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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  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.

With respect to the next edition, we welcome comments about the level of difficulty 
of the problems and selection of topics. These comments should be directed to the 
book’s author :

Master of Science in Engineering Aage U. Michelsen, Aage.U.Michelsen@gmail.com
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Case: aLFa LaVaL iN deNMaRK

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 genius 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 employees 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 Laval’s products help customers to heat, cool, separate and transport produ-
cts in industries that produce food and beverages, chemicals and petrochemicals, 
pharmaceuticals, starch, sugar and ethanol. Alfa Laval’s products are also used in 
power plants, aboard ships, within the machinery industry, in mining and waste-
water treatment, as well as for comfort climate and recycling applications.

Three out of 4 ships in the world are equipped with Alfa Lava products and soluti-
ons: for the benefit 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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Case: aLFa LaVaL iN deNMaRK

Alfa Laval strives to make everyday life better and make a difference. Therefore, 
employees around the world currently contribute to lowering energy consump-
tion 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 electri-
city supply is somewhat unstable. For this reason, the company has acquired an 
electric generator, so it is self-sufficient with electricity. The generator is powe-
red by gas.

The company has a gasfired boiler that supplies hot water production and it is 
considering whether some of the energy in the flue gas from the electricity gene-
rator 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 600C to a 
discharge temperature of 900C. 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 temperature is 425°C 
and 100°C, respectively.
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Case: aLFa LaVaL iN deNMaRK

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, cp, 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 cp, i.e. cp = 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 conditions 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%? 

Please find the solution on page 56. 

www.alfalaval.dk
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Case: COLOPLast a/s

Considerations About the   
Changing of a Product

Coloplast develops products and services that make life easier for people with very 
personal and private medical conditions. Coloplast has four business areas: ostomy, 
urology, continence, and wound and skin care.
 
The story of Coloplast begins back in 1954. Elise Sorensen is a nurse. Her sister, 
Thora, has undergone ostomy surgery and no longer dares to go out among other 
people out of fear that her stoma may leak. Elise understands her sister’s problems 
and invents the world’s first ostomy bag. A bag that makes it possible for Thora - 
and thousands like her - to return to a normal life. Today, Coloplast’s values still 
follow Elise’s example: we listen, we learn, and we act. 

Most of our customers have suffered a serious accident or illness, and their life 
situation is often associated with taboo and stigma. We help them return to a fru-
itful life without restrictions. By making products that work, which are easy to use 
and do not look like medical equipment, we hope to remove some of the “patient 
stigma” that many live with. We can only do this by listening to the customer’s 
needs and involving them in our product innovation.

Facts about Coloplast:
• Coloplast has subsidiaries in 42 countries and sells products in more than 138  
 countries 
• Global headquarters located in Humlebaek, Denmark
• More than 11,000 employees worldwide, of which approximately 1,400 are in   
 Denmark
• Production in Denmark, Hungary, China, USA, and France
• Coloplast had a turnover of 15.528 million Danish Kroner in 2016/17

Coloplast is considering undertaking a radical change to one of its ostomy care 
products, Alterna, which is expected to reduce the variable production cost of the 
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product. From the time that such a product change process begins, it normally takes 
about 18 months until the sale of the revised product can begin. To simplify the cal-
culations, it is assumed here that the development time is one year.

Table 1 specifies data for the current version of the product, since the revision of the 
product, where applicable, must begin one year before the beginning of year 1.

Year 1 2 3 4 5 6

expected sales 
(million units/yr.) 62.6 64.5 65.8 67.1 67.1 65.7

expected sales price 
(dKK/unit) 16.75 16.58 16.42 16.25 16.09 15.93

expected variable 
costs (dKK/unit) 2.04 1.98 1.92 1.88 1.84 1.81

Table 1: Data on expected sales, sales price, and variable costs for the current product, if the 
revised version of the product is not developed and marketed. 

If the revised version of the product is developed and marketed, the current product 
will be gradually phased out over 3 years. Expected sales of the current product are 
listed in Table 2. Sales price and variable costs are expected to remain as indicated 
in Table 1.

Year 1 2 3 4 5 6

expected sales 
(million units/yr.) 49.1 19.7 9.8 0 0 0

Table 2: Estimated sales for the current product, if the revised version is marketed. 

Table 3 specifies data for the revised version of the product.

Year 1 2 3 4 5 6

expected sales (mil-
lion units/yr.) 14.2 47.5 58.8 71.1 74.7 78.4

expected sales price 
dKK/unit) 16.75 16.58 16.42 16.25 16.09 15.93

expected variable 
costs (dKK/unit) 2.14 1.89 1.76 1.72 1.69 1.67

Table 3: Data on expected sales, sales price, and variable costs for the revised version of the 
product. 
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If it is decided to develop the revised version of the product, 5 million DKK will be 
invested in a vision system for production monitoring, 1 million DKK allocated to 
marketing costs, and 5 million allocated to develop the production system. The cost 
of product development is allocated to be 3 million DKK.

Coloplast uses a discount rate of 10% per year.

QUESTION 1
Will it be profitable for Coloplast to implement the project to revise the current pro-
duct?

QUESTION 2
What is the dynamic payback time for the project?

The sales figures listed in Table 3 are based on all current customers switching from 
the current to the revised product, plus an increase in sales of 5%, since the adhesive 
in the revised version has new features added. 

One risk of changing a product, however, is that some existing customers will not 
switch to the revised product, but instead purchase a product from a competitor.

QUESTION 3
By how many percent must the annual sales of the revised product be reduced 
before the project is no longer profitable? 

Another uncertainty in the project is the life span the product will have on the mar-
ket. In the above, both the current product and the revised version of the product 
are based on a 6-year period.

QUESTION 4
How much will the profitability of developing and marketing the revised version of 
the product be reduced, if the life span on the market is reduced from 6 to 5 years?

Please find the solution on page 59.

Forward together

Coloplast is one of the most successful medical device companies in the world, with 
a mission to make life easier for people with intimate healthcare needs. 

We are a global organisation with manufacturing sites in three different time zones and warehouses on 
every continent. We are responsible for innovation and ramping-up new products, supply and logistics, 
as well as for procurement and quality. It is our ambition to improve performance, reduce risks and 
launch new products according to plan.

From mechanical design, to materials technology, to machine building, our Engineering & Technology 
organisation provides a range of innovative and profitable solutions based on a smooth integration of 
internal and external technologies. This supports our vision of setting the global standard for listening 
and responding. 

Explore your curiosity and find out where your background, experience and interests could take you:
www.coloplast.com/career

Ostomy Care / Continence Care / Wound & Skin Care / Urology Care

The Coloplast logo is a registered trademark of Coloplast A/S. © 2018-08.
All rights reserved Coloplast A/S, 3050 Humlebæk, Denmark.



Forward together

Coloplast is one of the most successful medical device companies in the world, with 
a mission to make life easier for people with intimate healthcare needs. 

We are a global organisation with manufacturing sites in three different time zones and warehouses on 
every continent. We are responsible for innovation and ramping-up new products, supply and logistics, 
as well as for procurement and quality. It is our ambition to improve performance, reduce risks and 
launch new products according to plan.

From mechanical design, to materials technology, to machine building, our Engineering & Technology 
organisation provides a range of innovative and profitable solutions based on a smooth integration of 
internal and external technologies. This supports our vision of setting the global standard for listening 
and responding. 

Explore your curiosity and find out where your background, experience and interests could take you:
www.coloplast.com/career

Ostomy Care / Continence Care / Wound & Skin Care / Urology Care

The Coloplast logo is a registered trademark of Coloplast A/S. © 2018-08.
All rights reserved Coloplast A/S, 3050 Humlebæk, Denmark.



14

Case: daMiXa

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 inhouse designers ensure that the develop-
ment 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 func-
tionality and lifespan in Damixa’s own testing laboratory at its headquarters 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 
energy tests that document high savings potential on both water and energy for hot 
water.
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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.

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) 750 1.500 1.000

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

L = lifetime (years) 15 15 15

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
EP = energy price = 0.60 DKK/kWh
WP = water price = 65 DKK/m3

i = discount rate = 5% per year
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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 censor 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?

Please find the solution on page 62.
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Case: eNeRGiNet

Societal benefits of investment in an 
electrical cable between Denmark 
and Holland

Energinet must ensure the supply of electricity and natural gas in Denmark, while 
the transition to green energy occurs in an economically sound and efficient man-
ner. Energinet owns the energy motorways and is responsible for ensuring fair 
competition in the market for electricity and natural gas for the benefit of consu-
mers.

Energinet:
• ensures that there is always power in electrical outlets and gas in gas taps
• establishes the framework for well-functioning markets for electricity and   
 natural gas, so both consumers and energy producers are ensured fair prices
• contributes to the green transformation of the energy system and helps ensure  
 that  the transition will benefit Danish society

Energinet is an independent public enterprise owned by the Danish Ministry of 
Energy, Utilities and Climate, with 1,200 dedicated and highly skilled employees. 
Based on the values of business orientation, development, responsibility and com-
mitment, they constantly emphasize organizational and personal development. The 
company is headquartered in Fredericia and has offices in Ballerup, Stenlille, Egt-
ved, Lille Torup, Tjele, Vester Hassing, Soeborg and Skaerbaek. The company has a 
turnover of approximately 13 billion DKK annually. The company works with many 
different interest organizations both within and outside of Denmark.

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 
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COBRAcable. In October 2016, Energinet began construction of the new electricity 
connection, and the facility is expected to be operational at the beginning of 2019.

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.

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.
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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. 

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 estimated 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 
balancing 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.
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Energinets eltransmissionsnet er forbundet til nabolandene Norge, Sverige og Tyskland, og 
nye forbindelser er på vej. Udlandsforbindelserne fungerer bl.a. som handelsforbindelser 
mellem landene. Dermed er det muligt at handle overskydende strøm fra fx vindmøller i 
situationer, hvor Danmark ikke selv kan forbruge strømmen. Derudover er udlandsforbin-
delserne en vigtig del af den daglige drift, hvor balancen mellem produktion og forbrug 
konstant skal opretholdes.
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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?

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?

Please fint the solution on page 65. 
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Investing in a heat pump system

The Danish Energy Agency (DEA) is a major contributor to Denmark’s role as a 
pioneer in the cost-effective transformation of the energy sector – for the benefit of 
both the climate and the Danish economy. The DEA undertakes assignments related 
to energy production, supply and consumption and efforts to reduce CO2 emissi-
ons. 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 where there is room for 
individual needs. There are nearly 400 employees in the DEA, divided into offices in 
Esbjerg and Copenhagen.

In connection with the implementation of the energy reserves for the 2016 budget, 
funds have been set aside for initiatives over a three-year period 2016-2018 that 
will help to propagate large heat pumps. The funds are earmarked for a traveling 
team that will advise district heating plants and other stakeholders on concrete 
options for the establishment of large heat pumps.

The DEA’s traveling team aims to help district heating plants and other stakeholders, 
such as processing companies, with the implementation of heat pump solutions. The 
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team advises on specific opportunities for the establishment of large heat pumps. 
The advice is based on available energy resources and other technical conditions 
that determine the possibilities in the individual surrounding areas.

The following assignment is based on the premise that the DEA’s traveling team 
has carried out a technical and economic evaluation of utilizing excess heat in the 
cooling towers of a company that produces industrial gases. 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 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.
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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.

To simplify the calculations for the above questions, the electricity price is con-
stant over the years and amounts to 1.10 DKK/kWh.The government, however, has 
adopted a gradual phasing-out of the PSO tax in the period 2017-2021, which will 
lead to lower electricity prices. When the PSO tax is fully phased out in 2022, the 
company’s electricity price will be reduced to 0.85 DKK per kWh.

QUESTION 5
How much will the profitability of the heat pump system improve, once the PSO tax 
is completely phased out in 2022 and the company’s electricity price is not incre-
ased by new taxes?

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 6
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?

Please find the solution on page 67.
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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 2017, the company had a total revenue of 17.2 billion DKK. Lundbeck currently 
employs approximately 5,500 employees in 57 countries, of which 1,700 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 
insource production tasks that were previously outsourced. This case study deals 
with two of the implemented lean projects.
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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 
resulting from the increased OEE would subsequently increase costs for operation 
and maintenance of the packaging line by 1 million DKK per year.
 

1) OEE (Overall Equipment Effectiveness) indicates the percentage of the current pro-
duction output out of the possible output at 100% efficiency.
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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 administration 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-
fically focused on reducing changeover times, using the thinking and approach of 
SMED2.

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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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?

Please find the solution on page 70.
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Economic assessments    
about a new product

Haldor Topsøe A/S (Topsoe) is the leader in heterogeneous catalysis and supplies 
catalysts and process design to oil refineries, power plant exhaust-gas treatment 
systems and clean energy processes. The environment plays a significant role in the 
company’s research and production, and through the introduction of new techno-
logies, Topsoe supports a more sustainable use of the world’s resources. Approxim-
ately 2,300 employees work at the company’s headquarters in Lyngby and subsidia-
ries in the USA, Russia, India, China, Bahrain, Iran, Argentina, Brazil, Malaysia and 
Canada, as well as manufacturing facilities in Frederikssund and Houston, USA. The 
annual turnover in 2017 amounted to 760 million US Dollars.

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 million 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:

Year 1: 400 tons
Year 2: 700 tons
Year 3: 2,400 tons
Year 4: 3,800 tons
Year 5: 4,200 tons
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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. Further, 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?

Please find the solution on page 73.
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Annuities with Different   
Payment-Interval Lengths

The Great Belt Fixed Link is an essential part of many Danes’ journeys when they 
travel between the eastern and western parts of the country. A total of 12.48 mil-
lion vehicles drove over the bridge in 2017, and the average daily traffic was 35,013 
vehicles. By comparison, in 1997, the last full year of ferry operations, approxim-
ately 8,300 vehicles were transported across the Great Belt daily. Rail traffic has 
also benefited greatly from the fixed link. An average of 138 trains crossed the Great 
Belt each day in 2017, versus 40-45 before the bridge opened.

The link’s societal importance requires that both road and railway across the Great 
Belt is open around the clock - all year round. A/S Storebælt is responsible for orga-
nizing the operation, so that travelers experience a fast, flexible, and safe transpor-
tation option between the eastern and western parts of the country. 

The Great Belt Fixed Link is designed for a service life of 100 years, but with timely 
implementation of necessary maintenance, the basic concrete and steel construc-
tion can ensure a lifetime of well over 100 years. For A/S Storebælts’ operations 
organization, it is therefore essential to have good access to all concrete and steel 
surfaces, so regular inspections can be carried out and necessary repairs underta-
ken in a timely manner, without inconveniencing travelers.

The operations organization’s needs were only accommodated to a limited extent 
when the link was constructed, and A/S Storebælt has therefore had to subsequently 
develop and acquire several different platform solutions.

The following exercise deals with considerations on the choice of a platform for the 
inspection and maintenance of the west bridge’s two concrete box girders. The west 
bridge has a total of 128 bridge spans, supported by 126 bridge pilings and two abut-
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ments. The bridge spans’ concrete is given a routine inspection every two years.  
A general inspection is carried out every six years, and this replaces the routine 
inspection that year. Every year, an inspection of the two bridge bearings found on 
each bridge piling is also conducted.

 The final choice was between two platforms that are conceptually very different:

Type A: In principle, a traditional scaffold which is mounted on vehicles on the top  
   of the bridge.
Type B: In principle, a reversed tower crane, which is suspended from a trolley 
   placed on rails which are mounted on the underside of the bridge.

Data for the two types are shown in table 1. The last row in table 1 includes the cost 
of moving type A from one side of the bridge to the other.

QUESTION 1
What is the cost for each of the two types of platforms for implementing a general 
inspection, a routine inspection of the concrete, and an inspection of the bridge 
bearings?

An annuity is a series of payments with equal time intervals between the individual 
payments. If the payments are equal, it is known as a constant annuity.

QUESTION 2
How can the costs of inspection of concrete and bridge bearings for each type of 
platform be described by three different constant annuities?
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Type A Type B

Investment (millions of DKK):

supporting construction 18 20

equipment (electrical, hydraulics, etc.) 7 10

Lifetime (years):

supporting construction 50 50

equipment (electrical, hydraulics, etc.) 25 25

Maintenance costs (DKK/year):

supporting construction *) 1,5% 1%

equipment (electrical, hydraulics, etc.)*) 2,5% 2,5%

Number of operators for operation of platform 2 2

Concrete inspection:

Number of inspectors 3 2

inspection time for general inspection (hours/span) 1,75 2,50

inspection time for routine inspection (hours/span) 0,7 1,0

Bridge bearings inspection:

Number of inspectors 1 1

inspection time (hours/bridge piling) 1,5 1,5

Payroll costs (DKK/hour)

Operator 300 300

inspector 600 600

Time spent crossing the bridge pilings (hours/bridge piling) 2 0

Cost for moving between road and rail girders (DKK) 250.000 0

*) The costs are indicated as a percentage of the investment amount
    Table 1: Data for the two platforms

The time between two consecutive annuity payments is called the “payment inter-
val.”  The net present value, NPV, of a constant annuity – as we know – can be 
calculated as:

NPV = a ∙ [1 – (1 + i)-n]/i, where:

i = the interest rate per payment interval.
n = the number of payment intervals.
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A/S Storebælt uses a discount rate of 7% per year.

QUESTION 3
If the annuity payment interval is 2 years or 6 years, what is then A/S Storebælt’s 
discount rate per payment interval in these two cases?

QUESTION 4
Which of the two types of platforms would you recommend that A/S Storebælt 
acquires?

Please find the solution on page 76.



41

Case: sWeCO daNMaRK a/s

Total economy for floor coverings

Sweco is Europe’s leading company in architectural and engineering consulting. 
With 14,500 employees, Sweco plans and designs the cities and communities of the 
future and solves tasks in 70 countries around the globe each year. Sweco’s consul-
ting services range widely - from large water and energy projects to efficient and 
environmentally friendly transport solutions, as well as the development of cities 
and green areas.

The future is not far away for Sweco, it is rather a part of every day. Currently, the 
company is working on the design of a new hospital, which will receive patients in 
approximately 5 years, they are analyzing a new subway system, which will open 
for passengers in 10 years, and they are designing a new neighborhood, which will 
become a lively, dynamic area in about 15 years.

Sweco Danmark has a nationwide special department within Facilities Manage-
ment: the department ”FM and Operations Consulting”. With its staff of 85 people, 
the department is Denmark’s leader in installation optimization, commissioning and 
CTS consulting. In addition, the department is involved with building inspection, 
technical due diligence, building standards and the operations and maintenance 
system ”Butler”, the inventory tool T.I.D. (Technical Installation Documentation). The 
department has between 5 and 7 interns, typically engineering students.
 
The following questions are based on some of the total economic calculations made 
by Sweco in connection with the design of the super hospital in Goedstrup. west of 
Herning. From the website of the Danish Building and Property Agency, it appe-
ars that the use of total economy in public construction must ensure a broad and 
long-term focus on value creation by including, in addition to construction costs, 
secondary costs for supply, operation, maintenance and cleaning, etc. in decisions 
about the design and construction economics of a building. This is because these 
derived expenses over time are generally higher than the actual construction costs. 
It is a statutory requirement that state-contracted builders must make overall eco-
nomic assessments. From 2013, the requirement also applies to builders in regions 
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and municipalities. The main purpose of the legal requirement is to avoid incentives 
to minimize construction costs at the expense of later increased operating expenses. 
The public developer should include, as appropriate, the statutory total economic 
assessments in the basis for decision-making. This occurs by choosing between 
alternative solutions.

In order to simplify the calculations, the following questions are limited to consi-
dering whether we should choose wood flooring (floating wood laminate flooring) 
in selected areas the hospital, instead of the usual rolled flooring materials such as 
linoleum and vinyl. The purpose of the wood flooring was to provide selected areas 
such as reception, cafeteria, meeting rooms, etc. with a less institutional look. In 
total, this area was about 3,000 m2.

The investment in linoleum flooring was 350 DKK/m2, while the wood flooring was 
570 DKK/m2. Thus, the total initial investment for the two alternatives was:
Linoleum flooring: 3,000 · 350 = 1,050,000 DKK
Wood flooring: 3,000 · 570 = 1,710,000 DKK

The choice of wood flooring instead of linoleum flooring would thus result in an 
additional investment of 1,710,000 - 1,050,000 = 660,000 DKK.

In calculating the total economy of the two investments, known as LCC (Life Cycle 
Costing), in addition to the initial investments, the subsequent costs for mainte-
nance and cleaning of the floors must also be included, according to the information 
on the Danish Building and Property Agency’s website. The total economy of the 
investments is thus the present value of payments over the entire life expectancy.

For use in the calculations, the following information is provided:

Linoleum flooring:
Lifetime: 24 years
Cleaning: 200 DKK/year per m2

Wood flooring:
Sanding and varnishing every other year: 110 DKK/m2. The floor can only be sanded 
twice, after which it needs to be replaced. The lifetime of the floor is thus 6 years.
Cleaning: 280 DKK/year per m2

A theoretically correct comparison of the present value of the two alternative 
investments assumes that the investments have the same life expectancy. This can 
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be achieved if, for the wood flooring, it is assumed that identical replacements are 
made after 6, 12 and 18 years. This gives both investment options a lifetime of 24 
years.

In the subsequent calculations, a discount rate of 4% per year should be used.

QUESTION 1
What is the total economy (LCC) for the investment in linoleum flooring?

QUESTION 2
For the investment in wood flooring, plot a payment picture of the payments for the 
investments in sanding and varnishing, and or cleaning.

QUESTION 3
What is the total economy for the investment in wood flooring? Explain the mea-
ning of the difference between LCC for the two investment alternatives.

In the cost theory, the average cost is calculated for a period as the sum of the 
period’s costs divided by the period length. In the investment theory, the concept 
”payment” is analogous to the concept “cost” in the cost theory.

QUESTION 4
Which concept in the investment theory is analogous to the cost theory’s ”average 
cost”?

QUESTION 5
What are the ”average payments” for each of the two alternative investments? 
Compare the difference between the two ”average payments” with the difference 
between the two alternative’s initial investments.

Please find the solution on page 80.
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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 9,500 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 dKK 57.1%

salary: 200 dKK 14.3%

additional costs: 100 dKK 7.1%

depreciation and interest: 40 dKK 2.9%

Cost price: 1,140 DKK 81.4%

sales costs: 100 dKK 7.1%

Marketing: 90 dKK 6.4%

Profit: 70 dKK 5.0%

Selling price: 1,400 DKK 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 reduction 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?

Please find the solution on page 83.
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Economic assessments    
of an offshore wind farm

Ørsted creates value by giving each customer - and society as a whole - the energy 
they need. Ørsted does this by transforming nature’s resources into products and 
solutions that meet customer needs. Ørsted’s goal is to provide reliable, energy effi-
cient and competitive solutions, so Ørsted is the customers’ preferred supplier.

The way Ørsted produces energy is undergoing rapid change. In less than a decade, 
Ørsted has gone from being one of the most coal-intensive supply companies in 
Europe to being a global leader in renewable energy. Today, Ørsted is the world’s 
leader in offshore wind power, helping to reduce CO2 emissions and exploiting 
Europe’s own energy resources. Ørsted is also first when it comes to converting coal 
and gas fired power plants into sustainable biomass plants, so heat and energy sup-
ply is becoming increasingly environmentally friendly and flexible.

Ørsted’s mission is to develop and offer energy systems that are green, independent 
and economically viable. Ørsted’s continued progress depends on the company’s 
ability to adapt to changes in the energy sector. 

Wind is an important part of Europe’s transformation into cleaner energy - and the 
potential is great. Ørsted has built more wind farms then any company in the world. 
Ørsted has built more than a quarter of the total wind capacity from offshore wind 
turbines on the market and currently have more than 1,000 turbines in operation. 
It is Ørsted’s goal is to double the installed capacity from 3.0 GW in 2016 to 6.5 GW 
in 2020. The installed capacity in 2020 will be equivalent to the annual electricity 
consumption of 16 million Europeans.

Wind turbines are increasingly being built offshore, as there are three major advan-
tages for offshore wind farms compared to onshore wind farms:
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• It is windy more often on the sea, and the wind is stronger here than on land. This  
 gives more energy per turbine and less time where the mill does not produce.
• It is possible to build larger wind turbines offshore, which have longer wings.   
 The longer the wings a turbine has, the more energy that can be extracted from  
 the wind.
• A number of turbines can be placed together, and they can thus be managed as  
 a power plant, which is advantageous for Ørsted as well as for Energinet, which  
 owns and operates the Danish electricity transmission network.

The following assignment deals with the construction of a 500 MW offshore wind 
farm. Following the decision to construct the wind farm, it will take 4 years for the 
design, construction, purchase, production and construction of the turbines until 
they can go into operation. The time when the turbines begin operation is referred 
to as time 0, and the costs for the previous 4 years have been: 
year -4:  200 million DKK
year -3:  500 million DKK
year -2:  1,500 million DKK
year -1:  2,000 million DKK

After year 20, it is expected to no longer be profitable to operate the turbines, the-
refore they must be removed at an expected cost of 500 million DKK. The cost of 
operating and maintaining the turbines is estimated to be 800 million DKK/year for 
years 1-20.

Energy production from the turbines, of course, depends on the wind speed, which 
can always vary. Based on detailed measurements of wind velocity in that location, 
it is estimated that the wind farm should produce 2,300,000 MWh annually. Howe-
ver, the uptime of the turbines is assumed to be only 95%, and it is further assumed 
that there is a loss of electricity in the cables and substations, so net production is 
only 2,000,000 MWh/year. 

Investment amounts are attributable to the beginning of the years, while receipts 
are attributable to the end of the years. A discount rate of 10% per year is used.

QUESTION 1
What is the capital value of the investments in the four years before the turbines 
are put into operation, calculated at time 0?



Let's create a world 
that runs entirely on 
green energy
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QUESTION 2
If the electricity price is assumed to be constant over the 20 years, what should it 
be, at a minimum, for the investment in the offshore wind farm to be profitable?

For onshore wind turbines, it is most likely - as above - that the life span is 20 
years. However, evidence suggests that wind turbines have a longer life span at sea 
due to lower turbulence in the wind over the ocean.

QUESTION 3
If life expectancy increases from 20 to 25 years, what should the minimum electri-
city price be for the investment in the offshore wind farm to be profitable?

For the following question, life expectancy is assumed to be 20 years, but after 20 
years, a major repair and technological upgrading of the turbines will be made, 
extending the life span by 10 years. The assumptions for question 1 are assumed to 
be valid, including the expectation of costing 500 million DKK for the turbines to be 
removed after termination of operation. However, the price of electricity in years 
21-30 is expected to be only 0.50 DKK/kWh.

QUESTION 4
If an investment of 1,000 million DKK after 20 years will make it possible to incre-
ase the life of the turbines to 30 years, would such an investment be profitable?

Please find the solution on page 85.
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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:
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
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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 DKK

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 
considered by some to be non-attractive. Theoretically, however, an investment 
should not be approved or rejected from the repayment period, as the basic criterion 
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
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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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Considerations About the   
Changing of a Product

SOLUTION QUESTION 1

The most profitable alternative is that which has the greatest capital value. The 
capital value is calculated by discounting all deposits and payments at a specific 
time. Most often, time 0 is used, and the capital value is denoted as NPV0, or the net 
present value.

The payments here consist of the earned contribution margin, CON:
CON = Sales ∙ (sales price – variable costs)

From the data in table 1, it can be calculated that if the revised version of the pro-
duct is not developed, then the current version will earn annually the CONcu listed in 
table 4.

År 1 2 3 4 5 6

CONcu (million dKK./year) 920.8 941.7 954.1 964.2 956.2 927.7

Table 4: Annual earned contribution margin for the current version of the product.

The net present value of the earned CONcu, is:
NPVCONcu = 920.8 ∙ 1.10-1 + 941.7 ∙ 1.10-2 + 954.1 ∙ 1.10-3 + 964.2 ∙ 1.10-4 + 956.2 ∙ 1.10-5 + 
927.7 ∙ 1.10-6

NPVCONcu = 837.1 + 778.3 + 716.8 + 658.6 + 593.7 + 523.6 = 4,108.1 million DKK.

If the revised version is marketed, the current and the revised versions will earn 
respectively CONcu and CONre, and the total earned contribution margin is CONtot = 
CONcu + CONre. Data for these contribution margins are given in table 5.
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År 1 2 3 4 5 6

CONcu 722.3 287.6 142.1 0 0 0

CONre 207.5 697.8 862.0 1,033.1 1,075.7 1,196.4

CONtot 929.8 985.4 1,004.1 1,033.1 1,075.7 1,196.4

Table 5: Annual earned contribution margin if the revised product is marketed.

The net present value of the earned NPVCONtot, is:
NPVCONtot = 929.8 ∙ 1.10-1 + 985.4 ∙ 1.10-2 + 1,004.1 ∙ 1.10-3 + 1,033.1 ∙ 1.10-4 + 1,075.7 ∙ 
1.10-5 + 1,196.4 ∙ 1.10-6

NPVCONtot = 845.3 + 814.4 + 754.4 + 705.6 + 667.9 + 675.3 = 4,462.9 million DKK.

In the development year, there the following payments:
• Investment of 5 million DKK in the vision system
• Investment of 5 million DKK in the development of the production system
• Allocation of 1 million DKK for marketing costs
• Allocation of 3 million DKK for production development costs

Traditionally, one year’s payments are attributed to the beginning of the year, whe-
reas the payments referred to in the above calculations, PVCONtot, are attributed to 
the year-end. The present value of payments in the development year, PVd, becomes, 
at time 0, which is the beginning of year 1:
PVd = (5 + 5 + 1 + 3) ∙ 1.10 = 15.4 million DKK.

The development project thus has the following capital value:
NPV0 = -Cu + (CCONtot - CCONcu) = -15.4 + (4,462.9 – 4,108.1) = 339.4 million DKK.

On this basis, the development project appears to be highly profitable.

SOLUTION QUESTION 2
The dynamic payback time is an expression of how long it will take before the pro-
ject achieves a future value of 0 DKK, taking into account interest rates.

The future value of the project is referred to as FVx,s, if the project is assumed to stop 
at the beginning of the year x.

FV1,s = -15.4 million DKK.
FV2,s = -15.4 ∙ 1.10 + (929.8 – 920.8) = -16.9 + 9.0 = -7.9 million DKK.
FV3,s = -7.9 ∙ 1.10 + (985.4 – 941.7) = -8.7 + 43.7 = 35 million DKK.
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The dynamic payback time is only one year and a few months. From this perspec-
tive, the project is therefore particularly attractive.

SOLUTION QUESTION 3
In the solution of Question 1, it is calculated that the net present value NPV0, of the 
project is 295.2 million DKK. The present value of the earned CON of the revised 
product must therefore decline by this amount before the project is no longer profi-
table.

Table 5 lists the expected annual earned CON of the revised product, CONre. The net 
present value hereof, NPVCONre, is:
NPVCONre = 207.5 ∙ 1.10-1 + 697.8 ∙ 1.10-2 + 862.0 ∙ 1.10-3 + 1,033.1 ∙ 1.10-4 + 1,075.7 ∙ 
1.10-5 + 1,196.4 ∙ 1.10-6 
NPVCONre = 188.6 + 576.7 + 647.6 + 705.6 + 667.9 + 675.3 = 3,461.7 million DKK.

It is clear from the equation for NPVCONre that if the annual earned CON is reduced 
by y%, then NPVCONre will also be reduced by y%. The condition that the project is 
profitable can be expressed as:
3.461.7 ∙ y/100 ≤ 339.4

From this we get:
y ≤ 9.8%, nearly 10%. If the annual sales fall below 10% less than listed in Table 3, 
then the project is no longer profitable.

SOLUTION QUESTION 4
If year 6 is deleted, then the last term in the equations for NPVCONcu og NPVCONtot are 
also deleted. This reduces NPV0 with 675.3 –523.6 = 151.7 million DKK. The percen-
tage reduction of NPV0, ∆NPV0, is as follows:
∆NPV0 = 151.7/339.4 ∙ 100 = 44.7%

If year 6 is deleted, then the profitability of the project is reduced by almost half.
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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 · 65 = 81,900 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 · 65 = 32,760 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 · 65 = 49,140 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 · 750 – (81,900 + 12,639) · (1 – 1.05-15)/0.05
PVA = -75,000 – 981,282 = -1,056,282 DKK

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

PVB = - 100 · 1,500 – (32,760 + 3,371 + 4,000) · (1 – 1.05-15)/0.05
PVB = -150,000 – 416,546 = -566,546 DKK

PVC = - 100 · 1,000 – (49,140 + 5,049) · (1 – 1.05-15)/0.05
PVC = -100,000 – 562,463 = -662,463 DKK

Since PVB is greatest (least negative), option B (touchless faucet) - based on the 
assumptions used - is preferred.

SOLUTION QUESTION 3
Annual costs for water consumption and for water heating:
Traditional faucet: 81,900 + 12,639 = 94,539 DKK/year
1-armed faucet with cold start: 49,140 + 5,049 = 54,189 DKK/year

The savings resulting from the 1-armed faucet with cold start thus amounts to 
94,539 – 54,189 = 40,350 DKK/year.

The additional investment in 1-armed faucets with cold start amounts to 100 · 
(1,000 - 750) = 25,000 DKK.

The static repayment time on the investment in 1-armed faucets with cold start 
rather than investment in traditional faucets = 25,000 / 40,350 ≈ 0.6 years.
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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 94,539 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 · 1,500 · 0.05/(1 – 1.05-15) = 14,451 DKK/year
aI,C = 100 · 1,000 · 0.05/(1 – 1.05-15) = 9,634 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 = 14,451 +32,760 + 3,377 + 4,000 = 54,588 DKK/year
aC = 9,634 +49,140 + 5,049 = 63,823 DKK/year

If the traditional faucets are not replaced, the cost will be 95,439 DKK per year, 
whereas after replacement they will be 54,588 DKK per year and 63,823 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 beginning 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

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.
• 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.
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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
The price of electricity is now assumed to be reduced by 1.10 - 0.85 = 0.25 DKK per 
kWh. This will mean a reduction in the company’s cost of electricity of 11,880 ∙ 0.25 
∙ 103 = 2,970,000 million DKK per year ≈ 3 million DKK per year.

The income annuity, a, of 1.25 million DKK calculated in Question 2 will thus be 
increasedfrom year 2020 to 1.25 + 3 = 4.25 million DKK. The profitability of the 
investment in the heat pump system is thus extremely sensitive to developments in 
the price of electricity.
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The dynamic payback period for the new net income annuity is now calculated to be:
∑NB4 years = 4.25 ∙ [(1 – (1 + 0.08)-4)/0.08] = 14.1 million DKK
∑NB5 years = 4.25 ∙ [(1 – (1 + 0.08)-5)/0.08] = 17.0 million DKK

The dynamic payback period is thus now between 4 and 5 years.

SOLUTION QUESTION 6
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.

In the first year, the income (savings) thereby obtained is:
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.
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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 investment has already taken place, so it is ”sunk cost” and thereby irre-
levant to the decision on the conversion 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.
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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.

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



74

sOLutiON: HaLdOR tOPsØe a/s

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:
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.
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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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Annuities with Different   
Payment-Interval Lengths

SOLUTION QUESTION 1
Type A:
General inspection of concrete:
 Inspection time: 1.75 ∙ 128 = 224 hours
 Crossing of bridge pilings: 2 ∙ 126 = 252 hours
 Payroll costs: (224 + 252) ∙ (3 ∙ 600 + 2 ∙ 300) = 1.142.400 DKK
 Moving of platform = 250,000 DKK
 Total costs = 1,142,400 + 250,000 = 1,392,400 DKK

Routine inspection of concrete:
 Inspection time: 0.7 ∙ 128 = 89,6 hours
 Crossing of bridge pilings: 2 ∙ 126 = 252 hours
 Payroll costs: (89.6 + 252) ∙ (3 ∙ 600 + 2 ∙ 300) = 819.840 DKK
 Moving of platform = 250,000 DKK
 Total costs = 819,840 + 250,000 = 1,069,840 DKK

Inspection of bridge bearings:
 Inspection time: 1.5 ∙ 126 = 189 hours
 Crossing of bridge pilings: 2 ∙ 126 = 252 hours
 Payroll costs: (189 + 252) ∙ (1 ∙ 600 + 2 ∙ 300) = 529,200 DKK/year
 Moving of platform = 250,000 DKK
 Total costs = 529,200 + 250,000 = 779,200 DKK

Type B:
General inspection of concrete:
 Inspection time: 2.50 ∙ 128 = 320 hours
 Crossing of bridge pilings: 0 ∙ 126 = 0 hours
 Payroll costs: 320 ∙ (2 ∙ 600 + 2 ∙ 300) = 576,000 DKK 
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Routine inspection of concrete:
 Inspection time: 1.0 ∙ 128 = 128 hours
 Crossing of bridge pilings: 0 ∙ 126 = 0 hours
 Payroll costs: 128 ∙ (2 ∙ 600 + 2 ∙ 300) = 230,400 DKK 

Inspection of bridge bearings:
 Inspection time: 1.5 ∙ 126 = 189 hours
 Crossing of bridge pilings: 0 ∙ 126 = 0 hours
 Payroll costs: 189 ∙ (1 ∙ 600 + 2 ∙ 300) = 226,800 DKK/year

SOLUTION QUESTION 2
Every sixth year, a general inspection is carried out, and this replaces the routine 
inspection that year. If the costs of a general inspection are composed of the costs 
of a routine inspection plus an additional amount, then the costs of the concrete 
inspections can be described by two constant annuities:
• an annuity with an amount equal to the cost of a routine inspection every 2nd  
 year.
• an annuity with an amount equal to the aforementioned “additional amount”   
 every 6th year.

The costs for the inspection of the bridge bearings are an annuity with an annual 
payment.

For the two types, the annuities are thus obtained by:

Type A:
The costs of 1,392,400 DKK for the general inspection every 6th year are composed 
of the costs of 1,069,840 DKK for the routine inspection plus an additional payment 
of 1,392,400 – 1,069,840 = 322,560 DKK. Hereby the costs for the inspection of the 
concrete can be described by the two annuities:

• an annuity with a payment of 1,069,840 DKK every 2nd year
• an annuity with a payment of 322,560 DKK every 6th year
 
In addition, there is the annual annuity of 779,200 DKK for the inspection of the 
bridge bearings.

Type B:
The costs of 576,000 DKK for the general inspection every 6th year are composed of 
the costs of 230,400 DKK for the routine inspection plus an additional payment of 
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576,000 – 230,400 = 345,600 DKK. Hereby the costs for the inspection of the con-
crete can be described by the two annuities:
• an annuity with a payment of 230,400 DKK every 2nd year
• an annuity with a payment of 345,600 DKK every 6th year

In addition, there is the annual annuity of 226,800 DKK for the inspection of the 
bridge bearings.

SOLUTION QUESTION 3
A discount rate, i, of 7% per year corresponds to a discount rate, i2, over 2 years of:
1 + i2 = (1 + 0.07)2

From this, we get:
i2 = 0.1449, that is = 14.49% over 2 years.

Correspondingly, if the payment interval length is 6 years:
1 + i6 = (1 + 0.07)6

i6 = 0.5007, that is = 50.07% over 6 years.

SOLUTION QUESTION 4
The supporting construction has a lifetime of 50 years for both types of platforms. 
Since the lifetime is the same, the choice of the type of platform can be made based 
on the criterion: Maximum net present value (NPV). 

Type A:
The investment amounts to 18 + 7 = 25 million DKK plus a payment of 7 million DKK 
after 25 years. The present value of this, PVA,I, is:
PVA,I = -25,000,000 – 7,000,000 ∙ 1.07-25 = -26,289,744 DKK

Based on the answers to questions 2 and 3, the present value of the payments for 
the concrete inspections, PVA,C, can be obtained, since the number of payments over 
the 50 years of the annuity with payments every 2 years is 25, while the number of 
payments years of the annuity with payments every 6 years is 8:
PVA,C = -1,069,840 ∙ (1 – 1.1449-25)/0.1449 – 322,560 ∙ (1 - 1.5007-8)/0.5007 = 
-7,132,652 – 619,175 = -7,751,827 DKK

The present value of the payments for the inspection of bridge bearings, PVA,B is:
PVA,B = -779,200 ∙ (1 – 1.07-50)/0.07 = -10,753,542 DKK
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The costs for maintenance, CA,M, are:
CA,M = 18,000,000 ∙ 0.015 + 7,000,000 ∙ 0.025 = 270,000 + 175,000 = 445,000 DKK/
year.

The present value of this, PVA,M, is:
PVA,M = -445,000 ∙ (1 – 1.07-50)/0.07 = -6,141,332 DKK

The net present value of investing in type A, NPVA, is therefore:
NPVA = -26,289,744 – 7,751,827 – 10,753,542 – 6,141,332 = -50,936,445 DKK

Type B:
The investment amounts to 20 + 10 = 30 million DKK plus a payment of 10 million 
DKK after 25 years. The present value of this, PVB,I, is:
PVB,I = -30,000,000 – 10,000,000 ∙ 1.07-25 = -31,842,492 DKK

Based on the answers to questions 2 and 3, the present value of the payments for 
the concrete inspections, PVB,C, can be obtained, since the number of payments over 
the 50 years of the annuity with payments every 2 years is 25, while the number of 
payments years of the annuity with payments every 6 years is 8:
PVB,C = -230,400 ∙ (1 – 1.1449-25)/0.1449 – 345,600 ∙ (1- 1.5007-8)/0.5007 
= -1,536,083 – 663,402 = -2,199,485 DKK

The present value of the payments for the inspection of bridge bearings, PVB,B is:
PVB,B = -226,800 ∙ (1 – 1.07-25)/0.07 = -2,643,033 DKK

The costs for maintenance, CB,M, are:
CB,M = 20,000,000 ∙ 0.010 + 10,000,000 ∙ 0.025 = 200,000 + 250,000 = 450,000 
DKK/year.

The present value of this, PVB,M, is:
PVB,M = -450,000 ∙ (1 – 1.07-50)/0.07 = -6,210,336 DKK

The net present value of investing in type B, NPVB, is therefore:
NPVB = -31,842,492 – 2,199,485 – 2,643,033 – 6,210,336 = -42,895,346 DKK

Since NPVB  > NPVA (“NPVB is less negative than NPVA”), A/S Storebælt should select 
type B. 
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Total economy for floor coverings

SOLUTION QUESTION 1

For investment calculations, investment amounts are attributable to the begin-
ning of the period, while net payments for a period are attributable to the end of the 
period. The LCCL (= present value) of the linoleum flooring investment, is then:

LCCL = 3,000 · 350 + 3,000 · 200 · (1 – 1.04-24)/0.04 = 1,050,000 + 9,148,178 = 
10,198,178 DKK

PS.: In practice, you would like to round off LCCL to 10.2 million DKK, but here all 
significant digits are listed, so it is possible to check if you have calculated correctly.

SOLUTION QUESTION 2

570 570 570 570

0 2 4 6 8 10 12 14 16 18 20 22 24
År

280

390

Figure 1: The payment picture for the investment in wood flooring, showing the payments for 
investments, for sanding and varnishing and for cleaning.

In Figure 1, the annual figures on the time axis are located at the end of the year in 
question. For the 4 investment amounts, the unit is DKK/m2, while the unit for all 
other amounts is DKK/year per m2. Each year there is a payment of 280 DKK/m2 for 
cleaning. Every other year there is a further payment of 110 DKK/m2 for sanding 
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and varnishing, i.e., a total of 390 DKK/m2 in these years. For years 6, 12 and 18, in 
which the wood flooring is replaced, it is not sanded and varnished. In year 24 - the 
last year of the floor’s life - it is not be sanded and varnished. To simplify the image, 
the numerals ”280” and ”390” are only listed for the first two years.

SOLUTION QUESTION 3
The LCC (= present value) of the wood flooring, LCCW, can be calculated by dis-
counting the 24 amounts shown in the payment picture in Fig. 1, stated at the end of 
the years. The calculations are easily carried out using, for example, Excel, but since 
they are done here using a calculator, it is easier if the payments are divided into an 
initial investment and 3 constant annuities:

Initial Investment = 570 DKK/m2

Constant annual payment annuity of 280 DKK /m2 for cleaning.
Constant payment annuity of 110 DKK/m2 every other year for sanding and var-
nishing - but not in years 6, 12, 18 and 24.
Constant payment annuity of 570 DKK/m2 in years 6, 12 and 18. 

If the 110 DKK/m2 for the years 6, 12 and 18 of the latter annuity is transferred to 
the pay-off for sanding and cleaning, this annuity will be a constant annuity of 110 
DKK/m2 every two years through year 22. The three amounts of the latter annuity 
will then be (570 - 110) = 460 DKK/m2.

For the present value of the payment annuity for cleaning, PVC, we get:
PVC = 3,000 · 280 · (1 – 1.04-24)/0.04 = 12,807,449 DKK

The amounts in the payment annuity for sanding and cleaning fall every two years. 
The discount rate is 4% per year. A discount rate for 2 years, i2, can then be calcu-
lated by:
1 + i2 = (1 + 0.04)2

From this, we get:
i2 = 0.0816, that is, 8.16% for 2 years.

PS.: Note: i2 is - due to compound interest - more than double the annual discount 
rate.

The present value of the 11 payments for sanding and varnishing, PVS&V, is:
PVS&V = 3,000 ·110 · (1 – 1.0816-11)/0.0816 = 2,337,680 DKK
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The present value of the 3 payments for replacement, PVR, is:
PVR = 3,000 · 460 · (1.04-6 + 1.04-12 + 1.04-18) = 2,633,786 DKK

For LCC (= present value) of the investment in wood flooring, LCCW, we get:
LCCW = 3,000 · 570 + PVR + PVC + PVS&V

LCCW = 1,710,000 + 2,633,786 + 12,807,449 + 2,337,680 = 19.488.915 DKK

The difference, ΔLCC, between the total economies of the two flooring options is:
ΔLCC = LCCW – LCCL = 19,488,915 – 10,198,178 = 9,290,737 DKK

This difference indicates that the savings obtained by choosing linoleum flooring over 
wood flooring are - measured in today’s DKK - are approximately 9.3 million DKK.

SOLUTION QUESTION 4
The investment concept ”constant annuity” is analogous to the cost concept ”ave-
rage cost”. All payments in an investment can be converted to a constant annuity, 
i.e., to an ”average payment”.

SOLUTION QUESTION 5
Rewriting LCCL and LCCW to constant annuities, aL and aW, over 24 years, including 
the discount rate:
aL =LCCL · [i/(1 – (1 + i)-24] = 10,198,178 · [0.04/(1 – 1.04-24)] = 668,866 DKK
aW =LCCT · [i/(1 – (1 + i)-24] = 19,488,915 · [0.04/(1 – 1.04-24)] = 1,278,216 DKK

The difference, ΔI, between the initial investments in the two flooring options, IW 
and IL, is:
ΔI = IW – IL = 3,000 · (570 – 350) = 660,000 DKK

The difference, Δa, between the payment annuities in the two flooring options, is:
Δa = aW – aL = 1,278,216 – 668,866 = 609,350 DKK

The difference between initial investments, ΔI, is 660,000 DKK. Compared to this, 
the total economic calculation shows that the average annual additional payment 
in the 24 years, Δa, is approximately 609.000 DKK.  The difference in initial inve-
stments is thus of little importance - compared with the difference in subsequent 
annual additional payments.

Control: Δa could also be calculated by rewriting ΔLCC calculated in question 3 as a 
constant annuity:
Δa = ΔLCC · [i/(1 – (1 + i)-24] = 9,290,737 · [0.04/(1 – 1.04-24)] = 609,350 DKK
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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 dKK 55.9%

salary: 212 dKK 14.5%

additional costs: 100 dKK 6.9%

depreciation and interest: 68 dKK 4.6%

Cost price: 1,195 DKK 81.9%

sales costs: 100 dKK 6.9%

Marketing: 90 dKK 6.2%

Profit: 73 dKK 5.0%

Selling price: 1,458 DKK 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.
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Economic assessments    
of an offshore wind farm

SOLUTION QUESTION 1
The capital value of the investments - calculated at time 0 - is:

CV0 = 200 · 1.104 + 500 · 1.103 + 1,500 · 1.102 + 2,000 · 1.10
CV0 = 293 + 666 + 1,815 + 2,200 = 4,974 million DKK

SOLUTION QUESTION 2
The costs for operation and maintenance, O&M, are 800 million DKK per year. After 
year 20, the turbines will be removed at a cost, C20, of 500 million DKK.

For the total costs, NC, of the investments, O&M and C20 – calculated at time 0 – we 
get:
NC = CV0 + O&M · [(1 – (1 + i)-20)/i] + C20 · (1 + i)-20

NC = 4,974 + 800 · [(1 – 1.10-20)/0.10] + 500 · 1.10-20

NC = 4,974 + 6,811 + 74 = 11,859 million DKK

The present value, NR, of the receipts for the sale of electricity with a selling price of 
p (DKK/kWh):
NR = p · 2,000,000 · 1,000 · [(1 – 1.10-20)/0.10] ≈ p · 17,027 million DKK

If the investment in the wind farm is to be profitable, then it must be that:

NR ≥ NU, which is to say:
p · 17,027 ≥ 11,859 million DKK
p ≥ 0.70 DKK/kWh

SOLUTION QUESTION 3
If life expectancy increases from 20 to 25 years, then it will cause the present value 
of costs, NC calculated in Question 2, to be changed:
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a. In years 21-25, there will be costs for O&M.
b. The costs for the removal of the turbines, C20, will be postponed for 5 years.

For the new present value of the costs, NC,1, we get:
NC,1 = NC + O&M · [(1 – (1 + i)-5)/i] · (1 + i)-20 + C20 · [(1 + i)-25 – (1 + i)-20]
NC,1 = 11,859 + 800 · [(1 – 1.10-5)/0.10] · 1.10-20 + 500 · (1.10-25 – 1.10-20)
NC,1 = 11,859 + 800 · 0.5635 + 500 · (0.09230 – 0.14864)
NC,1 = 11,859 + 451 – 28 = 12,282 million DKK

For the new present value, NR,1, of the receipts for the sale of electricity at a selling 
price of p, with the unit for NR,1 being millions of DKK:
NR,1 = NR + [p · 2,000,000 · 1,000 · [(1 – 1.10-5)/0.10] · 1.10-20]/1,000,000
NR,1 = p · 17,027 + p · 1,127 = p · 18,154 million DKK

If the investment in the wind farm with a lifetime of 25 years is to be profitable, 
then it must be that:
NR,1 ≥ NU,1, which is to say:
p · 18,154 ≥ 12,282 million DKK
p ≥ 0.68 DKK/kWh

SOLUTION QUESTION 4
The investment at the end of the year 20 = I20 = 1,000 million DKK

Receipts for electricity sales over the years 21–30 = R = 2,000,000 · 1,000 · 0.50 = 
1,000 million DKK/year.

Costs for O&M in years 21-30 = 800 million DKK/year.

The net receipts in years 21-30 = R – O&M = 1,000 – 800 = 200 million DKK/year.

The capital value - calculated at the beginning of year 21– of the costs for the remo-
val of the turbines after 30 years, CVC,30:
CVC,30 = 500 · 1.10-10 = 193 million DKK

Removal of the turbines after 20 years = C20 = 500 million DKK
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The capital value of net receipts (R – O&M) in years 21-30, calculated at the begin-
ning of year 21, CVnet:
CVnet = 200 · [(1 – 1.10-10)/0.10] = 1,229 million DKK

The capital value, CV20, of the investment to extend the life span from 20 to 30 years:
CV20 = -I20 + CVnet + (C20 – CVC,30)
CV20 = -1,000 + 1,229 + (500 – 193) = 536 million DKK

If an investment of 1,000 million DKK after 20 years makes it possible to extend the 
life of the turbines from 20 to 30 years, such an investment will be very profitable.


