heijmans and TUE, this report does not 

present the full extent of the research performed on this project: details about the structure of the noise 

barrier and the cost breakdown of the components have been left out or distorted on purpose. 

However, this report still manages to give a nice idea about the potential of this innovation in the near 

future. 
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Introduction 
A noise barrier is a structure built to protect inhabitants of sensitive land use areas from noise pollution 

and it is the most prominent method for mitigating noise from roadways, railways and industrial noise 

sources. 

Since the 1960s, the Dutch government recognized noise as a public health problem and has taken 

measures for protecting people against traffic noise. However in the late 1970s it became mandatory for 

the noise levels to be limited to a certain threshold. This created therefore a market for noise barriers 

[1]. 

 

Figure 1: Typical noise barrier (left) and method of operation (right). 

Currently, noise barriers in the Netherlands cover about 11% of the total length of motorways and 

railways corresponding to a total length of 1250 km and total surface area of 5 million m
2
. It is estimated 

that the noise barriers grow every year by 50 km. 

These barriers are large areas that could potentially be utilized for purposes other than noise protection, 

such as the generation of renewable energy. And in fact this was realized in the Netherlands, as well as 

other countries, several years ago with the implementation of PV panels on top of the noise barriers. 

However, this implementation caused numerous problems: pollution due to emissions and graffiti 

caused a 10% reduction in the yearly production; there were cases of theft, causing significant problems 

to the whole project; those issues in combination with the high costs made this project not feasible. 

Moreover, the solar panels obstruct the view of the landscape behind the sound barrier because they 

are not transparent constructions. This creates a negative perception for drivers on highways who would 

prefer to have an unobstructed view to the landscape instead of the less aesthetic view of the panels. 
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Figure 2: PV noise barrier along the A9-motorway in the Netherlands 

Therefore, there needs to be an alternative solution that is more cost effective than the PV panels and 

better fitting with the environment. Thus the sound barrier would subsequently be more aesthetically 

acceptable to the public. 

The Solar Noise Barrier (SONOB) is a novel concept that aims at substituting the traditional noise 

barriers along highways and railways around populated areas. The novelty of SONOB stems from the 

technology that is used: the traditionally opaque and colorless part of the noise barrier is replaced by a 

colorful LSC panel. This panel comes in different colors making it aesthetically brilliant compared to the 

dull grey traditional barriers. At the same time it can generate renewable energy when solar cells are 

attached to its edges. 

 

Figure 3: Graphic representation of the Solar Noise Barrier on a highway. 
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SONOB is addressed to construction companies, governments, and municipalities who are engaged in 

expanding the road and rail infrastructure, and are obliged by law to install noise barriers to protect 

inhabited areas from noise pollution. By choosing SONOB over the traditional barriers, these entities can 

provide a number of benefits: they make certain areas look lively and colorful, demonstrate 

environmental responsibility with the renewable electricity generated and increase their public 

acceptance (important especially for the governing bodies). At the same time they will be able to 

generate revenues by selling the electricity produced to the grid operator. The extra investment (in 

comparison to the traditional barrier) is being paid back in relatively short time. 

The continuous growth of the highway and railway network in the Netherlands, in combination with the 

legislation that obliges the existence of noise protection, are promising factors for success of this 

innovation. Moreover, the market alternatives do not offer the same advantages. The noise barriers 

which are colorful do not generate electricity, thus there is no revenue stream. The photovoltaic noise 

barriers have two main disadvantages: they are much more expensive in manufacturing costs than the 

Luminescent Solar Concentrators, which are basically inexpensive plastic. At the same time their 

performance is not promising for countries like the Netherlands which have a lot of cloudy days: in other 

words lack of direct solar radiation. However, the solar cells installed at the edges of the LSC panels 

always see direct light even with cloudy days, meaning that they are always going to generate electricity. 

Apart from the Netherlands, there are plenty of regions in Europe, Asia and America which have similar 

solar conditions. This means that they are potentially additional target markets for SONOB. 
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Project Design Concept 
The SONOB project attempts at investigating the potential of generating solar energy on noise barriers. 

For this purpose, a living lab – testing facility was setup in Den Bosch, as it appears in the following 

picture.  

 

Figure 4: SONOB living lab in Den Bosch. 

There are two separate noise barrier modules which are facing North/South (the one on the left as we 

look at the picture) and East/West (the one on the right). Each module consists of two LSC (red and 

orange) panels located in the top two positions and two panels with solar cells to be used as a reference 

in the bottom two positions. 

The work described in this report focuses only on the investigation of the LSC technology on a noise 

barrier. This investigation is threefold: 

1. Microscopic level – Materials: This part focuses on the LSC material itself. First, there is an 

investigation about potential fluorescent dyes that would be suitable for LSC applications, in terms of 

generation potential as well as lifetime expectancy. Then, commercial solutions widely available are 

tested to identify if they could be suitable for LSC applications in the short term. Finally, some 

protective anti-graffiti coatings are tested in small scale in order to protect the LSC panels from 

graffiti pollution. 
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2. Macroscopic level – Living lab: This part focuses on the noise barrier as a system and more 

specifically on the performance of the LSC panels. 

3. Mid/Long term view – Business plan: This part investigates the business aspects of the Solar Noise 

Barrier. More specifically, it describes a business entity which would be responsible for producing 

and delivering the Solar Noise Barrier to the investing parties. 
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Microscopic level – Materials 
The first part of the project zooms in the LSC materials and their suitability for larger scale applications 

such as a noise barrier.  

The LSC Technology 

The LSC in is basic form is a plastic or glass plate with luminescent dye molecules and has a simple 

mechanism of concentrating sunlight. 

 

Figure 5: The LSC working principle [1]. 

The solar radiation incident on the panel is absorbed by the fluorescent dye molecules which are 

dispersed in the material, emitting radiation to all directions. Part of the radiation is trapped within the 

panel by total internal reflection until it reaches the edges of the panel where it gets emitted outside. By 

placing solar cells on these edges it is possible to harvest a substantial amount of generated electricity 

with efficiencies in the range of 4-7%. This substantial efficiency in combination with the expected lower 

cost of the LSC technology make it a potential fit for numerous application within the built environment 

[2]. 

The luminescent dye molecules suitable for LSC applications need to have quantum efficiency as high as 

possible in order to be able to deliver to the attached solar cell. However, the quantum efficiency 

measurement of a dye in not an easy task. The suitability of a fluorescent dye can be also determined by 

the Stokes shift which is the difference between positions of the band maxima of the absorption and 

emission spectra of the same electronic transition [3] as shown in the following picture. 

 

Figure 6: Graphical representation of Stokes shift [4]. 



15 

 

In simple words this means that suitable fluorescent dyes have big Stokes shift, than the ordinary ones. 

It also means that we can determine this suitability by conducting simple measurements of the 

absorption and emission spectra of each fluorescent dye. 

Initial screening 

The Solar Noise Barriers (SONOB) project started with research on LSC materials and more specifically 

with the testing of already existing luminescent dyes which were not considered yet as potential dyes 

for Luminescent Solar Concentrator applications. 

Initially, there was a big pool of dyes in the laboratory of which had to go through an initial screening in 

order to choose a number of dyes that would be worth testing. In the process of initial screening, the 

dyes were dissolved in organic solvent (Acetone) and put under a UV light in order to verify their 

fluorescence.  

 

Figure 7: Initial pool of dyes 

Criteria for choosing the dyes to test more thoroughly were, apart from the fluorescence, also the 

solvability (not leaving much residue) and the colour (e.g. there were multiple yellow dyes, but there 

was already a yellow dye proven to be the most promising). 

Result of the initial screening was the following pool of dyes to be tested properly with a process that 

will be later described: 

• Risk Reactor DFSB-C0 (transparent) 

• BASF Violet 570 (transparent) 

• BASF Rosa 285 (pink/red) 

• BASF Green 850 (Green) 

• SYNCOM Perinone (Blue/Purple under UV light) 
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Those dyes come as a supplement (mainly from the perspective of colors) to a pool of already proven 

and well-performing fluorescent dyes: 

• BASF Red 305 (red) 

• BASF Orange 240 (orange) 

• Risk Reactor DFSB-K160 (yellow) 

 

Stokes shift of selected dyes 

The process designed for testing the dyes for their potential begins with making proper samples on 

small glass plates. Those glass plates were then placed under a photo-spectrometer in order to measure 

their absorbance for a specific part of the solar spectrum (λ=350-800 nm) and under an integrating solar 

sphere in order to measure their emission for the same wavelengths. Those two measurements were 

used in order to determine the Stokes shift of every dye which is a measure of the dyes potential. 

However that is not enough for quantifying the potential of a dye since there is no established criterion 

for such characterization. A proper way would be to measure the Quantum yield of each dye but 

unfortunately there is no such equipment in TU/e, meaning that we need to resort to something 

simpler. 

Therefore, the Stokes shift was translated to a ratio between the photons emitted from the LSC plate 

and the photons that were absorbed. This way we can make a correlation between the light that falls on 

the LSC panel and the light that gets emitted through its sides, which will eventually be translated into 

solar generation. 

Based on this, the findings from the testing showed the following results: the green dye (BASF 850) has 

very bad performance due to low emission of photons; the transparent dyes (Risk Reactor DFSB-C0 & 

BASF 570) both perform very well; the pink dye (BASF 285) performs also very well but its characteristics 

(appearance, absorption and emission) are very similar to the BASF 305 red dye which is the best 

performing fluorescent dye meaning that it might not be feasible to invest in this dye; finally the blue 

dye (SYNCOM Perinone) performs well. 

Stability analysis and color creation 

Next task was to evaluate the photo stability of these dyes in order to check if these dyes can be used 

immediately in an outdoors large scale application. Except for the previously mentioned dyes, one more 

dye the yellow Risk Reactor DFSB-K160 was included because there have not been studies of this kind. 

For the purpose of this test the samples were inserted into a solar simulator and after certain periods of 

time their absorption was measured in order to identify the effect of the UV radiation on the dye 

molecules (UV radiation is the main cause of deterioration for the dye performance). Results appear in 

the following graph: 
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Figure 8: Photo stability test for the luminescent dyes. 

This graph shows that none of the dyes perform acceptably in terms of photo stability meaning that they 

would have to be treated differently in order to achieve higher stability. This fact combined with the lack 

of color options led us to investigate a different concept: the use of 2 LSC panels attached together. This 

would allow the creation of different colors without needing to develop new luminescent dyes. 

Therefore the double panel concept was tested with samples of 3 different colors: 2 yellow DFSB-K160 

samples (low-high dye concentration), 3 Perinone samples (low-medium-high concentration) and 3 red 

BASF 305 samples (low-medium-high concentration). All possible combinations ware measured in the 

solar integrating sphere in order to identify the color perception they create. The results appear on the 

following chromaticity diagram (small x’s): 

 

Figure 9: Chromaticity diagram for double panel concept. 
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As we can see, with only 3 different colors in different concentrations it is possible to create colors that 

cannot be created with existing luminescent dyes such as different versions of green, pink, blue, 

violet/pink etc. 

Identifying potential LSC solutions that are commercially available 

The next activity related to the LSC materials was to test LSC plates sold in the market in order to find 

out if they can be used for LSC applications in the short-term, because it is not easy to manufacture LSC 

plates ourselves with the dyes that we have but special equipment is needed. The samples that were 

identified and tested were provided by EVONIK and they belong to the PLEXIGLASS series [1]: 

 

Figure 10: LSC panels from EVONIK Plexiglas series. 

Those panels were cut to 5*5 cm samples in order to be tested under the spectrometer and in the 

integrating sphere so as to calculate the Stokes shift of the dye molecules they contain. From those 

samples only three proved to have potential for LSC applications in the short term: the red (second from 

the left), the orange (second from the right) and the green (first from the right). 

Protection from human intervention – Anti graffiti coatings 

The noise barriers are structures which are exposed to the environment for a very long period of time 

(typical lifetime ranges from 25-50 years) making them vulnerable to all kinds of unwanted human 

intervention. The LSC panels require that light falls on them unobstructed in order to achieve maximum 

production, therefore those unwanted interventions, either on purpose or not, would significantly affect 

the LSC generation potential. 

In the final stages of the SONOB project, a pool of anti-graffiti coatings were put to the test in order to 

identify suitors for external application on the LSC panels, since graffiti are possible to happen in such a 

project. 

Three such coatings (nitrile based) were measured in terms of their effect on the transmission 

properties of a blank PMMA plate. The objective here is to find the coating which effects the 

transmission properties of the PMMA plate the least. The following graph shows the measured results: 
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Figure 11: Behavior of tested anti-graffiti coatings. 

 

Comparing to the blue line which represents the clear PMMA plate it is obvious that coating n.3 (s3) is 

the most suitable one since it resembles the desired coating behavior the most. 

However, these are measurements on small 5x5 cm PMMA plates. If the same coating is tested on big 

scale then the results about its suitability cannot be predicted just by these preliminary small scale 

results. Therefore more extended outdoor testing is needed in the future. 
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Macroscopic level – Living lab 
The second big part of the Solar Noise Barrier project is the Living lab that is setup in Den Bosch in order 

to measure the LSC potential in a large scale application. The installation of the living lab was completed 

in the final week of April and looks like this: 

 

Figure 12: Living lab setup. 

In the picture above there are 2 sets of panels: the one on the right is facing East/West while the one on 

the left is facing North/South. Apart from the 2 colors used here, which are the BASF 305 red and the 

BASF 240 orange dyes, in each set 2 configurations of solar cell arrays are also installed, one of mono-

facial Si cells and one of bi-facial Si cells so as to have a reference/comparison about the LSC potential. 

However, due to Confidentiality agreement, data from the mono-facial and bi-facial cells will not be 

disclosed in this report, focusing only on the generation data from the orange and red Luminescent Solar 

Concentrators. 

These two prototypes are providing detailed data about the energy generation, the current and the 

voltage from the LSC panels on the noise barrier as well as the temperatures of the solar cells. In order 

to store these data and be able to process them properly, a Python script was developed which every 
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night uploads all the useful data to a server. Then the SONOB research team can have access to these 

data and analyze further the performance of the Solar Noise Barrier. 

LSC Generation Potential 

The following graph shows the monthly generation per m
2
 of the 2 LSC panels on each noise barrier 

from May until November. 

 

Figure 13: LSC panels monthly generation. 

Looking at the performance of the LSC panels we can first identify three main characteristics for the 

setup that we are investigating. First, a general trend that is identified here is that the panels that are 

oriented from East to West have a higher yield than the panels oriented from North to South. This in 

general happens due to the fact that east and west have 2 peaks during the day (around 9 and 17h.) 

while the north and south only one (at 12h.). 

A second thing to identify here is the fact that the orange LSC panels perform better than the red panels. 

This fact is very awkward and highly unexpected since the BASF Red 305 fluorescent dye is the most 

efficient dye in terms of quantum efficiency. This is something that is being researched at the moment 

however there is a possible explanation: it might be that there is too much dye in the red LSC panels 

meaning that there is higher light scattering while the light travels inside the waveguide. However, there 

is no clear answer yet, hoping to be able to understand the reasons for this by the end of the project. 

A third observation is that while the performance of the red panels is relatively stable, the orange ones 

are degrading, resulting in bridging the gap in performance difference between the two colors. It will 

also be interesting to see how this degradation of the orange panels will evolve in order to understand if 

the orange dye is actually a viable solution for the noise barrier. 
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Light distribution within the LSC panels 

The SONOB project, aside from being an innovative noise barrier design, it is also the first ever large 

scale test of Luminescent Solar Concentrators. The LSC behavior is well investigated in terms of testing 

small LSC samples inside a laboratory, however there is little to no knowledge about the bigger picture. 

One of the aims of this project is also to generate knowledge about the LSC behavior in bigger samples 

and in real life conditions. One of the questions that can be answered by this large scale test is the light 

distribution inside an LSC panel with dimensions 5*1 m. 

Using the measurement data for a very shinny day (in this case the 30
th

 of June) we calculated the 

performance ratios of the solar cells: 

 

 

where Estc=1000 W/m
2

.  

These data were used to compare how much light reached the top and bottom part, the middle and the 

side positions of the Red LSC panels. The results appear on the following graphs: 

 

Figure 14: Light distribution inside the Red LSC panel. 
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From the graphs above we can derive the following: 

- For the East/West facing red panel, the Bottom part of the panel receives more light than the 

top part, while the middle part of the panel also receives more light than the side. 

- For the North/South facing red panel, the performance ratio is similar for top-bottom and 

middle-side part of the panel in total throughout the day, with small differences depending on 

the time of the day. 

Those observations are also supporting data about the yearly generation profiles that were presented in 

the previous paragraph. 
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Business Plan 
This part describes the function of a business entity that will manage the production and delivery of the 

Solar Noise Barrier. Even though some parts are a repetition of the previous chapters, its purpose is to 

be a stand-alone business plan to be pitched to possible investors in order to convince them about the 

suitability of this technology. It is also important to mention that the information regarding the actual 

costs of the noise barrier components and the energy output from the LSC’s have been distorted by a 

certain factor due to confidentiality reasons. However, they give a solid idea about the business 

potential of the Solar Noise Barrier 

Executive Summary 

SONOB is a new design and innovative concept for noise barriers on highways and railways. The 

innovative aspect stems from the construction materials used, the Luminescent Solar Concentrators 

(LSC). This innovative technology is a light concentrator in different colors, which can produce 

renewable energy when combined with a solar cell strip. 

This technology can be a viable alternative for the urban integration of highways and railways by 

combining the noise protection aspect together with colorful aesthetics, renewable electricity 

generation and environmental responsibility. This means that the entity which will invest in SONOB will 

also have a revenue stream by the sale of the generated electricity; this means that after a certain 

period SONOB will pay back the extra investment costs and will generate even more money compared 

to the traditional noise barriers. As a result, SONOB aims to become the prime option for noise barriers 

in the future, especially when research around the LSC technology progresses even further. Additionally, 

the steady growth of highways and railways, not only in the Netherlands but all around Europe, means 

that there is already a potential market for this innovation and thus SONOB has the necessary room for 

growth.  

The proposed business entity here, will be responsible for mounting the components onto the noise 

barrier system, will deliver it to the client and will also perform research and development for improving 

the system in the future. For the next three years it is expected that the sales of SONOB will rise from 

10% up to 50% meaning a significant new piece of business for Heijmans. 

Concept 

The Solar Noise Barrier (SONOB) is a novel concept which aims at substituting the traditional noise 

barriers that are placed on highways and railways around populated areas. Its novelty stems from the 

technology that is used: the traditionally opaque and colorless part of the noise barrier is replaced by a 

colorful LSC panel which comes in different colors making it aesthetically brilliant compared to the dull 

grey of the traditional barriers while it can generate renewable energy when solar cells are attached to 

the edges. 
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Figure 15: Graphic representation of the Solar Noise Barrier on a highway 

SONOB is targeting construction companies, governments, and municipalities which are engaged in 

expansion of road and rail infrastructure, and are obliged by law to install noise barriers to protect 

inhabited areas from noise pollution. By choosing SONOB over the traditional barriers, these entities can 

make certain areas look lively and colorful, demonstrate environmental responsibility with the 

generated renewable electricity, increase their public acceptance (important especially for the 

governing bodies). At the same time they will be able to generate revenues by selling the produced 

electricity to the grid operator after the extra investment (in comparison to the traditional barrier) is 

being paid back in relatively short time. 

The continuous growth of the highway and railway network in the Netherlands – it is estimated that the 

market is growing 50 kilometers per year – in combination with the legislation, which obliges the 

existence of noise protection, are promising factors for success. Moreover, the market alternatives do 

not offer the same advantages. The noise barriers which are colorful do not generate electricity, thus 

there is no revenue stream, while the photovoltaic noise barriers have two main disadvantages: they are 

much more expensive in manufacturing costs than the Luminescent Solar Concentrators, which are 

basically inexpensive plastic, while at the same time their performance is not promising for countries 

like the Netherlands which have a lot of cloudy days, in other words lack of direct solar radiation. 

However, the solar cells installed at the edges of the LSC panels always see direct light even with cloudy 

days, meaning that they are always going to generate electricity. Apart from the Netherlands, there are 

plenty of regions in Europe, Asia and America which have similar solar conditions, and therefore 

translate into potentially additional target markets. 
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The choice of SONOB over the traditional noise barriers promises to pay back the extra investment costs 

within 7 years from the connection to the grid, while generating revenue for the rest of its lifetime 

(roughly 20 years). At the same time, it introduces a significant aesthetical improvement on the 

surrounding area enhancing its green image. The product comes as a service which promises full 

maintenance and to replace the barrier at a reduced cost after its lifetime is over or if significant 

technological improvement is introduced (e.g. higher solar cell efficiency, luminescent dye with 

increased efficiency etc.). 

Market (Size, need, scalability etc.) 

The noise barrier market has been generally conservative in the past decades focusing on the 

development of passive elements made out of concrete, masonry, plastic, foam, wood or metals, which 

fulfill only the noise blocking role [1]. Very few projects (see Competition) integrate the renewable 

energy generation via solar cells.  An important piece of information about the noise barrier market is 

the European Union policies about the reduction of noise pollution, which became stricter since the 

beginning of the 21
st

 century. More specifically, since 2002 a new Environmental Noise Derivative set 

the framework for dealing with noise pollution across the European Union aiming at reducing the effects 

of noise exposure [2]. This meant that with every new highway or railway which was constructed close 

to inhabited areas, there had to be provisions for noise reduction, in other words noise barriers. 

As stated earlier, there is steady growth of the highway and railway network in the Netherlands which 

means that the business opportunity is present (approximate growth 50 kilometers per year for both 

highways and railways). Moreover, the sustainability targets that every country has to comply with, 

including the Netherlands which by the way is behind in those targets, reinforce the need for 

innovations in the field of sustainability and renewable energy. Therefore, an innovation like SONOB 

could find enough space in the market as it is a multi-dimensional solution not only for the Dutch market 

but also for larger-scale markets. 

Competition 

Research on past projects in Europe shows that noise barriers are usually one dimensional focusing 

solely on the noise protection while few projects integrated renewable energy generation in the design 

concept. The following table shows the photovoltaic noise barrier projects in approximately the last 25 

years. 
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Table 1: List of Photovoltaic Noise Barriers in the last 25 years [3]. 

 

The majority of such projects are located in Switzerland and Germany, while only a couple of such 

projects are located in the Netherlands. The capacity of the installations ranges from a few kilowatts 

peak to two Megawatts. 
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Figure 16: Photovoltaic noise barriers in Brennero, Italy (left) and A2 highway in Utrecht, Netherlands (right) [4] [5]. 

The small number of photovoltaic noise barriers means that even though the constructors have in mind 

the generation of renewable energy, in reality it is not always financially feasible to integrate 

photovoltaics to the noise barrier construction. One of the most significant obstacles for the 

Photovoltaic Noise Barrier technology to become standard practice is the high cost of the solar cells. 

Moreover, such countries (Germany, Switzerland, Austria, the Netherlands etc.) do not have plenty of 

sunny days throughout the year: for example Germany has about 1500-1700 hours of sunshine 

throughout the year which translate to roughly 60-70 days out of the 365. Given the fact that the 

photovoltaics’ performance drops significantly with diffuse sunlight or shading compared to their 

performance with direct sunlight, this translates to severely reduced performance overall and longer 

payback period. An alternative solar energy generator which would not suffer from such severe loss of 

performance when indirect sunlight or shading occurs would be a viable solution. 

Apart from the energy generating Noise Barriers, SONOB also competes with the simple transparent 

noise barriers market. Those noise barriers are made either from PMMA (Poly-Methyl methacrylate) or 

from glass and they can also be colored noise barriers like SONOB. 

 

Figure 17: Transparent noise barrier in China (left), yellow noise barrier along the A2 highway in the Netherlands (right) [6] [7]. 
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Those types of noise barriers are becoming more and more popular because apart from the sound 

blocking in populated areas, they do not break the continuity of the landscape increasing this way the 

road safety as well. SONOB aims at combining the best of both worlds: beautiful outlook of highways 

and railways in combination with renewable energy generation. 

Projections show that until 2020 around 20 km/year of transparent noise barriers will be installed in 

railways and highways. Since there is no official data about the photovoltaic noise barriers, this is the 

market that SONOB will compete directly against. 

Proposed Technology 

The technology that is proposed here comprises a noise barrier frame, 4 Luminescent Solar 

Concentrator panels per frame and solar cells (strips) which are connected to the LSC’s. This technology 

will be managed by a new business unit within Heijmans. This new business unit here will handle the 

purchase of all the components, their assembly and testing that every frame as a system works properly. 

Then, the frames will be installed on the highway/railway and will be connected either to the electric 

grid or sent to electric storage depending on the intentions of the client. After the noise barrier is 

installed the client will also have technical support for the lifetime of the barrier as well as the option to 

upgrade the system components in the future. 

 

Figure 18: Living lab prototypes in 's-Hertingenbosch. 

The measurements currently collected from the SONOB living lab in ‘s-Hertongenbosch (see Figure 18 

above) allow us to get deeper knowledge about the generation potential of the LSC technology on a 

noise barrier. More specifically, this living lab is measuring 2 different luminescent solar concentrator 

panels (the red and the orange panel on top of the frame) and two photovoltaic panels (the two bottom 

panels) as a reference for comparison. Apart from these two colors, in the near future there will be 
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more options such as blue, violet, yellow/green, transparent etc. However the development of these 

colors is not complete yet. 

The data from the measurements show that the red panel is the one that performs better in terms of 

efficiency and stability, therefore this is the one that will be used for the construction of the business 

case. The orange color together with other colors like blue, green, lemon yellow, purple, fuchsia as well 

as transparent/violet will be developed further by the R&D department (see following chapter about 

operations) in order to provide in the future a bigger variety of options which will contribute to the 

landscape architecture aspect of SONOB. 

Operations 

This part describes the main operations that the company is going to deal with internally. They are 

summed up in the following categories: 

Production: In order to produce the noise barriers we are going to order the components (LSC plates, 

solar cells, cables, frame) from contracted suppliers after extended market research. In our facilities we 

assemble the LSC plates with the solar strips, the cables and the panel’s frame (the cover-internal frame 

that encloses and protects all the components). Then the assembled frames are transported to the site 

where they are going to be attached to the external frame (the external frame is produced by an 

external contractor). 

Quality control: this function is going to ensure that every produced frame is going to perform according 

to the requirements. Moreover, the person responsible for this function will also coordinate the 

production process as he will be the expert about the requirements of the SONOB frames and their 

components. 

Consultancy/ Business development: this function is responsible for creating new business 

opportunities for the companies by approaching potential clients and finding competitions that SONOB 

would be a potential solution. Then for every potential client or tender a team of consultants is 

responsible for proposing a design taking into account the specific requirements of every case. 

Marketing & Public relations: this function is about the commercial promotion of our product as well as 

lobbying with potential clients (national and local governments, municipalities, construction 

companies/consortiums) and potential investors in order to create awareness and eventually promote 

SONOB. 

Logistics: this function will handle the flow of incoming resources as well as the distribution of the 

manufactured products to the installation sites. 

Research & Development: this department will work on research aiming to improve the performance of 

the energy generating components of the noise barrier meaning that it will test and set the 

requirements for potential fluorescent dyes and solar cells, optimize the noise barrier’s setup and 

investigate possible redesign. 
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Those operations will be integrated to Heijmans forming a new department, which will work only on 

SONOB. Depending on the development of the technology and the future demand for SONOB, further 

functions within the department may emerge. 

The team 

The SONOB team consists of 3 main members who are handling different aspects of SONOB: 

Michalis Kanellis (MK): Michalis’s background is in electrical and computer engineering with a master in 

sustainable energy technology and a post-master degree in smart energy buildings and cities. He will be 

responsible for the quality control function of this new business unit as he was involved in the SONOB 

project relatively in its early stages, as well as for benchmarking the performance of all the produced 

frames and assure proper functionality. 

Stijn Verkuilen (SV): Stijn’s background in in innovation management and currently he is working as an 

innovation manager for Heijmans. He is the one who originally started the project by finding the 

partners and setting up the living lab in Den Bosch. Therefore he will be the head of this department and 

also the responsible business developer for expanding the SONOB business. 

Michael Debije (MD):  Michael’s background is in high energy physics and currently he is working as an 

assistant professor in the group Functional Organic Materials and Devices of Eindhoven University of 

Technology where he is responsible for the Energy cluster of the group. He will be responsible for the 

Research and Development function since he has been working with Luminescent Solar Concentrators 

for many years; therefore he has all the knowledge and the experience needed for improving the whole 

SONOB structure as a system, as well as the luminescent solar concentrators as a component. 

As for the rest of the functions, Heijmans will provide workers for the production of SONOB (estimated 

number needed: 4), as well as experienced support from its marketing and logistics department. 

Financials & Financial model 

Personnel compensations 

Personnel Plan 

Fiscal Year 2016 2017 2018 

People Function Total Yearly Gross Salary (€) 

4 Production 100000 105000 110240 

1 Quality Control 40000 42000 44100 

1 Consultancy/ Business Dev. 40000 42000 44100 

1 Research & Development 40000 42000 44100 

TOTAL 220000 231000 242540 

Table 2: Personnel plan 
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Sales Forecast 

As stated earlier in the description of the Competition, the direct competition for SONOB is the 

transparent noise barrier market which projects the installation of approximately 20 km/year of 

transparent noise barriers. Starting from year 2016, we calculate that after the completion of the living 

lab measurements where the true potential of SONOB will be revealed, SONOB will account for the 10% 

(2km) of the competition. The following years, the interesting SONOB business case will increase 

SONOB’s market share to 25% (5km) in 2017 and to 50% (10km) in 2018. 

A more elaborate calculation about the sales forecast is shown on the next table: 

Sales Forecast 

Fiscal Year 2016 2017 2018 

Sales 

Noise Barrier 3062000 7656480 15313000 

Cabling and Connection 2875000 7189000 14378000 

Total Sales 5937000 14845480 29691000 

Direct 

Cost 

Noise Barrier 2355000 5889000 11780000 

Cabling and Connection 2212000 5530000 11060000 

Total Cost 4567000 11419000 22840000 

Gross Margin 1370000 3426480 6851000 

Gross Margin (%) 23% 23% 23% 

Table 3: Sales forecast 

Comparing against the competition we have the following data: 

Traditional Noise Barriers 

Price 

(€/m2) Payback time for SONOB extra investment(years) 

Transparent (PMMA) sound-reflecting 360 6.3 

Transparent Glass sound-reflecting 340 17.7 

Table 4: Payback time for extra investment. 

Therefore, SONOB is a very promising alternative when compared to the transparent PMMA noise 

barrier, paying back the extra investment in less than 7 years. Even though in the case of the glass noise 

barrier it is not doing equally well, it is certain that in the short future this correlation will change in 

favor of SONOB. 
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Budget 

Budget 

Fiscal Year 2016 2017 2018 

Salaries 220000 231000 242540 

Employee Related Expenses 25000 30000 40000 

Marketing & Promotion 30000 40000 45000 

Leased Equipment 20000 20000 20000 

TOTAL 295000 321000 347540 

Table 5: Budget for next 3 fiscal years. 

Profit & loss statement 

Profit & Loss Statement 

Fiscal Year 2016 2017 2018 

Income 

Sales Income 5937000 14845480 29691000 

Direct Cost 4567000 11419000 22840000 

Gross Margin 1370000 3426480 6851000 

Gross Margin % 23% 23% 23% 

Expenses 

Salaries 220000 231000 242540 

Employee Related Expenses 25000 30000 40000 

Marketing & Promotion 30000 40000 45000 

Leased Equipment 20000 20000 20000 

Gross expenses 295000 321000 347540 

 

Total Balance 1075000 3105480 6503460 

Table 6: P&L statement. 
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Conclusions 
The goal of this project was to investigate the potential of applying the LSC materials as part of a noise 

barrier both from the technical and the business point of view. This investigation was threefold: first it 

focused on the investigation of the LSC material itself, second on the LSC on the noise barrier as a 

system and third on the business potential of such a product. 

More specifically, initially the focus was on the objective of finding more fluorescent dyes suitable for 

LSC applications which are not enough. This means few options for having different colors on a noise 

barrier. It is very important for the evolvement of the LSC technology that research advances and 

generates more colors with higher efficiency. This would result in more companies showing interest in 

the LSC technology, leading to quality improvement and price reduction of the LSC panels. 

Then, the noise barrier was analyzed as a system. Results over a large period of time show that the LSC 

panels do not perform optimally and according to the original expectations. This is a consequence of the 

absence of proper fluorescent dyes to be used for LSC panels. However, this is the first ever large scale 

testing of the LSC technology providing data for the light distribution inside a big LSC panel in order to 

better understand the physics of such a large scale construction. 

Finally, the construction of a business plan aimed at investigating the business potential of the Solar 

Noise Barrier as a product. Such an innovation would require the formation of a separate business unit 

which would manage all the aspects of the Solar Noise Barrier as a product. The analysis here showed 

that the Solar Noise Barrier can be a profitable piece of business for an investing party. Moreover, with 

better LSC technology the profits from this product have the potential to increase even more. 

To sum up, the Solar Noise Barrier appears to be a very promising and innovative concept. However, 

there are quite some steps before it can become a solid solution for sustainable urban transformations. 
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