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Foreword

This collection of case studies is designed to be used as educational material in the 
teaching of business economics to engineering students.

Many engineering students are primarily interested in the technical disciplines and 
perceive “economics” as uninteresting and more or less irrelevant to the solution of 
technical problems. A main objective of this collection of case studies is to illustrate 
that in business, the economic dimension is highly relevant in the resolution of the 
vast majority of technical problems. By presenting the economic problems in a tech-
nical context, it is hoped that a greater number of engineering students will become 
interested in economic studies and see the relevance of this.

An emphasis has been placed on making the cases realistic, in that they reflect con-
crete problems faced by the companies. At the same time, it has been necessary to 
simplify some of the problems to make them suitable for educational use. In addi-
tion, some of the numerical values have been changed for reasons of confidentiality. 
Most numerical values, however, have the proper order of magnitude.

Proposed solutions have been prepared for the numerical problems in the cases, 
designed to complement textbook theories and models. Some cases also contain 
discussion portions, which include keywords or keyword-like phrases. In addition, 
because the case studies are based on concrete business situations, they can provide 
the basis for broader discussions - for example, regarding the given assumptions 
and the consequences of alternative assumptions.

The author extends a sincere thanks to the employees of the companies that have 
contributed to the preparation of the case studies. Without their involvement, many 
of the realistic aspects would have been missing.
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CASE: ALFA LAVAL I DANMARK

Utilization of heat in flue gas

In 1883, Gustaf de Laval and his partner, Oscar Lamm Jr., established the company 
AB Separator, the predecessor of the company that is now Alfa Laval. Gustaf de 
Laval was a great technical geni-us whose inventions include the centrifugal sepa-
rator and the first functional steam turbine. During his life, he received 92 patents 
and started 37 companies.

Today, Alfa Laval is a global company with over 17,000 employees, and the company 
is a world leader in key technologies related to heat transfer, separation and fluid 
handling, both on land and water. Alfa Laval currently has over 2,500 worldwide 
patents.

Alfa Laval in Denmark has a turnover of approximately 4.8 billion DKK and more 
than 1,800 em-ployees within innovation, business development, production and 
sales. Alfa Laval in Denmark makes up an important part of the Alfa Laval Group's 
activities. A number of global competence centers as well as a large part of global 
business development and management are located in Denmark.

Alfa Lavals produkter hjælper kunderne med at opvarme, afkøle, adskille og trans-
portere produkter i brancher, der producerer mad og drikkevarer, kemikalier og 
petrokemikalier, lægemidler, stivelse, sukker og ethanol. Alfa Lavals produkter 
anvendes også i kraftværker, ombord på skibe, inden for maskinindustrien, i mine-
drift og til spildevandsbehandling, samt til komfortklima og genbrugsapplikationer.

Three out of 4 ships in the world are equipped with Alfa Lava products and soluti-
ons: for the bene-fit of the ship itself through cleaning, conditioning and handling 
of fuel as well as lubricating oil; for the benefit of passengers and crew by cleaning 
sea water as well as air conditioning that creates the perfect climate on board; and 
for the benefit of the environment through efficient cleaning of tanks, advanced 
waste management and economic energy consumption.
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Alfa Laval strives to make everyday life better and make a difference. Therefore, 
employees around the world currently contribute to lowering energy consumption 
in Russia, cleaning water in Africa, ensuring that food is safely produced in India 
and the United States, ensuring buildings are cooled and comfortable in the Middle 
East and guaranteeing that the CO2 discharge has fallen in South America. These are 
just a few examples of the areas Alfa Laval works with today.

The following questions deal with energy savings by using heat in flue gas. The 
starting point is a production company located in an area in Africa where electricity 
supply is somewhat unstable. For this reason, the company has acquired an electric 
generator, so it is self-sufficient with electricity. The generator is powered by gas.

The company has a gas-fired boiler that supplies hot water production and it is 
considering whether some of the energy in the flue gas from the electricity genera-
tor could be used for heating water so that the gas consumption of the boiler could 
be reduced.

The company produces 24 hours a day, 7 days a week for 45 weeks a year. The 
production of hot water is 4 m3/hour. The boiler has an efficiency of 0.915, and 
the water temperature is increased from a feed water temperature of 60°C to a 
discharge temperature of 90°C. The combustion value of the gas is 12 kWh/Nm3 and 
the price of gas is 6 DKK/Nm3.

The heating capacity of the water is 4,180 kJ / (kg · 0C). Since 1 kWh = 3,600 kJ, and 
water density, ρ, (simplified here) is assumed to be 1,000 kg / m3, thus the energy 
consumption, EvΔ1,1, used to heat 1 m3 of water 1 degree is: 

EvΔ1,1 = 4,180 (kJ/kg · 0C) · 1.000 (kg/m3) · 1/3.600 (kWh/kJ) = 1,161 kWh/(m3 · ⁰C)

QUESTION 1
What are the annual gas costs for producing hot water?

The company is now considering acquiring an Aalborg Micro heat exchanger, so 
that some of the energy in the flue gas from the electricity generator can be utilized 
for the production of hot water, thereby reducing gas consumption to the boiler. 
The generator is always operated at 100% load. The amount of flue gas for the heat 
exchanger is 205 m3/hour, and the flue gas input and output tem-perature is 425°C 
and 100°C, respectively.
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Based on the energy of the flue gas, the heat exchanger preheats the water to the 
boiler so that the water temperature is above 60°C when it enters the boiler. This 
saves energy, as the boiler now has to raise the water temperature by less than 30°C. 
The efficiency of the heat exchanger is 0.80. 

The flue gas heat capacity, cρ, is 1,110 kJ/(kg · °C) at 100°C and 1,200 at 425 ° C. When 
answering question 2, a simplified average value can be used for cρ, i.e. cρ = 1,155 kJ/
(kg · °C). 

The density, ρ, of the flue gas is 0.912 kg/m3 at 100°C and 0.487 at 425°C. Here too, a 
simplified average can be used, i.e. ρ = 0.670 kg/m3. 

QUESTION 2
By how much can the gas consumption be reduced if the heat exchanger is 
purchased?

The purchase price of the heat exchanger is 120,000 DKK and the cost of the 
installation is 40.000 DKK. The lifetime of the heat exchanger is 25 years and the 
company uses a discount rate of 10% per year.

QUESTION 3
What is the static and dynamic payback time for the investment in the heat 
exchanger?

QUESTION 4
Would you recommend that the company acquire the heat exchanger?

In the above, it is assumed that the life of the heat exchanger is 25 years, as this is 
the estimated technical life expectancy of the heat exchanger. However, within a 
25-year horizon, many condi-tions can change thus there may be not be the need 
for the heat exchanger in 2 years. In Question 3, the dynamic payback period is 
estimated to be almost 5 years, so the investment will be profitable if the life span is 
only 5 years.

The following questions illustrate the relationship between an investment’s lifetime 
and the present value of the annual net payments.

QUESTION 5
If the lifetime of the heat exchanger is only 10 years, i.e. reduced by 60%, will the 
present value of the reduction of annual gas costs also be reduced by 60%?

See the solution on page 83. 
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CASE: BANEDANMARK

Investment in electrification of the 
railway network

Banedanmark is an ageny under the Ministry of Transport, Building and Housing 
with over 2,000 employees. Banedanmark is responsible for the state railway net-
work in Denmark. The main office is located at Carsten Niebuhrs Gade 43 in Copen-
hagen, but Banedanmark has skilled and dedicated employees throughout Denmark. 

A well-functioning public transport system is essential for people to be able to tra-
vel smoothly from place to place. The railways play an important role, and a railroad 
in good shape every day ensures that people can travel and that society can be con-
nected. Therefore, every day and night Banedanmark does what they can to make 
the railway a little better today than it was yesterday.

Every day, 40,000 arrivals and departures take place at Danish railway stations. 
In total, 196 million passengers and 8 million tons of goods are transported every 
year on the railways of Banedanmark. This not only places high demands on daily 
work, but also on the constant expansion and improvement of the Danish railway. 
Currently, Banedanmark is replacing all railway signals in Denmark with a state-
of-the-art European signal system, which will help ensure more timely trains in the 
future. In addition, several lines are being electrified, so that the trains of the future 
can operate in a more environmentally friendly manner.

CASE
As part of the electrification, Banedanmark plans to install railway transformers 
at a newly built station. The primary task of a transformer is to convert alternating 
current of one voltage and current to alternating current of another voltage and 
current. This is achieved by having a different number of windings in primary and 
secondary coils, respectively. 

In a transformer, there is an idle loss and an operating loss. The idle loss is inde-
pendent of the load and is primarily the idle magnetization of the transformer. The 
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operating loss in a transformer is directly dependent on the load and is mainly due 
to electrical losses in the coils and dynamic losses in the magnetization. 

At the newly built station, Banedanmark must choose between two types of trans-
formers, A and B. Data for these are listed in Table 1.

Type A Type B

Price (million DKK) 2.5 3.1

Lifetime (years) 40 40

Scrap value (DKK) 0 0

Idle loss (MWh/year) 300 450

Operating loss (MWh/year) 1,400 1,100

Tabel 1: Data for the two types of transformers.

The price of electricity is set to 0.40 DKK/kWh, and the discount rate is set to 5% 
per year.

QUESTION 1
Which of the two types would you recommend that Banedanmark acquire?

QUESTION 2
What value should the discount rate be for the two investments to be equally attrac-
tive?

QUESTION 3
Sketch graphs of the net present value, NPV, of the two investments as a function of 
the discount rate, i. Can the answer to question 2 be found, based on the two graphs?

Assume that from the answer to question 1, Banedanmark proposes to choose type 
B. It is possible for this type to add a short-circuit test for 0.6 million DKK, which 
will increase the life by 10%, i.e. from 40 to 44 years.

QUESTION 4
Would you recommend that Banedanmark acquire the short-circuit test?

See the solution on page 86.
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CASE: COWI A/S

Successive calculation

COWI is an international consulting company that creates coherent, sustaina-
ble solutions in engineering, environment and social economics. With more than 
12,000 ongoing projects - within construction and infrastructure for environmental 
and water challenges, energy and industrial tasks and planning - and close to 90 
years of experience in the consulting industry, COWI is a leader in its field. 

About 7,300 employees are distributed at the main office in Lyngby, subsidiaries 
and project offices in North America, Asia, Africa, the Middle East and Europe. In 
2018, annual sales amounted to 6,203 million DKK..

 The assignment here is based on one of COWI's ongoing Danish projects, where 
COWI is to advise a municipality in connection with urban development of a new 
residential area. COWI is the technical building consultant and must calculate what 
costs the municipality is expected to incur when the area is to be redeveloped. The 
costs cover the necessary infrastructure, including wiring, roads, paths, green areas, 
etc.

The total cost of implementing the project is estimated to be around 80 million DKK. 
However, there is some uncertainty about how long it will take to complete some 
of the activities, and thus some uncertainty about the total cost of completing the 
project. The uncertainty is that knowledge of the area's geotechnical conditions is 
limited and that there is still some uncertainty about how the area is to be developed 
- including handling of pedestrians and other "soft" road users, climate adaptation 
measures and uncertainty about how attractive the building sites are in the current 
housing market.

A systematic method for reducing the uncertainties on the cost of implementing a 
project is successive calculation. The basic procedure of this calculation method is:
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1. The entire project is divided into activities.
2. For each activity, xi, a minimum (ai), a most likely (bi) and a maximum cost con-

sumption (ci) are estimated.
3. It is assumed that the cost of the activities can be described by an Erlang function 

with a certain skew. The mean, mi, and spread, si, for the cost per activity is then 
calculated based on:

    mi = (ai + 3 ∙ bi + ci)/5
    si = (ci - ai)/5
4. The activities are assumed to be stochastically independent and the distribution 

function for the total project cost is assumed to be a normal distribution. The 
more activities the project is divided into, the more they approximate a normal 
distribution. The mean, m, and spread, s, for the total project cost can then be 
calculated from:

    m = ∑ mi 
    s2 = ∑ si

2

5. If the spread, s, is considered to be too large, then go back to step 1, dividing acti-
vities into sub-activities that now contribute most to the size of s (the uncer-
tainty).

It is assumed that COWI has now implemented steps 1 and 2 of the calculation met-
hod, whereby the project has been divided into main activities. In order to simplify 
the calculation work in this assignment, the method is illustrated below only with a 
division of the project into 4 main activities, which in practical application should 
be divided into significantly more activities, according to step 4.

Minimum (a) Most likely (b) Maximum (c)

Roads and squares -10% 32,000 +20%

Wiring -10% 13,000 +25%

Climate protection -5% 8,000 +50%

Salary + consultant -10% 24,000 +25%

Table 1: The project divided into 4 main activities with an estimated cost for each main acti-
vity. Amounts are shown in thousands of DKK.

QUESTION 1
Is it a coincidence that for the main activities listed, the difference between the 
maximum and the most likely (c - b) is somewhat greater than the difference bet-
ween the most likely and the minimum (b - a)?
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QUESTION 2
What is - on the basis of the stated breakdown into main activities with associated 
cost estimates - the mean value and spread for the total project costs?

The principle of successive calculation is now, according to step 5 of the approach, 
that one can seek to reduce overall uncertainty by reducing the uncertainty of the 
activities that contribute most to the overall uncertainty. This is done by dividing 
these activities into sub-activities. Based on the solution to Question 2, it is seen 
that the costs related to “Roads and squares” have the greatest spread - and thus 
contribute most to the overall uncertainty. This activity can then be divided into 
sub-activities for a more accurate assessment. This has led to the following break-
down into sub-activities:

Minimum (a) Most likely (b) Maximum (c)

Construction of road-
beds *)

-5% 9,060 +20%

Road completion*) -5% 9,720 +20%

Construction of inter-
sections

-10% 13,300 +30%

Table 2: The main activity "Roads and squares" divided into 3 sub-activities with associated 
cost estimates. Amount shown in thousands of DKK.
*) For construction work, in year 1, only the roadbed (including drainage, etc.) will be estab-
lished up to the first asphalt layer. Subsequently, construction is carried out on the individual 
construction zones for 2-3 years. When all construction work is completed, the roads are 
completed and the last layers of asphalt, curb, pavement, lighting, etc. are established.

QUESTION 3
On the basis of this breakdown, what is the mean and spread of the total project 
cost?

From the solution to Question 3, it can be seen that the activity "Salary + consul-
tant" is now the activity that contributes most to the uncertainty, which is why in 
practice it might be relevant to continue the successive calculation by dividing this 
activity into sub-activities. 

For the next question, it is assumed that the mean and spread calculated in question 
3 is based on the fact that there are so many activities that the distribution function 
for the total project cost can be assumed to be a normal distribution. Against this 
background, COWI wants to have Question 4 answered.
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QUESTION 4
What is the probability, based on the results of question 3, that the actual project 
costs will not exceed 83.0 million DKK?
What is the symmetric range around the calculated mean in which there is a 90% 
probability that the project cost will lie?

See the solution on page 89. 
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Water and energy consumption for 
different faucets

Damixa is Denmark's oldest manufacturer of faucets and shower solutions. Since 
1932, Damixa has developed and produced taps and showers at its factory in 
Odense, and today about 6,000 faucets are still produced and assembled each week 
at the factory in Odense.

Damixa's trademark is Danish design and quality as well as a dedicated focus on 
functionality. At Damixa, a faucet is not just a faucet. It is an instrument that will 
make everyday life simpler, more beautiful and more energy-friendly for users. 
In Damixa's development department, four in-house designers ensure that the 
development process is running, so that the next generation of faucets meet the 
innovative design tradition as well as the high quality standards that will be tested 
for functionality and lifespan in Damixa's own testing laboratory at its headquar-
ters in Odense.

The Danish faucets are sold to private consumers, as well as to larger projects, 
housing associations and public buildings or renovations. Often the solutions are 
prescribed by energy advisors and consulting engineers, through tender documents 
and functional descriptions, based on the documented test results and savings 
potential.

Damixa's Danish-designed solutions are sold in much of the world either through 
subsidiaries in Germany and Holland or through a number of agents in most of 
the world. Since 2014, Damixa has been part of the Swedish faucet manufacturer 
FM Mattsson Mora Group. The company is a leader in the Nordic market and has, 
through a dedicated focus on energy optimization and green solutions, carried out 
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energy tests that document high savings potential on both water and energy for hot 
water.

The subsequent assignment is based on a school that is under construction. The 
assignment deals with the choice of three different faucets for the sinks:
A. Traditional 1-armed faucet
B. Touchless faucet with a sensor that opens and closes the water valve
C. 1-armed cold start faucet

The principal difference between option A and C is as follows: With a traditional 
1-armed faucet, the cold water opens when the handle is turned to the right and the 
hot water opens when the handle is turned to the left. The arm is most often in the 
center position, thereby opening a mixture of cold and hot water, even though the 
user may only need the cold water. In addition, the hot water often does not reach 
the sink until the user has finished washing hands. When the arm of a 1-armed cold 
start faucet is in the center position, it only opens the cold water, which does not 
consume hot water. The handle must therefore be turned to the left if the user wants 
hot water.

Table 1 lists data for the three types of faucets.

Traditional 
1-armed Touchless

1-armed cold 
start

C = Consumption (l/min.) 10 6 6*)

AT = Action time (sec./action) 18 12 18

P = Price (DKK each) 500 1.100 600

HP = hot water % of consumption 30% 20% 20%

L = lifetime (years) 15 15 15

*) Since the 1-armed with cold start is equipped with a aerator which mixes the water 
with air, the water consumption for this fixture is considerably lower than for the 
traditional 1-armed.

Table 1: Data for the three types of faucets. An "action" is when a user washes hands.

In addition, the following information is available:
NA = number of actions per person per school day = 3
NP = number of people = 700
NS = number of school days per year = 200
NF = number of faucets = 100
CW = cold water temperature = 6 0C
HW = hot water temperature = 54 0C
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EP = energy price = 0.60 DKK/kWh
WP = water price = 45 DKK/m3

i = discount rate = 5% per year

For the purpose of subsequent calculations of heating costs, the following informa-
tion is provided:
Water heating capacity is 4,180 J / (kg · 0C). Since 1 kWh = 3.6 MJ, and water density 
≈ 1 kg / l, it is possible that the energy consumption to heat 1 liter of water 1 degree 
is 4.180 / 3.600.000 ≈ 0.001161 kWh.

QUESTION 1
For each of the three types of faucets, what are the annual costs of water consump-
tion and energy consumption for heating water?

In option B, as opposed to the other two options, there is an additional cost for 
power consumption (battery or power supply) to the sensor in the faucet. This cost 
is assumed to average 40 DKK per faucet per year.

QUESTION 2
Which of the three types of faucets would you suggest be used at school?

QUESTION 3
What is the static repayment time for the investment in the 1-armed faucet with 
cold start rather than the traditional 1-armed faucet?

The following question deals with a similar school, but with the difference that the 
school is already built and that traditional 1-armed faucets are installed.

QUESTION 4
Will it - regardless of the life expectancy of existing faucets - be profitable to 
replace these with touchless faucets or 1-armed faucets with cold start?

See the solution on page 92.
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Societal benefits of investment in an 
electrical cable between Denmark 
and Holland

Energinet has the responsibility that you and Denmark are provided with electri-
city and natural gas, both today and in the future. The company owns and develops 
the backbone of the Danish electricity and gas supply: the large high voltage electri-
cal lines and gas pipes, which deliver electricity and gas to your energy company. 

Energinet safeguards the interests of society, and the goal is to create value for 
citizens and business in Denmark. The company works to ensure that the green 
transition is carried out in a socioeconomically sound way, without compromising 
Denmark's highly secure supply.

Energinet is an independent, public company under the Ministry of Climate, Energy 
and Supply. This is a knowledge business with approx. 1,500 employees at 10 staf-
fed locations in Denmark. The head office is in Fredericia.

The following exercise is based on the fact that Energinet and its Dutch counter-
part, TenneT, are in the process of establishing a 325 km long electrical cable bet-
ween Endrup at Esbjerg and Eemshaven in Holland. The connection is known as the 
COBRAcable. In October 2016, Energinet began construction of the new electricity 
connection, and the COBRAcable is expected to be commissioned on September 30, 
2019. In order to simplify the calculations, the following assignment is calculated for 
a full year. Therefore, it is assumed here that COBRAcable was put into operation at 
the beginning of 2019, thereby including the entire 2019 in the calculations.

The purpose of the COBRAcable is to tie the European electricity markets closer 
together so that the countries can better utilize the production facilities, reduce the 
overall cost of producing electricity and, moreover, increase the security of the sup-
ply of electricity.
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The COBRA connection consists of two parallel sea cables with a diameter of 13 
centimeters. The cables are designed to transmit a voltage of 320 kV with a trans-
mission capacity of 700 MW, and can supply approximately 700,000 households 
with electricity.
 
Both the Danish and Dutch electricity networks are based on alternating current 
(AC). However, transmission of large amounts of current over long distances works 
best with direct current (DC). Since the cables will therefore be DC cables, large 
transformer substations must be built at both Endrup and Eemshaven. The Endrup 
substation is to be 125 meters long, 36 meters wide and 21 meters high.

The connection is based on a new rectifier technology called Voltage Source Con-
verter (VSC) that provides the opportunity to connect new oceanic wind farms to 
the cable. The COBRAcable can thus be the first step towards establishing a North 
Sea transmission network that can support wind power expansion and strengthen 
the European transmission network.

The project has a total budget of approximately 4.8 billion DKK, of which Energinet's 
share amounts to 2.4 billion DKK. The EU Commission has provided a grant of 720 
million DKK, which will be shared equally between Energinet and TenneT.

In the following, it is assumed that Energinet’s costs (payments) for establishing the 
connection are: 
2016: 300 million DKK  
2017: 700 million DKK
2018: 1,400 million DKK 

The grant from the EU Commission is to be allocated proportionately over the three 
years based on Energinet’s costs.

The following questions 1 and 2 are intended to illustrate the thinking behind the 
evaluation of the societal benefits from public investment.

When the COBRAcable is completed, it will become possible to trade electricity 
between Denmark and Holland. When electricity prices are lower in Denmark than 
in Holland, Energinet and TenneT will buy electricity in Denmark at the lower price 
and sell it in Holland at the higher price (and vice versa). The resulting profit (called 
bottleneck revenue) will be shared equally between the two companies.
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QUESTION 1
If it is assumed that the average price difference between Denmark and the Nether-
lands is 30 DKK/MWh and that 5 TWh of electricity is traded between Denmark and 
the Netherlands at this price difference, how much bottleneck revenue does Energi-
net obtain by establishing the COBRAcable?

It is estimated that Energinet's costs for operation and maintenance of the connec-
tion will be 4 million DKK per year. The electrical loss in the transmission network 
due to the COBRAcable is esti-mated to be 20 million DKK per year.

It is assumed that Denmark can realize the following benefits from the COBRAcable:

Trade benefits: 160 million DKK/year: The total benefit for consumers, producers 
and Energinet for electricity trading over the COBRAcable.

System-bearing properties: 14 million DKK/year: Savings due to the positive effect 
of the connection on the dynamic stability in Denmark.

Efficiency: 14 million DKK/year: The value of the possibility of importing electri-
city so that Danish consumption could more often be covered when consumption in 
Denmark would otherwise not be covered by other imports and Danish electricity 
production.

Regulatory power: 4 million DKK/year: Savings due to better possibilities for balan-
cing electricity consumption and electricity generation in Denmark.

In the following questions, all investment amounts are attributable to the year start, 
while all other costs, savings, gains and utility values are attributable to the year 
end. A discount rate of 4% per year is used. It is assumed that the cable's lifespan is 
30 years, starting in 2019.

QUESTION 2
What is the total Danish societal surplus or deficit resulting from the COBRAcable, 
calculated at the beginning of 2019?

QUESTION 3
If the life of the COBRAcable connection is 40 years, rather than 30 years, what will 
then be the total Danish societal surplus or deficit?
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It is often discussed what requirements should be made for return on public invest-
ment.

QUESTION 4
What would be the answer to Question 2, if instead of 4%, an annual discount rate of 
5% is applied?

See the solution on page 95. 
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Investing in a heat pump system

The Danish Energy Agency (DEA) is a major contributor to Denmark's position as 
a pioneer in the cost-effective green transformation of the energy sector – for the 
benefit of both the climate and the Danish economy. The DEA undertakes assign-
ments related to energy production, supply and consumption and efforts to reduce 
CO2 emissions. The DEA also participates in international collaboration on energy 
transition in countries such as China, Mexico, Ukraine, Indonesia and South Africa, 
among others.

The DEA is responsible for supporting the economic efficiency of the supply sector, 
which in addition to energy, comprises societally vital areas such as water, waste 
and telecommunications. The DEA sets a solid professional fingerprint on the poli-
cies pursued in this area and ensures the best possible conditions for the Danes to 
have delivery of a stable supply.

The DEA has existed since 1976 and is part of a group jointly organized under the 
Danish Ministry of Energy, Utilities and Climate. The DEA emphasizes a high level 
of professionalism and knowledge sharing among many disciplines and prides itself 
on having good colleagues and being a flexible workplace with meaningful jobs. The 
DEA has offices in Esbjerg and Copenhagen.

The Danish Energy Agency - together with Green Energy - has prepared a playbook 
for large heat pumps. Heat pumps have many advantages for the overall energy 
system, including for many of the Danish district heating supplies and heat pumps 
allowing for the utilization of corporate surplus heat.

The following assignment is based on a company that produces industrial gases. The 
company is investigating - inspired by the playbook - the possibilities of investing 
in a heat pump. Instead of cooling the industrial process by using electricity and 
water, cooling is proposed to be done by using a heat pump system that draws heat 
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out of the cooling towers and uses it to heat the district heating plant network. It is 
expected that the company will reduce the cost of electricity and water for cooling 
by 2 million DKK per year.
 
The proposed heat pump system is powered by electricity and produces 5½ MW of 
thermal power. The facility’s COP (Coefficient Of Performance), which is an expres-
sion of the relationship between the energy of the heat pump’s output and input, is 
4, which means that if the input to the heat pump is 1 kWh of electricity, the output 
will be 4 kWh of heat. A COP of 4 is a relatively high value for a heat pump, and can 
be achieved here because in this case, 3-4 heat pumps are linked together. The price 
of the heat supplied to the district heating network is 337 DKK/MWh. The price of 
the electricity that drives the heat pump is 1.10 DKK/kWh.
  
The company works in three shifts, seven days a week, year round, but the heat 
pump system is only expected to be in operation for 360 days a year.

The investment in the heat pump itself is 12 million DKK. In addition, costs for con-
nection to pipelines, a transformer, a building for the transformer and design work 
amount to 3 million DKK. The lifetime of the investment is assumed to be 15 years 
and a discount rate is 8% per annum is used.

The largest expense in the operating costs is the cost of electricity to operate the 
heat pump. In addition, maintenance, etc. will cost 2 million DKK per year.

QUESTION 1
Calculate the annual operating expenses.

Most often, the capital value method is used for assessing the profitability of inve-
stments, but in the solution of Question 2, the annuity method should be used.

QUESTION 2
Transcribe all deposits and withdrawals to a constant annuity over the life of the 
investment and evaluate on that basis whether the investment is profitable.

QUESTION 3
Calculate the investment's present value, based on your answer to Question 2.

QUESTION 4
Calculate the investment’s dynamic payback period.
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In 2016, the Ministries of Energy, Supply and Climate entered into an energy-
saving agreement with the Energy companies, which obliges energy companies to 
implement energy savings. Therefore, a company that carries out energy savings 
can sell the first year's energy savings to an energy company, as this helps the 
energy company to meet the agreed-upon energy saving goals. The Energy Saving 
Agreement applies for a 4-year period beginning January 1, 2017, and the selling 
price is often expected to be between 0.2 and 0.4 DKK per saved kWh. It is assumed 
here that the energy savings can be sold to an energy company for 300 DKK/MWh. 
Furthermore, it is assumed that the contribution from this is attributable to the end 
of the first year.

QUESTION 5
If the price of electricity - as given in Question 2 - is 1.10 DKK/kWh, how much 
will the sale of energy savings then increase the amount of the annuity calculated 
during the solution of Question 2?

Before choosing the above heat pump, the company was considering the purchase 
of an alternative heat pump. This cost only 10 million DKK, however, it had a lower 
COP. Other data for the two heat pumps are assumed to be the same.

QUESTION 6
What would the minimum COP value of the alternative heat pump have been, if it 
had been economically advantageous to acquire it?

See the solution on page 98.
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Insourcing – made possible by the 
reduction of production costs

Lundbeck is a Danish research-based pharmaceutical company that develops and 
manufactures products for the treatment of central nervous system disorders. 
Lundbeck is one of the world’s leading companies within this field.

In 2018, the company had a total revenue of 18.1 billion DKK. Lundbeck currently 
employs approximately 5,500 employees in 57 countries, of which 1,800 are based 
in Denmark.

Lundbeck’s ambition is to be a growth company, both financially and professio-
nally. Financial growth is considered to be a basic prerequisite for the continued 
development of the company and its employees. To bring Lundbeck into a new 
growth period, it is necessary that future expenditures are carefully considered. The 
company must utilize its resources optimally in the coming years to maintain and 
develop its professional standard, so Lundbeck continues to be the ideal workplace 
for highly skilled employees.

The idea behind outsourcing is that companies should concentrate on tasks for 
which their core competencies are utilized, while secondary tasks should be given 
to subcontractors, who are specialists in performing such tasks. Particularly since 
the 1990s, many Danish companies have increasingly outsourced their produc-
tion activities. This was also the case for Lundbeck, which in 2004 had outsourced 
nearly 70% of its finished goods production. In 2006, however, Lundbeck decided to 
focus on developing the best supply chain in the pharmaceutical industry. Lund-
beck therefore launched a series of lean projects, which showed that it was possible 
to achieve such significant productivity improvements that it became profitable to 
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insource production tasks that were previously outsourced. This case study deals 
with two of the implemented lean projects.

The following questions 1 and 2 relate to some considerations made prior to the 
start of a project that aimed to investigate whether it would be profitable to convert 
a packaging line. The packaging line in question was constructed 5 years ago, and 
the investment in the line was then at 20 million DKK. The packaging line is now 
expected to have a remaining life of 5 years. With the current production, 4 million 
finished product packages containing ampoules are packed per year. Ampoules are 
small glass bottles approximately 3 cm. in length containing liquid. The ampoules 
can be broken at the top, so the liquid can be drawn into a syringe, which is then 
given by injection to patients. Finished goods production consists of loading the 
ampoules into cardboard boxes with inserts. This production occupies the pack-
aging line in the two shifts that are working on it. The project aimed partly to incre-
ase the productivity of the finished product pack with ampoules and to convert the 
packaging line, so it would be possible to utilize the freed-up capacity for packaging 
drop containers. Drop containers are also small glass bottles containing liquid, but 
the drops are taken orally by the patient. A pipette is incorporated into the con-
tainer’s lid for measuring the dosage. The finished goods production consists of 
affixing a label to the drop container, after which it is packed into a cardboard box 
with an instruction manual. A few years ago, the packaging of drop containers was 
outsourced to a subcontractor that packages 3 million drop containers per year.

With the current production, the OEE1  on the packaging line is 40%, but it is 
expected that the OEE can be increased to 60% by implementing the lean project. 
This increase must be achieved through improvement suggestions from employees. 
On the packaging line, the packaging time for a finished product pack containing 
ampoules is 50% greater than the packaging time for a drop container. 

QUESTION 1
If the packaging line’s OEE is increased from 40% to 60%, what proportion of the 
outsourced packaging of the drop containers would it be possible to insource, using 
the freed-up capacity?

It is estimated that the investment in the above modification of the packaging line 
will be 7 million DKK. Furthermore, it is estimated that the increase in production 

1 OEE (Overall Equipment Effectiveness) indicates the percentage of the current 
production output out of the possible output at 100% efficiency. 
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resulting from the increased OEE would subsequently increase costs for operation 
and maintenance of the packaging line by 1 million DKK per year.

The payment to the subcontractor to which the packaging of the drop containers is 
outsourced is 1.50 DKK per pack. Transportation costs to and from the subcontrac-
tor is 250,000 DKK per year. In addition, there will be a reduction of 350,000 DKK 
per year for transportation of finished goods if the packaging of the drop containers 
is insourced.

A discount rate of 10% per year is used.

QUESTION 2
Would you recommend that Lundbeck implements the conversion of the packaging 
line, or that Lundbeck continues to produce only the finished product packs of 
ampoules on the packaging line?

The following questions 3, 4, and 5 deal with another of Lundbeck’s packaging 
lines. On this line, it was possible to package about 40 million blister cards in 2005. 
Production here is quantified in the number of blister cards – and not the number 
of completed product packs – as a completed product pack may contain from 1 to 10 
blister cards. The costs are estimated to be:

• Fixed costs on the packaging line = 3.0 million DKK/year
• Salary costs = 1.5 million DKK/year
• Variable costs = 750 DKK per 10,000 blister cards

It was considered to outsource the packaging process to a subcontractor, who would 
perform the packaging for 1,500 DKK per 10,000 blister cards. Additional costs for 
transportation and admin-istration would be 500,000 DKK per year.

QUESTION 3
Would it be profitable to outsource the packaging to the subcontractor in question?

Before the decision on outsourcing was made, Lundbeck implemented a project to 
determine whether productivity of its packaging line could be increased so much 
that it would be profitable for Lundbeck to continue to do the packaging. Twenty 
different products were packaged on the packaging line, and the project was speci-
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fically focused on reducing changeover times, using the thinking and approach of 
SMED2 .

It is assumed that the fixed costs of the packaging line will not change as a result 
of the increased production. Labor costs are also expected to remain the same, as 
working hours will not change.

QUESTION 4
How many blister cards per year must it be possible to package on the line, if it is to 
be profitable for Lundbeck to perform the packaging?

In light of the above, Lundbeck decided to continue to do the packaging themselves, 
and carried out a number of lean projects in order to increase the capacity of the 
packaging line. These projects led to very significant productivity improvements, 
as illustrated in table 1, which shows the completed production in the period 2005-
2011.

Year 2005 2006 2007 2008 2009 2010 2011

Production 40.0 45.9 49.7 60.5 70.0 84.0 92.2

Table 1: Annual production (in millions of packaged blister cards) in the period 2005-2011.

QUESTION 5
What is the future value at the end of 2011 because Lundbeck did the packaging 
themselves rather than outsourcing it to the subcontractor? Is this value an expres-
sion of the gain Lundbeck realized during the project?

See the solution on page 102.

2 SMED (Single Minute Exchange of Dies), developed by the Japanese Shiego Shingo, 
aims to ensure that all change-overs must be able to be performed in under 10 
minutes. 
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Economic assessments about a new 
product

Haldor Topsoe A/S (Topsoe) is the leader in heterogeneous catalysis and supplies 
catalysts and process design to oil refineries and for environmentally sound energy 
processes as well as biomass utilization, new types of batteries and new ways to 
store energy. The environment plays a significant role in the company's research 
and production, and through the introduction of new technologies, Topsoe supports 
a more sustainable use of the world's resources. Approximately 2,300 employees 
work at the company’s headquarters in Lyngby and subsidiaries in the USA, Rus-
sia, India, China, Bahrain, Argentina, Malaysia and Canada, as well as manufac-
turing facilities in Frederikssund and Houston, USA. The annual turnover in 2018 
amounted to 5,617 million DKK.

Over the past decade, Topsoe’s sale of process technology and catalysts for oil 
refineries has increased sharply. One reason for this was a strategic focus on the 
development of catalysts for the production of fuel with ultra-low sulfur content 
(ULSD – Ultra-Low Sulphur Diesel) and a global trend toward environmental legis-
lation that tightens requirements for allowable sulfur content.

Topsoe has developed and delivered catalysts for oil refineries worldwide. Catalysts, 
called "TK series", are used for cleaning oil and for the production of refinery produ-
cts - mainly gasoline, kerosene, diesel, fuel oil and asphalt. In addition, raw mate-
rials for a variety of other products were also produced. More than 2,000 different 
products can be produced from crude oil.

To refine products that meet environmental regulations, products such as gasoline 
and diesel must first be cleansed of contaminants such as sulfur compounds and 
nitrogen. This is done by mixing the products with hydrogen and then directing 
them through the vessels containing the TK catalysts. The catalysts induce the vari-
ous compounds in the oil to react with the hydrogen to produce the desired product.
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After several years of research work, Topsoe was able to develop a new catalyst, TK-
new, which is even more efficient than the previous catalyst, TK. During the part of 
the refining process where the catalyst is employed, a semi-processed product, LCO 
(Light Cycle Oil), is recovered. LCO is important in the production of ULSD. By using 
the TK-new, the amount of recovered LCO increased from 25.0% to 29.2% of the 
amount of oil flowing into the catalyst. This added value in the production of LCO is 
set to be 60 DKK per barrel.

The basis of the following calculations is a refinery that processes 30,000 barrels of 
oil a day and produces 365 days a year. For a refinery of this size, 110 tons of cata-
lyst must be used. After 2.5 years, the catalyst must be replaced.

Before Topsoe can attempt to sell the TK-new to refiners, they must first establish a 
selling price. A common method is to use a specific margin for the variable manu-
facturing costs. In a research-intensive company such as Topsoe, this method is not 
suitable, because the variable manufacturing costs are relatively small in compari-
son to the considerable development costs. To determine the selling price based on 
the development costs is also not economically rational, as already incurred costs 
(sunk cost) should never influence future decisions.

A sense of what will be an upper limit for the selling price can be obtained from an 
assessment of the product’s usefulness to the customer: EVC (Economic Value for 
the Customer).

QUESTION 1
If the refinery has previously used TK, what is the absolute highest additional cost 
for TK-new the refinery should be expected to accept?

The development of TK-new has taken 3 years and the development cost is calcu-
lated to be 3.5 mil-lion DKK per year.

The price of TK-new has now been established, and on that basis, sales of TK-new 
in the next 5 years will be:
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Year 1: 400 tons
Year 2: 700 tons
Year 3: 2,400 tons
Year 4: 3,800 tons
Year 5: 4,200 tons

For the next 5 years, the marketing costs for TK-new are planned to be 200,000 
DKK per year. Assume that the gross margin on TK-new at the established selling 
price is 30,000 DKK per ton. Furthermore, assume that Topsoe uses an interest rate 
of 20% per annum.

One problem in assessing profitability in developing a new technology (here TK-
new) that replaces an existing technology (here TK), is that the assessment should be 
based on assumptions about what would have happened if the new technology had 
not been developed.

QUESTION 2
What is the payback period for the development of TK-new, if it is assumed that it 
would not have been possible to sell TK in years 1-5?

When marketing TK-new, it is likely that Topsoe will acquire new customers who 
previously used competing products. In this case, TK-new will contribute to incre-
ased sales of catalysts. However, when TK-new replaces TK, it is expected that 
existing customers will switch over from TK to TK-new, with reference to Question 
1. In this case, the contribution of TK-new will only be an additional gross profit 
with respect to TK.

QUESTION 3
Assuming that the TK-new does not contribute to increased sales, but merely repla-
ces a similar sale of TK that could be achieved over the five years, what should the 
additional gross profit on TK-new be for the project payback to be 3 years?

See the solution on page 105.
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Softer water for consumers

Every day, more than 1 million people in the Copenhagen metropolitan area rely on 
HOFOR, which provides clean drinking water from the tap, drainage of wastewater 
and rainwater, heat in the radiator and gas for the stove. In addition, HOFOR sup-
plies large properties with remote cooling and raises wind turbines, as part of the 
City of Copenhagen's goal of becoming a C02-neutral capital. 

HOFOR will create sustainable cities based on climate and environmentally friendly 
supply solutions. This means that HOFOR is renovating, developing and building 
new products, to be able to provide green, safe and inexpensive supply solutions 
to customers - now and in the future. For water supply, this means, among other 
things, that long-term plans are being developed to prevent pollution of ground-
water. Groundwater protection helps ensure that our children, grandchildren and 
future generations can still have drinking water sourced from clean, uncontami-
nated groundwater. In addition, HOFOR will remove some of the lime from the water 
over the coming years. Many consumers want to avoid having to remove lime often, 
and water softening is beneficial to the environment. 

HOFOR supplies households and companies with groundwater pumped from 
Zealand clay layers 20-100 meters below ground level. Infiltrating rainwater and 
melting water from snow absorb carbon dioxide from the atmosphere and especially 
from air in the soil root zone, thereby creating carbonic acid. In addition to calcium 
carbonate, the carbonic acid can dissolve magnesium carbonate, which is found 
in smaller quantities. The carbonate leaching adds calcium and magnesium to the 
groundwater. The dissolved calcium and magnesium content is called the "hardness" 
of the water. In Denmark, water hardness is measured in German hardness degrees 
(°dH = degrees Deutsche Härte), with 1 hardness degree equivalent to 10 mg of dis-
solved calcium oxide per liter or 7.19 mg of dissolved magnesium oxide per liter. The 
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hardness of the Copenhagen area's groundwater is be-tween 20 and 30 hardness 
degrees (°dH), which is referred to as hard to very hard water.

In the Copenhagen area, hard water has been a nuisance to households and busi-
nesses for many years. The hardness of the water results in additional costs and 
annoyances when faucets drip, toilets run, and time and effort is required to remove 
lime from tiles, toilets and household appliances. Hard water also shortens the life of 
household appliances such as washing machines, dishwashers and electric kettles, 
as well as for installations such as hot water tanks, toilets and faucets. The hard 
water is also a burden on the environment, as electricity consumption and, con-
sequently, CO2 emissions increase when heaters and hot water reservoirs become 
calcified.

HOFOR has therefore initiated a project in which water treatment plants will be 
built so that the hardness of the water can be reduced to approximately 10 °dH. The 
first softening plant has been built on the waterworks of Broendbyvester, and here 
the water hardness has been reduced from an average of 22 °dH to 10 °dH. In 2018, 
HOFOR is working on the next four waterworks. In total, 11 waterworks shall have a 
water softener.

The following exercise deals with the economic benefits that households can 
achieve when water hardness is reduced, i.e. when the water gets softer.

The investment in the softening plant at Broendbyvester waterworks has been 
around 24 million DKK. The lifetime of the softening plant is 30 years. The cost of 
operation and maintenance is approximately 2.0 million DKK per year. The water-
works produce 1.98 million M3 water per year. A discount rate of 5% per year is 
used.

Since the establishment of softening plants is to be financed through user payments 
(according to the rest-in-itself principle), the increased costs for the waterworks 
will result in higher prices for consumers.

QUESTION 1
How much will the price of water increase as a result of the establishment of the 
softening plant?
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Soft water should - as described above - lead to a number of savings for households, 
for example in terms of longer life of household appliances and lower energy con-
sumption for these when they are not calcified. Table 1 lists data for this. 

Coffee 
machine

Dishwa-
sher

Washing 
machine

Electric 
kettle

Purchase price (DKK) 300 4,000 4,000 300

Lifetime at 22 odH (years) 7 10 10 7

Lifetime at 10 odH (years) 12 15 15 12

Energy consumption at 22 odH 
(kWh/year)

218 214 208 138

Energy consumption at 10 odH 
(kWh/year)

200 197 191 127

Table 1: Data for purchase prices, lifetime and energy consumption for 4 household applian-
ces. [Source: Ministry of the Environment's report "Central softening of drinking water", May 
2011].

PS: It should be noted that in principle the 10 odH values in Table 1 from the Mini-
stry of the Environment’s report actually apply to 8 odH, but this is not meaningful 
for the following exercise.

It is assumed that the electricity price for a household is 2.25 DKK/kWh.

QUESTION 2
What is the annual savings for a household if the softer water - as listed in Table 
1 - for the 4 household appliances, increases the appliances’ life span and reduces 
energy consumption?

In Denmark, according to Denmark’s Statistics, there are an average of 2.1 people 
per household, and according to HOFOR, an average person consumes 40-50 m3 of 
water per year.

QUESTION 3
If it is assumed that an average person consumes 45 m3 of water a year, could the 
expected savings resulting from the extended lifetime and reduction of energy con-
sumption of the 4 household appliances outweigh the average household's increased 
water costs?
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The extended lifetime of the 4 household appliances listed in Table 1 is based on an 
assessment by industry experts of the economic life of the appliances – that is, how 
long it pays to keep the appliances before replacing them.

QUESTION 4
Are there reasons to doubt that the possible extensions of the lifetime of the 4 
household appliances will actually occur in practice?

In the above, only economic consequences resulting from prolonged service life and 
reduced electricity consumption for 4 household appliances is considered. Softe-
ning of the water, however, has many other advantages. HOFOR estimates that sof-
ter water can, for example, reduce the consumption of soap, shampoo and descaling 
and cleaning agents by 30%.
 
The softer water will also require that less time be spent removing lime from tiles, 
faucets and toilets, and kettles and coffee machines will require descaling fewer 
times per year.

QUESTION 5
Can less time spent on cleaning and descaling be calculated as an economic value 
and, if so, how?

See the solution on page 108.
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Selection of cooling system

Each year, approximately 30 million passengers travel through the Copenhagen 
Airport, and this is the basis for the entire airport's business. This is why Copen-
hagen Airport puts the travelers first and works to ensure that the travelers always 
have a feeling of moving easily and effortlessly through the different areas of the 
airport. From travelers interacting twith he airport electronically, parking their car, 
passing through security, shopping in the shopping area and boarding the plane, 
they must always be filled with the joy of travel. 

The airport experience is a chain of moments from arrival to takeoff. What ties the 
chain of travel moments together is the employees' joint efforts to provide excep-
tional service at all levels. From the air traffic controller in the traffic tower, to 
the cleaning assistant in the shopping area and the security officer in security, all 
employees play a crucial role.
 
As the largest airport in the Nordic region, Copenhagen Airport is the Danes' gate-
way to the rest of the world and the gateway to Copenhagen. This is where you are 
welcomed and bid farewell to the city of Copenhagen. For more than 90 years, the 
airport has worked to create a world-class airport. Copenhagen Airport has over 
2,500 employees who work every day based on values of pride, partnership, respect 
and hospitality to create travel joy.

Copenhagen Airport has experienced very strong growth in recent years, which 
has necessitated a large number of investments. This is exemplified in the following 
case that deals with investing in a new cooling system. The airport has decided that 
the choice should be between the following 2 alternatives:

Option A: This is a large, central plant
Option B: This consists of several smaller and decentralized plants 
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Data for the 2 options is provided in table 1:

Option A Option B

Investment * (millions of DKK) 70 50

Maintenance (millions of DKK / year) 2 3

Power factor** 4 3

* Investment = acquisition + installation.
** Power factor (COP) = Cooling requirements / Electricity consumption.
Table 1: Data for the two options, A and B.

It is assumed that:
 Cooling requirements = 24 GWh / year.
 Lifespan = 15 years for both options.
 Price of electricity = 1.10 DKK / kWh.
 Discount rate = 8% per year.

QUESTION 1
Which option would you recommend for Copenhagen Airport based on financial 
considerations?

QUESTION 2
Calculate the present value, NPVB A, of the investment difference between invest-
ment in option B and investment in option A, and compare this with the solution to 
question 1.

QUESTION 3
For what value of the discount rate will NPVA be = NPVB?

QUESTION 4
How much must the cooling reuirements have to change in order for the two alter-
natives to be equally attractive, based on economic assessment?

QUESTION 5
Will changing the discount rate change the answer to question 1 - and if so, how?

See the solution on page 110. 
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Selection of a ventilation solution

Lindab is an international company that develops, manufactures, markets and 
distributes products and system solutions to simplify construction and improve the 
indoor climate for the construction industry and the ventilation branch.

The product areas within ventilation include duct systems and accessories, techni-
cal ventilation products and system solutions. Lindab offers software for design and 
calculation and planning programs for complete solutions for ventilation and indoor 
climate.

In the construction industry, Lindab supplies a wide range of components and 
systems where steel is used as common material. The product range consists of roof 
and facade cladding, gutters, garage doors, industrial gates, interior and exterior 
wall profiles and steel locks. The products are mainly sold through lumber dealers 
and contractors.

”Good thinking”
Lindab uses steel in production, and steel is one of the few materials that can be 
recycled an infinite number of times without losing its properties. This results in 
lower CO2 emissions and less energy waste. Lindab calls this "Good Thinking"

History
In 1956, the founder of Lindab, Lage Lindh, started a small thin-plate business in 
Lidhult, Sweden. Later, the company moved to Båstad in southern Sweden, where 
Lindab was registered as a company in 1959. Lindab has since grown, so the 
company is now represented at 125 locations in 32 countries, including in Denmark. 
Lindab has its Danish headquarters in Haderslev and employs 510 employees in 
several departments in Denmark. Revenue in 2018 was 878 million DKK.
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Selection of a ventilation solution
For many years, a solution has been used where in the fixtures a damper is mounted 
for regulating the air volume. To operate, this partially static solution requires a 
constant pressure in the duct system (CAV). 

Since energy consumption for ventilation is a relatively large part of the total 
energy consumption in a modern building, it is important to optimize the operating 
costs as much as possible. To reduce energy consumption, today, for the most part, 
only variable air flow (VAV) systems are installed, and often only ventilated accor-
ding to the current needs of the building (DCV).

Lindab has developed a control called Lindab-Pascal, where the airflow is regulated 
via pressure distribution boxes with motorized control dampers mounted over a 
passive fixture. The Lindab-Pascal solution is dynamic and does not depend on a 
specific channel pressure and is therefore more accurate and quieter.

The control system registers the positions of all dampers in the building and regula-
tes the ventilation so that at the lowest possible pressure, only the exact amount of 
air needed is delivered to the most critical fixtures at all times. This means that the 
pressure in the ventilation system can be significantly reduced compared to pre-
vious solutions, and since the energy consumption is square of the pressure, a great 
savings of energy is obtained for operation.

In addition to optimal ventilation control, the system has a number of advantages, 
e.g. that all dampers once a day are automatically checked for proper operation. An 
alarm is given if a damper does not work and a technician can be called for repair 
so that the system can again function optimally in terms of comfort and energy. 
Lindab-Pascal also provides an energy-friendly way to cool down a building for 
improved user comfort.

The following assignment deals with 3 different ventilation solutions: 
• Solution 1: CAV (constant airflow)
• Solution 2: VAV(1) (demand-controlled airflow, pressure-controlled)
• Solution 3: VAV(2) (demand-controlled airflow, volume-controlled)

The 2 VAV solutions allow for an infinite control of the airflow in the individual 
zones. You can thus control the ventilation in the individual rooms, depending on 
when they are used, but you can also regulate the airflow depending on how much 
the premises are used using CO2 and temperature measurements.



62

CASE: LINDAB VENTILATION A/S

The difference between VAV(1) and VAV(2) is that with VAV(1), the control is in the 
fixture, and for this to work, a constant pressure is maintained in the duct. With 
VAV(2), the control is in a pressure distribution box above the fixture. There is no 
requirement for a pressure higher than that required to obtain the desired airflow. 
This means that with VAV(2), you can ventilate with a lower pressure, which saves 
on operation, since if the pressure is increased by a factor f, then the energy con-
sumption will be increased by the factor f².

Table 1 lists the data for the 3 solutions for a smaller office building, where 8 air 
fixtures are needed for supply air. As the duct system, silencer and aggregate will 
be the same for the 3 solutions, the assignment only deals with fixtures and air flow 
control.

CAV VAV(1) VAV(2)

Investment (DKK) 11,000 25,500 27,000

Fan operation (DKK/year) 3,100 1,200 500

Cost of heat (DKK/year) 1,200 300 300

Service and maintenance (DKK/year) 2,500 2,000 2,000

Table 1: Data for the 3 solutions with 8 fixtures.

There is a heat exchanger between supply air input and extraction, but in cold 
periods heating of the air inlet is required. Since the CAV has a constant air flow, a 
larger volume of air is needed here.

The lifespan of the plants is 25 years, and a discount rate of 10% per year is used.

QUESTION 1
Which of the three options would you choose based on financial considerations?

QUESTION 2
What is the static payback time in the additional investment by going from solution 
1 to solution 3, ie. in the differential investment?

In an older building, a CAV solution with 8 fixtures is installed. In 10 years, the 
building will be completely renovated and a new ventilation system will be installed.
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QUESTION 3
Will it be worthwhile now to replace the CAV system with a VAV(2) solution?

QUESTION 4
How many years, at a minimum, will it take for the building to be renovated for it to 
be worthwhile to replace the CAV solution with a VAV(2) solution? 

Assume that there is a presumption that the economic advantage of a VAV(2) so-
lution over a VAV(1) solution is roughly proportional to the number of fixtures. To 
investigate this, Table 2 lists data for a larger office building where 60 fixtures are 
needed.

VAV(1) VAV(2)

Investment (DKK) 157,000 166,600

Fan operation (DKK/year) 9,000 3,900

Cost of heat (DKK/year) 2,100 2,100

Service and maintenance (DKK/year) 4,000 4,000

Table 2: Data for the 2 VAV solutions with 60 fixtures.

QUESTION 5
Does the data for two solutions with 8 and 60 fixtures respectively support the 
assumption that the total gain of a VAV(2) solution rather than a VAV(1) is roughly 
proportional to the number of fixtures?

See the solution on page 113.
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Lifetime costs of the 
Ringsted - Rødby railway line

Sound & Belt's primary task is to operate and maintain the fixed links over the Great 
Belt and the Sound as well as eventually the Fehmarn Belt, key stretches that are 
part of many Danes' journey every day. Alone on the Great Belt connection, in 2018, 
13 million vehicles drove across the bridge, and the average daily traffic was 35,699 
vehicles. In comparison, in 1997, which was the last year of ferry operations, appro-
ximately 8,200 vehicles crossed the Great Belt daily. Train traffic has also had a 
noticeable benefit from the fixed link. On average, 136 trains crossed the Great Belt 
every day in 2018, as opposed to 40-45 before the bridge's opening.

The daily traffic impact of rails, tunnels and bridges demands efficient and opti-
mal maintenance. Specifically in terms of planning and organization, so that traf-
fic flows smoothly and safely, but in particular also for prioritization and optimal 
frequency of operation and maintenance, ensuring the most cost-effective solutions 
and a long service life.

The Great Belt Connection, for example, is designed for a lifetime of 100 years, but 
with the right effort, a lifetime of well over 100 years can be realized. This is pos-
sile, throuh the emploment of new digital technologies such as drones and sensors, 
which provide access to detailed knowledge and data, so that the maintenance work 
can be more accurately predicted and optimized, both on existing and future routes, 
such as the Fehmarn Belt.

The Fehmarn Belt project is not just about an underwater tunnel between Denmark 
and Germany. As a central element of the project, the railway from Ringsted to 
Rødby, approximately 115 km will be upgraded to allow freight trains to run on the 
route and shorten travel time to Hamburg for passenger trains. The modernization 
is underway and the project is expected to cost 9.5 billion DKK (2015 prices). For the 
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subsequent maintenance, a reinvestment budget must be established, ie. a budget 
for ongoing replacements when the life of the individual elements is exhausted. The 
subsequent questions are based on a real case, but the numerical values are adapted 
to this assignment.

 Equipment Quantity
Reinvestment 
(DKK per unit)

Maintenance 
(DKK/year per 

unit)

Life 
expectancy 

(years)

Track switches (pcs.) 116 2,500,000 100,000 20

Track (km) 230 1,000,000 25,000 40

Power lines (km) 230 4,000,000 40,000 40

Electrical masts (pcs.) 3,000 35,000 100 50

Table 1: Data for 4 types of equipment.

QUESTION 1
What is the present value of the investments to be made within the next 100 years? 
(investments in year 100 are not included).

QUESTION 2
What is the present value of the annual maintenance costs for the next 100 years?

In the past, the debate on public works projects was most often focused on the size 
of the investments. Today, a life cycle calculation (LCC: Life Cycle Cost) has to be 
done. This is exactly what has been done in questions 1 and 2, as the present value 
of both the reinvestment as well as the maintenance costs was calculated here. 
However, the initial investment was not included here.

QUESTION 3
Do the answers to questions 1 and 2 support the fact that it is relevant not only to 
focus on future reinvestments, but also to include maintenance costs?

Questions 1 and 2 were answered using the capital value method and for a period 
of 100 years. If the railway line is considered to be closed down or to be complet-
ely renovated after 100 years, then naturally there will be a good reason to make 
the assessments based on this particular time horizon. However, if the rail line is 
expected to be maintained for an essentially unlimited period, then it is problema-
tic to use the capital value method, since the four types of equipment included do 
not have the same lifespan. The problem can be illustrated in question 1. If the time 
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period had been increased from 100 years to e.g. 110 years, a new reinvestment 
would have occurred for track switches and masts, while this would not be the case 
for tracks and power lines. This problem could be solved by applying a time hori-
zon of 200 years, with the lifespan at this point being completed for all 4 types of 
equipment.

When the lifespans are different, the problem is most often solved by using the 
annuity method instead of the capital value method, ie. by rewriting reinvestments 
and maintenance costs for constant annuities. If the reinvestment made at the end 
of a lifespan is included in that lifespan, then the annuity calculated for the 1st 
lifespan will be repeated in subsequent lifespans.

QUESTION 4
Using the annuity method, what is the sum of the average annual investment 
amounts and the average annual maintenance costs?

After completing some calculations, it is in principle always a good rule to try to 
check whether the results now look reasonable. "Can it be right now"?

QUESTION 5
Is there a reasonable agreement between the results of questions 1 and 2 and the 
results of question 4? 

See the solution on page 116.
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Considerations about moving to new 
premises

Sweco is Europe's leading engineering and architectural consulting company. The 
company plans and designs the cities and communities of the future and undertakes 
tasks every year in 70 countries around the globe. The consulting services range 
widely - from large water and energy projects to efficient and environmentally 
sound transport solutions, as well as the development and operation of cities, buil-
dings and green areas.

Sweco Denmark is part of the Sweco Group, which is listed on the NASDAQ OMX 
exchange in Stockholm. The entire group consistes of 16,000 experts across 14 
countries throughout Europe, working across offices and across borders. In Den-
mark, Sweco is represented with 13 offices distributed throughout the country and 
headquartered in Oerestad.

The following case illustrates one of many diverse tasks in Sweco's client consul-
tancy department. The starting point is a company that is considering moving their 
technical facilities to a new location. The technical facilities contain laboratories, 
storage space, garage for technical vehicles, etc. The reason for the relocation is that 
the company's current lease is in an older building. When moving to new premises, 
the lease can be more flexibly adapted to the needs of the company. The new buil-
ding is built with a focus on social, environmental and economic sustainability, 
which is why the operating costs and the cost of heating in the new premises are 
less than in the current premises.
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Tables 1 and 2 show the costs in the current and in the new premises.

Current location

Size (m2) 1,500

Annual rent (DKK/m2) 870

Annual operating costs (DKK/m2) 150

Annual heating costs (DKK/m2) 135

Table 1: Rent, operating costs and heating costs in the current premises.

In the current premises, the costs are the same for the entire area of the lease. In 
contrast, the rent and heating costs of the new premises depend on what the pre-
mises are to be used for.

Officesr Laboratories Storage

Size (m2) 450 330 830

Annual rent (DKK/m2) 700 750 350

Annual operating costs (DKK/m2) 120 120 120

Annual heating costs (DKK/m2) 90 90 0

Table 2: Rent, operating costs and heating costs in the new premises.

In addition to the costs listed in Table 2, there will be some minor costs for common 
areas, security rooms and outdoor areas, but these are disregarded.

Sweco has prepared a plan for interior design of the new premises, and Sweco 
has estimated that the interior design will cost the company 3 million DKK. The 
company applies a discount rate of 10% p.a., and the lease covers a period of 10 
years.

QUESTION 1
What is the average annual payment for the investment of 3 million DKK for inte-
rior design of the new premises?

QUESTION 2
What is the average monthly payment for the investment in the interior design of 
the new premises?
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QUESTION 3
What is the dynamic payback time of the investment?

QUESTION 4
How much worse/better off is the company financially at the end of the 5th year 
of the rental period compared to if it had not moved but had stayed in the curent 
premises?

QUESTION 5
Does the answer to question 4 conflict with the answer to question 3?

QUESTION 6
What other factors might be relevant to consider when considering moving to new 
premises?

See the solution on page 119.
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Economic considerations of the 
Frederikssund fjord link

The Danish Road Directorate plans and manages some of the country's largest 
infrastructure projects, which are a prerequisite for society's physical cohesion 
and economic growth. The Road Directorate develops the roads and bridges of the 
future, new environmentally friendly materials, new technology for predicting traf-
fic patterns and intelligent traffic systems. 

The Road Directorate needs employees who can manage projects and optimize 
processes to create the best results for Denmark - employees who can combine 
professional insight with responsible management and political understanding and 
who can collaborate with the entire transport sector, municipalities and road users. 
Employees in the Road Directorate have dedicated colleagues around the country, 
and they exchange knowledge internationally and are ready to try out new innova-
tive solutions. 

This collaboration adds to a strong and collegial working environment, providing for 
a career with great opportunities and where efforts can be seen in the gross natio-
nal product. At the Road Directorate, employees are given great responsibility, but 
also the freedom to plan their own working lives. The Road Directorate thinks big, 
including when it comes to employees' career development 

Facts about the Road Directorate:
• The Road Directorate is responsible for the state road network, which consists 

of highways, a number of secondary roads and many of the country's bridges - a 
total of approximately 3,800 km of roadway. 

• The state road network is approximately five percent of the total public road 
network, but almost half of all traffic in Denmark is conducted on the state road 
network. 

• The Road Directorate's work consists primarily of planning, construction and 
operation of roads and bridges, as well as traffic execution and management.
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• The Road Directorate does not build roads and bridges itself, but is the contractor 
when the tasks are offered in competition and solved by private suppliers and 
sub-contractors.

The following case is based on the Road Directorate being in the process of building 
a new fjord link, which crosses Roskilde Fjord and connects Frederikssund and 
Hornsherred. The Civil Code for the Fjord Association Frederikssund was passed by 
the Danish Parliament in December 2014, and 659 million DKK was allocated in the 
Finance Law. The project is budgeted at around 2 billion DKK. The difference will be 
financed by the users of the bridge. To take loans and to operate the payment faci-
lity during the repayment period, the Ministry of Transport, Building and Housing 
has established the Independent Public Company, the Fjord Association Frederiks-
sund (SOV). 

The project is divided into three contracts:
• A main contract comprising an approximately 1.0 km 4-lane motorway between 

Frederikssundsvej and Marbækvej. In the first phase, this road will serve as an 
access road to the bridge building site in the subsequent comprehensive contract.

• A total contract comprising an approximately 8.4 km motorway between Skibby-
vej and Marbækvej, of which 1.4 km consists of a high bridge over Roskilde Fjord. 
In addition, the contract includes approximately 1 km of road with connection to 
Lyngerupvej.

• A main contract for connection construction at Frederikssundsvej.

The Road Directorate expects the link to be opened to traffic on January 1, 2020. The 
bridge is expected to be used by both heavy and light vehicles, but here we will use 
a simplified assumption that 13,000 passenger cars will cross the bridge each day. 
Furthermore, it is assumed that this traffic data is valid for 365 days a year. 

The following data is provided:
2015: Project planning + archaeological studies:    116 million DKK
2016: Project planning + land purchasing + construction work:  206 million DKK
2017: Project planning + construction work:     515 million DKK
2018: Construction work:     717 million DKK
2019: Construction work:     480 million DKK
In all:  Total budget:        2,034 million DKK 

In reality, the amounts stated fall due throughout the years, but it is assumed here 
that the annual amounts fall due in the middle of the years. A discount rate of 4% 
per year is used and fixed prices are calculated.
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The Finance Law grants funding for the project with the following amounts:: 
2015: 116 million DKK
2016: 206 million DKK
2017: 125 million DKK
2018: 212 million DKK
The amounts from the Finance Law are assumed to be paid out in the middle of the 
years.

QUESTION 1
What is the amount, calculated at the end of 2019, to be paid and deducted through 
the payment of motorists to pass the bridge?

The Civil Code states that the link must be repaid no later than 40 years after 
opening. Therefore, the debt on January 1, 2020 could be financed by raising a 
40-year annuity loan with annual installments and with a nominal interest rate of 
2% per year. The loan is assumed to be taken up at rate of 100, and establishment 
and administrative costs are disregarded. It is assumed that the total annual cost of 
operating the SOV company and the payment facility is 13 million DKK, starting in 
the opening year.

QUESTION 2
What is the minimum cost of a one-way trip over the bridge for a passenger car in 
order for SOV to be able to pay the benefits on the annuity loan?

Instead of taking out an annuity loan, it is now assumed that a loan is taken up at 
2% per annum and that the entire year's profits are used to repay the loan. Further-
more, it is assumed that the price is set at 14 DKK/trip. 

Under these conditions, the loan will be repaid after approximately 40 years, accor-
ding to the solution to question 2. However, there are expectations that the amount 
of traffic will increase over time, which will repay the loan faster.

QUESTION 3
If traffic is expected to increase by 0.7% per year, how long will it take for the loan 
to be repaid?

In the above, it is assumed that all motorists pay the same price to cross the bridge.
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QUESTION 4
Kunne det være en økonomisk fordel for SOV at foretage prisdifferentiering, og 
hvordan kunne det i givet fald udføres?

See the solution on page 122. 
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terialer, ny teknologi til at forudsige trafi k-
mønstre og intelligente trafi ksystemer. 
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projekter og optimere processer, så vi ska-
ber de bedste resultater for Danmark. 

Medarbejdere der kan kombinere faglig 
indsigt med ansvarlig forvaltning og politisk 
forståelse, og som er indstillede på at sam-
arbejde med hele transportsektoren, kom-
muner og trafi kanter. Du får dedikerede 
kolleger rundt om i landet, du udveksler vi-
den internationalt og er parat til at afprøve 
nye innovative løsninger. 

Samarbejdet lægger kimen til et stærkt og 
kollegialt arbejdsmiljø. Til en karriere med 
store muligheder, og hvor indsatsen kan af-
læses i bruttonationalproduktet. 

Hos os får du både et stort ansvar, men også 
frihed til selv at planlægge dit arbejdsliv. Vi 
tænker stort. Ikke mindst når det gælder 
vores medarbejderes karriereudvikling.
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Calculations with the Introduction of 
new technology for windows

For more than 75 years, the VELUX Group has created better housing for people 
worldwide  by bringing daylight and fresh air through the roof. The VELUX Group’s 
product portfolio consists of both skylights and skylight modules, as well as a wide 
range of decoration and sun-screening products, roller shutters, installation produ-
cts,  and intelligent remote controls. These are products that contribute to a healthy 
indoor environment and sustainable solutions - for playing and learning, working, 
and pleasure.
 
With sales offices and factories in more than 40 countries, we operate globally and 
have approximately 10,500 employees worldwide. The VELUX Group is owned by 
VKR Holding A/S, a foundation and family owned limited liability company. You can 
read more at www.velux.com.

Engineers in the VELUX Group typically work with product development, manufac-
turing, logistics, testing, and quality, or in administrative support functions. Many 
development projects are undertaken in collaboration with colleagues in the VELUX 
Group's global organization and with Danish and foreign partners.

Over the years, many different window pane variants have been developed, to be 
able to offer customers a variety of features such as better insulation properties, 
sun protection, and laminated glass. A new technology now makes it possible to put 
a coating on the window pane, which resists the adhesion of dirt and debris, giving 
the window a self-cleaning effect in the rain. 

The VELUX Group sales subsidiaries around the world see great value in being able 
to offer this coating to their customers, and studies have shown that customers are 
willing to pay extra for this feature. Technologically, it is possible to apply this coa-
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ting to the window panes, if in cooperation with the glass supplier 10 million DKK is 
invested in new equipment. This investment is to be borne by the VELUX Group. In 
addition, the raw materials for the finished window will be 15 DKK more expensive. 
When the window with the new coating is mounted in the frame, it must be handled 
more carefully and requires additional quality control before and after this process. 
This means that labor costs will increase by 12 DKK per window.

Calculation for a normal window without the new coating:

Materials: 800 kr. 57.1%

Salary: 200 kr. 14.3%

Additional costs: 100 kr. 7.1%

Depreciation and interest: 40 kr. 2.9%

Cost price: 1,140 kr. 81.4%

Sales costs: 100 kr. 7.1%

Marketing: 90 kr. 6.4%

Profit: 70 kr. 5.0%

Selling price: 1,400 kr. 100.0%

The sales of windows are assumed to be 200,000 units per year, and a discount rate 
of 7% per annum is used.

QUESTION 1
If the investment in the new equipment is to be financed and depreciated over two 
years, how much would this increase the line item "depreciation and interest" in the 
above calculation?

QUESTION 2
If the VELUX Group wishes to continue to have a profit margin of 5%, by how much 
should the selling price of a window be increased as a result of the new coating?

Based on market research, the sales subsidiaries raise the selling price of the 
windows with the new coating by 45 DKK. Based on the answer to question 2, it is 
shown that this will result in a reduc-tion in the profit margin per window for the 
VELUX Group.
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QUESTION 3
Can a reduction in the profit margin per window be perceived as an indication that 
the investment in the new technology is not profitable?

QUESTION 4
Calculate the profitability of the investment in the new technology if the investment 
shall accrue interest and be paid off over a five year period.

QUESTION 5
What is the minimum amount by which the selling price can be increased, in order 
for the investment to be profitable over a five year period?

See the solution on page 126. 



The VELUX Group
For more than 75 years, we have created 
better living environments for people around 
the world; making the most of daylight and 
fresh air through the roof. Our product port-
folio includes roof windows and modules for 
both pitched and flat roofs. 

Our company has a global presence with 
sales and production activities in more  
than 40 countries and employs about 
11,000 people worldwide. 

At the VELUX Group work is more  
than just a job. Our workplace gives  
people the chance to grow. 

Explore our opportunities  
at velux.com/career
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SOLUTIONS
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Utilization of heat in flue gas

SOLUTION QUESTION 1
The annual water consumption, AW, is represented as:

AW = 24 · 7 · 45 · 4 = 30,240 m3/year

The energy consumption required to increase the temperature of this amount of 
water by (90 - 60) = 30°C, EwΔt, is:

EwΔt = 30 (0C) · 30,240 (m3/year) · 1.161 kWh/(m3 · 0C) = 1,053,259 kWh/year

As the boiler efficiency is 91.5%, the energy consumption, E, is:

E = 1,053,259/0.915 = 1,151,103 kWh/year

Based on the heating value of gas, the gas consumption, G, for heating is:

G = 1,151,103/12 = 95,925 Nm3/year.

The total cost of gas for heating the water, AWG, will then be:

AWG = 95,925 · 6 = 575,550 DKK/year.

SOLUTION QUESTION 2
The energy, ErΔ1,1, that can be extracted if the temperature of 1 m3 of flue gas is lowe-
red by 1 degree is:

ErΔ1,1 = 1.155 (kJ/kg · 0C) · 0.670 (kg/m3) · 1/3,600 (kWh/kJ) = 0.000214958 kWh/(m3 · 
0C)

The annual amount of flue gas, AG, is:
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AG = 24 (hours/day) · 7 (days/week) · 45 (weeks/year) · 205 (m3/hour) = 1,549,800 m3/
year 

For the amount of energy, ErΔt, which can be extracted with the heat exchanger, we 
get: 

ErΔt = 0.8 · (425 – 100) (0C) · 1,549,800 (m3/year) · 0.000214958 kWh/(m3 · 0C) = 86,617 
kWh/year

This reduces gas consumption by ΔG:

ΔG = 86,617/12 = 7,218 Nm3/year.

SOLUTION QUESTION 3
In Question 2, the gas consumption can be reduced if the heat exchanger is 
purchased. This will result in a reduction in the cost of gas, ΔCG, of:

ΔCG = 7,218 · 6 = 43,308 DKK/year.

The investment amount, I, is the sum of the purchase price and the costs (payments) 
for the installation, which is:

I = 120,000 + 40,000 = 160,000 DKK.

Static payback time = 160,000 / 43,308 = 3.7 years.

The dynamic life is longer, as the savings are discounted with a discount rate > 0%. 
After 4 and 5 years, the investment's present value, PV, is:

PV4 years = -160,000 + 43,308 · (1 – 1.10-4)/0.10 = -160,000 + 137,280 = -22.720 DKK

PV5 years = -160,000 + 43,308 · (1 – 1.10-5)/0.10 = -160,000 + 164,171 = 4,171 years

The dynamic life of the investment is thus almost 5 years.

SOLUTION QUESTION 4

Some companies make decisions on investments based on their repayment period, 
and an investment with a dynamic repayment period of almost 5 years might be 



85

SOLUTION: ALFA LAVAL I DANMARK

considered by some to be non-attractive. Theoretically, however, an investment 
should not be approved or rejected from the re-payment period, as the basic crite-
rion for an investment's profitability is that the capital value should be ≥ 0 DKK. 

If the capital value of the investment is calculated at time 0, the capital value is 
represented as the present value, PV. For this, we get:

PV = -160,000 + 43,308 · (1 – 1.10-25)/0.10 = -160,000 + 393,108 = 233,108 DKK

The investment is thus highly profitable.

SOLUTION QUESTION 5
If, for example, the heat exchanger's lifetime is only 10 years, then the present value 
of the reduction of annual gas costs, PVΔCG, becomes:

PVΔCG = 43,308 · (1 – 1.10-10)/0.10 = 266,109 DKK

If the lifetime is reduced from 25 years to 10 years, i.e., by 60%, the percentage 
reduction of the present value of the cost savings for gas will only be (393,108 - 
266,109) /393,108 · 100 ≈ 32%, that is, about half as large. The difference is that 
whereas lifetime is a sum of years, present value is a sum of discounted annual 
values. The present value is therefore not a linear function of lifetime.
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Investment in electrification of the 
railway network

SOLUTION QUESTION 1

Since the lifespans of the two types are the same, the choice can be based on the 
criterion: Maximum capital value.

The sum of idle losses and operating losses:
• Type A: 300 + 1,400 = 1,700 MWh/year
• Type B: 450 + 1,100 = 1,550 MWh/year

The economic value of electricity losses:
• Type A: 1,700 ∙ 1,000 ∙ 0,40 = 680,000 DKK/year
• Type B: 1,550 ∙ 1,000 ∙ 0,40 = 620,000 DKK/year

The net present value, NPVA, of the costs for the investment in Type A:

NPVA = -2,500,000 – 680,000 ∙ (1 – 1.05-40)/0.05 = -2,500,000 – 11,668,179 = 
-14,168,179 DKK

The net present value, NPVB, of the costs for the investment in Type B:

NPVB = -3,100,000 – 620,000 ∙ (1 – 1.05-40)/0.05 = -3,100,000 – 10,638,634 = 
-13,738,634 DKK

Since Type B has the greater net present value (the least negative value), Banedan-
mark should choose this type.
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SOLUTION QUESTION 2
For the value, i1 (expressed as decimal number), of the discount rate that makes the 
two investments are equally attractive, it must be that:

NPVA = NPVB

That is, to say

-2,500,000 – 680,000 ∙ (1 – (1 + i1)
-40)/i1 = -3,100,000 – 620,000 ∙ (1 – (1 + i1)

-40)/i1

or
600,000 = 60,000 ∙ (1 – (1 + i1)

-40)/i1

or
10 = (1 – (1 + i1)

-40)/i1

From this, we get:

i1 = 0.097, or 9.7% per year

Check:
If the discount rate is 9.7% per year, then we get the following net present values:

NPVA,9,7 = -2,500,000 – 680,000 ∙ (1 – 1.097-40)/0.097 = -2,500,000 – 6,837,538 = 
-9,337,378 DKK
NPVB,9,7 = -3,100,000 – 620,000 ∙ (1 – 1.097-40)/0.097 = -3,100,000 – 6,234,227 = 
-9,334,226 DKK

The small difference between the two net present values is due to the fact that in the 
calculations only one decimal place was used in the value of internal interest rates.

SOLUTION QUESTION 3
If the discount rate = 0% per year, we get:
NPVA,0 = -2.5 – 0.68 ∙ 40 = -29.7 million DKK
NPVB,0 = -3.1 – 0.62 ∙ 40 = -27.9 million DKK

If the discount rate => ∞, we get the following limits for the net present values:
NPVA,∞ = -2.5 million DKK
NPVB,∞ = -3.1 million DKK

Figure 1 outlines the course of the two net present values as a function of the dis-
count rate.
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Figure 1: The net present value of the two investments as a function of the discount rate.

The answer to question 2 (the value of i1) can be read in figure 1, where the two cur-
ves intersect.

SOLUTION QUESTION 4
If the short-circuit test is purchased, the total investment will be 3.1 + 0.6 = 3.7 mil-
lion DKK, and the lifespan increases to 44 years. The net present value, NPVB,T, of the 
costs will now be: 

NPVB,T = -3,700,000 + -620,000 ∙ (1 – 1.05-44)/0.05 = -3,700,000 – 10,950,919 = 
-14,650,919 DKK

While answering the questions, NPVB was calculated to be -13,738,634. NPVB is 
thus greater than NPVB,T, but it cannot be concluded that the purchase of the short-
circuit test is not profitable. The net present values cannot be compared directly, as 
they were calculated for two investments with different lifespans. A comparison 
can only be made if the net present values are rewritten as constant annuities.

aB = -13,738,634 ∙ [0.05/(1 – 1.05-40)] = -800,662 DKK/year

aB,T = -14,650,919 ∙ [0.05/(1 – 1.05-44)] = -829,480 DKK/year

Since aB > aB,T, it is therefore not profitable to purchase the short-circuit test.
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Successive calculation

SOLUTION QUESTION 1
No, it's not a coincidence. In general, the time or cost of carrying out a planned acti-
vity may well be somewhat smaller than expected. On the other hand, it can become 
much larger as a variety of unforeseen problems can arise. Thus, a distribution to 
describe the time or cost consumption of an activity is rarely symmetrical about the 
expected mean, but typically right-skewed, according to step 3, is assumed to be 
described by an Erlang function.

SOLUTION QUESTION 2
In the following Table 3, columns a, b, and c correspond to minimal, most likely, and 
maximum cost consumption. In addition, three columns have been added:

• d: average cost consumption (mi)
• e: spread of cost consumption (si)
• f: variance of cost consumption (si

2)

a b c d e f

Roads and squares 28,800 32,000 38,400 32,640 1,920 3,686,400

Wiring 11,700 13,000 16,250 13,390 910 828,100

Climate protection 7,600 8,000 12,000 8,720 880 774,400

Salary + consltant 21,600 24,000 30,000 24,720 1,680 2,822,400

Total for the 4 
activities

79,470 8,111,300

Table 3: Calculated data for the 4 main activities. Amounts in columns a-e are shown in thou-
sands of DKK.
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For the total project, we get:
Mean = m = 79,470,000 DKK
Spread = s = 8,111,300½ · 1000 = 2,848,034 DKK

SOLUTION QUESTION 3
Calculations that in solving question 2 lead to the numerical values in Table 4.

a b c d e f

Construction of 
roadbeds

8,607 9,060 10,872 9,332 453 205,209

Road completion 9,234 9,720 11,664 10,012 486 236,196

Construction of 
intersections

11,970 13,300 17,290 13,832 1,064 1,132,096

Total for the 3 
activities

33,176 1,573,501

Table 4: Calculated data for the 3 sub-activities into which the main activity "Roads and 
squares" is divided. Amounts in columns a-e are shown in thousands of DKK.

With the division of the main activity “Roads and squares” into 3 sub-activities, 
the average value for this activity is now calculated to be 33,176,000 DKK, whereas 
during the solution of question 2 it was calculated to be 33,280,000 DKK, which is 
nearly the same.

The variance of the main activity is now calculated to be 1,573,501 DKK2, where in 
question 2 it was calculated to be 3,686,400 DKK2. The total variance for the project 
has thus been reduced by 3,686,400 - 1,573,501 = 2,112,899 DKK2, whereby it is now 
8,111,300 - 2,112,899 = 5,998,401 DKK2.

For the spread of the total project cost, we now get:

s = 5,998,401½ · 1.000 = 2,449,163 DKK

The spread is thus reduced by (2,848,034 - 2,449,163) / 2,848,034 · 100 = 14%.

SOLUTION QUESTION 4
After solving question 3, the mean value of the “Roads and squares” activity is 
increased by:
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33,176,000 - 32,640,000 = 536,000 DKK

The total mean value, m, for the entire project is therefore now:

m = 79,470,000 + 536,000 = 80,006,000 DKK

The difference between 83,000,000 DKK and the mean is:

(83,000,000 - 80,006,000)/2.449.163 = 1.22 times the spread.

In a normal distribution, this corresponds to an 88.9% probability that the project 
costs will not exceed 83,000,000 DKK.

In a normal distribution, the 90% confidence interval is bounded by ± 1.65 times the 
spread. Thus, there is a 90% probability that the costs will be in the interval bet-
ween:

80,006,000 - 1,65 ∙ 2,449,163 = 75,964,881 DKK and 80,006,000 + 1,65 ∙ 2,449,163 = 
84,047,119 DKK

PS: In practice, of course, not this many significant digits would be included, but 
this is done so that the student can more accurately check his calculations.
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Water and energy consumption for 
different faucets

SOLUTION QUESTION 1

Water consumption = NA · NP · NS · C/1,000 · AT/60 (m3/year)

Traditional faucet
Water consumption = 3 · 700 · 200 · 10/1,000 · 18/60 = 1,260 m3/year
Of this, hot water makes up 30%:
Hot water consumption = 1,260 · 0.30 = 378 m3/year
Cost of water = 1,260 · 45 = 56,700 DKK/year
Cost of heating water:
378 · 1,000 · 0.001161 · (54 – 6) · 0.60 = 12,639 DKK/year

Touchless faucet
Water consumption = 3 · 700 · 200 · 6/1,000 · 12/60 = 504 m3/year
Of this, hot water makes up 20%:
Hot water consumption = 504 · 0.20 = 101 m3/year
Cost of water = 504 · 45 = 22,680 DKK/year
Cost of heating water:
101 · 1,000 · 0.001161 · (54 – 6) · 0.60 = 3,377 DKK/year

1-armed faucet with cold start
Water consumption = 3 · 700 · 200 · 6/1,000 · 18/60 = 756 m3/year
Of this, hot water makes up 20%:
Hot water consumption = 756 · 0.20 = 151 m3/year
Cost of water = 756 · 45 = 34,020 DKK/year
Cost of heating water:
151 · 1,000 · 0.001161 · (54 – 6) · 0.60 = 5,049 DKK/year
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SOLUTION QUESTION 2
Since the three options, A, B and C, have the same useful life, the choice can be made 
by using the capital value method, as the option with the largest capital value is the 
most profitable. 

The capital values are calculated here at time 0, thus they are called present values, 
PV.

PVA = - 100 · 500 – (56,700 + 12,639) · (1 – 1.05-15)/0.05
PVA = -50,000 – 719,715 = -769,715 DKK

For option B, there is an additional cost for electricity for the sensors of 40 · 100 = 
4000 DKK / year.

PVB = - 100 · 1,100 – (22,680 + 3,371 + 4,000) · (1 – 1.05-15)/0.05
PVB = -110,000 – 311,919 = -421,919 DKK

PVC = - 100 · 600 – (34,020 + 5,049) · (1 – 1.05-15)/0.05
PVC = -60,000 – 405,523 = -465,523 DKK

Since PVB is greatest (least negative), option B is preferred. If the assumptions 
about consumption patterns change, then another alternative could prove to be most 
advantageous. Thus, the most profitable of the three alternatives depends on the 
specific situation.

SOLUTION QUESTION 3
Annual costs for water consumption and for water heating:
Traditional faucet: 56,700 + 12,639 = 69,339 DKK/year
1-armed faucet with cold start: 34,020 + 5,049 = 39,069 DKK/year.

The savings resulting from the 1-armed faucet with cold start thus amounts to 
69,339 – 39,069 = 30,270 DKK/year.

The additional investment in 1-armed faucets with cold start amounts to 100 · (600 
- 500) = 10,000 DKK.

The static repayment time on the investment in 1-armed faucets with cold start 
rather than investment in traditional faucets = 10,000 / 30,270 ≈ 0.33 years ≈ 4 
months.
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SOLUTION QUESTION 4
The question here is whether the traditional faucets should be replaced immedia-
tely, or possibly replaced later, at the end of their remaining life. There are now 3 
options:

1. continue with the traditional faucets
2. immediately switch to touchless faucets
3. immediately switch to 1-armed faucets with cold start

As the residual life of the current faucets is shorter than the lifetime of options 2 
and 3, the 3 options do not have the same lifetime. Therefore, the capital value met-
hod cannot be used now, but the annuity method can be used instead.

For the existing faucets, the cost calculated in question is 69,339 DKK/year. The ori-
ginal purchase price is "sunk cost" and irrelevant, and their current selling price can 
reasonably be valued at 0 DKK. The annuity for the existing faucets thus amounts 
to only the annual costs (payments). This annuity is to be compared to the payout 
annuity, a, for each of the 2 options. These 2 annuities consist of two parts: The 
investment amounts converted to annuities + the annual costs. 

If the investment amounts are converted to constant annuities over the lifetime, we 
get:

aI,B = 100 · 1,100 · 0.05/(1 – 1.05-15) = 10,598 DKK/year
aI,C = 100 · 600 · 0.05/(1 – 1.05-15) = 5,781 DKK/year

In addition, we add the annual costs for water and for heating water as well as elec-
tricity for the sensors for option B. This will be the total payout annuity for the two 
options:

aB = 10,598 +.22,680 + 3,377 + 4,000 = 44,655 kr./year
aC = 5,781 + 34,020 + 5,049 = 44,850 kr./year

If the traditional faucets are not replaced, the cost will be 69,339 DKK per year, 
whereas after re-placement they will be 40,655 DKK per year and 44,850 DKK per 
year respectively. Regardless of the remaining life of the existing faucets, they 
should be replaced immediately. Since the annuity of the touchless faucets, aB, is the 
lowest, the faucets should be replaced with these, given the initial assumptions.
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Societal benefits of investment in an 
electrical cable between Denmark 
and Holland

SOLUTION QUESTION 1

Energinet's bottleneck income, BI, will be:
BI = 30 DKK/MWh * 5,000,000 MWh * 50% = 75,000,000 DKK/year.

SOLUTION QUESTION 2
Energinet’s grant from the EU Commission for the establishment of the cable 
amounts to a total of 0.50 · 720 = 360 million DKK, and the grant is awarded over 
three years proportionally according to Energinet’s costs. Energinet’s total costs for 
the cable are estimated to be 2.4 billion DKK, so that the EU grant reduces Energi-
net's annual costs by a factor of 360 / 2.400 = 0.15.

Energinet’s costs (payments) after the grant from the EU Commission will be as fol-
lows:
2016: 0.85 · 300 =  255 million DKK  
2017: 0.85 · 700 =  595 million DKK
2018: 0.85 · 1,400 =  1,190 million DKK

The capital value of the payments for establishing the cable, Ce, calculated at the end 
of 2018 (beginning of 2019), is:
Ce,2018 = 255 ∙ 1.043 + 595 ∙ 1.042 + 1,190∙ 1.04 = 287 + 644 +1,238 = 2,169 million DKK

PS: If an investment starts at time 0, then the capital value is calculated at that time, 
i.e. at the be-ginning of year 1, for C0. Therefore, the capital value, calculated at the 
beginning of 2019, is referred to above as C2018.

The annual societal utility value is 160 +14 + 14 + 4 = 192 million DKK per year. 
From this, the costs of operation and maintenance must be deducted along with the 
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value of the net loss, i.e. 4 + 20 = 24 million DKK per year. The net value of societal 
benefits thus becomes 192 - 24 = 168 million DKK/year over the lifetime of 30 years.

The capital value of this net present value, Cn, calculated at the beginning of 2019, 
amounts to:
Cn,2018 = 168 ∙ [1 – 1.04-30]/0.04 =  2,905 million DKK

The total Danish societal surplus resulting from the establishment of the cable, C2018, 
calculated at the beginning of 2019, is as follows:
C2018 = Cn,2018 - Ce,2018 = 2,905 – 2,169 = 736 million DKK

SOLUTION QUESTION 3
If the life expectancy increases from 30 to 40 years, then the capital value of the 
annual net present value becomes:

Cn,2018 = 168 ∙ [1 – 1.04-40]/0.04 = 3,325 million DKK

This increases the overall societal benefit of establishing the cable to:

C2018 = Cn,2018 - Ce,2018 =3,325 – 2,169 = 1,156 million DKK

This increase in life expectancy from 30 to 40 years thus leads to an increase in 
overall societal profit of (1,156 – 736)/736 · 100 = 57%.

SOLUTION QUESTION 4
The life expectancy is assumed to be 30 years, as given in Question 3. If the dis-
count rate changes from 4% to 5%, then the capital value of the annual net present 
value will be:

Cn,2018 = 168 ∙ [1 – 1.05-30]/0.05 = 2,583 million DKK

The capital value of the establishment costs changes to:

Ce,2018 = 255 ∙ 1.053 + 595 ∙ 1.052 + 1,190∙ 1.05 = 295 + 656 +1,250 = 2,201 million DKK

This reduces the overall societal profit by establishing the cable to:

C2018 = Cn,2018 - Ce,2018 =2,583 – 2,201 = 382 million DKK
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If the demand for return is increased from 4% to 5%, the total societal surplus will 
thus be reduced by (736 – 382)/736 · 100 = 48%.

The answers to questions 3 and 4 illustrate that the profitability of long-term inve-
stment is highly dependent on the assumptions used.
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Investing in a heat pump system

SOLUTION QUESTION 1
The proposed heat pump system produces 5½ MW of thermal power. The heat pump 
is running around the clock for 360 days a year, thus producing:

5½ ∙ 24 ∙ 360 = 47,520 MWh/year.

Operation of the heat pump with a COP of 4 requires a power consumption of:

47,520/4 = 11,880 MWh/year.

The cost of electricity, UE, will then be:

 UE = 11,880 ∙ 1.10 ∙ 103 = 13,068,000 DKK/year.

Adding maintenance costs of 2 million DKK per year, the total operating expenses, 
UD, become:

UD = 13,068 + 2 million ≈ 15 million DKK/year.

SOLUTION QUESTION 2
With a settlement price of 337 DKK/MWh, there is thus obtained an income, IV, from 
the sale of heat to the district heating network of:

IV = 47,520 ∙ 337 = 16,014,240 DKK/year ≈ 16 million DKK/year.

The investment entails the following payouts:
• I = plant investment = 12 + 3 = 15 million DKK
• UD = operational costs = 15 million DKK/year.

The investment entails the following income:
• IV = income from the sale of heat = 15 million DKK/year.
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• IE&V = savings on electricity and water = 2 million DKK/year.

The annual net income annuity, aNI, is then:

aNI = IV + IE&V - UD = 16 + 2 – 15 = 3 million DKK/year.

The investment is written for a constant payout annuity over 15 years:

au = 15,000,000 ∙ [0.08/(1 – (1 + 0.08)-15)] = 1,752,443 DKK/year ≈ 1.75 million DKK/
year.

For the total income annuity, a, we get:

a = aNI – au = 3.00 – 1.75 =1.25 million DKK > 0, which is why the investment is pro-
fitable.

SOLUTION QUESTION 3
The investment’s net present value, NPV, can now be calculated as the present value 
of the annuity, a:

NPV = 1.25 ∙ [(1 – (1 + 0.08)-15)/0.08] = 10.7 million DKK

Control: If the net present value is calculated using the capital value method, the 
same result should be obtained:

NPV = -I + aNI ∙ [(1 – (1 + 0.08)-15)/0.08] = -15 + 25.7 = 10.7 million DKK

SOLUTION QUESTION 4
The dynamic payback period is the time that will pass before the sum of the dis-
counted net income, ∑NBx years, is equal to the amount of investment.

∑NB6 years = 3 ∙ [(1 – (1 + 0.08)-6)/0.08] = 13.9 million DKK < I = 15 million DKK
∑NB7 years = 3 ∙ [(1 – (1 + 0.08)-7)/0.08] = 15.6 million DKK > I = 15 million DKK

This shows that the present value of net income after 6 years is 13.9 million DKK, 
and after 7 years is 15.6 million DKK, which is slightly more than the amount inve-
sted. The dynamic payback period is thus between 6 and 7 years.

SOLUTION QUESTION 5
Solution Question 5:
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From the solution to question 1, it can be seen that an investment in the heat pump 
can result in a reduction in energy consumption, ΔE, of the difference between out-
put from and input to the heat pump, which is

ΔE = 47,520 – 11,880 = 35,640 MWh/year.

By selling this energy saving to an energy company, this can result in a first-year 
income (savings) of:

Δe = 300 · 35,640 = 10,692,000 DKK/year

Since this deposit is attributable to the end of the year, it is the present value, PVE, 
which is:

PVE = 10.692 ∙ 1.08-1 = 9.9 million DKK.

If PVE is rewritten to a constant annuity, ae over the life of the heat pump, we get:

ae = 9.9 · [0.08/(1 – (1 + 0.08)-15)] = 1.16 million DKK/year.

The total income annuity, at, thus becomes:

at = a + ae = 1.25 + 1.16 = 2.41 million DKK/year.

The energy savings agreement will thus significantly improve the profitability of 
investment in the heat pump.

SOLUTION QUESTION 6
The question can be answered in several different ways, e.g. by comparing the two 
alternatives using the capital value method or the annuity method. Here, a marginal 
consideration is used.

If the lower investment of 2 million DKK is rewritten as an annuity over the life-
time, we get an annual savings of ΔIa:

ΔIa = 2 · [0,08/(1 – (1 + 0,08)-15)] · 106 = 233.659 DKK/year.
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The two heat pumps have the same heat effect, and thus they provide the same 
amount of heat. However, the alternative heat pump has a lower COP, which is why 
it consumes more electricity. If we call the COP for the alternative heat pump COPA, 
we get, according the solution to question 1, an additional electricity cost of:

ΔUE = 47.520 · (1/COPA - ¼)

If the alternative heat pump is to be economically advantageous, it must be that:

ΔUE < ΔIa, that is:

47.520 · (1/COPA - ¼) · 1,10 · 103 < 233.659

From this, we get:

COPA > 3,9

It can be seen from this that the size of the heat pump's COP - based on the assump-
tions used - is extremely significant for the profitability of the investment in the 
heat pump. 
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Insourcing – made possible by the 
reduction of production costs

SOLUTION QUESTION 1

Currently, 4 million finished product packages are packaged per year. An increased 
OEE from 40% to 60%, that is, a 50% increase, will free up capacity for packaging 
an additional 2 million finished product packs per year. Since the time for finished 
product packaging of ampoules is 50% greater than the time for packaging of drop 
containers, the increase in OEE will therefore mean that capacity for packaging 3 
million drop containers will be freed up. The entire packaging of drop containers 
can therefore be insourced.

SOLUTION QUESTION 2
It is stated that the investment in the packaging line 5 years ago was 20 million 
DKK. This invest-ment has already taken place, so it is "sunk cost" and thereby 
irrelevant to the decision on the con-version of the packaging line.
 
Subsequently, a differential consideration is applied: Invest in redevelopment rather 
than continuing the current finished product packaging of ampoules. Since the 
packaging line in both alternatives will be used, the differential consideration can 
exclude the capital costs of the packaging line.

The differential investment for conversion is 7 million DKK, and this investment 
increases the cost of operation and maintenance by 1 million DKK per year.

The costs for the subcontractor are reduced by 1.5 ∙ 3 = 4.5 million DKK / year, and 
the costs for transport are reduced by 250,000 + 350,000 = 600,000 DKK / year ≈ 
0.6 million DKK / year.
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The costs are thus reduced by -1 + 4.5 + 0.6 = 4.1 million DKK / year.

The packaging line’s remaining lifetime is given to be 5 years. If this is assumed to 
be the lifetime of the investment, the investment’s net present value, NPV, is calcu-
lated as:

NPV = -7 + 4.1 ∙ (1 – 1.10-5)/0.10 = -7 + 15.5 = 8.5 million DKK.

The investment in redevelopment is therefore extremely profitable.

The investment’s static payback time, PTs, is calculated as:

PTs = 7/4.1 = 1.7 years.

The investment is thus paid back very quickly.

SOLUTION QUESTION 3
The costs of insourced production, Ci, are:

Ci = (3 + 1.5) + 750/10,000 ∙ 40 = 7.5 million DKK/year.

If the packaging is outsourced, the costs, Co, become:

Co = 0.5 + 1,500/10,000 ∙ 40 = 6.5 million DKK.

The costs should therefore be able to be reduced by 1 million DKK if the packaging is 
outsourced.

SOLUTION QUESTION 4
The production size, x, where the costs of insourcing the packaging will be the same 
as the costs of outsourcing the packaging, can be calculated from:

4.5 + 750/10,000 ∙ x = 0.5 + 1,500/10,000 ∙ x

From this, we get x = 53.3 million blister cards per year. The production on the 
packaging line must therefore increase by (53.3 – 40)/40 ∙ 100 = 33.3 %.
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SOLUTION QUESTION 5

Year 2005 2006 2007 2008 2009 2010 2011

Production 40.0 45.9 49.7 60.5 70.0 84.0 92.2

Cost of outsourcing 6.50 7.39 7.96 9.58 11.50 13.10 14.33

Cost of insourcing 7.50 7.94 8.23 9.04 9.75 10.80 11.42

Savings with 
insourcing

-1.00 -0.55 -0.27 0.54 1.75 2.30 2.91

The future value of the savings, FV2011, calculated at the end of 2011, is:

FV2011 = -1.00∙1.106 – 0.55∙1.105 – 0.27∙1.104 + 0.54∙1.103 + 1.75∙1.102 + 2.30∙1.10 + 2.91

FV2011 = -1.77 – 0.89 – 0.40 + 0.72 + 2.12 + 2.53 + 2.91 = 5.22 million DKK.
 
FV2011 is not an expression of the gains Lundbeck has achieved through the imple-
mentation of lean projects in this packaging line. Lundbeck has also incurred costs. 
The majority of these costs resulted from employees having spent time on the 
project. These costs can be difficult to quantify - not least because employees have 
acquired new skills and the lean culture of the company has been reinforced, which 
can form the basis for many improvement projects in the future.

PS: Since FV0 expresses the capital value at the beginning of year 1, FV2011 expresses 
the capital value at the beginning of 2012, i.e. at the end of 2011.



105

SOLUTION: HALDOR TOPSØE A/S

Economic assessments about a new 
product

SOLUTION QUESTION 1

The annual production of the refinery is:

30,000 · 365 = 10,950,000 barrels.

By using the TK-new, the annual volume of LCO can be increased by:

(0.292 – 0.250) · 10,950,000 = 459,900 barrels.

The added value of this annual additional production of LCO is:

60 · 459,900 = 2,759,400 DKK.

Since the lifetime of the catalyst is 2.5 years, it should be expected that the refinery 
would pay a maximum of:

2.5 · 2,759,400 = 6,898,500 DKK

for the 110 tons of TK-new, that is, a maximum additional charge for TK-new of:

6,898,500/110 = 62,714 DKK/ton TK-new.

For an additional price of 62,714 DKK/ton TK-new, the refinery - apart from the 
stated assumptions - will not have a financial incentive to switch from TK to TK-
new. The price of TK-new should therefore probably be set so the additional price is 
lower.
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SOLUTION QUESTION 2
If development costs in each of the three years is attributable to the year-end, the 
future value of the project after three years of development time, that is, at the 
beginning of year 1:

FV0 = -3.5 – 3.5 · 1.201 – 3.5 · 1.202 = -3.5 – 4.2 – 5.04 = -12.74 million DKK

In year 1, the expected earned gross profit is:

GP1 = 400 · 30,000 – 200,000 = 11.8 million DKK

Attributing this to the year-end, the future value of the project by the end of year 1 
is:

FV1 = -12.74 · 1.201 + 11.8 = -15.288 + 11.8 = -3.488 million DKK

In year 2, the expected earned gross profit is:

GP2 = 700 · 30,000 – 200,000 = 20.8 million DKK

Attributing this to the year-end, the future value of the project by the end of year 2 
is:

FV2 = -3.488 · 1.201 + 20.8 = -4.1856 + 20.8 = about 16.6 million DKK

It is thus seen that the project, with the expected sales figures, is already repaid at 
the beginning of year 2, assuming that it had not had been possible to sell TK as an 
alternative.

SOLUTION QUESTION 3
In Question 2, the future value of the development costs is estimated to be:

FV0 = -12.74 million DKK

Designated as the additional gross profit from TK-new, x DKK/ton, gives the 
expected gross profit earned in the first three years:
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GP1 = 400 · x – 200,000
GP2 = 700 · x – 200,000
GP3 = 2,400 · x – 200,000

The future value calculated at the end of year 3 is then:

FV3 = -12.74 · 106 · 1.203 + (400 · x – 200,000) · 1.202 + (700 · x – 200,000) · 1.201 + 
2,400 · x – 200,000

FV3 = -22.015 · 106 + 576 · x – 288,000 + 840 · x – 240,000 + 2,400 · x – 200,000

If the project is to be repaid after 3 years, then FV3 should = 0. This means that:

3,816 · x = 22.743 · 106

This gives:

x = 5,960 DKK/ton.

If TK-new does not contribute to increased sales, then the gross profit for TK-new 
should thus be 5,960 DKK/ton higher than for TK for the project to have a payback 
period of 3 years.

The assumptions behind question 2 (TK could not be sold in the five years) can be 
perceived as very pessimistic. In contrast, the assumptions behind Question 3 (that 
TK could alternatively achieve the same sales figures as TK-new) can be perceived 
as very favorable. The reality would probably lie somewhere in between these two 
extremes.

One problem with the assessment of profitability in developing new technology is 
that it cannot - as in the above - be made from short-term, partial considerations 
alone. Such calculations can help to illustrate profitability, but a company's focus on 
new development projects are to a greater extent based more on long-term strategic 
decisions. 
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Softer water for consumers

SOLUTION QUESTION 1
aI = 24,000,000 · [0.05/(1 – 1.05)-30] = 1,561,234 DKK/year

The cost of operations and maintenance (O&M) = 2,000,000 DKK/year

aI + O&M = 1,561,234 +2,000,000 = 3,561,234 DKK/year

Δprice = 3,651,234/1,980,000 = 1.80 DKK/m3.

SOLUTION QUESTION 2
Increased lifetime of dishwasher:
Lifetime = 10 years: Annuity = 4,000 · [0.05/(1 – 1.05-10)] =  518 DKK/year
Lifetime = 15 years: Annuity = 4,000 · [0.05/(1 – 1.05-15)] =  385 DKK/year
Savings:               133 DKK/year

For washing machines, corresponding numerical values apply, so the total savings 
for the two household appliances is 266 DKK/year.

Lifetime = 7 years: Annuity = 300 · [0.05/(1 – 1.05-7)] =   52 DKK/year
Lifetime = 12 years: Annuity = 300 · [0.05/(1 – 1.05-12)] =   34 DKK/year
Savings:        18 DKK/year

For electric kettles, corresponding numerical values apply, so the total savings for 
the two household appliances is 36 DKK/year.

Total savings for the 4 household appliances = 266 + 36 = 302 DKK/year

Reduction in energy consumption, ΔE, resulting from the softer water:
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ΔE = 2.25 · [(218 – 200) + (214 – 197) + (208 – 191) + (138 – 127) = 2.25 · 63 ≈ 142 DKK/
year 

Total savings from prolonged life expectancy and reduced energy consumption = 
302 + 142 = 444 DKK/year.

SOLUTION QUESTION 3
Water consumption in the average household:

2.1 · 45 = 94.5 m3/year.

Price increase from softening of the water = 94.5 · 1.80 ≈ 170 DKK/year < 444 DKK/
year.

SOLUTION QUESTION 4
The prolonged lifetime of household appliances listed in Table 1 assumes that con-
sumers only act on a rational economic point of view. However, this may be que-
stioned, as consumers may choose to replace a home appliance based on completely 
different reasons, for example, the emergence of a new design or new model. The-
refore, the possible extension of the lifetime may not be completely exploited. This 
will probably apply more to coffee machines and kettles than it would to dishwash-
ers and washing machines.

SOLUTION QUESTION 5
This question has no clear answer. The economic value of time savings is deter-
mined by how the saved time will be used, but this depends on the specific person. 
Some may want to spend the time on an extended afternoon nap on the sofa, while 
others might want to work several hours, thus increasing their income.

In societal analyses, changes in time consumption are often converted to economic 
numbers by multiplying the change in time consumption by an hourly factor. In 
connection with the discussion about a toll ring around Copenhagen, for example, 
Danish Industry estimated that the expected time loss that the road users would 
experience would be approximately 1.8 million hours/year. This was then conver-
ted to 449 million DKK/year by multiplying the time loss by 250.25 DKK per hour, 
which, according to Denmark’s Statistics, was the average profit per hour of work 
performed.
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Selection of cooling system

SOLUTION QUESTION 1
Since the two alternatives have the same lifetspan, the choice between these can be 
made based on the capital value method.

Option A:
Electricity consumption = Cooling requirement / power factor = 24/4 = 6 GWh / 
year.
Electricity costs = 6 · 1.10 · 106 = 6.6 million DKK / year

The capital value, calculated at time 0, is called the present value, NPV.

NPVA = Investment amount + discount on the sum of the annual maintenance and 
electricity costs.

NPVA = -70 - (2 + 6.6) · (1 - (1 + 0.08)-15) / 0.08 = -70 - 73.6 = -143.6 million DKK 

PS: Since these are payments, the amounts have a negative sign.

Option B:
Electricity consumption = Cooling requirement / power factor = 24/3 = 8 GWh / 
year.
Electricity costs = 8 · 1.10 · 106 = 8.8 million DKK / year

NPVB = -50 - (3 + 8.8) · (1 - (1 + 0.08)-15) / 0.08 = -50 - 101.0 = -151.0 million DKK

Based on the capital value method, the company should choose the alternative that 
has the greatest present value. Since these are only payments, both NPV values will 
be negative. Option A has the largest (the least negative) present value, which is why 
this alternative should be chosen.
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SOLUTION QUESTION 2
The investment difference consists of an additional investment of 70 - 50 = 20 mil-
lion DKK. In addition, there is an additional payment (savings) due to the lower costs 
for maintenance and electricity.

Investment difference:

NPVB→A = - (70 -50) + [3 + 8.8 - (2 + 6.6)] · (1 - (1 + 0.08)-15) / 0.08

NPVB→A = -20 + 3.2 · (1 - (1 + 0.08)-15) / 0.08 = -20 + 27.4 = 7.4 million DKK

From the solution to question 1 we have: 

NPVA - NPVB = -143.6 - (-151.0) = 7.4 million DKK

Thus, the solutions to questions 1 and 2 are consistent.

SOLUTION QUESTION 3
If NPVA is to be = NPVB, then the present value of the investment diference must 
be equal to 0 DKK, if the discount rate for i, is obtained (caccording to the solution to 
question 2):

NPVB→A - -20 + 3.2 · (1 - (1 + i)-15) / i = 0

from which, we get: i = 13,6% per year.

Thus, the discount rate must increase by more than 50% before option B becomes 
more profitable than option A. 

There is some uncertainty about how large the cooling requirements will be. When 
answering question 4, it is assumed that the COP values stated are constant - inde-
pendent of the cooling requirements.

SOLUTION QUESTION 4
The question can be answered by setting the cooling requirement C as an unknown 
and then setting NA = NB: 

-70 - (2 + C/4 · 1.10) · (1 - (1 + 0.08)-15)/0.08 = -50 - (3 + C/3 · 1.10) · [(1 - (1 + 0.08)-15)/0.08]

-20 = -(1 + (C/3 -C/4) · 1.10) · (1 - (1 + 0.08)-15)/0.08 = -(1 + C/12 · 1.10) · 8.56
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C = 14.6 GWh/year

Since it is entirely inconceivable that the cooling requirements will be so low, the 
uncertainty of the size of the cooling requirement will not change that option A will 
be the most profitable.

SOLUTION QUESTION 5
In fact, this question has already been answered by solving question 3. Here, the 
internal rate of return on the investment diference is calculated to be just over 
13.6% per year. If the discount rate increases from 8 to 13.6% per year., then NPVA = 
NPVB and if the calculation rate becomes even larger, then NPVB will be greater than 
NPVA. An increasing value of the discount rate will thus make alternative B relati-
vely more attractive. 
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Selection of a ventilation solution

SOLUTION QUESTION 1
Since the lifespan of the three alternatives is the same (25 years), the choice can be 
made using the capital value method. Here it is chosen to calculate the capital value 
at time 0, ie. the present value. Since NPVx represents the present value of solution 
x, we get:

NPV1 = -11,000 - (3,100 + 1,200 + 2,500) · (1 - 1,10-25)/0,10 = -11,000 - 61,724 = -72,724 
DKK

NPV2 = -25,500 - (1,200 + 300 + 2,000) · (1 - 1,10-25)/0,10 = -25,500 - 31,770 = -57,270 
DKK

NPV3 = -27,000 - (500 + 300 + 2,000) · (1 - 1,10-25)/0,10 = -27,000 - 25,416 = -52,416 
DKK

Since NPV3 is greatest (least negative), solution 3 should be preferred.

SOLUTION QUESTION 2
The additional investment, ΔI1,3, in going from solution 1 to solution 3 is:

ΔI1,3 = 27,000 - 11,000 = 16,000 DKK

The annual cost of the two solutions:
C1 = 3,100 + 1,200 + 2,500 = 6,800 DKK/year

C3 = 500 + 300 + 2,000 = 2,800 DKK/year

The reduction in the cost of going from solution 1 to solution 3 is:

ΔC1,3 = 6,800 - 2,800 = 4,000 DKK/year
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For the static payback time, SPT1,3, we get: 

SPT1,3 = 16,000/4000 = 4 years

SOLUTION QUESTION 3
Assuming that the existing CAV fixtures have a sales value of 0 DKK, there are only 
costs for operation, heating and service/maintenance associated with maintaining 
the CAV solution. The present value of these costs for the next 10 years, NPVO,+10, is:

NPVO,+10 = -(3,100 + 1,200 + 2,500) · (1 - 1.10-10)/0.10 = -41,783 DKK

If the CAV system is replaced by a VAV(2) solution, then for this solution a present 
value, NPV3,+10, is:

NPV3,+10 = -27,000 - (500 + 300 + 2,000) · (1 - 1.10-10)/0.10 = -27,000 - 17,205 = -44,205 
DKK

Since NPVO,+10 > NPV3,+10 , it is profitable to continue with the CAV solution.

SOLUTION QUESTION 4
The minimum number of years, x, for the total renovation can be calculated by repla-
cing the 10 years in NPVO,+10 and NPV3,+10 with x years, after which the two NPV-
values are compared, ie: 

NPVO,+x = NPV3,+x

-(3,100 + 1,200 + 2,500) · (1 - 1,10-x)/0,10 = -27,000 - (500 + 300 + 2,000) · (1 – 
1,10-x)/0,10

27,000 = 4,000 · (1 - 1,10-x)/0,10

0,675 = 1 - 1,10-x

From this, we get:

x = 11,8 years, which is almost 12 years.
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That x must be > 10 years is consistent with the solution of question 3, with NPV3,+10 
being less than the present value of the cost, NPVO,+10, of the CAV solution. 

SOLUTION QUESTION 5
The difference in the benefits of preferring one solution over the other can be 
expressed by the difference in the present values of the two solutions. As VAV(1) 
and VAV(2) continue to be referred to as solutions 2 and 3, the solution with 60 fix-
tures is:

NPV2 = -157,000 - (9,000 + 2,100 + 4,000) · (1 - 1,10-25)/0,10 = -157,000 - 137,063 = 
-294,063 DKK

NPV3 = -166,600 - (3,900 + 2,100 + 4,000) · (1 - 1,10-25)/0,10 = -166,600 - 90,770 = 
-257,370 DKK

The difference in the present values, ΔNPV, is:

ΔNPV60 = -257,370 –(-294,063) = 36,693 DKK

The average benefit is thus 36,693 / 60 = 612 DKK / fixture.

From the solution to question 1, we have:

ΔNPV8 = -52,416 –(-57,270) = 4,854 DKK

The average bbenefit is thus 4,854 / 8 = 607 DKK / fixture.

Thus, since the average gain is roughly similar, data from these two solutions seem 
to substantiate the assumption that the benefit of choosing VAV(2) rather than VAV 
(1) is roughly proportional to the number of fixtures.



116

SOLUTION: SUND & BÆLT

Lifetime costs on the Ringsted - 
Rødby railway line

SOLUTION QUESTION 1

Track switches must be replaced in the years 20, 40, 60 and 80. The present value, 
Nswitch, of these 4 reinvestments is: 

Nswitch = 116 · 2,500,000 · (1.05-20 +1.05-40 + 1.05-60 + 1.05-80)
Nswitch = 116 · 2,500,000 · (0.3769 + 0.1420 + 0.0535 + 0.0202) = 171,854,000 DKK

The tracks must be replaced in the years 40 and 80. The present value, Ntrack, of these 
2 reinvestments is:

Ntrack = 230 · 1,000,000 · (1.05-40 + 1.05-80)
Ntrack = 230 · 1,000,000 · (0.1420 + 0.0202) = 37,306,000 DKK

The cables must be replaced in the years 40 and 80. The present value, Ncables, of 
these 2 reinvestments is:

Ncables = 230 · 4,000,000 · (1.05-40 + 1.05-80) = 149,224,000 DKK

The masts must be replaced in year 50. The present value, Nmasts, of this reinvest-
ment is:

Nmasts = 3,000 · 35,000 · 1.05-50 = 9,156,391 DKK

The total present value, Nreinv, of the reinvestments to be made within the following 
100 years: 

Nreinv = Nswitch + Ntrack + Ncables + Nmasts = 171,854,000 + 37,306,000 + 149,224,000 + 
9,156,391 DKK.
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Nreinv = 367,540,391 DKK.

SOLUTION QUESTION 2
The total annual maintenance costs, Cmaint, are:

Cmaint = 116 · 100,000 + 230 · 25,000 + 230 · 40,000 + 3,000 · 100

Cmaint = 11,600,000 + 5,750,000 + 9,200,000 + 300,000 = 26,850,000 DKK/year

If this is regarded as an annual constant annuity, the present value, Nmaint, can be 
calculated by:

Nmaint = 26,l850,000 · (1 - 1.05-100)/0.05 = 532,916,389 DKK

SOLUTION QUESTION 3
The answers to questions 1 and 2 show that the present value of maintenance 
costs is almost 50% greater than the present value of the reinvestments. This is an 
example of the fact that the focus should not only be on the investment amounts, but 
that an overall financial assessment should be made based on a lifetime cost consi-
deration. 

SOLUTION QUESTION 4
For each type of material, the sum mentioned can be calculated from a constant 
annual annuity, consisting of the annual maintenance costs + a rewriting of the 
reinvestment at the end of its life to a constant annuity over its lifetime. 
 
The formula for rewriting the reinvestment at the end of its life to a constant annu-
ity over the life can be deduced by first discounting the amount to the beginning of 
the lifetime and then rewriting it into a constant annuity:

1.05-20 · (0.05/(1 - 1.05-20)) = 0.05/(1.0520 - 1)

For the 4 types of materials, we get:

aswitch = 116 · (100,000 + 2,500,000 · 0.05/(1.0520 - 1))
aswitch = 116 · (100,000 + 2,500,000 · 0.030243) = 20,370,470 DKK

atrack = 230 · (25,000 + 1,000,000 · 0.05/(1.0540 - 1))
atrack = 230 · (25,000 + 1,000,000 · 0.008278) = 7,653,940 DKK 
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acables = 230 · (40,000 + 4,000,000 · 0.05/(1.0540 - 1))
acables = 230 · (40,000 + 4,000,000 · 0.008278) = 16,815,760 DKK

amasts = 3.000 · (100 + 35,000 · 0.05/(1.0550 - 1))
amasts = 3.000 · (100 + 35,000 · 0,004777) = 801,585 DKK

For the total annuity, a, we get:

a = aswitch + atrack + acables + amasts = 20,370,470 + 7,653,940 + 16,815,760 + 801,585 = 
45,641,755 DKK/year.

It will thus cost an average of just over 45 million DKK/year to keep the railway line 
functioning.

SOLUTION QUESTION 5
From the results of questions 1 and 2, we find that the total present value, N, is:

N = Nreinv + Nmaint = 367,540,391 + 532,916,389 = 900,456,780 DKK

Calculating the present value of the value of the annuity calculated in question 4, a, 
for a horizon of 100 years, we get:

Na = 45,641,755 · (1 - 1.05-100)/0.05 = 905,893,455 DKK

The values of N and Na are, of course, not the same, since they were calculated under 
slightly different conditions. However, the two values are very close, which sup-
ports the accuracy of the calculations.
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Considerations about moving to new 
premises

SOLUTION QUESTION 1

The average annual payment for the investment can be found by rewriting the 
investment amount to a constant annual annuity, aa, over the life of 10 years. With a 
discount rate of 10% p.a., we get:

aa = 3,000,000 · 0.10/(1 - 1.10-10) = 488,236 DKK/year

PS.: The many significant digits are included for the sake of comparison with the 
solution to question 2.

SOLUTION QUESTION 2
In practice, the monthly payment would probably be calculated by dividing the 
annual payment by 12. The monthly payment would then be:

488,236/12 = 40,686 DKK/month. 

However, this is not correct from the point of view of investment theory. To be 
theoretically correct, the annual rate of interest, ia, is first translated into a monthly 
rate of interest, im, in that:

(1 + im)12 = 1 + ia

Since ia = 10%, we get

1 + im = (1 + 0.10)1/12 = 1.007974

im = 0.007974 ≈ 0.7974% per month

With this interest rate, an annuity over 10 years (120 months) can now be calcu-
lated:
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am = 3,000,000 · 0.007974/(1 - 1.007974-120) = 38,932 DKK/month

SOLUTION QUESTION 3
Current premises:
Costs = 1,500 · (870 + 150 + 135) = 1,732,500 DKK/year

New premises:
Costs = 450 · (700 + 120 + 90) + 330 · (750 +120 + 90) + 830 · (350 + 120) =
409,500 + 316,800 + 390,100 = 1,116,400 DKK/year

Cost savings = 1,732,500 - 1,116,400 = 616,100 DKK/year

The dynamic repayment time, DPT, can be calculated by:

3,000,000 = 616,100 · (1 - 1.10-DPT)/0.10

From this, we get: DPT ≈ 7 years

The company has entered into a lease agreement which is non-cancellable by the 
landlord for 10 years. However, the company can terminate the lease with one year's 
notice. Assume that this becomes relevant in the third year of the lease, when the 
company terminates the lease and vacates the premises at the end of the 5th year of 
the lease.

SOLUTION QUESTION 4
The question can be answered by calculating the capital value at year-end 5.

The savings, according to the solution to question 3, constitute a constant annual 
annuity of 616,100 DKK/year. The capital value thereof at the end of year 5 is: 

Csavings = 616,100 · (1.105 - 1)/0.10 = 3,761,352 DKK

The capital value of the investments is at the same time:

Cinvest = -3,000,000 ·1.105 = -4,831,530 DKK

The total capital value at the end of year 5 will then be:

C5 = 3,761,352 - 4,831,530 = -1,070,178 DKK
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If the lease ends after 5 years, then the company is just over 1 million DKK worse off 
than if it had remained in the former premises.

SOLUTION QUESTION 5
The capital value of the investment is at time 0 equal to -3,000,000 DKK. Over time, 
the capital value will increase and, according to the solution to question 3, it will 
equal 0 near the end of year 7. It must therefore be negative at the end of year 5, 
which is consistent with the answer to question 4.

In the above, relocation to new premises is assessed solely on the basis of economic 
considerations.

SOLUTION QUESTION 6
This question is intended to lead to a discussion, whioch is why there is no solution 
provided. Examples of topics that might be relevant to consider include: 

• Space conditions
• Costs
• Work environment: perhaps a better work environment will contribute to higher      
 productivity.
• Location in relation to customers and employees
• Parking conditions for customers and employees
• Purchase or rent
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Economic considerations of the 
Frederikssund fjord link

SOLUTION QUESTION 1

With the deduction of grants from the Finance Law, there are the following net 
payments in the middle of each year:
2015: 116 - 116 =  0 million DKK
2016: 206 - 206 =  0 million DKK
2017: 515 - 125 =  390 million DKK
2018: 717 - 212 =  505 million DKK
2019: 480 - 0 =   480 million DKK

It is assumed that the amounts are due in the middle of each year. Based on the 
stated discount rate of 4% per year, a semi-annual interest rate can be calculated, i½:

(1 + i½)2 = 1 + 0.04

From this, we get:

i½ =0.0198% per half year.

PS: To make it clear that the semi-annual rate - due to the interest rate - is slightly 
less than half the annual interest rate, the semi-annual interest rate is quoted at 4 
decimal places.

The bridge opens for traffic on January 1, 2020. If this is designated time 0, then the 
present value, I0, of the three net payments is: 

I0 = 390 · 1.01985,5 + 505 · 1.01983,5 + 480 · 1.01980,5 = 434.4 + 540.9 + 484.7 = 1,460 
million DKK.
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SOLUTION QUESTION 2
An annuity repaid through a constant payment, p, which is the sum of the interest 
and principal.

p = L · [(r/(1 - (1 + r)-D)], where

L = The loan amount (million DKK)
r = The interest rate (% per year)
D = The duration of the loan (years)

Inserting the values yields:

p = 1,460 · [(0.02/(1 - 1.02-40)] = 53.37 million DKK/year

SOV's total annual cost, C, is the loan payments + operating costs of 13 million DKK/
year:

C = 53.37 + 13 = 66.37 million DKK/year

If these costs are to be covered by the 13,000 · 365 cars that cross the bridge annu-
ally, then the toll price for a single trip over the bridge, t (DKK/trip), must be at least:

t ≥ 66,370,000/(13,000 · 365) ≈ 14 DKK/trip.

SOLUTION QUESTION 3
Since the repayment period is referred to as RP, the loan will be repaid when:

Discounted Toll Payments = Loan Amount + Discounted Operating Costs

When discounting operating costs, a discount rate of 2% per year is used (= the bor-
rowing rate).

When discounting the toll revenue, it must be taken into account that these increase 
by 0.7% per year. The present value of toll revenue from the percentage increase in 
traffic can be calculated by discounting with a reduced value of the discount rate. 
If the calculated rate of interest is referred to as i and the percentage increase in 
traffic is referred to as s, then the present value of the annual payments can now be 
calculated by discounting with a reduced calculation factor, i1, which must be that:

1 + i1 = (1 + i)/(1 + s) = 1.02/1.007 = 1.0129
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i1 = 0.0129% per year

Immediately, one might think that i1 should be = i - s = 0.02 - 0.007 = 0.013. This 
is not theoretically quite correct, but practically applicable - especially with small 
interest rates.
 
Discounted operating costs = 13 · [(1 - 1.02-RP) / 0.02] = 650 - 650 ·
1.02-RP million DKK.

Discounted toll revenue = 14 · 13,000 · 365 / 1,000,000 · [(1 -
1,013-RP) / 0.013] = 5,110 - 5,110 · 1,013-RP million DKK.

The loan will be repaid when "discounted toll payments = loan amount + discounted 
operating costs", that is, when:

5,110 - 5,110 · 1.013-RP = 1,460 + 650 - 650 · 1.02-RP

5,110 · 1.013-RP - 650 · 1.02-RP = 3,000

From which we get: RP ≈ 33 years.

If traffic increases by 0.7% per year, the payback time will be reduced from 40 to 33 
years. Thus, a change in traffic figures will have a major impact on when the inve-
stment in the bridge is repaid.

SOLUTION QUESTION 4
The principle of price differentiation is that customers (the total market) are divided 
into two or more groups (sub-markets, segments) and that a fare is introduced for 
each group. Any company will be able to increase the earned contribution through 
price differentiation, but different conditions must be met in order for price diffe-
rentiation to be possible. 

First, price differentiation must be carried out in a legal manner. It is, for example, 
not legal to differentiate prices by gender, skin color, race, religion, etc. Secondly, 
there must be a market with monopolistic competition, that is, with a declining 
price-setting feature. Third, the price elasticity of the sub-markets at the same 
market price must be different. Fourth, the sub-markets must be kept separate. 
Thus, customers within a segment that must pay a higher price must not be able to 
buy in a segment where the price is lower.
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A division into commuters and non-commuters seems to be obvious, as commuters 
who have to cross the bridge more than 400 times a year are assumed to be more 
price sensitive than motorists who only have to cross the bridge a few times a year. 
Thus, a discount to commuters is expected to increase the number of commuters, 
while a higher price for non-commuters is unlikely to significantly reduce traffic.

Examples of other divisions in customer segments that can be kept separate are 
retirees (documentation of age) and students (documentation with student cards). A 
lower price for these two groups could be justified by greater price sensitivity and/
or lower purchasing power.

Do you have other suggestions for possible segmentation?
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Calculations with the introduction of 
new technology for windows

SOLUTION QUESTION 1

Rewriting the investment of 10 million DKK to an annuity, a, over two years, we get:

a = 10,000,000 ∙ 0.07/(1 – 1.07-2) = 5,530,918 DKK/yr.

With annual sales of 200,000 units, we get an increase in "depreciation and inte-
rest" of:

5,530,918/200,000 = 27.65 DKK per window

SOLUTION QUESTION 2
Calculation for a window with the new coating:
Materials: 815 kr. 55.9%
Salary:  212 kr. 14.5%
Additional costs: 100 kr. 6.9%
Depreciation and interest: 68 kr. 4.6%
Cost price: 1,195 kr. 81.9%

Sales costs:  100 kr. 6.9%
Marketing: 90 kr. 6.2%
Profit: 73 kr. 5.0%
Selling price: 1,458 kr. 100.0%

PS.: The total cost for production, sales, and marketing comes to 1,385 DKK. Since 
the profit must be 5% of the selling price, it must be 1,385 / 0.95 = 1,458 DKK per 
window. The profit is hereby 1,458-1,385 = 73 DKK per window.

The selling price of a window must therefore be increased by 1,458-1,400 = 58 DKK.
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SOLUTION QUESTION 3
The profitability of investments resulting in changes in the costs and selling price 
cannot be judged by how the profit margin in a full-cost calculation changes.

SOLUTION QUESTION 4
The general criterion for an investment to be profitable is that its net present value 
must be ≥ 0 DKK. The investment of 10 million DKK in the new technology results 
in:

An increase in salary costs of 12 DKK per window
An increase in material costs of 15 DKK per window 
An increase in the selling price of 45 DKK 

Overall, this results in a net cash flow of 45 – 12 – 15 = 18 DKK per window, which 
corresponds to 18 ∙ 200,000 = 3,600,000 DKK/year.

The investment’s net present value, NPV, thus becomes:

NPV = -10,000,000 + 3,600,000 ∙ (1 – 1.07-5)/0.07 = 4,760,710 DKK.

Solution question 5
If the investment is to be profitable, then the minimum requirement for the net cash 
flow, NCF, can be calculated as:

NPV = -10,000,000 + NCF ∙ (1 – 1.07-5)/0.07 ≥ 0 DKK

From this, we get:

NCF ≥ 2,438,907 DKK/yr. or 2,438,907/200,000 = 12.19 DKK per window.

Therefore, the selling price of a window must be increased by a minimum of 12.19 
+ 12 + 15 = approximately 39 DKK, if the investment in the new technology is to be 
profitable.


