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Foreword

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

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

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

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

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



NNE is an international company specialised in  
pharma engineering. Through focused pharma  
engineering we enable our customers to deliver  
on demand.

Build your dream career
At NNE, you can pursue different career paths and 
develop your competencies in the exact direction 
that you want. We are home to more than 100  
different kinds of engineers and a lot of other 
technical experts. And in the ever-changing pharma 
industry, there’s always room for new capabilities  
and new profiles.

Through a wealth of training programmes, internal 
courses, global exchange programmes as well as 
day-to-day access to top-notch knowledge through 
our vast network of experts, you can develop your 
capabilities to build your own dream career.

NNE is 100 % owned by Novo Nordisk and our  
customers include Novo Nordisk as well as many 
other pharmaceutical companies across the world.

Bring your 
technical 
knowledge  
to life with us



8

CASE STUDIES

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 I DANMARK

Utilization of heat in flue gas

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

See the solution on page 47. 
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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 in-house designers ensure that the 
development process is running, so that the next generation of faucets meet the 
innovative design tradition as well as the high quality standards that will be tested 
for functionality and lifespan in Damixa's own testing laboratory at its headquar-
ters in Odense.

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

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

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

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

Table 1 lists data for the three types of faucets.

Traditional 
1-armed Touchless

1-armed cold 
start

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

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

P = Price (DKK each) 500 1.100 600

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

L = lifetime (years) 15 15 15

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

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

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

i = discount rate = 5% per year

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

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

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

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

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

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

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

See the solution on page 50.
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Societal benefits of investment in an 
electrical cable between Denmark 
and Holland

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

See the solution on page 53. 
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Investing in a heat pump system

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

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

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

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

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

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

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

QUESTION 1
Calculate the annual operating expenses.

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

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

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

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

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

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

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

See the solution on page 56.
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Insourcing – made possible by the 
reduction of production costs

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

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

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

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

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

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

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

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

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

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

A discount rate of 10% per year is used.

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

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

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

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

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

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

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

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

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

Year 2005 2006 2007 2008 2009 2010 2011

Production 40.0 45.9 49.7 60.5 70.0 84.0 92.2

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

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

See the solution on page 60.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

See the solution on page 63.
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Calculations with the Introduction of 
new technology for windows

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

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

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

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

Calculation for a normal window without the new coating:

Materials: 800 kr. 57.1%

Salary: 200 kr. 14.3%

Additional costs: 100 kr. 7.1%

Depreciation and interest: 40 kr. 2.9%

Cost price: 1,140 kr. 81.4%

Sales costs: 100 kr. 7.1%

Marketing: 90 kr. 6.4%

Profit: 70 kr. 5.0%

Selling price: 1,400 kr. 100.0%

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

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

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

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

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

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

See the solution on page 66. 
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SOLUTIONS
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Utilization of heat in flue gas

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

AW = 24 · 7 · 45 · 4 = 30,240 m3/year

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

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

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

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

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

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

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

AWG = 95,925 · 6 = 575,550 DKK/year.

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

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

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

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

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

This reduces gas consumption by ΔG:

ΔG = 86,617/12 = 7,218 Nm3/year.

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

ΔCG = 7,218 · 6 = 43,308 DKK/year.

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

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

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

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

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

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

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

SOLUTION QUESTION 4

Some companies make decisions on investments based on their repayment period, 
and an investment with a dynamic repayment period of almost 5 years might be 
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considered by some to be non-attractive. Theoretically, however, an investment 
should not be approved or rejected from the re-payment period, as the basic crite-
rion for an investment's profitability is that the capital value should be ≥ 0 DKK. 

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

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

The investment is thus highly profitable.

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

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

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

SOLUTION QUESTION 1

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

SOLUTION QUESTION 1

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

The capital value of the establishment costs changes to:

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

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

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

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

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

5½ ∙ 24 ∙ 360 = 47,520 MWh/year.

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

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

The cost of electricity, UE, will then be:

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

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

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

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

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

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

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

The annual net income annuity, aNI, is then:

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

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

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

For the total income annuity, a, we get:

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

The total income annuity, at, thus becomes:

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

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

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

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

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

ΔUE = 47.520 · (1/COPA - ¼)

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

ΔUE < ΔIa, that is:

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

From this, we get:

COPA > 3,9

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

SOLUTION QUESTION 1

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

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

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

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

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

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

The investment in redevelopment is therefore extremely profitable.

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

PTs = 7/4.1 = 1.7 years.

The investment is thus paid back very quickly.

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

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

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

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

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

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

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

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

Year 2005 2006 2007 2008 2009 2010 2011

Production 40.0 45.9 49.7 60.5 70.0 84.0 92.2

Cost of outsourcing 6.50 7.39 7.96 9.58 11.50 13.10 14.33

Cost of insourcing 7.50 7.94 8.23 9.04 9.75 10.80 11.42

Savings with 
insourcing

-1.00 -0.55 -0.27 0.54 1.75 2.30 2.91

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

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

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

PS: Since FV0 expresses the capital value at the beginning of year 1, FV2011 expresses 
the capital value at the beginning of 2012, i.e. at the end of 2011.
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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.
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SOLUTION QUESTION 2
If development costs in each of the three years is attributable to the year-end, the 
future value of the project after three years of development time, that is, at the 
beginning of year 1:

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

In year 1, the expected earned gross profit is:

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

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

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

In year 2, the expected earned gross profit is:

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

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

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

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

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

FV0 = -12.74 million DKK

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

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

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

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

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

3,816 · x = 22.743 · 106

This gives:

x = 5,960 DKK/ton.

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

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

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

SOLUTION QUESTION 1

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

From this, we get:

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

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


