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Abstract 

As alternative fuels are becoming more common, technologies need to adjust 

to them. Natural gas is one of the alternative fuels that has grown during the 

latest years in the transport sector. Natural gas consists of around 97 % 

methane and is the cleanest fossil fuel. The use of natural gas can make it easier 

to transition to biogas as it has equivalent properties. 

Today Scania CV AB's trucks fuelled by natural gas are using auxiliary cabin 

heaters driven by diesel. This means that the natural gas trucks have two fuels 

on-board the truck. The goal of this project is to find a concept to eliminate the 

diesel fuel and replace it with an auxiliary cabin heater driven by another 

energy source. It will improve the heating solution and make it superior from 

an environmental perspective. 

The result of the project lead to a short-term solution with an auxiliary heater 

fuelled by natural gas. A long-term solution is to have a cooperation with a 

manufacturer to develop a better natural gas auxiliary heater that fulfils more 

of the requirements in the technical specification. An experiment plan is 

devised to test parameters out of reach of the project.  
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Nomenclature  
ATA  Air-To-Air auxiliary heater 

BOG  Boil-Off Gas 

CNG  Compressed Natural Gas 

COP  Coefficient Of Performance 

F-M tree Function Means tree 

GWP  Global Warming Potential 

HP  High Pressure 

HVAC Heating, Ventilation and Air Conditioning 

LNG  Liquefied Natural Gas 

LP  Low Pressure 

LPG  Liquefied Petroleum Gas 

UNECE United Nation Economic Commission of Europe 

WTA  Water-To-Air auxiliary heater 

WVTA Whole Vehicle Type Approval 
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1  Introduction 

In this chapter the background, purpose, goal, limitations and the disposition 

will be presented. 

1.1 Background 

Part of Scania CV AB’s (hereafter called Scania) work today with alternative 

fuels is an offering of trucks with natural gas. The natural gas trucks are 

equipped with tanks for either compressed natural gas (CNG) or liquefied 

natural gas (LNG). Natural gas is considered to have a high potential for 

growth on the market, mostly because of the lower emissions, engine noise 

reduction and that the global price for natural gas is lower than the price for 

diesel1. Another reason is that biogas can be refined to have the same quality 

as natural gas and in that way use the same infrastructure. Investments in 

natural gas infrastructure can therefore lead to an easier transition to biogas, 

which is a fossil free fuel2. 

To increase the thermal comfort for the driver, Scania provides auxiliary 

heaters. The auxiliary heater contributes to a comfortable temperature in the 

cabin despite a cold climate. The heater can be activated before start of the truck 

to provide a comfortable working environment so that the driver does not have 

to sit in a cold truck. Today, the only option of auxiliary heaters are those 

driven by diesel. For gas trucks, this leads to that an additional tank for diesel 

fuel must be mounted, in addition to the gas tanks which stores the fuel to 

power the truck. Extra tanks create problem for many involved. The design 

engineer has problems finding room for the tank in some of the truck 

configurations, which may lead to reduced range, something that is highly 

undesirable as it is already a problem for natural gas trucks. The seller needs 

to explain why a natural gas driven truck has to be fuelled with two different 

fuels. Any time work is being done in the vicinity of the diesel tank, it will 

interfere, which can be a problem for mechanics equally as for the end user. 

Finally, the end user must control two fuel levels and refuel when needed. 

Therefore, there is potential to simplify and improve the offer of auxiliary 

heaters by removing the diesel fuel. 

                                                 

1 (Scania CV AB, 2014) 

2 (Jansson, 2011) 
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1.2 Purpose 

The purpose of this thesis is to improve Scania’s product range of natural gas 

driven trucks by adding an option for auxiliary heater that does not require an 

additional fuel. This will provide a more complete offering, relying on only one 

fuel, while also improving the environmental impact, reducing weight and 

saving space.  

1.3 Goal 

The goal for the thesis is to create a concept for auxiliary heating that is adapted 

to Scania’s natural gas trucks. The research should lead to a preliminary layout 

of the system (as defined by Liedholm3) that can be evaluated and be used as a 

basis for a decision of further development. 

1.3.1 Questions of Research 

The thesis will aim to answer the following questions: 

• How can, from an environmental, technical and economic point of view, 

an auxiliary heater driven by diesel be replaced with another type of 

auxiliary heater? 

• How can the flow of fuel be regulated so that a reliable supply to the 

engine can be ensured, while at the same time providing fuel to other 

operations? 

• How can auxiliary heaters on the market be utilized to reach the goal? 

1.4 Delimitations  

The thesis will not consider: 

• Other applications beyond Scania’s trucks equipped with gas tanks 

• Boil-off gas 

• Changes to the control system 

• Legal requirements outside of European Union 

                                                 

3 (Liedholm, 1999) 
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1.5 Disposition 

Following the introduction chapter, the thesis continues with some theory, 

followed by a method description and a prestudy, describing current solutions, 

legislation and related technologies. Later, the implementation of the method 

is presented and the result of the project is displayed. Finally, conclusions are 

drawn and discussed, the method is reviewed and criticized, suggestions for 

future work is presented.  
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2  Theory 

In this chapter, theory will be presented about the natural gas and biogas. 

2.1 Energy Density 

Gas fuels are classified as fuels in gas form at atmospheric pressure and room 

temperature. They are easy to mix with air and to burn. Gas fuels are divided 

into three groups: high value gas, medium value gas and low value gas. 

Natural gas is classified as a high value gas and has an energy density around 

35-40 MJ/m3. A medium value gas has an energy density around 10-20 MJ/m3 

and a composition of 30-40% carbon monoxide, 35-50% hydrogen, 1-15% 

methane and 0-7% other hydrocarbons. Low value gas has an energy density 

around 4-8 MJ/m3 and has a composition of 10-15% carbon monoxide, 15-20% 

hydrogen and 0-5% methane. Liquefied petroleum gas (LPG) is also classified 

as a gas fuel and has an energy density of 90-120 MJ/m3, which is more than 

double the value of a high value gas.4 

2.2 Natural Gas 

Natural gas, which is a fossil fuel, is a gas composed mostly out of saturated 

hydrocarbons. The composition of natural gas in Sweden is usually 90% 

methane, 6% ethane, 2% propane and the rest is other gases (Figure 1), but the 

composition can vary from country to country5. It is extracted out of gas 

pockets that exist in the ground, on their own or in connection to petroleum 

sources6.  

                                                 

4 (Nationalencyklopedin, u.d.) 

5 (Energigas, 2014) 

6 (U.S. Energy Information Administration, 2016) 
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Figure 1: Composition of natural gas. 

Natural gas is an invisible, non-toxic and odourless gas that is lighter than air. 

This leads to that, in case of leakage indoors, leaked gas may collect in pockets 

in the ceiling if not properly ventilated. This poses a risk partly because of that 

a flammable mixture (5-15 % gas in the air mixture) may form, but also because, 

while the gas is non-toxic, it can still decrease the oxygen concentration to the 

degree that it becomes a health hazard7. To ease detection of gas leaks an 

odorant is added for gas used as CNG. LNG remains odourless, as the odorant 

cannot withstand the cold temperatures involved.  

Out of the fossil fuels, such as diesel, gasoline and coal, natural gas is the 

cleanest. The gas has very few pollutants such as sulphur and particles, 

therefore it produces no sulphur oxides or ashes7. The exhaust gases consist 

mostly of carbon dioxide and water vapour and it produces less carbon dioxide 

per unit of energy compared to other fossil fuels8. Additionally, if the 

combustion temperature is too high, nitrogen oxides can materialize out of 

oxygen and nitrogen7. 

Methane gas is a very potent greenhouse9. The influence methane has on the 

climate can be compared with carbon dioxide. Greenhouse gases are usually 

measured with the unit global warming potential (GWP). Carbon dioxide has 

a GWP of 1 over 100 years, while methane gas has a GWP of 28 over 100 years, 

significantly higer9. For a time span of 20 years, methane has a GWP of 84. 

Meaning that methane affects the global warming 84 times more than carbon 

dioxide over a time span of 20 years9. Therefore, releasing unburned natural 

gas to the atmosphere is undesirable10.  

                                                 

7 (Nationalencyklopedin, u.d.) 

8 (Shell Qatar, 2017) 

9 (Intergovernmental Panel on Climate Change, 2015) 

10 (Solomon, et al., 2007) 
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1 m3 of natural gas at atmospheric pressure has approximately the same energy 

content as 1 dm3 diesel, which means that storing natural gas at atmospheric 

pressure would require an enormous container. To solve that problem, natural 

gas is either compressed or condensed (liquefied). The compressed gas is called 

CNG and the condensed is called LNG.  

CNG is compressed to less than 1% of its atmospheric volume. CNG is usually 

stored in cylindrical tanks around 200 bar, which results in CNG requiring 

approximately 5-8 times more space than the same amount of energy stored as 

diesel (Figure 2). Before combustion, the pressure of CNG is regulated to 

around 8 bar.11  

To ease the storage and enable transport of more fuel, natural gas can be cooled 

down to around -162 ˚C so that the gas transitions into liquid form, which is 

called LNG11. LNG will not ignite and therefore needs to transition to gas 

before combustion12. The liquefaction of natural gas makes the volume 

approximately 600 times smaller than in gaseous form at atmospheric pressure 

and room temperature. Despite this, it requires a storage space approximately 

two times that of the same amount of energy stored as diesel, see Figure 211.  

 

Figure 2: Volume of natural gas in different forms and in comparison to diesel. 

                                                 

11 (Fritzson, 2017) 

12 (Shell Global, u.d.) 
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A temperature-pressure diagram for methane can be seen in Figure 3. As seen 

in the figure, at atmospheric pressure the saturation point between liquid and 

vapour is around 110 Kelvin (-163 ̊C). With increasing temperature, the liquid-

vapour saturation pressure increases, meaning that to keep it in liquid phase 

the pressure needs to increase. 

 

Figure 3: Temperature-pressure diagram for methane.13 

Because of the surroundings always being warmer than the condensed gas, the 

temperature will continuously increase. This constant temperature increase 

leads to partial boiling of the gas, increasing the pressure in the tank. When the 

pressure reaches a certain maximum for the gas tank, a pressure relief valve 

opens which releases gas to the atmosphere until the pressure returns to 

equilibrium, this waste-gas is called boil-off gas (BOG).  

BOG is both wasteful and environmentally hazardous. Methane gas is the first 

gas that will boil off and is the biggest proportion of the composition in natural 

gas. As methane is a very potent greenhouse gas, releasing BOG to the 

atmosphere is undesirable10. For that reason, it is preferable to prevent boil-off, 

and if that is not possible, to burn it off to decrease the impact on the 

                                                 

13 (Air Liquide, 2017) 
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environment by transforming it to carbon dioxide and water. The use of gas in 

an auxiliary heater is therefore an application which can burn the excess gas to 

ease the environmental impact while make something useful out of the 

released energy. To burn off gas in some form will reduce the pressure in the 

tank, and can lead to less BOG. However auxiliary heaters cannot be a complete 

solution to the BOG-problem, because auxiliary heaters are not desirable for all 

customers.  

2.3 Biogas 

Biogas is a completely fossil free fuel and a renewable energy source. It is 

produced from organic material such as fertilizer, feces, sewage water, sludge, 

and plants. The organic materials are decomposed by bacteria without 

presence of oxygen, i.e. in an anaerobic environment, the effect of the 

decomposition from the bacteria is production of methane gas.14 

The composition of the produced gas is usually 60 volume percentage methane 

and 40 volume percentage carbon dioxide with small amounts of hydrogen 

sulphide and residues of persistent material. At this stage, the gas has a low 

energy density around 20-23 MJ/m3, compared to natural gas that has an 

energy density around 35-40 MJ/m3. To make use of the gas in vehicles, carbon 

dioxide and pollutants are removed from the produced gas to create a gas 

consisting of around 97-98 percent methane. The result leads to biogas that has 

properties very like natural gas and can now be used as fuel in vehicles.14 

  

                                                 

14 (Nationalencyklopedin, u.d.) 
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3  Method 

As a basis for the method, Liedholm’s Systematisk konceptutveckling3 was 

chosen. This was due to the structured nature of the problem, which required 

a very structured and thorough review of it. Liedholm provides a set of tools 

to systematically develop and evaluate solutions which out of the other 

reviewed methods was deemed the most appropriate. The other reviewed and 

partly utilized methods were Ullman15 and Ulrich & Eppinger16. 

3.1 Work Process 

At first, information will be gathered through literature and Scania’s internal 

documents as well as semi-structured interviews with relevant personnel. 

Most of the personnel will be among Scania’s workforce. The relevant literature 

will be found by utilizing Linköping University’s library, Royal Institute of 

Technology’s library and internet sources.  

The second phase will make use of the theoretical information that was 

gathered to construct a technical specification. Thereafter ideas for possible 

concept will be generated and evaluated. The process will be iterative, meaning 

that after an evaluation, new concepts will be generated and evaluated. This 

will go on and on until a satisfied solution is found. Short-term and long-term 

concepts are to be presented for future work. The process is illustrated in 

Figure 4. 

 

 

Figure 4: The work process for the project. 

                                                 

15 (Ullman, 2010) 

16 (Ulrich & Eppinger, 2012) 
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3.2 Prestudy 

Subjects studied for this thesis include natural gas and its system, auxiliary 

heaters and trucks. A study of natural gas was made to get a better 

understanding of the fuel and how it differs from diesel and other fuels. The 

fuel system was also studied. A state of art research was also performed to 

learn how the current auxiliary heaters work and are used, if there are similar 

systems and what the competitors use. As gas auxiliary heaters presently are 

not common on the market, research into regulations was also performed. 

3.3 Technical Specification 

The intent of the technical specification is to give the designer a clear goal of 

what the products properties needs to fulfil to solve the problem. To do that, it 

is very important to analyse the problem and understand it. The specification 

should describe what the product needs to do and not how it should be done.3 

By implementing a technical specification in the design phase, it can fulfil two 

purposes: give guidelines for how the development and design of the product 

is to be made; give information that can later be used for evaluating the 

product. As a product can be complex, it can be easy to forget even the most 

basic properties that the product needs to fulfil. It is therefore recommended 

that a checklist is to be used when the technical specification is established.3  

The technical specification is usually performed at an early stage in the design 

phase, but it should not be finished at this stage. Instead the document is an 

iterative process that should follow along the design phase. Usually, the most 

important requirements are defined first and along the way more and more 

requirements are defined (or removed). The latter requirements are usually 

more specific and detailed.3  

As mentioned about one of the purposes for the technical specification, is that 

it can be used for evaluation. It is vital to verify that the product is designed to 

fulfil all the established requirements.3  

3.4 Functional Analysis 

The objectives of the functional analysis are three things: specifying the 

purpose of the product; specifying the functions of the product; establishing 

methods or principles to make those functions real. The functional analysis is 

usually performed in four steps. It has the technical specification as an input 

and concept generation as an output, see Figure 5.3 
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Figure 5: The four steps in the functional analysis, with technical specification as an 

input and concept generation as an output. 

3.4.1 Black Box 

The purpose of the black box model is to find the main function of the product 

to be designed. To find it, one or several operands are defined. The operand 

can consist of material, energy, information or a combination of these. The 

operands are placed into two states: the first is the starting point, an undesired 

state which needs to be altered; the second is the ending state, what is wanted 

to be achieved. It is then time to determine the function of the product. The 

product is to alter the state of the operands through its operation, so that the 

desired end state is achieved. This operation will be the main function of the 

product, and all further development is based off it. It is visualized as a black 

box model, which is to be an abstract and solution independent description of 

the problem.3 An example of the layout for a black box model can be seen in 

Figure 6. 

 

 

Figure 6: Principal layout of a black box. Adapted from Liedholm3. 

3.4.2 Technical Principles 

The second step of the functional analysis is to find the technical principles. It 

is one of the more important stages in the product development process, 

because the chosen principle influences the result significantly. To generate 

different principles, it is possible to study related products, carrying out 

various kinds of idea generating methods and study existing technical 

principles.3 
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An evaluation of the technical principles is to be made. Things to consider for 

the evaluation are: advantages, disadvantages, technical and economic 

feasibility. The evaluation should not aim to find the best technical principles 

to be chosen, rather it should find the worst ones to be dropped.3 

Before continuing to the transformation system with the chosen technical 

principle, a check if the operand is correct for the technical principle or if 

another operand is more suitable, is to be performed.3  

3.4.3 Transformation System 

The transformation system is a diagram representing all transformations of the 

operand that it must undergo to complete the main function defined in the 

black box. This is done for every technical principle. It also serves to identify 

which systems that are to perform which functions.3  

Part of the transformation system is the technical process, a step by step 

representation of all the transformations that the operand will have to undergo 

to end up in the wanted state. A transformation is a change of position, time, 

inner or outer structure of the operand. On top of that, the transformation 

system should also point to which of the transformations that are performed 

by which subsystem. The systems can be part of the technical system to be 

constructed, other technical systems, human systems or active environments.3 

An example of a transformation system can be seen in Figure 7. 

 

 

Figure 7: Principal layout of a transformation system. Adapted from Liedholm3. 



  Method 

  23 

3.4.4 Function-Means Tree 

The last step in the functional analysis is the function-means tree (F-M tree). It 

aims to present all the technical systems and each systems subfunctions as well 

as to display the possible means to perform these functions. The F-M tree is 

usually visualized through a tree structured map. The top of map houses the 

main function, which is derived from the black box model. Under it lies the 

chosen technical principles. Below, all individual principles branches out with 

the transformation functions. For each transformation function, different 

means to solve it are to be produced, creating further branching. If needed, 

each means can also be divided into subfunctions with its own means. The tree 

can then be used to combine different means into solutions that solve the main 

function.3 An example of its layout can be seen in Figure 8. 

 

Figure 8: Principal layout of a F-M tree. Adapted from Liedholm3. 

When this step is executed the tree tend to be very large and making it difficult 

to get a good overview of the F-M tree. The designers can consider using a 

morphological matrix instead of the tree-structure. The morphological matrix 

presents the lowest function with the associated means in a matrix giving it an 

easier grasp of alternative solutions. The disadvantage of the matrix are the 

means higher up in the tree can be easily forgotten.3 

3.5 Concept Generation 

By combining the different means for each technical principle from the F-M 

tree concept can be generated.  
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3.5.1 Brainstorming 

To make use of knowledge and experience from an individual and the team, 

brainstorming can be used. In the product development process, 

brainstorming may be the most creative and open-ended activity. It is useful to 

utilize the knowledge and experience to find information and adapt it to the 

problem. To try to max the ability of an individual and the team, 4 guidelines 

will be presented.16 

 

Suspend judgment: all judgment is to be postponed. During this stage of the 

product development process, there are no bad solutions and instead, let the 

“bad” be until the evaluation of concepts. Instead of saying a solution is bad, 

try to come up with suggestions to improve it.16  

Generate a lot of ideas: the more ideas there are, the bigger coverage there is 

of the solution space. Aiming towards quantity instead of quality can trigger 

designers to share more ideas they at first may deemed unsuitable. It also 

stimulates that ideas, good or bad, can produce more ideas.16 

Welcome ideas that may seem infeasible: ideas that are infeasible can often be 

improved, “debugged” or “repaired”. Ideas that are more infeasible have a 

bigger solution space and encourages the team to think of the possibility to 

improve it. Therefore, infeasible ideas are helpful and should be encouraged.16   

Use graphical and physical media: expressing physical and geometrical forms 

verbally and in text is hard. Making use of sketching should be encouraged, 

whether if working as a group or as an individual. Other mediums such as 

foam, clay and cardboard can be used to aid the understanding of the form and 

three-dimensional relationships.16  

3.6 Concept Evaluation 

Generation of concepts usually leads to more than a few concepts, which are 

preferred. To continue with all of them in the design process is very time 

consuming and therefore it is not feasible to have too many concepts. That is 

why a screening and evaluation is usually performed right after the concept 

generation. 
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3.6.1 Concept Screening 

The F-M tree usually tend to be very large and it can be preferred to have a 

screening process for the concepts. All concepts generated are not always 

feasible and it is very time consuming for a team to do a thorough research on 

all. Screening and choosing good combinations of concept means, requires 

good knowledge of what is feasible and realistic. A way to limit the means is 

to group and rank them in classes. For example, good, feasible and unfeasible 

means.3 

By combining the “good” means, concepts can be generated. Thereafter 

combining with feasible means or combinations of both, see Figure 9. It needs 

to be considered that the means need to be compatible with each other and a 

combination of “good” means does not necessarily mean a satisfactory 

solution. The generated concepts need to be reviewed. A description of how 

the concepts work and a list of the concepts advantages and disadvantages 

needs to be considered. If some of the reviewed concepts have many 

disadvantages, it can be taken into consideration whether to discard it or 

improve it.3 

 

 

Figure 9: Combination of means to generate concepts. Concept one through four are 

combination of “good” means and concept five are a combination of “good” and 

feasible means. 

3.6.2 Decision Matrix 

There are many kinds of concept evaluation, but a common method is Pugh’s 

concept selection. The method has different kinds of version and names for it, 
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but a common known name is Decision matrix. The implementation of the 

decision matrix will be presented in three steps.16  

Step 1: Preparation 

The concepts chosen for the evaluation are listed above in the matrix with every 

concept having its own column. The criteria are then listed to the left of the 

matrix with every criterion having its own row, see Figure 10. The criteria are 

chosen from the team doing the evaluation, the criteria can be taken from the 

technical specification, criteria to minimize production cost or criteria that 

deems important. Regardless, the criteria should be selected with care, so that 

the concepts can be differentiated. One of the concepts in the columns are to be 

picked as the benchmark concept, this concept will act as a reference for the 

other concepts to be weighed against. To choose a good reference concept, the 

concept should be an industrial standard or a concept familiar to the team. For 

example, it can be a product that is already out on the market, a best in the class 

benchmark product that the team have studied or an earlier generation of the 

product. The criteria that have been placed in the matrix will have its 

importance weighted, for example the weight can have an importance value 

between one to five or have percentage points assigned among them.16  

 

 

Figure 10: An illustration of a decision matrix with concept two and three 

benchmarked against concept one. Adapted from Liedholm3. 

 

Step 2: Rating 

The concepts are now to be weighed against the benchmark concept. The scale 

of the values can vary depending on the team. A finer scale usually requires 

more effort and time and a coarser scale, for example one to three, can usually 

be used in easier cases. One to three in the scale generally means worse, same 

and better than the reference. In general, more than one concept is used as the 

benchmark, the usage of several reference concept can give a more levelled 

evaluation. After the weighting has been inserted in the matrix it needs to be 
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summarized by multiplying the weighting of the criteria with the value of the 

row. The total summary for each concept can be summarized with the 

following equation16: 

 

𝑆𝑗 =  ∑ 𝑟𝑖𝑗𝑤𝑖

𝑛

𝑖=1
 (1) 

where 

𝑟𝑖𝑗 = rating of concept j for the ith criterion 

𝑤𝑖 = weighting for ith criterion 

n = number of criteria 

𝑆𝑗 = total score for concept j 

 

Step 3: Finalize 

The summarized score of the concept can now give a guideline to either keep 

the concept or abandon it. Just as in every method and steps mentioned before, 

there is no telling of the absolute best concept. The team must take a standpoint 

to determine what concept(s) to continue with and if there is any concept(s) to 

improve.16  
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4  Prestudy 

In this chapter, a background will be presented. It will describe current 

solutions, legislation and related technologies. 

4.1 Trucks 

Countries that implement the European Union’s regulations categorises trucks 

into category N with 3 different classes, light commercial vehicles and 2 types 

of large goods vehicle. N1 are light commercial vehicles with a gross 

combination mass lower than 3,5 tonnes while N2 are large goods vehicles that 

have a gross combination mass higher than 3,5 tonnes, but not exceeding 12 

tonnes. The last class, N3 are large goods vehicles that have a gross 

combination mass higher than 12 tonnes.17 

Trucks are generally categorised into application areas, some common 

categories are industries, urban, regional, long distance and off-road18. The 

categorisation of truck is differentiated by their usage, for example a long-

distance truck, also known as long haulage truck, is distinguished as a truck 

driving very long distances with a high operation time.  

Diesel is the most dominant fuel for trucks at this point in time, but alternative 

fuels are increasing more. Scania has by the latest years seen a bigger trend for 

natural gas trucks. Engines using natural gas as the propulsion system have 

many advantages compared to diesel, some of the advantages are listed in 

Figure 11. 

                                                 

17 (United Nation Economic Commission for Europe, 2016) 

18 (Scania CV AB, 2016) 
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Figure 11: The advantages of an engine driven by natural gas compared to diesel. 

Adapted from Liqvis. 

Just as there is different application for trucks there are all kinds of different 

cabs to match the appropriate application. As Scania work very closely with 

modularity, most of the cab variations work with any kind of frame. Leading 

to a broad portfolio of configurations just to suit the customers specifications. 

Some of the cab variations are; short cab for 2 persons with a low roof and 

minimum storage, sleeper cab with high roof and many storage compartments, 

crew cab up to 8 persons often used for fire and rescue vehicles, see Figure 12. 

 

Figure 12: Three of several various kinds of cabs from Scania’s portfolio. 
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4.2 Gas Market in Sweden 

The use of natural gas in vehicles makes it easier to transition to biogas, as the 

infrastructure is already in place and the properties for the two gases are almost 

identical. With increasing interest in climate and global warming, the vehicle 

industry is striving to provide more environmentally friendly options, 

including but not limited to, alternative fuels. Paris, Madrid and Mexico City 

has said that they want to be diesel fuel free by 2025 and Sweden’s vision is to 

be the first fossil fuel free country in the world19, 20. This goes to show that 

alternative fuels are becoming increasingly important and will continue to 

grow in the future. According to International Energy Agency the global demand 

for natural gas is supposed to grow by 50 percent by 204021. 

In Sweden, there has been a growth in usage for natural gas and biogas the 

latest years, although the amount of natural gas decreased in 2015. The total 

amount of gas has more than doubled during the years 2009 through 2015, see 

Figure 13. 

 

 

Figure 13: Amount of natural gas and biogas delivered in Sweden between 2009 and 

2015.22 

                                                 

19 (C40, 2016) 

20 (Government offices of Sweden, 2016) 

21 (International Energy Agency, 2016) 

22 (Statistics Sweden, u.d.) 
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The number of vehicles fuelled by gas has also seen growth. The number of 

cars, busses and trucks have all been increasing, the growth has been largest 

for cars. 53 111 vehicles were fuelled by gas at the end of 2015 in Sweden, where 

8 079 were trucks, 2 357 busses and the rest were cars (Figure 14).23 

 

 

Figure 14: Amount of natural gas and biogas fuelled vehicles in Sweden between 

2000-2015.24 

4.3 State of Art 

A background of how the present solution of the auxiliary heater, gas system, 

tanks and control system and heater suppliers will be presented in this 

subchapter.  

4.3.1 Climate System and HVAC 

The climate systems task is to, independent of the driving situation and 

weather condition, maintain a comfortable climate inside the cab. To 

accomplish that it utilizes several subsystems: the heating, ventilation and air 

conditioning (HVAC) unit; AC loop; air distribution ducts; recirculation ducts; 

air evacuation ducts; auxiliary heater; auxiliary cab cooler and cab insulation.25 

                                                 

23 (Energigas Sverige, 2017) 

24 (Statistics Sweden, 2017) 

25 (Örning, 2016) 
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The HVAC is the unit in the cab that connects the climate system into one unit 

for the entire cab. The unit either takes recirculated air or fresh outside air 

through a filter, to filter out particles, and then later combines hot or cold air, 

depending on the input. The air is then distributed to the inside of the cab 

through the instrument panel. The outlets from the instrument panel have 

three main positions: defrost, instrument panel and floor. These can be used 

one at a time or in combination of two.25 

4.3.2 Auxiliary Heater 

Auxiliary heaters usually utilize combustion and comes in two different 

configurations, Air-to-Air (ATA) or Water-to-Air (WTA), these will be covered 

in this subchapter. The main difference lies in the transfer medium. In an ATA 

system, the transfer medium consists of air, while in a WTA system the transfer 

medium is water (coolant). ATA systems usually only have one or two outlets 

and therefore will not have as good distribution of heat in the cabin as a WTA 

system, which instead delivers the heat through the original ventilation outlets 

in the cabin. WTA heaters also deliver a more consistent temperature output, 

further increasing comfort, which means finding such a solution would be 

desirable26. 

In an ATA system, the heater is connected to an air supply driven by a fan, 

either from fresh air outside of the vehicle or recirculated air from the cabin. 

The heater warms the air and then distributes it to the cabin, see Figure 15. 

 

Figure 15: Schematic representation of how an air heater works. 

In a WTA system, the heater is connected to the cooling system for the engine. 

When running the heater, a pump circulates the coolant through the heater 

where it transfers heat from the burnt fuel to the coolant (Figure 16). After the 

liquid has passed the heater it enters a heat exchanger where heat is transferred 

                                                 

26 (Svensson, 2017)  
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to the air and distributed to the cabin using fans. The liquid then circulates back 

to where it started (Figure 17). There can also be a thermostat that, when 

activated allows the liquid to also circulate through the engine, as it would 

when the engine is running (Figure 18). As such, a WTA heater can also act as 

an engine heater, assuming it provides enough power. 

 

Figure 16: Schematic representation of how a water heater works. 

The heater itself is made up of an air intake with a fan, a fuel pump (on heaters 

with liquid fuel) and a combustion chamber. The fuel pump feeds the fuel into 

the combustion chamber where it is mixed with air fed from the fan. The 

mixture is then ignited, producing hot exhaust gases that are passed through 

an internal heat exchanger that transfers heat to the surrounding medium. The 

exhaust gases are then ventilated to the atmosphere, again see Figure 15 and 

Figure 16. To control the temperature in the cabin, the temperature of the 

medium is measured. By adjusting the frequency of the fuel pump and power 

delivered to the fan, the combustion can be controlled and as such the 

temperature is also controllable27. To stop the incineration, the fuel pump 

simply stops feeding the fuel and the flame goes out. 

                                                 

27 (Nilsson, 2017) 
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Figure 17: Diagram showing a water heater connected as a cabin heater. 

 

 

Figure 18: Diagram showing a water heater connected as both a cabin and an engine 

heater. 

4.3.3 Current Solution 

Currently at Scania there are ATA and WTA heaters provided to the trucks. 

The ATA heater is mounted under the sleeping compartment and has its own 

dedicated air inlet. The reason for that is that the air fan can have problem 

building up pressure to blow air through the HVAC-unit and that the space is 

insufficient. Presently, Scania offer diesel fuelled WTA heaters with an output 

power of either three or six kW. The biggest difference between them is that 

the six kW WTA heater also can heat the engine. Because of the WTA using 

water as the medium, the water can heat up the incoming air using the HVAC-

unit, meaning that no separate air inlet is needed for the WTA unit. The WTA 

heater is mounted in the right corner behind the front light, see Figure 19. 

Which means that it has a limited space in how big the WTA heater can be. 
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Figure 19: WTA heater with coolant hoses.  

For the trucks with alternative fuels a separate tank is required to store the 

diesel fuel. The tank is a ten-litre plastic container mounted on the back of the 

cab, see left truck in Figure 20. At this present a new type of tank is in the 

process of phasing in. The new type of tank is an eighteen-litre plastic tank 

mounted on the chassis, see right truck in Figure 20.  

Figure 20: To the left, ten-litre tank mounted on the cab. To the right, eighteen-

litre tank mounted on the chassis. 
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4.3.4 Gas System and Tanks 

Due to the difference in pressure and temperature, CNG and LNG require 

different storage solutions. However, the engine and low pressure components 

function the same with CNG as with LNG. This requires that the temperature 

and pressure are within the same range for both systems, after a certain point.  

 

CNG 

The densification method for CNG is compression, which leads to high 

pressures. Compression of gas also leads to a rise of temperature during the 

process. Because of this, the tank will have to be built to withstand the 

increased temperature and high pressure28.  

In proximity to the tanks is a filling nozzle with belonging non-return valve. 

They enable filling of the tanks without leakage. The closing and opening of 

the tanks is controlled with solenoid valves, that are integrated into each tank. 

Integrated into every tank is also a manual shut off valve so that each tank can 

be closed manually. Next to the tanks is the gas panel. It consists of several 

connected components that handle the properties of the gas, so that it is ready 

to be injected into the engine. There is a manual shut off valve to disable the 

flow of gas to all functions downstream. A regulator that regulates the pressure 

down to the working pressure for the engine, it divides the system into a high 

pressure (HP) and low pressure (LP) side. There are filters on both the LP and 

HP side of the regulator to maintain a containment free fuel supply to the 

engine. On the HP side, attached to the regulator, there is also a manometer to 

make the pressure in the system is easily readable. The last component before 

the fuel injectors is a solenoid valve to turn on/shut off fuel supply to the 

engine. A simplified diagram of the system can be seen in Figure 21. 

 

                                                 

28 (U.S. Department of Energy, 2017) 
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Figure 21: Diagram showing the basic layout of the CNG fuel system.  

 

LNG 

The densification method for LNG is liquefaction. This is done by cooling the 

gas below its boiling point. For methane, this is around -162 ˚C at atmospheric 

pressure, which means that to keep it dense, the temperature will have to 

remain below that. To be able to keep the temperature low, the tanks require 

insulation. The materials used will need to withstand the very cold 

temperature. They will on the other hand not have to withstand pressures as 

high as the pressure associated with CNG.  

Just as in the CNG system, there is a filling nozzle with a non-return valve in 

proximity to the LNG tanks. There is also a connection to drain any excess 

pressure that has been built up during usage, this is done simultaneously with 

filling of the tank. Built into the LNG tank system are two pressure relief valves. 

The first valve is set to release at 16 bar and the gas is then vented through a 

vent stack, with an outlet mounted up high behind the cab, into the 

atmosphere. This released gas is the BOG. The second pressure relief valve is 

set to release at 24 bar, this is an emergency action to prevent rupture of the 

tanks. In each tank is also a pressure control regulator that can choose to either 

use liquid or gaseous fuel from the tank, depending on the current pressure in 

it. The fuel then passes through a heat exchanger. The heat exchanger raises 

the temperature of the gas, and as such the pressure. Additionally, if the fuel is 

in a liquid state, the heat exchanger will be utilized to turn the liquid into gas. 

As for the CNG tanks, a manual shut off valve and a solenoid valve is built into 

each tank. The LNG system also has a gas panel, this one however lacks the 

manual shut off valve and a filter. Here, a pressure regulator regulates the 

pressure, if needed, to approximately 8 bar. A manometer is attached to the 
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regulator in this case too. The gas then passes through a filter, a solenoid valve 

and arrives at the fuel injectors on the engine, see Figure 22. 

  

 

Figure 22: Diagram showing the basic layout of the LNG fuel system. 

4.3.5 Control System 

The control system for the gas supply consists mainly of 7 components, see 

Figure 23. The control unit is the unit that controls the opening and closing of 

the tanks, while also having a communication with 5 other units (see above 

Control Unit in Figure 23). The central electric unit provide voltage to the 

system from the battery. The engine management system, EMS, is the one that 

requests that the tanks need to be open or closed. Opening of the gas system 

on the low pressure side is controlled by the low pressure solenoid. The crash 

sensors task is to detect if a crash has occurred. If a crash has happened, the 

crash sensor will break the circuit and the control unit will then notice a voltage 

drop and in turn close the tanks, i.e. fuel supply. The gas supply control system 

looks almost identical between CNG and LNG with the difference that it 

measures the fuel volume differently. For LNG, an extra sensor is mounted on 
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the tank that can read the liquid fuel level and in CNG it uses the high pressure 

sensor to measure the pressure to determine the fuel volume.29 

 

 

Figure 23: A simplified schematic of the gas supply control for the trucks. 

4.3.6 Bus Solution 

The buses and coaches from Scania have the option to install an auxiliary heater 

driven by gas. The system for the heater looks very similar compared to the 

trucks, the biggest difference is the size of the system. The auxiliary heaters 

driven by gas are more common on the city buses compared to their buses for 

long distance travel. City buses usually have prearranged routes and when the 

day is over they park in garages, where they can refuel and connect electricity 

and heat. This enable buses to be preheated when it is not in operation, and to 

be warm and comfortable when it is time for it be operated. The auxiliary 

heater can then be driven by the electricity taken from the power grid instead 

of the battery on-board the bus. 

This kind of usage looks different on a long distance buses and long haulage 

trucks. These kinds of vehicles do not always have the same parking spot every 

time it stops, some of them have a longer distance to cover and needs to stop 

on the road. Also, the availability for natural gas looks different compared to 

city buses. Which means that the accessibility for fuel, electricity and heat is 

somewhat different. 

As the buses also have a bigger space to heat up, the auxiliary heater is required 

to provide almost 5 times more power compared to the auxiliary heater on 

trucks. The gas auxiliary heater for bus is in the 30 kW range. 

                                                 

29 (Eckerdal, 2016) 
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4.3.7 Auxiliary Heater Suppliers 

A lot of companies make heaters of various kinds. Each having several models 

and often supporting different fuels. A summary of the options available can 

be found in Table 1. Additional notes about different products can be found 

below, products only running on liquid fuels are not mentioned.  

Table 1: An overview of different heater manufacturers and their product ranges. D 

stands for diesel, LPG for liquefied petroleum gases, NG for natural gas, BD for 

biodiesel, O for heating oil, E for ethanol, G for gasoline, K for kerosene, el for electric. 

Producer Product 

group

Fuels Power range 

(kW)

Voltages 

(V)

Size range, LxWxH (mm)

Aqua-Hot WTA D, LPG, NG 11 to 21 12 603x279x292 - 933x470x470

ATA D, BD, NG, el 2 to 8 12, 24 310x115x122 - 653x260x250

WTA

D, BD, O, E, 

el 4 to 35 12, 24, 350 220x86x101,5 - 600x230x222

WTA D, O, NG 8,1-35 24 475x311x218 - 647x411x297

Waste heat 

recovery N/A ≤30 24 320x331x305 -1127x325x305

ATA D 6 to 21 12, 24 324x118x119 - 550x208x252

WTA D, G 5 to 14 12, 24 -

ATA D, BD 2 to 4 12, 24 355x120x156 - 417x154x189

WTA D, BD, K 9 to 37 12, 24 312x256x251 - 705x257x243

ATA LPG, el 2 to 3 12, 24, 230 320x100x172 - 713x121x288

WTA LPG, el 1 12, 220 378x276x280 - 522x229x262

ATA D 2 to 4 12, 24 350x124x130 - 403x150x160

(WTA) D, G, LPG 10 to 40 TBD TBD

Spheros
WTA D, O, NG, el 7 to 35

24, 400-

750 578x247x225 - 610x246x220

ATA LPG, NG 3 to 4 12 380x248x123

WTA D, LPG 4 to 6 12, 230 525x450x300

Radiation LPG, NG 2 to 6 N/A 420x120x365 - 530x494x568

Universal 

Engine 

Heaters WTA LPG, NG, el 0,75-8

12, 120, 

240, 277, 

480 256X99X89 - 571x203x127

Wallas ATA D, K 1,2 to 4 12 286x116x220 - 424x140x278

ATA D, G 2 to 5,5 12, 24 310x120x118 - 423x148x162

WTA D, BD, O, K 5 to 16 12, 24 218x91x147 - 584x205x228

Truma

Webasto

Eberspächer

Planar

Proheat

Propex

ReformTech 

(Calaer)

New Nanfeng 

Thermo and 

Comfort

 

Aqua-Hot 

Aqua-Hot makes heaters of WTA configurations. The specified dimensions 

include an outer shell that houses both the heater and regulator. The natural 

gas option is of course of great interest, although both size and power output 

is on the fence of being too large30.  

 

                                                 

30 (Aqua-Hot Heating Systems, Inc., 2016) 
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Eberspächer 

Eberspächer makes heaters of both ATA and WTA configurations.31 A press 

release from North American subsidiary Eberspaecher North America dating 

25/02/2014 states the release of Airtronic NG Commercial, an air heater driven 

by natural gas32. It is however not available on the webpage for Ebersprächer. 

The only sign of its existence is the press release and other pages that cite it. 

ReformTech 

ReformTech offers heaters of ATA configuration under the brand Calaer. They 

claim to be working on water heaters ranging from 10 kW to 40 kW. These 

would be able to run diesel, gasoline or LPG.33 

Spheros 

Spheros makes large heaters of WTA configurations for buses. Spheros heaters 

are also sold through Webasto. They make a natural gas heater. However, it is 

in the 30 kW class, which makes it excessive for heating the small cabin in a 

truck.34 

Truma 

Truma makes heaters of ATA and WTA configurations as well as radiation 

heaters. The radiation heater and an air heater is available in a configuration 

that supports natural gas.35 

Universal Engine Heater Company 

Universal Engine Heaters makes heaters of WTA configuration. Natural gas 

heaters can be made upon request.36 

4.3.8 Competitors 

The strive for alternative fuels leads to more and more truck manufacturers 

offer natural gas trucks. Some of the manufacturers are Volvo, Mercedes, 

MAN, Iveco, Renault, DAF, Volkswagen and TATA. Most of the truck 

manufacturers that offer auxiliary heater today, offer auxiliary heater driven 

                                                 

31 (Eberspächer Climate Control Systems GmbH & Co., 2017) 

32 (Eberspächer Climate Control Systems GmbH & Co. , 2014) 

33 (Reformtech AB, 2015) 

34 (Spheros, 2017) 

35 (Truma Gerätetechnik GmbH & Co., 2017) 

36 (Universal Engine Heater Company, 2014) 
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by diesel or electricity. The research did not find any truck manufacturer that 

offers an auxiliary heater driven by natural gas to this date. 

4.4 Alternative Energy Sources 

Although not evident from the text about heater suppliers, there are various 

products for different fuels. Heaters running on diesel can sometimes support 

biodiesel, heating oil and/or kerosene. Heaters running on gasoline can 

sometimes support ethanol. For other fuels, like LPG, the heaters are specific 

to that fuel alone. Since there is a shortage of heater options running on natural 

gas, the question whether heaters made for other fuels could run on natural 

gas is raised. Such a solution might raise legal concerns, however should the 

possibility exist, it could accelerate development of products more suited for 

natural gas. Liquid fuels are obviously very different than gaseous fuels, but 

there are gaseous fuels with comparable properties to natural gas. 

Additionally, fuelless options such as electric heaters are available. 

4.4.1 Liquefied Petroleum Gas 

LPG is a term for blends of primarily propane and butane37. Being gaseous at 

room temperature and atmospheric pressure, it is the most common fuel with 

comparable properties to natural gas38, 39. A slight pressure increase will liquefy 

the gas making it easy to transport and store. Propane (C3H8) and butane 

(C4H10) are much larger molecules than methane (CH4), making them easier to 

compress, but also giving each molecule a higher energy content. The higher 

energy content also leads to a requirement for a different air mixture during 

combustion, compared to natural gas40, which is partly realised with different 

operating pressures. In practice, this means that a device running LPG have 

different regulators and nozzles than one running on natural gas. Adapting a 

LPG device could simply be a matter of changing these parts.  

                                                 

37 (Totten, 2003) 

38 (Preem Gas AB, 2015) 

39 (Preem Gas AB, 2015) 

40 (Air Liquide Gas AB, 2014) 
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4.4.2 Electricity 

An electric heater could be advantageous as the truck already is equipped with 

an electrical system. A directly electrical system cannot produce more heat than 

the energy stored in the battery, which means that the battery capacity is a 

limiting factor. Adding battery capacity to it would however be possible if the 

cost and space required would not be prohibitive.  

4.5 Alternative Heater Technologies 

In addition to fuelled heaters there are other categories of heaters that are 

common. These were also investigated and evaluated. 

4.5.1 Infrared Heaters 

Infrared heaters are heaters that deliver heat energy primarily through 

radiation. These are often either gas fired or electrical. Infrared heaters can be 

advantageous as they do not need to warm the whole room, only the areas of 

interest. In this way, it is possible to save energy by only warming select areas. 

Gas fired infrared heaters have a low efficiency, around 10-20 percent41. 

4.5.2 Heat Pumps 

Heat pumps are devices that transfer heat from a cold space to a hot space, that 

is they transfer heat the opposite direction of which it flows naturally. To do 

this an amount of work is required, as defined in the second law of 

thermodynamics. The coefficient of performance (COP) of a heat pump is 

defined as: 

 

𝐶𝑂𝑃𝐻𝑃 =
𝐻𝑒𝑎𝑡𝑖𝑛𝑔 𝑒𝑓𝑓𝑒𝑐𝑡

𝑊𝑜𝑟𝑘 𝑖𝑛𝑝𝑢𝑡
 (2) 

 

where HP stands for heat pump. Heat pumps can transfer more heat energy to 

the designated space than the energy they use for work. That is, COP can be 

                                                 

41 (Wang, 2001) 
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greater than one and usually is. However, COP decreases as the temperature 

difference between the spaces increase.42 

4.6 Regulation and Legislation 

United Nation Economic Commission for Europe, UNECE, is one of the five 

regional commissions of the United Nation. It was founded 1947 and it “… 

facilitates greater economic integration and cooperation among its fifty-six 

member States and promotes sustainable development and economic 

prosperity …” 43, for example through development of regulations and norms. 

One of the categories of the regulations and norms are transportation. Vehicle 

manufacturers needs to comply to these regulations, i.e. get certifications for 

their vehicles, if they want to sell them among the members states. Regulations 

that should be considered for the auxiliary heater are: 

• UNECE Regulation No. 122: Heating system44 

• UNECE Regulation No. 110: CNG and LNG vehicles45 

• UNECE Regulation No. 10: Electromagnetic compatibility46 

Additionally, UNECE regulation No. 10547, regarding vehicles for carriage of 

dangerous goods, may be considered, if it is desirable to equip vehicles for such 

carriage with the heaters. These regulations will be covered further in the 

following sections.  

4.6.1 The Certification Process 

To be able to sell a motor vehicle on the market of the European Union a Whole 

Vehicle Type-Approval, WVTA, must be acquired. This is to ensure that the 

vehicles live up to the current safety and environmental legislation, including 

many UNECE regulations. The approval is granted through national 

authorities, and when complete enables the vehicle type to be marketed across 

                                                 

42 (Çengel, et al., 2012) 

43 (United Nation Economic Commission for Europe, 2017) 

44 (United Nation Economic Commission for Europe, 2006) 

45 (United Nation Economic Commission for Europe, 2014) 

46 (United Nation Economic Commission for Europe, 2014) 

47 (United Nation Economic Commission for Europe, 2010) 
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the whole EU.48 To obtain the approval, tests will have to be carried out on 

components, systems as well as the whole vehicle.49 

Currently, Scania offers gas auxiliary heaters for their buses. They have been 

able to get it certified for UNECE regulation No. 122. 

4.6.2 Safety 

To be able to ensure that products are safe, there are regulations, laws and 

standards. Following standards is beneficial because it guarantees the designer 

and the customer that the product is safe for its application. 

Auxiliary heater 

For heaters, there are safety requirements and regulations to be fulfilled. Some 

of the requirements, taken from UNECE regulation No. 122, are44: 

• The heating system must be switched off automatically and the supply of 

fuel must be stopped within five seconds when the vehicle’s engine stops 

running. If a manual device is already activated, the heating system can 

stay in operation. 

• The combustion heater shall not constitute a risk of fire, even in the case 

of overheating. This requirement shall be deemed to be met if the 

installation ensures an adequate distance to all parts and suitable 

ventilation, by the use of fire resistant materials or by the use of heat 

shields. 

• The exhaust outlet must be located so as to prevent emissions from 

entering the vehicle through ventilators, heated air inlets or opening 

windows. 

• The heating air supply may be fresh or re-circulated air and must be 

drawn from a clean area not likely to be contaminated by exhaust fumes 

emitted either by the propulsion engine, the combustion heater or any 

other vehicle source. 

In addition to UNECE regulation No. 122, Scania have additional requirements 

which needs to be fulfilled, some of them are presented here: 

• The average noise from the heater may not exceed 45 dB in operation 

inside the cabin when the driver is at sleeping position. 

• The auxiliary heater needs to be shut off a couple of minutes before 

entering a filling station. 

• The auxiliary heater needs to fulfil Scania’s tests, such as vibration-, 

fatigue- and reliability tests. 

                                                 

48 (European Commission, 2017) 

49 (The European Parliament and the Council, 2007) 
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LNG and CNG vehicles 

Just as for the auxiliary heater, CNG and LNG vehicles have their safety 

requirements and regulations to be fulfilled. Some of the requirements, taken 

from UNECE regulation No. 110, are45: 

• An automatic cylinder valve shall be installed directly on each CNG 

container. 

• An automatic valve shall be installed in the fuel supply line, directly on 

every LNG tank (in a protected position). 

• The automatic cylinder valve shall be operated such that the fuel supply 

is cut off when the engine is switched off, irrespective of the position of the 

ignition switch, and shall remain closed while the engine in not running. 

A delay of 2 seconds is permitted for diagnostic. 

• A manual valve is rigidly fixed to the CNG cylinder which can be 

integrated into the automatic cylinder valve. 

• The manual fuel shut off valve shall be mounted directly on the LNG tank 

(in a protected position). It should be readily accessible. The manual fuel 

shut off valve can be integrated into the automatic valve. 

Other requirements, however not quoted, from regulation No. 110 are45:  

• Pressure relief valves that releases natural gas to the atmosphere when 

a maximum pressure is exceeded. 

• Temperature relief valves that releases natural gas to the atmosphere 

when a maximum temperature is exceeded. 

• Mechanical and electrical valves and sensors that detects gas leakage in 

the system. 

• Labels to inform if the vehicles is propelled with CNG/LNG. 

The requirement that the cylinder valves need to cut off the fuel supply when 

the engine is switched off create problems for potential users of a natural gas 

driven heater. Given that the heater would need to have the cylinders open to 

be able to heat the cab, its operation would be limited to running when the 

engine is run. It would prohibit warming the cab during resting as well as 

preheating the vehicle before working hours. However, a proposal for 

supplement about an amendment that includes regulations for auxiliary gas 

heaters in regulation No. 110 has been approved and is currently suggested to 

enter into force 10/10/201750,51. 

  

                                                 

50 (The United Nations Economic Commision of Europe, 2016) 

51 (The United Nations Economic Commision of Europe, 2017) 
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5  Implementation 

This chapter presents the implementation of the method, the execution of the 

project. 

5.1 Technical Specification 

To develop a list of technical specifications, finding the requirements was 

needed. This was done by studying older technical specifications, specification 

checklists, safety checklists, interviewing personnel on Scania as well as 

brainstorming. With a list full of requirements each one needed to be 

quantified. To quantify them calculations were made, older documentation, 

standards and regulations were studied.  

The full technical specification for the development can be seen in Appendix A 

in Table 7 through Table 12. Each table represents one or several categories of 

requirements that affect the final product.  

The derived technical specification is based on requirements for the present 

auxiliary heater used on Scania. Requirements for the gas system are added to 

the technical specification. For the legal requirements, the auxiliary heater is 

expected to fulfil the UNECE regulations. However, certain legal requirements 

that are deemed either important or major for the design of the product have 

been emphasized and presented in the technical specification. 

5.2 Functional Analysis 

The analysis is executed in four steps and will be presented in the following 

sections, starting with the black box model and ending in a F-M tree. 

5.2.1 Black Box 

To find the main function of the black box, the start and end state of the product 

were studied. An operand was defined so that it could represent the different 

states and so that the main function could act upon it. The choice of operand 

and main function is important, so they were iterated and tested against each 

other to verify that the right ones were chosen.  

The black box can be seen in Figure 24. The starting state is a vehicle at a certain 

temperature at a certain point in time. The desired end state is the same vehicle, 

only later in time and at a higher temperature. These two states are used to 
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determine the main function, to warm the vehicle. To achieve this temperature 

increase, heat energy needs to be transported to the vehicle or other forms of 

energy needs to be transformed into heat energy. Electrical energy can be 

transformed directly into heat energy or be used in other ways to aid in the 

transformation of heat energy, for example through the work required in a heat 

pump. Chemical energy can be utilized to store energy to be transformed into 

heat energy. This can be chemical energy stored that is first converted to 

electrical energy, for example a battery, or chemical energy to be directly 

transformed into heat energy in the case of fuels.  

 

Figure 24: Black box for the heater. T represents temperature and t represents time. 

5.2.2 Technical Principles 

With the main function defined, finding possible principles to solve it is the 

next stage. Utilizing the black box model, technical principles were researched 

and brainstormed, presented in Table 2. The positives and negatives of each 

technical principle were examined and used as a base for the decision whether 

to further develop the idea or to discard it. The decision to discard a possible 

solution was made based on factors such as safety, efficiency, heating capacity, 

cost and practicality. Qualities that are deemed “free”, refer to that the heat 

energy in itself does not require a direct transformation from a stored energy 

source. 
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Table 2: Technical principles for solving the problem of warming the vehicle. 

Principle Positive Negative Decision

Combustion High capacity, energy density, 

speed, proven, able to use 

onboard fuel

Emissions, flame Keep

Infrared heater Feel, direct, proven, silent, 

concentrated heat (not having 

to warm the whole cab), able 

to utilize combustion or 

electricity

High current (if electric), air still cool, concentrated 

heat (fire hazard), requires at least two separate or 

a movable heater to cover driving/sleeping 

usecases, difficult to integrate in interior, requires 

line of sight

Keep

Heat pump Can provide more energy heat 

than electric energy used, 

efficient, proven, can be used 

on both sides(cold and warm), 

pluggable

Moderate current, have refrigerant Keep

Electrical heater Proven, pluggable, simple, 

compact, efficient

High current Keep

Induction Wireless, efficient, speed, 

easy to control

High current, magnetic field, AC current required Discard

Neutralization Speed Corrosive, density Discard

Fission High capacity, energy density, 

speed

Safety, radiation, radioactive waste, development Discard

Fusion High capacity, energy density, 

speed

Safety, radiation, radioactive waste, development, 

maturity

Discard

Friction Able to use waste heat Material wear, reqires mechanical energy, unproven, 

sound

Discard

Solar panels Renewable, "free" Size, requires sunshine (unable to use at night) Discard

Metabolism "Free" Only on living organism, limited heat generation Discard

Compression Able to utilize pressure later Pressure, noise, vibrations, discomfort for the driver Discard

Waste heat "Free", increases overall 

efficiency

Requires active process, dependent on another 

system

Discard

Laser Accurate Highly concentrated, intensity, cost Discard

Sound energy Wireless A lot of energy (sound) to generate heat, unproven Discard

Geothermal "Free" Stationary, size, cost Discard

Green house "Free", passive Difficult to regulate, requires sunshine, requires 

large percentage of the surface in transparent 

material

Discard

Insulation "Free", passive Difficult to insulate enough Discard

District heating Increases overall efficiency Stationary, size Discard

Decay heat Passive Radioactive, cost Discard

Microwaves Speed Radiation, sparks from (pointy) metal objects, safety Discard

Storage heating No maintainence cost, low 

current when providing heat

Continuos (lower with time), requires preheating, no 

long time storage, slow response time, weight, bulk

Discard

Thermoacoustic No moving parts Fairly unknown, inefficient Discard

Thermoelectric No moving parts, no liquid, long 

life, small size, flexible shape

High cost, poor power efficiency Discard

 

5.2.3 Transformation System 

The chosen technical principles were broken down into multistep technical 

processes. Each of the steps were then assigned a corresponding system that 

would handle its execution. The infrared heater was omitted as it can be 

realized through both electric and combustion heating, the only thing making 

it different is the method through which it distributes the heat. In all the figures 

representing the transformation systems, the technical process is marked by a 

dark grey box. The whole transformation system is surrounded by a thick black 
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border. All the systems have similar functions, what separates them is the way 

they create and capture heat. Similarities between the systems is the need to 

transfer the heat to the desired space and some measure to collect data to be 

used for controlling the heat output. All systems have groups of subsystems 

that will handle the required functions to solve the transformation. Common 

for all systems is that the subsystems heating system, control system and an 

optional distribution system are present. The distribution system is optional 

because of that the transport of heat energy is a function that also can be solved 

directly by the heating system, for example in the case of an infrared heater.  

In Figure 25 the transformation system for a combustion heater is presented. 

Fuel for the combustion must be transported to the heater, this will be done 

through a fuel subsystem, which may or may not be connected to the fuel 

system of the engine. Once there, the fuel should be ignited, the heat must be 

captured and the emissions handled, all done by the heating subsystem. The 

heat itself must then be transported to the designated area through the heating 

subsystem itself or a separate distribution subsystem. To ensure a comfortable 

cabin environment, keeping fluctuations of the heat output to a minimum is 

desired. To do this, data should be collected so that the heat output can be 

appropriately regulated. This will be done by a control subsystem. Finally, 

when the desired end state has been reached, the combustion must cease. The 

driver should also be able to control this entire process through appropriate 

measures.  

 

Figure 25: Transformation system for a combustion heater. 
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In Figure 26 the transformation system for an electric heater is presented. 

Electrical energy must be transported to the heater and then converted into 

heat. Both these actions will be executed by the heating subsystem. Like for a 

combustion heater, heat needs to be transported, data needs to be collected, 

heat output needs to be regulated and finally the process shall be ended. The 

driver will also need some kind of interface to direct these functions. 

 

Figure 26: Transformation system for an electric heater. 

In Figure 27 the transformation system for a heat pump is presented. As for an 

electric heater, electrical energy should be transported. However, this energy 

will instead be transformed into work. The work will enable condensation and 

evaporation of a refrigerant, moving heat from a colder space to a warmer. All 

the above is done by the heating subsystem. The rest of the process follows the 

same steps as an electric heater. 
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Figure 27: Transformation system for a heat pump. 
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5.2.4 Function-Means Tree 

The F-M tree for the chosen technical principles is shown in Figure 28. The 

functions that need solving are the same as in the transformation systems. 

Further breakdown is presented through morphological matrixes.  

 

 

Figure 28: F-M tree over the chosen technical principles.  

The morphological matrix showing means for a combustion heater can be seen 

in Table 3. Means that are judged to be good solutions are marked by a dark 

grey colour. Decent solutions are marked with a slightly lighter grey and 

solutions deemed inappropriate are marked with a light grey colour. Most of 

the good solutions are conventional solutions found on present water and air 

heaters as well as engines. Regarding regulation of combustion and collection 

of data, the more advanced means may contain the simpler means. For 

example, a controller may contain transistors. The function “stop combustion” 

has been divided into smaller segments representing the different ways to 

extinguish a fire. However, only one means is to be selected. For “handle 

emissions” the means “only transport” refers to the function “transport fuel”. 

If no additional treatment of the emissions is deemed necessary, the means to 

simply transport the emissions away from the vehicle can be the same as in 

“transport fuel”. 
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Table 3: Morphologic matrix showing possible means to solve the functions of a 

combustion heaters. 

Gas 

pressure
Spark plug

Heat 

exchanger

Only 

transport 

(see 

Transport 

fuel)

Pump
Piezoelectric 

igniter
Radiation

Catalytic 

converter

Accumulator Glow plug
Secondary 

air injection

Rotational 

acceleration
Compression

Air suction 

valve

Gravity Friction Filter

Magnetic 

field
LASER

Exhaust 

gas 

recirculation

Acceleration 

vehicle
Induction

Selective 

non-

catalytic 

reduction

Human Flame
NOx 

adsorber

Ferrocerium FLOX

Chemical
Dust 

collector

Magnifying 

glass/ 

radiation

Positive 

"crankcase" 

ventilation

Detonator Scrubber

Explosive 

(primary)

Selective 

catalytic 

reduction
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fission
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carbon

Thermal 

oxidizer

Biofilter

Combustion heater
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IoT
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Control 

panel

Human 

input

Camera

Electronic 

nose

Radiation

Heat 

exchanger

Thermo-

electric 

generator

Phase 

transition

Pressure

Stirling 

engine

Container

Direct 

exhaust

Boiler

Advection

Spontaneous 

convection

Conduction

Electric field

Teleportation

Wormhole

Transport 

vessel

Sound 

waves

Controller

Empty 

oxygen

Drench

Close 

inlet 

valve

Stop fan

Remove 

oxygen 

line

Stop 

ignition

Cool

Function

Means

Ignite fuel

Transport 

fuel Stop 

fuel

Stop 

oxygen Others

Transport 

heat energy 

to vehicle

Regulate 

combustion

Collect 

data

Capture 

heat 

energy

Stop combustionHandle 

emissions

Switches

Time switch

Remove 

fuel line

Pump/fan

Thermostat

Regulator

Empty 

tank

Drench

Close 

inlet 

valve

Stop 

fuel 

pump

Throttle

Relays

 

The morphological matrix for an electric heater can be seen in Table 4. Here 

too, the good solutions are very conventional. Data has to be collected in an 

equal manner as for a combustion heater, as such the means are the same. Same 

goes for transport of heat energy, with the exception that conduction is deemed 

a good means as the size of electric heating solutions make the placement of 

them much more flexible.  
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Table 4: Morphologic matrix showing possible means to solve the functions of an 

electric heater. 

Transport 

electrical 

energy

Transform 

electrical 

energy to 

heat 
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Transport 
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Induction Relays
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Control 
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Controller
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Lightning Potentiometer Plug

PWM Cut wire

Transistors Insulate

Timer Short circuit

Electronic 

nose
Resistors Blow fuse

Dimmer Jammer

Current mirror EMP

Phase 

transition

Wave 

superposition

Sensors

Radiation

Pump/fan

Means

Function

Electric heater

SwitchesAdvection

Spontaneous 

convection

Conduction

Heat 

exchanger

Internet

IoT
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Human 

input

Microwaves
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Fluids
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Tesla coil

 

The morphological matrix with solutions for a heat pump is shown in Table 5. 

It shows many similarities with an electric heater as both use electricity as 

energy source.  
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Table 5: Morphologic matrix showing possible means to solve the functions of a heat 

pump.  

Transport 

electrical 
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5.3 Concept Generation 

With help of the means from the morphological matrix and brainstorming, 

sketches are made of possible concepts. Some of them are presented in this 

chapter. More illustration of concepts can be seen in Appendix B. All the 

generated concept with description, advantages and disadvantages can be seen 

in Appendix C. Concept names are marked with bold text. 

Air to Air 

In Figure 29 the concept is an ATA solution with two possible air inlet 

connection. The ATA uses natural gas as fuel for the combustion, which has a 

high capacity and able to use the on-board fuel. The exhausts that are generated 

are led outside with an exhaust pipe. The truck illustrated to the left uses 

separate air inlets in to the cabin that are exclusive for the ATA. Meanwhile the 

truck illustration to the right uses the HVAC-unit and blows air through the 

existing air inlets, this is to eventually save space for a separate air inlet. But, 

will require some modification to the existing HVAC-unit. 
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Figure 29: ATA concept with either a separate air inlet (ATA (NG)) to the cabin or 

make use of the HVAC-unit (Combustion, air outlet). 

Water to Air 

Figure 30 shows a conventional WTA concept which uses natural gas as fuel. 

The water in the coolant system is used as a medium to heat the incoming air 

to the cabin. By using water as a medium an extra feature is added, heating of 

the engine. The WTA can therefore aid the cooling system to heat the engine 

and pre-heat it before starting the engine. This will lead to reduction of wear 

to the engine and a cleaner combustion. As the heater is indirectly heating the 

incoming air, no extra features are needed for the air distribution. 

 

Figure 30: WTA concept (WTA (NG)). 
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Heat Pump 

For Figure 31 there are two possible concepts, both uses the heat pump 

technology. One concept is to have a heat pump system solely for the purpose 

of heating the cabin. The second concept is to make use of the existing air 

conditioner system installed in the truck, reducing the extra system needed as 

in the first concept. The cycle for the air conditioner unit is reversed so that 

instead of blowing cold air into the cabin, the air is heated. The advantages for 

these concepts are the proven technology and the efficiency, as the heat pump 

only moves heat. The disadvantages are the high current needed as the 

compressor needs to constantly compress the fluid and a degrading efficiency 

with bigger temperature differences.  

 

Figure 31: The heat pump can be a separate system just for heating of cab (Basic 

heat pump) or make use of the existing AC-unit and reverse the cycle (Reverse AC). 

Infrared Heater 

Figure 32 shows an infrared heater which can be driven either by natural gas 

or electricity, or a combination of both. The hot exhaust gases from the 

combustion or electricity warms up the emitter. Leading to a red hot glowing 

emitter dispersing heat energy through radiation. The radiation has the 

advantage that it heats up the driver directly, meaning it heats up the driver 

quickly. It is silent as no extra fan is needed to circulate the air inside the cabin. 

The disadvantage is that as the radiation heats surfaces directly, the air is still 

cold. If the heater is turned off the consequence is that it gets cold in the cabin 

quickly. Also, the radiation needs a “line of sight” for the heating area, as the 

radiation cannot penetrate thicker materials. 
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Figure 32: Infrared heater which can either be fuel fired (Combustion IR), electrical 

driven (El-IR) or a combination of both (Combination combustion electric IR). 

5.4 Concept Evaluation 

By categorizing all the means in three different groups a screening process can 

be performed. Leaving the unfeasible solutions and in turn saving time. The 

concepts that goes through the concept screening are evaluated with the help 

of the decision matrix method. By using a more known concept as reference, 

the other concepts can be benchmarked against it to give an indication whether 

the concepts should be kept or discarded. 

5.4.1 Feasibility of Electric Solutions 

The largest 24 V battery options available as standard option has about 60 Ah 

of usable capacity for auxiliary power usage without damaging or draining the 

battery52. Assuming ten hours of continuous use, that allows for a maximum 

power usage of 144 W which is way too low output to be used for directly 

heating the cabin. 

Using the specified 2700 W minimum required heat for heating the cab, and 

ten hours of usage from a 24 V battery requires a capacity of 1125 Ah. This 

amounts to around 19 times higher than the current battery capacity and will 

                                                 

52 (Andersson, 2012) 
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be prohibitive in cost, weight as well as size, without consideration for the 

heater itself. 

As such, directly heating the cab with electricity is not a valid solution. There 

are however other options such as heat pumps that have the possibility to 

retrieve more heat for the same amount of electric energy.  

5.4.2 Feasibility of Electric Infrared Heaters 

As infrared heaters radiate directly to the surface of an object or person, they 

can be kept warm despite cold surrounding air. To heat a single human with 

infrared heating the following amount of energy will be required. Assuming a 

50 K temperature difference, 100 W/ft2 is required for a space with large glass 

area41. As the calculations are supposed to check the feasibility, the male body 

is chosen instead of the female as it on average is larger, presenting a more 

difficult scenario. The average male body surface area is 1.91 m2, however, as 

the driver will be seated or laying down and not exposing the whole body, half 

the body area is assumed to be affected53. This also assumes that the rest of the 

driver will be sufficiently insulated. As above, ten hours of use is assumed. 

Converting to W/m2 and then multiplying leads to an output of 1028 W/human. 

Compared to the 2700 W from above, this represents a saving of 62 % energy. 

Infrared heating could require a more modest battery capacity of 428 Ah for a 

single person, assuming the ideal case presented above.  

5.4.3 Feasibility of Heat Pumps 

With a COP of four, the required battery capacity would be one fourth of the 

above 1125 Ah equalling a more reasonable 281 Ah. Problems may however 

arise when the temperature lowers. COP is tied to the temperature difference, 

and with an increasing temperature difference COP decreases. It may be 

difficult to reach the specified ΔT while remaining efficient. 

 

                                                 

53 (Sacco, et al., 2010) 
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5.4.4 Decision Matrix 

A screening process was first made with three different reference concepts and 

can be seen in Appendix D. The result of those three are summarized in Table 

17 in Appendix D.  

The summation of the screening process led to four concepts having positive 

values and five concepts having negative values. The concepts with negative 

values were discarded, meanwhile the concepts with positive values were 

chosen for further valuation. 

The four concepts: reverse AC; ATA; WTA; Combustion, air outlet, were set up 

in a decision matrix and the two of the concepts with the highest values were 

chosen, see Table 6. The total score is summarized according to equation (1). 

There is also an average score between one to three. 

Table 6: Decision matrix. The two concepts with the highest values were chosen. 

 

 

The chosen concepts are a WTA heater fuelled by natural gas (WTA (NG)) and 

an ATA heater also fuelled by natural gas that utilize the HVAC for 

distribution of the supplied heat (Combustion, air outlet).  

  

Criteria (1-3) %

Heating output 3 16,7 1 3 3 3

Heating comfort 2 11,1 3 2 3 3

Efficiency 2 11,1 3 2 2 2

Size 1 5,6 3 2 2 2

Electric usage 3 16,7 1 3 3 3

Weight 1 5,6 3 2 2 2

Purchase cost 1 5,6 3 2 2 2

Safety 2 11,1 3 2 2 2

Integration/design/etc 1 5,6 3 2 3 2

BOG 1 5,6 1 3 3 3

Engine heating 1 5,6 1 1 3 1

Total 18 100 38 42 47 44

Total score (1-3) 2,1 2,3 2,6 2,4

Importance

Concept

WTA (NG)
Combustion, air 

outlet
Reverse AC ATA (NG)
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6  Result 

In the following chapter, a possible short-term solution will be presented. A 

long-term solution is discussed in Chapter 7. 

6.1 Final Concept 

The final concept was devised through evaluation of the concepts and then 

choosing a heater that best fit the technical requirements. Presented below is a 

solution that can be implemented today, requiring only further resources 

devoted by Scania.  

The chosen concept is a WTA heater driven by natural gas. Produced by 

Spheros, the heater Thermo G can supply 30 kW of heat. From the research of 

different heaters, no other solution was found that is fuelled by natural gas 

awhile having the appropriate certifications required. None of the available 

heaters fulfil all the requirements presented in the technical specification, 

however this one satisfies most of them. Where this particular choice 

compromises is in respect to size, weight, power and price. It may also require 

additional protection, as the heater is not made to be mounted externally. 

• The size is rather large, approximately the same size as the chassis 

mounted diesel tank, presenting problems with placement. It cannot be 

placed neatly in the front right corner as displayed in Figure 19. It also 

neutralizes the benefit of removing the diesel fuel tank, as there now is 

a bulky heater instead.  

• Weight is always a concern, and adding more of it without a clear 

benefit should be avoided. In this case, the added benefit is probably 

very subjective to the end customer. There are however components 

that are not needed in a gas driven solution, like diesel tank and pump, 

which means that the total weight increase might not be significant.  

• With 30 kW of heating power, there will be plenty to spare. The heater 

will have to run shorter cycles to keep a comfortable temperature in the 

cab, compared to less powerful options. Unfortunately, it also consumes 

a lot of electrical power, which results in shorter running time. 

• The heater itself will be more expensive than present diesel heaters, 

more relating to its size and power rather than the different fuel. 

Although no detailed pricing is available, it can be expected to be 1,5-3 

times the price of currently offered auxiliary heaters fuelled by diesel. 

Additional details will however affect the final price, like the loss of the 

extra diesel fuel tank and pump. 
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As the heater is quite large, placement will be an issue. Finding a universal 

solution, which would be ideal, proves difficult. Below, identified placements 

are presented, on both CNG and LNG trucks. In most cases, the regulator is 

placed on the short end of the heater as the width of the vehicle makes length of 

the heater the least problematic dimension. All configurations show the heater 

with the air inlet pointing towards the right. Figure 33 depicts an LNG truck 

with the heater placed below the cab, behind the engine and above the gearbox. 

This placement requires a sufficiently deep and high cab as well as an 

appropriately small engine, to create the required space.  

 

Figure 33: Placement of the heater below the cab, above the gearbox. For both CNG 

and LNG trucks, pictured here is an LNG truck. 

Figure 34 presents a CNG truck with the heater placed below the gas panel. 

This position is the most universal solution found, as it is also available on LNG 

trucks, displayed in Figure 35.  

 

Figure 34: Placement below the gas panel on a CNG truck. 
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Figure 35: Placement below the gas panel on a LNG truck. 

In Figure 36 the heater is mounted behind the tanks on a CNG truck. Although 

the picture shows the heater on the left side of the vehicle, the same amount of 

space is also available on the right side of it, creating additional possibilities for 

placement.  

 

Figure 36: Placement behind the tanks on a CNG truck. Could also be fitted on the 

right side of the truck. 

Finally, in Figure 37 an LNG truck is presented with the heater mounted 

between the gas panel and tank. This placement may require shielding of the 

gas components from the hot exhaust gases of the heater, which releases them 

downwards. In this location actions may be required to ensure that users do 

not step on the heater when stepping up onto the catwalk. In this configuration, 

the regulator has been placed below the heater as the length of it all otherwise 

might interfere with the gas pipes leading to the gas panel.  
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Figure 37: Placement between the gas panel and tank on a LNG truck. A heat shield 

for the exhaust fumes might be necessary. 

6.2 Gas System Solutions 

Two possible system concepts are presented in Figure 38 and Figure 39. An 

extra solenoid valve is needed to both turn on and off the fuel to the heater. If 

associated regulator to the Spheros Thermo G is used, the solenoid valve is 

built in. In Figure 38 the auxiliary heater is mounted on the high pressure side 

of the gas system. The pressure regulator for the heater is to regulate the 

pressure from 200 bar to the desired pressure for the heater. 

 

Figure 38: A schematic diagram showing how the auxiliary heater could be connected 

on the HP side. 
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In Figure 39 the auxiliary heater is mounted on the LP side of the gas system. 

Just as the concept mounted on the HP side, an extra solenoid valve and 

pressure regulator is needed. The regulator lowers the pressure from 8 bar to 

the desired pressure for the heater. 

 

 

Figure 39: A schematic diagram showing how the auxiliary heater is connected on the 

LP side. The second pressure regulator for the heater lowers the pressure an 

additional step. 

6.3 Cooling System Solutions 

As there is a rapid expansion of gas in the gas pressure regulators, a rapid 

decrease in temperature also takes place. To prevent component malfunction, 

these regulators are heated with water from the cooling system.  

For the two gas system concepts, the cooling system will look different. For the 

heater connected on the HP side of the gas system, the regulator for the 

auxiliary heater is connected in series with the heater in the cooling system, 

while the regulator for the gas panel is in a separate loop, meaning that they 

can operate independent of each other, see Figure 40. This as the gas pressure 

regulators also are allowed to operate independently from each other in the gas 

system. 
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Figure 40: Simplified schematics of the cooling system with the regulator mounted on 

the HP side.  

In Figure 41 a schematic of the cooling system is shown for the heater 

connected on the LP side of the gas system. In the cooling system, the 

regulators are connected in series instead of parallel. Both of them are heated 

when the auxiliary heater is in operation. When the heater is turned off, the 

heating of the gas panel regulator can be made without heating of the gas 

heater regulator. There is however never the case that the gas heater regulator 

can be heated while the gas panel regulator is not.  

 

Figure 41: Simplified schematics of the cooling system with the regulator mounted on 

the LP side of the gas system.  

6.4 Economic, Technical and Environmental Arguments 

This subchapter will break down some advantages and disadvantages of the 

chosen solution. 

6.4.1 Technical and Environmental Arguments 

As mentioned before there are a lot of advantages to implement a gas auxiliary 

heater compared to a diesel auxiliary heater. The need to fuel two different 
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fuels is gone. The diesel tank for the auxiliary heater does not have a fuel gauge 

and therefore the driver need to constantly keep an eye on the fuel level. This 

need is then also eliminated. For gas, the fuel gauge will be the same as for the 

primary fuel system, considering it does not have a separate tank system 

exclusively for the heater. The diesel tank requires space and add weight. 

Instead that space and weight can be used for more fuel storage and/or freight. 

From an environmental aspect, natural gas is superior to diesel and the ability 

to use biogas makes it a future proof solution that can be completely fossil free.  

The weight of the tanks for the diesel heater are 1,9 kg for the cabin mounted 

tank and 5,3 kg for the frame mounted tank. A removal of diesel auxiliary 

heater means that there is no need for a diesel tank and a weight saving can be 

made, however not for the chosen short-term solution. Diesel has a density 

around 810 kg/m3 according to Swedish standard54. If the weight of the fuel is 

included, 10/18 litre of diesel can be spared, in other words an additional 

8,1/14,6 kg. 

6.4.2 Economic Arguments 

With the help of information found about natural gas WTA heaters, ATA 

heaters and industrial heaters, gas heaters have an average consumption of 0,08 

kg/h per kW of heating, see Appendix E for more details, which means a 6 kW 

gas heater will have a consumption around 0,5 kg/h. Compared to the 6 kW 

diesel auxiliary heater that Scania is using, the fuel consumption is rated at 0,66 

l/h. The current average prices for CNG/LNG in Sweden are 17,20/17,80 SEK/kg 

and for diesel 13,90 SEK/litre55. The operating cost per hour for the two 

different fuels are 8,60/8,90 SEK/h for CNG/LNG and 9,17 SEK/h for diesel. The 

desired life length for a heater is 6000 h, which gives an operating cost of 

51600/53400 SEK for CNG/LNG and 55020 SEK for diesel throughout its 

lifetime, see Figure 42.  

 

                                                 

54 (OKQ8, 2011) 

55 (OKQ8, 2017) 
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Figure 42: The operational cost for the expected life span on auxiliary heater, for 

different fuels. 

The data that has been found for the prices for the different heaters show that 

there is a small difference between them, but it will most likely be somewhat 

higher for a gas auxiliary heater because of the additional valves required. In 

general, gas components are more expensive than diesel components, mostly 

because of different working conditions and certifications. But also, because 

the demand for gas auxiliary heaters is, at this stage very low, which means 

that the production cost and volume are different than for a diesel auxiliary 

heater.  

A gas truck has an average fuel consumption of 3,2 kg/10 km56. For the purpose 

of this calculation this consumption is assumed constant, regardless of the 

speed of the vehicle. The maximum tank volume that Scania presently has to 

offer for their gas trucks are 174/263 kg for CNG/LNG. That means that with 

the average fuel consumption the maximum distance the trucks can go are 

around 544/822 km for CNG/LNG. If the heater would be in operation 

constantly, consuming 0,5 kg gas per hour and the truck drives a given constant 

speed the following formula can be composed: 

 

𝑡𝑎𝑛𝑘 𝑣𝑜𝑙𝑢𝑚𝑒𝑚𝑎𝑥 = [𝑓𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛𝑡𝑟𝑢𝑐𝑘 ∗ 𝑠𝑝𝑒𝑒𝑑 
                                 + 𝑓𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛ℎ𝑒𝑎𝑡𝑒𝑟] ∗ 𝑡𝑖𝑚𝑒 

(3) 

 

By inserting the known data, time can be solved. The time indicates how long 

the tank volume will last for the truck for a given speed and with a fully 

operating heater. The calculated time can be used to calculate how much gas is 

                                                 

56 (Fritzson, 2017) 
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consumed for the heater, which then can be translated to how much of the 

maximum distance will be lost. Figure 43 shows the percentage fuel lost for a 

given constant speed. If a driver has an average speed of 90 km/h and a 6 kW 

operating heater, 1,5 % of the fuel is consumed by the heater. Meanwhile if the 

average speed is 10 km/h with a 6 kW operating heater, 13,5 % of the tank is 

lost. The same calculations are done for a 3 kW and 30 kW heater, which gives 

7,2 % and 48 % for the average speed of 10 km/h and 0,8 % and 8,4 % for the 

average speed of 90 km/h. 

 

 

Figure 43: Percentage of the fuel consumed by the auxiliary heater for a given 

constant speed. The upper graph for 30 kW, the middle for 6 kW and the lower graph 

for 3 kW. 

Although not that evident and obvious, many of these points indicated that a 

gas auxiliary heater shows promising features compared to a diesel auxiliary 

heater. Most of the arguments show that gas is better or equal to diesel.  

6.4.3 Limited Operation due to Battery Capacity 

When it comes to battery capacity. There is 60 Ah on the trucks for usage of 

auxiliary systems. In reality, there is more than 60 Ah, but to ensure that there 

is enough capacity to start the truck, the recommendation is to not exceed 60 

Ah of usage during rest.  
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The electric consumption at 24 V for the components that are assumed to be in 

operation for the gas auxiliary heater are: 

• Solenoid valve, 0,6 A 

• Water pump, 1,2 A 

• HVAC-unit, ~4 A 

• Spheros Thermo G, 4,6 A 

• Solenoid valve for Thermo G regulator, 1 A 

The consumption by the HVAC-unit is approximate as the exact number could 

not be attained. 

An auxiliary heater operates in a cycle, meaning that it does not consume 

power for the whole operation. The heater heats up the water to a maximum 

temperature, then turns itself off and circulates the water until a minimum 

temperature is reached. The cycle then repeats itself. Therefore, two cases are 

formulated. The first case is when the auxiliary heater is in operation together 

with its regulator, two solenoid valves, one for the gas tanks and the other for 

the regulator on the gas panel, water pump for circulation and the HVAC-unit 

for the air distribution. The second case is when the auxiliary heater is turned 

off together with its regulator and gas system and only the water pump and 

HVAC-unit are in operation. 

For these two cases, the current is summarized. As the truck has 60 Ah for 

usage, dividing it with the summarized current will give the time it can be in 

operation. For the first case, the summarized current is 12 A and dividing it 

with 60 Ah gives five hours of operating time. The second case gives 5,2 A, 

which gives ~11,5 hours of operating time. Thus, the real operating time is 

somewhere in between. As it would be desirable to be able to run the heater 

during a full night’s sleep, the battery capacity in relation to the electric 

consumption is limiting.  
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7  Conclusion and Discussion 

The conclusion for the project and the answer for the question of research will 

be presented in this chapter. Followed by a discussion where the author 

discusses the methods used, the result of the project and what the next step are 

for this project. 

7.1 Conclusions 

The purpose of this project is defined as: 

The purpose of this thesis is to improve Scania’s product range of 

natural gas driven trucks by adding an option for auxiliary heater that 

is not fuelled by diesel. This will provide a more complete offering, 

relying on only one fuel, while also improving the environmental 

impact, reducing weight and saving space.  

Does the created concept live up to its purpose? An option of an auxiliary 

heater has been chosen, fuelled by natural gas, bringing the amount of involved 

fuels down to one. The choice of heater is not perfect, but it is available today. 

If implemented, this could improve the product range of natural gas trucks. 

The environmental impact should be considered to have improved by the 

change of fuel. Reducing weight and saving space is however not achieved by 

the choice of this particular heater. Development of new heaters is required to 

create an offering that can be recommended to all affected customers. 

The goal of this project is defined as: 

The goal for the thesis is to create a concept for auxiliary heating that is 

adapted to Scania’s natural gas trucks. The research should lead to a 

preliminary layout of the system (as defined by Liedholm) that can be 

evaluated and be used as a basis for a decision of further development. 

Does the chosen concept fulfil its goal? To achieve a preliminary layout, a 

layout sketch should be created. It should contain rough dimensions and all 

important components. Instead of making a sketch, the heater and regulator 

were modelled in a CAD environment and placed into suitable locations. 

Although the placement is not exact by any means, it does verify that there are 

no clashes with other components. The dimensions are not presented on the 

pictures, but are present in the models and even allows for modifications. 

Visually the pictures might offer less than a layout sketch, but the actual 

models contain much more information than what is possible to fit on a sketch, 

and should suffice for further development decisions. Schematics of the gas 

system also present a good overview of how to connect components.  
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The questions of research and answers to these are presented below. 

• How can, from an environmental, technical and economic point of view, an 

auxiliary heater driven by diesel be replaced with another type of auxiliary 

heater? 

By replacing the diesel heater with a heater driven by natural gas, or 

preferably biogas, both cleaner fuels with lesser carbon content than diesel, 

the environmental impact of the system is reduced. From a technical 

perspective, routing gas to the heater from the high pressure side should not 

be a problem. Doing the same from the low pressure side might also be 

possible, but requires further studies as laid out in the experiment plan, see 

Appendix F. The coolant system will require an additional branching which 

leads to the gas pressure regulator, warming it to prevent freezing which 

should not cause any problems. From an economic perspective, the price of 

natural gas in certain regions is very favourable compared to diesel. In these 

regions, a natural gas heater will pay off, even if it is more expensive than a 

diesel driven one. In other regions, like Sweden, the fuel price makes 

negligible difference in long term cost. Whether the fuel price is beneficial or 

not depends on price development. Here a competitive price for a good 

heater would be required to economically compete with diesel heaters, 

something that is not available today. 

• How can the flow of fuel be regulated so that a reliable supply to the engine can 

be ensured, while at the same time providing fuel to other operations? 

Drawing fuel from the high pressure side of the gas system should provide 

an adequate supply to all necessary functions. Drawing it from the low 

pressure side might be feasible, but requires further investigation as laid out 

in the experiment plan.  

• How can the auxiliary heaters on the market be utilized to reach the goal? 

Without having an actual heater to work with, making a layout of the system 

would remain very theoretical. It would be very unconstrained and would 

hardly present any additional information than that available in the technical 

specification. Actually working with the constraints of the present reality allows 

for easier identification of potential improvements and will hopefully lead to a 

better final solution. The chosen concept also allows for testing and verification 

of all the affected system adding further possibilities to identify improvements. 

Other conclusions to be drawn are that the energy density of fuels is preferred 

to that of batteries, even for natural gas which has relatively low density 

compared to other fuels. Getting the energy capacity required from electric 

solutions is difficult, irrespective of chosen technology.  
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7.2 Discussion 

A discussion of the method and result is presented below. 

7.2.1 Method 

Having a clear, defined method is a valuable tool in the product development 

toolbox. It presents a guide for the workflow and ensures that there are no 

questions regarding the next step. A solid foundation makes focus on the actual 

work easier. The chosen solution is however nothing ground-breaking and the 

added value of the final product that the method contributed to is questionable. 

One reason for this is because that heating is a very mature market. Therefore, 

when working in a mature market, it may be more efficient to deal with the 

problem head-on rather than to explore all possible solutions. 

7.2.2 Result 

The system with chosen heater will consume more electricity than specified in 

the technical specification during maximum capacity. It will not be able to 

operate constantly during the demanded hours. It is however difficult to tell 

what the average consumption will be as it operates on a cycle and whether 

this will be sufficiently low.  

As the initial cost of the chosen heater most likely will be higher than that of a 

diesel variant and may or may not pay off in the long run, reactions from 

potential customers also needs to be investigated. Even if the heater will pay 

off, it is not certain that the customer can look past the high initial cost. 

As mentioned, an amendment to the regulation about having gas tanks open 

for a natural gas auxiliary heater has been voted on and is proposed to enter 

into force in the fourth quarter of 2017. With this upcoming change, the market 

for gas auxiliary heater will most likely grow. The question then arises whether 

it is worth to continue development of the proposed concept as more 

appropriate heaters has a bigger chance to emerge after the change in 

regulations. The advantage of being first is probably not big enough to 

motivate further development of a suboptimal solution. The best course of 

action is probably to keep investigating questions relating to the various sub 

systems, like the gas system, but wait with the implementation until an 

appropriate heater either emerges or is co-developed with a manufacturer. 

During certain conditions when a gas vehicle needs to be taken to the 

workshop, the gas tanks need to be emptied. The emptying of gas tanks is 
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today a bothersome process. Presently the truck must be parked outside and 

idle the engine to burn off the natural gas in the tanks. This process takes a lot 

of time and is bothersome. Although it was never meant for that purpose, 

running the heater to help drain the tanks can be a supplemental solution to 

this problem.  

For the numbers calculated from the formula (3) assumptions were made, just 

as for many of the other calculation. The fuel consumption of a truck has many 

parameters, some of the parameters are; the driving style, highway driving or 

city driving, the load of the truck, size of the engine, quality of the gas, 

temperature and pressure. So, using a mean value of the fuel consumption will, 

as always, only give a guideline. The formula that were derived are assuming 

that the driver is driving on a constant speed with a heater fully operating on 

maximum capacity. This will of course change as a driver cannot possibly have 

a constant speed all the time and the heater are usually needed during the 

night, when the truck is standing still. 

7.3 Future Work 

A customer survey should be performed to verify that customers are willing to 

pay the cost of the chosen heater solution. Natural gas trucks are more 

expensive than diesel trucks, however the question remains if the customer is 

willing to eventually pay a little more for a gas auxiliary heater. 

The first thing that needs to be tested is to see if a heater can be mounted on 

the low pressure side of the gas panel. As there is little knowledge on how the 

control system will react to it. To test that an experiment plan is proposed and 

can be seen in Appendix F. Whether the battery has enough capacity to support 

a normal usage behaviour also needs to be investigated. 

When the decision whether to mount the heater on the LP or HP side has been 

made full implementation can commence. This will also have to include 

software, something not discussed much in this report.  

Scania’s modular system of building trucks creates a myriad of possibilities. 

All combinations are however not possible. Investigating which combinations 

that could clash with the heater is therefore needed. 

As mentioned previously, there are no solutions that fully complies with the 

technical specification. Part of the reason for this is that some manufacturers 

have expressed that they have not seen any demand for a natural gas heater 

for trucks. Scania needs to show that there is a demand or find a suitable 

manufacturer that is willing to develop a natural gas heater in cooperation with 

Scania. This is proposed as a long-term solution, the next step after applying 

the current possibilities.  
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Further, investigating if it is possible from a legal and safety perspective to 

automatically engage the heater when there is risk of BOG, to prevent it, should 

be considered. If deemed feasible, the software to do it should be created. The 

most likely challenge of having a gas auxiliary heater automatically start to 

prevent BOG is the legal requirements. 
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Appendix A. Technical Specification 

Table 7: Part one of the technical specification showing the functional and function 

defining properties, where D = Demand, W = Wish, Y = Yes and N = No. 

Description Unit Min Max Demand/

Wish

Legal 

requirement

Comment

1. Function

Heat up a closed volume m 3̂ 6,23295 12,246714 D N Based on internal dimensions for 

height, external dimensions for width 

and depth.

Heat up the engine kg 980 1100 W N

Electronic interface Binary Y Y D N

Display information Binary Y Y D Y Legaly required to display on/off state. 

Able to set automatic 

timed start up/shut down

Binary Y Y D N Not allowed with ADR (R122). Not 

allowed at the moment for NG (R110).

Check of battery voltage Binary Y Y W N

Action upon low battery 

level

Binary Y Y W N Audible/visual warning or shut off.

Check of fuel level Binary Y Y D N

Action upon low fuel 

level

Binary Y Y W N Audible/visual warning or shut off.

Override check of fuel 

level

Binary Y Y W N Example, if parked at fill station. 

2. Function defining 

properties

Driven by other energy 

source than diesel

Binary Y Y D N

Driven by natural gas Binary Y Y W N

Heating capacity at 

maximum power output

kW 3 8 D N

Nominal efficiency % 70 D N Presently used diesel heaters have at 

least 88 %.

Maximize efficiency Binary Y Y W N

Approximate size 

heater(L x W x H)

mm 219x102x151 D N Dimensions from WTA 6 kW.

Operating voltage, 24 V 

(12 V)

V 16 (10) 32 (16) D N TB1901, TB1902, Scania regulations 

for requirements and verification of 24 V 

and 12 V systems.

System power usage 

(on battery)

W 144 D N Including the rest of vehicle. Based on 

10h usage 60Ah, 24 V (full battery).

Weight heater kg 7 D N Based on diesel heaters in power range.

Minimize weight Binary Y Y W N

Emissions CO % vol 0,1 D Y R122

Emissions NOx ppm 200 D Y R122

Emissions HC ppm 100 D Y R122

Emissions smoke 

density, gaseous fuel 

(liquid fuel)

Bacharach 

reference 

unit

1 (4) D Y R122

Cabin temperature 

variation, steady state

̊C+- 2 D N

Coolant temperature 

variation at steady state

% 3 7 D N If coolant.

Preassembly of 

auxiliary heating system

Binary Y Y D N Able to preassemble all parts of heater 

so that there is only one thing that is 

attached while on line. Exception for 

fuel pump.

Shall not project beyond 

the outline of the vehicle

Binary Y Y D Y If CNG (R110).

Fuel lines acording to 

R110

Binary Y Y D Y If C-/LNG (R110).

Allow for cab tilting Binary Y Y D N   
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Table 8: Part two of the technical specification showing usage properties, where D = 

Demand, W = Wish, Y = Yes and N = No. 

Description Unit Min Max Demand/

Wish

Legal 

requirement

Comment

3. Usage properties

Ambient air temperature ̊C -40 100 D N

Inlet coolant temperature ̊C -40 125 D N

Fuel temperature, LNG 

(other)

̊C  -162 (-40) 105 (105) D Y Legal demand if L-/CNG. R110

Air outlet temperature, 

cab

̊C 150 D Y

Temperature exhaust 

gas

̊C 210 W N Autoignition temperature for diesel 

(Wikipedia).

Temperature exhaust 

gas

̊C 440 D N

Coolant content 

ethylene/propylene 

glycol

vol % 30 50 D N

Working pressure Bar 6,9 D N If gas system. Approximate working 

pressure, LNG.

Withstand hydraulic 

pressure, 3 minutes, 

factor working pressure 

N/A 1,5 2 D Y If CNG. ECE R110.

Coolant flow l/min 10 50 D N If coolant.

Pressure coolant, 

regular use

Bar 1,3 1,5 D N If coolant.

Pressure spikes coolant Bar 2,2 D N If coolant.

Underpressure, when 

filling coolant

Bar 0,6 D N If coolant.

Life span h 6000 D N

Reliability % 90 D N Percentage of units that should perform 

its expected life span.

Operating time, 

maximum power level

min 120 D N

Operable at height 

above sea level

m 1500 D N

Downtime Year 2 D N Able to not be used for two consecutive 

years, and then resume operation.

Times shut off by 

master switch

Quantity 25 D N

ADR stops Quantity inf W N If ADR. 

Leak proof Binary Y Y D Y

Elastically follow 

deformation of chassis

Binary Y Y D Y R110

Environmental stresses 

according to TB1900

Binary Y Y D N TB1900, Scania regulation regarding 

tests of environmental stresses.

Shall be free from 

maintenance during its 

life 

Binary Y Y W N

Easy to maintain and 

disassemble

Binary Y Y D N
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Table 9: Part three of the technical specification showing manufacturing, distribution, 

delivery and planning properties, where D = Demand, W = Wish, Y = Yes and N = No. 

Description Unit Min Max Demand/

Wish

Legal 

requirement

Comment

4. Manufacturing 

properties

Mount away from 

flameable substances

Binary Y Y D Y

Able to mount within takt 

time

Binary Y Y D N

Poka yoke Binary Y Y D N

Design for Scania 

approved fastners and 

hose connection

Binary Y Y D N

Unable to collect water 

in pockets

Binary Y Y D N From heater to cabin.

Production rate N/A 1.33 D N Should be able to produce at a rate of 

1,33 times what is expected to be used 

by Scania.

ISO 9001 certified Binary Y Y D N Quality assurance of manufacturer.

ISO 14001 or EMAS 2 

certified

Binary Y Y D N Environmental assurance of 

manufacturer.

5. Distribution 

properties

Packing according to 

Scania Packing Manual

Binary Y Y D N Available at Scania Supplier Portal.

Delivery according to 

STD4172

Binary Y Y D N Scania standard, Scania logistics 

manual.

6. Delivery and 

planning properties

Lead time, agreed upon 

with Scania

Binary Y Y D N

Traceability according 

to STD4231

Binary Y Y D Y Scania standard, tracing and 

backtracking.

Initial yearly volume, 50 

% of sold gas vehicles

Binary Y Y W N
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Table 10: Part four of the technical specification showing safety and ergonomic 

properties, where D = Demand, W = Wish, Y = Yes and N = No. 

Description Unit Min Max Demand/

Wish

Legal 

requirement

Comment

7. Safety and 

ergonomic properties

Surface temperature on 

the heater (if exposed)

̊C 300 (110) D N (Y) If exceeded a heat shield is required.

No possible contact 

with the heater when 

installed

Binary Y Y D Y

Distance between gas 

components and heat 

sources

mm 100 D Y R110

Time to verify flame in 

burning chamber, 

thermoelectric 

(automatic)

s 60 (10) D Y

Automatic shut off delay 

when the engine is 

turned off

s 5 D Y

Shut off gas upon crash Binary Y Y D Y Connect to crash sensor.

Horizontal burn rate of 

materials, ventilation 

pipes

mm/min 75 (100) D Y If ventilation pipes. An exception for 100 

mm/min can be made under condtions 

specified in STD4466, Scania standard, 

burning behaviour of materials. Tests 

according to SS ISO 3795 or 

FMVSS302.

Leakage of natural gas cm 3̂/h 15 D Y R110

Leakage of air during 

normal operation

Binary N N D N From heater to cabin.

Leakage of coolant Binary N N D N

No exhaust in the cabin Binary Y Y D Y Includes inlet air to heater, exhaust gas 

from heater.

Electromagnetic 

compatability

Binary Y Y D Y R10

Fuse of appropriate 

amperage

Binary Y Y D N Comply with DIN 72581.

Manual shut off valve 

exclusive to heater

Binary Y Y D N To ease maintenance and for safety 

reason.

Pressure relief valve Binary Y Y D Y If separated from main gas system. 

Must not block or freeze 

pressure relief valves

Binary Y Y D Y R110

Fire alarm system in 

heater compartment

Binary Y Y W N A proposal for change of R122 has fire 

alarm system as a requirement for NG 

heaters.

Sharp edges Binary N N W N

Pinch points Binary N N W N

Noise at passengers 

ear in sleeping position, 

including noise from 

heater and HVAC-fan

dB 45 D N Engine is shut off.

Lightning should not 

distract driver while 

driving or sleeping

Binary D D W N

Liftable with lifting device Binary Y Y D N If heavier than 5 kg.
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Table 11: Part five of the technical specification showing aesthetic, economic, scraping 

and recycling properties as well as properties relating to regulation and legislation. No 

aesthetic properties have been found, where D = Demand, W = Wish, Y = Yes and N = 

No. 

Description Unit Min Max Demand/

Wish

Legal 

requirement

Comment

8. Aesthetic properties

9. Regulation and 

legislation

Comply with UNECE 

R122 - Heating system

Binary Y Y D Y

Comply with UNECE 

R110 - CNG and LNG 

vehicle

Binary Y Y D Y Whole gas installation.

Comply with UNECE 

R105 - ADR 

vehicle/carriage of 

dangerous goods 

vehicle

Binary Y Y W Y If ADR wanted.

Comply with UNECE 

R10 - Electromagnetic 

compatibility, EMC

Binary Y Y D Y

Comply with 

2009/142/EG

Binary Y Y D Y Only if Scania would produce.

Comply with StVZO: 

§22a (German vehicle 

regulations)

Binary Y Y W Y TA27: 2, 16, 17, 18

Marking of parts 

according to STD14, 

STD19 and STD4178

Binary Y Y D Y STD14, STD19, STD4178, Scania 

standards, marking of parts and 

regulated characteristics. 

Electrical contacts and 

cables acording to 

STD3471 and STD4360

Binary Y Y D N Test according to TB1787, Scania 

regulation, electrical connectors. 

STD3471, STD4360, Scania standards, 

electrical connections in vehicles and 

requirements for electrical cables and 

cable harnesses.

Not infringe on patents Binary Y Y D Y

10. Economical 

properties

Purchase cost 

compared to diesel 

(Customer )

% +50 D N

Minimize purchase cost 

(Customer)

Binary Y Y W N

Minimize cost of 

scrapping and 

disassembly

Binary Y Y W N

Warranty month 12 D N

11. Scraping and 

recycling properties

Recyclability Binary Y Y W N

Marking of materials 

according to STD3871

Binary Y Y D N STD3871, Scania standards, marking 

of material on parts.  
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Table 12: Final part of the technical specification showing ecological and social 

properties, where D = Demand, W = Wish, Y = Yes and N = No. 

Description Unit Min Max Demand/

Wish

Legal 

requirement

Comment

12. Ecological and 

social properties

Substances according 

to STD4158 must not 

be used in either part or 

process

Binary Y Y D Y STD4158, Scania standard, chemical 

substances which must not be used, 

based on legal requirements. 

Substances according 

to STD4159 should not 

be used in either part or 

process

Binary Y Y D Y STD4159, Scania standard, chemical 

substances with limited use, based on 

legal requirements. 

Substances according 

to STD4400 should not 

be used in either part or 

process

Binary Y Y D Y If it is a Scania product. STD4400, 

Scania standard, prohibited and 

restricted substances, based on legal 

requirements. 

No conflict 

minerals/materials

Binary Y Y W N Expected, acording to STD4427, 

Scania standard, sustainability in supply 

chain, however not a clear demand.

Supplier commited to 

UN Global Compact

Binary Y Y D N Shall also communicate their 

commitment to their own suppliers.  
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Appendix B. Concept Sketches 

 

Figure 44: The left one is heating water electrically so that the bypassing air gets 

heated. The right one heats the air directly without water as an extra medium. 

 

Figure 45: Mattress, chair and clothes are heated with electricity.  
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Figure 46: Fresh air goes by a warm exhaust to recover energy. 

 

Figure 47: A fireplace that gives a cosy environment and uses natural gas as fuel to 

heat up the cabin (The fireplace). 
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Appendix C. Concept Generation 

Table 13: All generated concepts. A brief description as well as advantages and disadvantages of each concept is presented. Unreasonable concepts 

were discarded. 

Concept Description Advantages Disadvantages Decision

Combustion Infrared Heater

Combustion creates hot exhaust gases that warm the 

surrounding emitter. The emitter often glows red hot, 

dispersing heat energy through radiation. Can be vented 

where exhaust gases are released to the atmosphere 

or unvented where exhaust gases are released in the 

same space that is supposed to be heated.

Feel, direct, proven, silent, 

concentrated heat (not having to 

warm the whole cab), energy 

density, able to use onboard fuel, 

BOG

Air still cool, concentrated heat (fire 

hazard), requires at least two 

separate or a movable heater to 

cover driving/sleeping usecases, 

difficult to integrate in interior, 

requires line of sight, emmisions, 

flame, combustion in cab

Further evaluation

Electrical Infrared Heater

Electricity heats up the emitter through friction. The 

glowing emitter then disperses heat energy through 

radiation. 

Feel, direct, proven, silent, 

concentrated heat (not having to 

warm the whole cab), pluggable

High current, air still cool, 

concentrated heat (fire hazard), 

requires at least two separate or a 

movable heater to cover 

driving/sleeping usecases, difficult to 

integrate in interior, requires line of 

sight

Further evaluation

Combined 

Combustion/Electric 

Infrared heater

Combination of combustion and electric heater. Which 

utilizes electric when the engine is on and can generate 

efficient electricy and uses natural gas when the engine 

is off.

Feel, direct, proven, silent, 

concentrated heat (not having to 

warm the whole cab), pluggable, 

selectable operation, energy density, 

able to use onboard fuel, BOG

Air still cool, concentrated heat (fire 

hazard), requires at least two 

separate or a movable heater to 

cover driving/sleeping usecases, 

difficult to integrate in interior, 

requires line of sight, emmisions, 

flame, combustion in cab

Further evaluation

Electrical Water Heater

Inspired from a water boiler. Electricity goes through a 

wire to generate heat by resistive friction. The heated 

water heats up air.

Proven, pluggable, simple, compact, 

efficient, cheap, heat distribution
High current Discard

Electrical Air Heater
Inspired from a hair dryer. A wire that gets heated by 

resistive friction heats up bypassing air.

Proven, pluggable, simple, efficient, 

cheap
High current Discard

Basic Heat Pump
Utilizing the refrigerant cycle, but in reverse. Transfers 

heat energy from a source to an another.
Proven, pluggable, efficient

High current, degraded efficiency 

with temperature difference
Further evaluation

Reverse AC

Same as the Basic Heat Pump. But uses the same 

system as the Air Conditioner system instead of a 

separate system.

Pluggable, efficient, utilize AC parts 

(cheaper than separate AC and 

heater)

High current, degraded efficiency 

with temperature difference
Further evaluation
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ATA (NG) Air-To-Air heater, using its own air outlet.

High capacity, energy density, 

speed, proven, able to use onboard 

fuel, simple, BOG

Emissions, flame Further evaluation

WTA (NG) Water-To-Air heater

High capacity, energy density, 

speed, proven, able to use onboard 

fuel, easy integration, BOG, heat 

distribution

Emissions, flame Further evaluation

Emission filtration heater
Blow exhaust through a filter removing emissions and 

then directly in to the cabin.

High capacity, energy density, able to 

use onboard fuel, BOG, few extra 

components

Emissions, flame, safety, legality, 

nonexistent
Discard

Clothing Electrical Heater
Use special design clothing which have built in heating 

which are connected through the 12V cigarette output.

Pluggable, simple, compact, 

efficient, cheap, branding

Needs to be worn, unable to heat 

whole cab, only for single person, 

cable

Discard

The Fireplace Have a (gas) fireplace in the cabin.

Cozy, proven, able to use onboard 

fuel, energy density, luxurious, 

integration, BOG

Cozy, safety, integration, heat 

distribution
Further evaluation

Kotatsu/brasero
Trap heat under a blanket to minimize the space 

required for heating.
Pluggable, simple, efficient

Cumbersome, unable to heat whole 

cab
Discard

Combustion, Exhaust Blow exhaust directly in to the cabin.

High capacity, energy density, 

speed, proven, able to use onboard 

fuel, simple, BOG, compact

Illegal, safety, emissions, flame Discard

Combustion, Air Outlet Air-To-Air heater, making use of the HVAC-unit

High capacity, energy density, 

speed, proven, able to use onboard 

fuel, simple, BOG, heat distribution

Emissions, flame, integration Further evaluation

Exhaust Energy Recycling
Let the exhaust system act as an ATA heater. Heat up 

fresh air by the warm surface from the exhaust system.
"Recycles energy", compact, cheap

Requires engine to be operative, 

emissions
Discard
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Appendix D. Concept Evaluation 

Table 14: Decision matrix, WTA as a reference. 

(1-3) %

Heating output 3 17 0 -1 0 -1 -1 0 - 0 0

Heating comfort 2 11 -1 -1 -1 0 0 -1 - -1 0

Efficiency 2 11 -1 1 1 1 1 0 - 0 0

Size 1 6 1 1 1 0 0 0 - -1 0

Electric usage 3 17 0 -1 -1 -1 -1 0 - 0 0

Weight 1 6 1 1 0 0 0 1 - -1 1

Purchase cost 1 6 1 1 1 1 1 1 - 1 1

Safety 2 11 -1 -1 -1 1 1 0 - -1 0

Integration/design/etc 1 6 -1 -1 -1 0 0 -1 - 0 0

BOG 1 6 0 -1 0 -1 -1 0 - 0 0

Engine heating 1 6 -1 -1 -1 -1 -1 -1 - -1 -1

Total 18 100 -2 -3 -2 -1 -1 -1 - -4 1

with scoring -5 -8 -5 -3 -3 -2 - -6 1

Concept

Criteria

Importance
WTA (NG) 

(Reference)
The fireplace

Combustion, air 

outlet
Combustion IR El-IR

Combination combustion 

electric IR

Basic heat 

pump

Reverse 

AC
ATA (NG)
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Table 15: Decision matrix, Basic heat pump as a reference. 

(1-3) %

Heating output 3 17 1 -1 1 - 0 1 1 1 1

Heating comfort 2 11 -1 -1 -1 - 0 -1 0 -1 0

Efficiency 2 11 -1 -1 -1 - 0 -1 -1 -1 -1

Size 1 6 1 1 0 - 1 1 1 -1 1

Electric usage 3 17 1 -1 0 - 0 1 1 1 1

Weight 1 6 1 1 0 - 1 1 1 -1 1

Purchase cost 1 6 1 0 -1 - 0 -1 -1 1 -1

Safety 2 11 -1 -1 -1 - 0 -1 -1 -1 -1

Integration/design/etc 1 6 -1 -1 -1 - 0 0 0 0 0

BOG 1 6 1 0 1 - 0 1 1 1 1

Engine heating 1 6 0 0 0 - 0 0 1 0 0

Total 18 100 2 -4 -3 - 2 1 3 -1 2

with scoring 3 -11 -4 - 2 2 5 0 4

Concept

Criteria
Importance

WTA (NG) The fireplace
Combustion, 

air outlet
Combustion IR El-IR

Combination combustion 

electric IR

Basic heat pump 

(Reference)
Reverse AC ATA (NG)

 

Table 16: Decision matrix, combustion infrared heater as a reference. 

(1-3) %

Heating output 3 17 - -1 0 -1 -1 0 0 0 0

Heating comfort 2 11 - 0 0 1 1 1 1 0 1

Efficiency 2 11 - 1 1 1 1 1 1 1 1

Size 1 6 - 1 -1 -1 1 -1 -1 -1 -1

Electric usage 3 17 - -1 0 -1 -1 0 0 0 0

Weight 1 6 - 1 -1 -1 1 -1 -1 -1 -1

Purchase cost 1 6 - -1 -1 -1 -1 -1 -1 -1 -1

Safety 2 11 - 1 0 1 1 1 1 0 1

Integration/design/etc 1 6 - 0 0 1 1 1 1 1 1

BOG 1 6 - -1 0 -1 -1 0 0 0 0

Engine heating 1 6 - 0 0 0 0 0 1 0 0

Total 18 100 - 0 -2 -2 2 1 2 -1 1

with scoring - -2 -1 -3 1 4 5 0 4

Concept

Criteria
Importance

WTA (NG) The fireplace
Combustion, air 

outlet

Combustion IR 

(Reference)
El-IR

Combination combustion 

electric IR
Basic heat pump Reverse AC ATA (NG)
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Table 17: Summary of the result from the three decision matrixes. 

Screening reference No Score No Score No Score No Score No Score No Score No Score No Score No Score

WTA -2 -5 -3 -8 -2 -5 -1 -3 -1 -3 -1 -2 - - -4 -6 1 1

Heat Pump 2 3 -4 -11 -3 -4 - - 2 2 1 2 3 5 -1 0 2 4

Combustion IR - - 0 -2 -2 -1 -2 -3 2 1 1 4 2 5 -1 0 1 4

Total 0 -2 -7 -21 -7 -10 -3 -6 3 0 1 4 5 10 -6 -6 4 9

Concept

WTA 

(NG)

The 

fireplace 

(NG)

Combustion, air 

outlet (NG)

Combustion IR El-IR Combination 

combustion electric IR

Basic heat 

pump

Reverse AC ATA (NG)
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Appendix E. General Gas Consumption 

 

Figure 48: Gas consumption for different heater. The average consumption is 0,08 

kg/h per kW. 
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Appendix F. Experiment plan 
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