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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 technical 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 concrete 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 addition, 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: 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 network in Denmark. The main office is located at Carsten Niebuhrs Gade 43 in Copenhagen, but Banedanmark has skilled and dedicated employees throughout Denmark.
A well-functioning public transport system is essential for people to be able to travel 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 connected. 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 stateof-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 independent of the load and is primarily the idle magnetization of the transformer. The
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CASE: Banedanmark
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 transformers, 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

0

0

300

450

1,400

1,100

Scrap value (DKK)
Idle loss (MWh/year)
Operating loss (MWh/year)

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 attractive?
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 57.
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CASE: Cowi A/S

CASE: COWI A/S

Successive calculation
COWI is an international consulting company that creates coherent, sustainable
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 as wwell as planning and architecture
- and 90 years of experience in the consulting industry, COWI is a leader in its field.
About 7,200 employees are distributed at the main office in Lyngby, subsidiaries
and project offices in North America, Asia, Africa, the Middle East and Europe. In
2019, annual sales amounted to 6,623 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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CASE: Cowi A/S
1. The entire project is divided into activities.
2. For each activity, xi, a minimum (ai), a most likely (bi) and a maximum cost consumption (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 = ∑ si2
5. If the spread, s, is considered to be too large, then go back to step 1, dividing activities into sub-activities that now contribute most to the size of s (the uncertainty).
It is assumed that COWI has now implemented steps 1 and 2 of the calculation method, 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 activity. 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 between the most likely and the minimum (b - a)?
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CASE: Cowi A/S
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 breakdown into sub-activities:
Minimum (a)

Most likely (b)

Maximum (c)

Construction of roadbeds *)

-5%

9,060

+20%

Road completion*)

-5%

9,720

+20%

-10%

13,300

+30%

Construction of intersections

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 established 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 + consultant" 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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CASE: Cowi A/S
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 60.
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CASE: H. LUNDBECK A/S

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 2019, the company had a total revenue of 17 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 professionally. 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 production 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. Lundbeck 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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CASE: H. Lundbeck A/S
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 packaging line in the two shifts that are working on it. The project aimed partly to increase 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 container’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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CASE: H. Lundbeck A/S
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 subcontractor 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
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CASE: H. Lundbeck A/S
different products were packaged on the packaging line, and the project was specifically focused on reducing changeover times, using the thinking and approach of
SMED1 .
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 20052011.
Year
Production

2005

2006

2007

2008

2009

2010

2011

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 expression of the gain Lundbeck realized during the project?
See the solution on page 63.

1 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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CASE: HALDOR TOPSØE A/S

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, Russia, India, China, Bahrain, Argentina, Malaysia and Canada, as well as manufacturing facilities in Frederikssund and Houston, USA. The annual turnover in 2019
amounted to 5,931 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 legislation 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 products - mainly gasoline, kerosene, diesel, fuel oil and asphalt. In addition, raw materials 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 various compounds in the oil to react with the hydrogen to produce the desired product.
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CASE: haldor Topsøe A/S
After several years of research work, Topsoe was able to develop a new catalyst, TKnew, 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 catalyst 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 manufacturing costs. In a research-intensive company such as Topsoe, this method is not
suitable, because the variable manufacturing costs are relatively small in comparison 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 calculated 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:

30

Topsoe careers

Global challenges
solved by you
At Topsoe, we encourage the engineers of tomorrow
to not only develop next generation products, but
also solve global challenges. Working in areas from
atsmospheric pollution to renewable energy production,
we help our customers get more out of their raw
materials while at the same time using less energy
– we call this optimal performance.
With multiple opportunities to work in different
industries and regions of the world within one
company, there are no limits to where your
abilities could take you.
See our available vacancies
at www.topsoe.com

www.topsoe.com

CASE: haldor Topsøe A/S
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 TKnew) 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 increased 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 replaces 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 66.
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CASE: LINDAB VENTILATION A/S

Selection of a ventilation solution
Lindab is an international company that aims to improve the indoor climate and
simplify the construction of sustainable buildings. The products are most often
designed in steel and include roof and facade cladding, gates, gutters and ventilation
solutions. 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. This way of thinking is a natural part of Lindab's philosophy "Good
Thinking", which also includes three core values with a special focus on creating
success among customers.
Lindab's product areas within ventilation are duct systems and accessories, technical ventilation products and system solutions. Lindab offers software for design as
well as calculation and planning programs for complete solutions within ventilation
and indoor climate.
History
Lindab was founded by Lage Lindh in 1959 in Sweden. Today, the company is represented in 125 locations in 32 countries, including Denmark. Lindab has its Danish
head office in Haderslev and employs more than 500 employees in several departments in Denmark.
Different ventilation solutions
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,
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only variable air flow (VAV) systems are installed, and often only ventilated according 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 regulates 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 previous 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.
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 consumption will be increased by the factor f².
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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
Investment (DKK)

VAV(1)

VAV(2)

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.
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) solution 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
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needed.
VAV(1)
Investment (DKK)

VAV(2)

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 69.
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Economic consequences of
postponement of projects
SimCorp develops, sells and delivers software solutions and services to the international financial sector. SimCorp employs approximately 1,800 people globally, with
headquarters in Copenhagen and subsidiaries in Europe, North America, Australia
and Asia. SimCorp, which is listed on NASDAQ OMX Copenhagen, had a turnover of
EUR 454 million in 2019. and a profit before interest, tax and depreciation of EUR
142 million.
SimCorp's product, SimCorp Dimension, is an internationally recognized, complete
software solution for professional asset managers - a so-called enterprise solution
that supports all the activities of the asset management process: Investment opportunity analysis, order placement and management, risk monitoring and control,
return measurement, reconciliation, bookkeeping and reporting. SimCorp Dimension brings these activities together in one system platform, enabling the entire
asset manager's organization to work with consistent real-time data. SimCorp
Dimension is one of the most comprehensive IT standard solutions of its kind and
is delivered together with associated services as a total solution for the customer's
asset management business.
SimCorp bases its business on financial expertise and software know-how. Over
90% of the company's employees have an academic education, primarily in finance,
economics, IT or engineering. The high level of knowledge in financial theory and
software development, combined with solid experience and insight into customers'
business processes, is a prerequisite for SimCorp to be able to continue to develop
and offer customers competitive, high-quality solutions.
Software companies are often in the situation where there are more ideas for new
products and improvements to existing products than there is capacity to imple-
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ment. Priority must therefore be given, and this can be done on the basis of various
criteria, e.g. strategic value, economic value and/or customer satisfaction. In order
to simplify the task, the focus in the following assignment is solely on the financial consequence, and the starting point is that when there is not the capacity to
implement all ideas, then priority must be given. SimCorp uses an agile development
method (SAFe), where larger initiatives are referred to as Epics. In this assignment,
however, the term "projects" is used. For prioritization, SimCorp uses a method
called "Cost of Delay". "Cost of Delay" can be calculated as the reduction in present
value that results from projects being postponed for a period. The following 3 questions only deal with projects that are postponed for a year.
Table 1 shows an example with three different projects, A, B and C. These are fictitious projects, where the numerical values do not refer to actual projects, but only aim
to illustrate the calculations. Projects A and B illustrate projects where a new solution is developed, which is sold to customers. Project 3 illustrates a project where a
one-time saving is achieved for each customer project upon implementation.
YEAR
Project A

Project B

Project C

11
Number of customers

2

2

3

4

5

6

7

10

20

22

24

26

28

Payment per customer

30

30

30

30

30

30

30

Support and maintenance

50

120

200

300

320

340

360

1

3

5

7

9

10

10

Payment per customer

200

200

200

200

200

200

200

Support and maintenance

100

250

430

450

470

490

500

Number of customers

12

12

12

12

12

12

12

Payment per customer

10

10

10

10

10

10

10

0

0

0

0

0

0

0

Number of customers

Support and maintenance

Table 1: Three project proposals with indication of number of customers, payments pe. customer and SimCorp's costs for support and maintenance. Amounts are in € 1,000 (K €).

The situation here is perceived as being an investment problem, and an investment
problem is described by inflows and outflows as well as by the times when the
payments take place. In addition, a discount rate must be set so that the payments
can be discounted. Some amounts are described in Table 1 as costs, as this term is
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often used in practice, but based on the concepts of investment theory, then it is a
question of payouts.
The development costs (investment amounts) for projects A, B and C are €
1,000,000, € 3,000,000 and € 500,000 respectively. These are assumed to be very
simplified and can be described as payments at time 0, ie. at the beginning of year 1.
A discount rate of 15% per year is used.
QUESTION 1
What is the present value of each of the three projects?

It is now assumed that SimCorp only has the capacity to develop one of the projects,
which can then be delivered to customers in year 1. The 2 other projects can then
only be developed in year 1 and therefore only delivered to customers in year 2.
There could be two different assumptions about the consequence of this postponement:
Assumption 1: The two projects that must be postponed will continue to have a
lifespan of 7 years. The consequence (“Cost of Delay”) is that the investment amount
and the inflows and outflows in years 1 - 7 are shifted by one year.
Assumption 2: The 2 projects that must be postponed will continue to expire at the
end of year 7. The consequence (“Cost of Delay”) is that the investment amount and
the inflows and outflows in years 1 - 6 are postponed by one year, while the net
payment in year 7 lapses.
QUESTION 2
What is the “Cost of Delay” for each of the three projects based on assumption 1?
QUESTION 3

What is the “Cost of Delay” for each of the three projects based on assumption 2?
Delays of longer duration (years) have been considered above. However, there are
also many situations where a decision must be made as to the order in which some
projects are to be carried out and where the delays are of shorter duration.
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Cost of delay (DKK/week)

Project duration (weeks)

Project D

8.000

4

Project E

30.000

3

Project F

40.000

5

Table 2: Cost of delay and project duration for 3 projects.

Table 2 shows the cost of delay for 3 projects, D, E and F, where the delay is the time
that will elapse before the project can be delivered to the customer. The cost could be
an expression of lost contribution margin. In addition, Table 2 shows the duration of
implementation of the projects. The situation must be understood in the sense that
if one, for example, chooses to complete project D first, then all 3 projects will have a
delay of 4 weeks. If one then, for example, choose to complete project F, then projects
E and F will both have a further delay of 5 weeks, etc.
The problem now is to determine the order in which the projects are to be carried
out, that is, to prioritize the projects. There are a number of different prioritization
methods. A frequently used method is to prioritize according to the order in which
the projects have arrived. This method is called FIFO, which stands for "First In,
First Out".
QUESTION 4
What are the total delay costs if the projects are prioritized according to the FIFO
method?

FIFO is a heuristic, ie. a formalized approach to finding a solution. A heuristic
approach does not necessarily find the optimal solution, but "good" heuristics find
near-optimal solutions. Heuristics are used in many different areas - including for
prioritizing work tasks. SimCorp uses a heuristic approach that prioritizes by (cost
of delay) / duration, ie. from economic considerations. The heuristic methods are
called CD3:
CD3 = (”Cost of Delay”)/(duration of the delay)
QUESTION 5

What are the total delay costs if the three projects are prioritized based on CD3?
See the solution on page 72.
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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
2019, 13,3 million vehicles drove across the bridge, and the average daily traffic was
36,359 vehicles. In comparison, in 1997, which was the last year of ferry operations,
approximately 8,200 vehicles crossed the Great Belt daily. Train traffic has also had
a noticeable benefit from the fixed link. On average, 127 trains crossed the Great Belt
every day in 2019, as opposed to 40-45 before the bridge's opening.
The daily traffic impact of rails, tunnels and bridges demands efficient and optimal maintenance. Specifically in terms of planning and organization, so that traffic 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 possile, 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.

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

3,000

35,000

100

50

Equipment

Electrical masts (pcs.)

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?
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 completely 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 problematic 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
period had been increased from 100 years to e.g. 110 years, a new reinvestment
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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 horizon 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 for the
4 different types of equipment 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 76.
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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 traffic 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 innovative 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 national 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 facility during the repayment period, the Ministry of Transport, Building and Housing
has established the Independent Public Company, the Fjord Association Frederikssund (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 Skibbyvej 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. Furthermore, it is assumed that the price is set at 14 DKK/trip.
Under these conditions, the loan will be repaid after approximately 40 years, according 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.

49

CASE: vejdirektoratet
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 79.
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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 products, 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, manufacturing, 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%

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%

1,400 kr.

100.0%

Depreciation and interest:

Selling price:

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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CASE: velux a/S
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 83
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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 portfolio 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

CASE: velux a/S

SOLUTIONS
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SOLUTION: BANEDANMARK

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), Banedanmark 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 discount 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 curves intersect.
SOLUTION QUESTION 4

If the short-circuit test is purchased, the total investment will be 3.1 + 0.6 = 3.7 million 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 shortcircuit 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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SOLUTION: COWI A/S

Successive calculation
SOLUTION QUESTION 1

No, it's not a coincidence. In general, the time or cost of carrying out a planned activity 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 (si2)
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 thousands 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

11,970

13,300

17,290

13,832

1,064

1,132,096

Construction of
intersections
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:

61

solution: Cowi A/S
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 between:
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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SOLUTION: H. LUNDBECK A/S A/S

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 calculated 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: H. Lundbeck A/S A/S
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

-1.00

-0.55

-0.27

0.54

1.75

2.30

2.91

Savings with
insourcing

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 implementation 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.
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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 TKnew. 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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SOLUTION: LINDAB VENTILATION A/S

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 replacing the 10 years in NPVO,+10 and NPV3,+10 with x years, after which the two NPVvalues 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 fixtures 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.
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SOLUTION: SIMCORP A/S

Economic consequences of
postponement of projects
SOLUTION QUESTION 1

The difference between the individual years 'payments from the customers and
the disbursements (the costs for support and maintenance) is called the years' net
payments, and these are attributed to the end of the individual years. Table 3 calculates the net payments for the 3 projects.
YEAR
Project A

Project B

Project C

11

2

3

Payment per customer

30

30

30

30

30

30

30

Total payments

60

300

600

660

720

780

840

Support and maintenance

50

120

200

300

320

340

360

Net payment

10

180

400

360

400

440

480

1

3

5

7

9

10

10

Payment per customer

200

200

200

200

200

200

200

Total payments

200

600

1.000

1.400

1.800

2.000

2.000

Support and maintenance

100

250

430

450

470

490

500

Net payment

100

350

570

950

1.330

1.510

1.500

Number of customers

14

14

14

14

14

14

14

Payment per customer

10

10

10

10

10

10

10

140

140

140

1.40

140

140

140

0

0

0

0

0

0

0

140

140

140

140

140

140

140

Support and maintenance
Net payment

22

24

7

2

Total payments

20

6

Number of customers

Number of customers

10

5

4

26

Table 3: Calculation of the net payments for the 3 projects. Amounts are in 1,000 € (K €).
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solution: Simcorp A/S
The present value of project A, PVA, can be calculated as the negative value of the
investment, IA, plus the present value of the net payments.
PVA = -1,000 + 10 ·1.15-1 + 180 · 1.15-2 + 400 · 1.15-3 + 360 · 1.15-4 + 400 · 1.15-5 + 440 ·
1.15-6 + 480 · 1.15-7
PVA = -1,000 + 8.7 + 136.1 + 263.0 +205.8 + 198.9 + 190.2 + 180.4 K€
PVA = -1,000 + 1,183 ≈ 183,000 €
Corresponding calculations can be performed for projects B and C, but after you
have performed the above calculations for project A and thus have shown that
you understand the principle, then the calculations for projects B and C could e.g.
quickly performed using the PRESENT VALUE (PV)function in Excel. This leads to:
PVB = -3,000 + 3,148 ≈ 148,000 €
PVC = -500 + 582 ≈ 82,000 €
To give a better overview, all amounts regarding present values are stated in whole
K €.
SOLUTION QUESTION 2
If all projects are postponed by one year, then both the investments and the annual
net payments will be deferred for one year. All amounts must therefore be discounted for a period longer, which is why the present values calculated under question 1 must all be multiplied by the factor (1 + i) -1, where i = the discount rate.

PVA,1 = PVA · 1.15-1 = 183,000 · 1.15-1 = 159,000 € => CODA1 = 183,000 – 159,000 =
24,000 €
PVB,1 = PVB · 1.15-1 = 148,000 · 1.15-1 = 129,000 € => CoDB1 = 148,000 – 129,000 =
19,000 €.
PVA,1 = PVA · 1.15-1 = 82,000 · 1.15-1 = 71,000 € => CoDC1 = 82,000 – 71,000 = 11,000 €.
It is immediately clear from this that the “Cost of Delay” (CoD) is greatest for the
project that has the greatest present value.
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SOLUTION QUESTION 3
Unlike in question 2, it is now further assumed that the last year lapses, ie. the year
that was originally year 7, but with the delays of one year is now year 8. The CoD
values calculated in question 2 must therefore be increased by the last net payment,
discounted by the factor (1 + i)-8.

ΔCoDA = 480,000 · 1.15-8 = 157,000 € => CoDA2 = 24,000 +157,000 = 181,000 €
ΔCoDB = 1,500,000 · 1.15-8 = 490,000 € => CoDA2 = 19,000 +490,000 = 509,000 €
ΔCoDC = 140,000 · 1.15-8 = 46,000 € => CoDA2 = 11,000 +46,000 = 57,000 €
It is seen that the CoD for project B will now be by far the largest, as this project
with assumption 2 will lose a very large net payment in the last period.
Questions 2 and 3 illustrate that the size of CoD depends a lot on the assumptions
made about the consequences of the delay.
SOLUTION QUESTION 4
If project D is completed first, then all 3 projects are delayed by 4 weeks, which
entails the following costs = 4 · (8,000 + 30,000 + 40,000) = 312,000 DKK.

If project E is then completed, then projects E and F are further delayed by 3 weeks,
which entails the following costs = 3 · (30,000 + 40,000) = 210,000 DKK.
Project F is complated last, and this entails a further delay of this project of 5 weeks,
which entails the following cost = 5 · 40,000 = 200,000 DKK.
For the total delay costs, DCF, we get:
DCFIFO = 312,000 + 210,000 + 200,000 = 722,000 kr.
SOLUTION QUESTION 5
CD3 for the 3 projects are:

CD3D = 8,000/4 = 200 DKK/week2
CD3E = 30,000/3 = 10,000 DKK/week2
CD3F = 40,000/5 = 8,000 DKK/week2
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solution: Simcorp A/S
Based on this, the projects should be prioritized in the order: E, F and D. This will
entail the following delay costs, DCCD3:
DCCD3 = 3 · (8,000 + 30,000 + 40,000) + 5 · (8,000 + 40,000) + 4 · 8,000
DCCD3 = 234,000 + 240,000 + 32,000 = 506,000 DKK.
By prioritizing based on CD3 over FIFO, the delay cost is thus reduced by ΔDCF:
ΔDCF = (722,000 -506,000)/722,000 · 100 = 30%.
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SOLUTION: SUND & BÆLT

Lifetime costs on the Ringsted Rødby railway line
SOLUTION QUESTION 1

Track switches must be replaced at the end of 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 at the end of 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 at the end of 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 at the end of year 50. The present value, Nmasts, of this
reinvestment 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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solution: Sund & Bælt
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 DKK/year
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 consideration.
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 annuity 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)) DKK/year
aswitch = 116 · (100,000 + 2,500,000 · 0.030243) = 20,370,470 DKK/year
atrack = 230 · (25,000 + 1,000,000 · 0.05/(1.0540 - 1)) DKK/year
atrack = 230 · (25,000 + 1,000,000 · 0.008278) = 7,653,940 DKK/year
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solution: Sund & Bælt
acables = 230 · (40,000 + 4,000,000 · 0.05/(1.0540 - 1)) DKK/year
acables = 230 · (40,000 + 4,000,000 · 0.008278) = 16,815,760 DKK/year
amasts = 3.000 · (100 + 35,000 · 0.05/(1.0550 - 1)) DKK/year
amasts = 3.000 · (100 + 35,000 · 0,004777) = 801,585 DKK/year
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, of the
amounts for reinvestment and maintenance within the next 100 years are:

N = Nreinv + Nmaint = 367,540,391 + 532,916,389 = 900,456,780 DKK
In question 4, the value, a, of an annuity is calculated, which in principle is assumed to be an infinite annuity. If the present value of this annuity is calculated for a
horizon of 100 years, we get:
Na = 45,641,755 · (1 - 1.05-100)/0.05 = 905,893,455 DKK
The assumptions behind the calculation of N and Na are thus slightly different, but
since 100 years is a very long horizon, the difference between the two values should
not be quite large. This is also seen to be the case, which supports the accuracy of
the calculations.
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SOLUTION: VEJDIREKTORATET

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.

79

solution: vejdirektoratet
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 annually, 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 borrowing 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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solution: vejdirektoratet
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 investment 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 differentiation 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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solution: vejdirektoratet
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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SOLUTION: VELUX A/S

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 interest" 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.
Additional costs:
100 kr.
6.9%
Depreciation and interest:
68 kr.
4.6%
Cost price:
1,195 kr.
81.9%
Sales costs:
Marketing:
Profit:
Selling price:

14.5%

100 kr.
6.9%
90 kr.
6.2%
73 kr.
5.0%
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: velux a/S
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.
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