
Complementary test in EG2050 System Planning,
4 April 2011, 13:00-15:00, H21

Instructions

Only the problems indicated on the attached answer sheet have to be answered (the score of the
remaining problems is kept from the exam). Motivations and calculations do not have to be pre-
sented.

The maximal score of the complementary test is 40 points including the points that are kept from
the exam. You are guaranteed to pass if you get at least 33 points.

Allowed aids

In this complementary test you are allowed to use the following aids:
• Calculator without information relevant to the course.
• One handwritten, single-sided A4-page with your own notes (original, not a copy),

which should be handed in together with the answer sheet.
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Problem 1 (4 p)
Answer the following theoretical questions by choosing one alternative, which you find correct. 

a) (1 p) Which of the following players have the responsibility to continuously maintain the phys-
ical balance between generation and consumption?

1. Each producer and consumer.
2. The balance responsible players.
3. The system operator.

b) (2 p) The consumers in a bilateral electricity market has the following choices: I) They can
choose which system operator they want, II) They can choose which retailer they want, III) The
can choose which player should manage their balance responsibility.

1. None of the statements is true.
2. Only I is true.
3. Only III is true.
4. I and II are true but not III.
5. II and III are true but not I.

c) (1 p) Consider a producer which between 13 and 14 is producing according to plan, except that
at 13:40 the producer carries out a 180 MW up regulation bid at the request of the system operator.
Which real-time trading has this company been involved in during this hour?

1. The company has purchased 60 MWh regulating power from the system operator.
2. The company has sold 60 MWh regulating power to the system operator.
3. The company has sold more than 60 MWh regulating power to the system operator.
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Problem 2 (6 p)
Assume that the electricity market in Land has perfect competition, perfect information and that
there are neither capacity, transmission nor reservoir limitations. Data for the power plants in
Land are shown in table 1. The variable operation costs are assumed to be linear within the inter-
vals, i.e., the production is zero if the price is on the lower price level and the production is maxi-
mal at the higher price level. Data for the electricity consumption in Land is provided in table 2.
The consumers’ willingness to pay is assumed to be linear within the intervals, i.e., the consump-
tion is zero if the price is at the higher price level and the consumption is maximal at the lower
price level.  

a) (2 p) Which total generation would there be in Land if the electricity price was 30 ¤/MWh?

b) (2 p) Which total consumption would there be in Land if the electricity price was
30 ¤/MWh?

c) (2 p) At which electricity price will there be balance between supply and demand in Land?

Table 1 Data for the power plants in Land.

Power source
Production capability 

[TWh/year]
Variable costs 

[¤/MWh]

Hydro 20 4–6

Nuclear 10 10–15

Biofuel 10 20–40

Fossil fuels 10 20–40

Table 2 Data for the electricity consumption in Land.

Type of consumer
Maximal consumption 

[TWh/year]
Willingness to 
pay [¤/MWh]

Base load 40 100

Price sensitive load 5 20–40

Energy intensive industries 5 0–10
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Problem 3 (6 p)
Consider a power system divided in two areas, Land and Ön. The two areas are interconnected by
an AC line with a maximal capacity of 400 MW. The line is equipped with a protection system
which after a short time delay disconnects the line if the maximal capacity is exceeded. The trans-
mission on this line at 1 pm. is 390 MW from Land to Ön.

Data for the power plants in Ön are shown in table 3. The power plants that are located in Land
and which are participating in the primary control has a total gain of 4 400 MW/Hz. This gain is
available in the frequency range 50±0.4 Hz. 

At 1 pm. there is balance between generation and consumption in the system, and the frequency
is equal to 49.98 Hz in the entire system. At this point of time, 600 MW generation is lost due to a
short-circuit in a transformer in Land.

a) (2 p) How large is the generation in Forsen when the primary control has restored the bal-
ance between generation and consumption?

b) (2 p) How large is the generation in Flisinge when the primary control has restored the bal-
ance between generation and consumption?

c) (1 p) Which frequency will there be in Ön? The answer should be given with three decimals!

d) (1 p) Which frequency will there be in Land? The answer should be given with three deci-
mals!

Table 3 The power plants in Ön.

Power plant
Generation at

1 pm.
[MW]

Minimal 
generation when 

committed 
[MW]

Installed 
capacity 
[MW]

Gain
[MW/Hz]

Flisinge 75 35 120 200

Forsen 60 10 80.4 200

Udden 127.3 0 180 –



6

Problem 4 (12 p)
AB Energi owns a combined heat and power plant with three blocks, as well as the nuclear power
plant Strålinge with two reactors. Moreover, the company owns a wind farm. Assume that the
company has formulated their short-term planning problem as a MILP problem and that the fol-
lowing symbols have been introduced:

Indices for the power plants: Flisinge block I - 1, Flisinge block II - 2,Flisinge block III - 3,
Strålinge I - 4, Strålinge II - 5.

Gg = variable operation cost in power plant g, g = 1, …, 5
= start-up cost in power plant g, g = 1, …, 5, 

Gg, t = generation in power plant g, hour t, g = 1, …, 5, t = 1, …, 24,
= installed capacity in power plant g, g = 1, …, 5, 
= minimal generation when power plant g is committed, g = 1, …, 5, 
= start-up variable for power plant g, hour t, g = 1, …, 5, t = 1, …, 24,

ug, 0 = unit commitment of power plant g at the beginning of the planning period,
g = 1, …, 5,

ug, t = unit commitment of power plant g, hour t, g = 1, …, 5, t = 1, …, 24,
Wt = expected wind power generation in hour t, t = 1, …, 24,

a) (3 p) Which of the symbols above represent optimisation variables and parameters respec-
tively? 

b) (4 p) AB Energi wants to minimise the operation cost for the coming 24 hours. Formulate
the objective function of the short-term planning problem of the company. Use the symbols de-
fined above.

c) (3 p) Formulate the limits for the optimisation variables defined above for the planning prob-
lem of AB Energi. To get full score for this problem, you will also have to state the possible index
values for each limit!

d) (2 p) The maximal production equivalent in the hydro power plant Forsen is 0.6 MWh/HE.
Assume that the power plant should generate 88.2 MWh between 13:00 and 14:00. How large is
the discharge in Forsen during this hour if the relative efficiency is 98%? The answer should be
given in HE.

Cg
+

Gg
Gg

sg t
+
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Problem 5 (12 p)
Mji is a town in East Africa. The town is not connected to a national grid, but has a local system of
its own. The local grid is supplied by a hydro power plant and two diesel generator sets. The hydro
power plant does not have a reservoir, but the water flow is always sufficient to generate the
installed capacity (300 kW) and the risk for outages in the power plant is negligible. The diesel gen-
erator sets have a capacity of 100 kW each. Both generators have the availability 80% and the
operation cost is 2 ¤/kWh.

a) (2 p) Use probabilistic production cost simulation to compute the expected unserved energy
per hour.

b) (2 p) Use probabilistic production cost simulation to compute the expected operation cost
per hour.

c) (2 p) Use probabilistic production cost simulation to compute the risk of power deficit.

d) (2 p) Assume that a Monte Carlo simulation of the power system in Mji is to be performed,
and that complementary random numbers should be used to randomise the total load of the sys-
tem. What is the value of the complementary random number, D*, if the total load of the system is
randomised to D = 350 kW? 

e) (4 p) Assume that a detailed model (taking into account the electric losses) is used in the
Monte Carlo simulation. The results of 10 000 scenarios are shown in table 4. Both control vari-
ates and stratified sampling has been used in this simulation. The control variates are calculated us-
ing a simplified model corresponding to the model used in probabilistic production cost simula-
tion. Which estimate of ETOC is obtained from this simulation?

Table 4 Results from a Monte Carlo simulation of the system in problem 5.

Stratum, 
h

Stratum 
weight, h

Number of 
scenarios, 

nh

Results from the detailed model, 

(where xi, h is the observed value of 
TOC in scenario i, stratum h)

Results from the simplified model,

(where zi, h is the observed value of 
 in scenario i, stratum h)

1 0.75 100 0 0

2 0.05 4 900 58 800 0

3 0.2 5 000 602 000 490 000

600 kW

x

500

F̃0 F̃3

1

0.8

45040035030025020015010050

0.6

0.2

0.4

x = 200 x = 300 x = 400 x = 500 x = 600

1 0.2 0 0 0

1 0.488 0.104 0.008 0

F̃0 x 

F̃3 x 

550

xi h
i 1=

nh

 zi h
i 1=

nh



TOC̃



Answer sheet

Name: ................................................................................................................

Personal number: .................................................................................................

Problem 1

a) Alternative ..........................  is correct.

b) Alternative ..........................  is correct.

c) Alternative ..........................  is correct.

Problem 2

a) .........................................  TWh/yr. b) ..........................................  TWh/yr.

c) .........................................  ¤/MWh

Problem 3

a) .........................................  MW b) .........................................  MW

c) .........................................  Hz d) .........................................  Hz

Problem 4

a) Parameters: .......................................................................................................

Optimisation variables: ........................................................................................

b) ......................................................................................................................

c) ......................................................................................................................

......................................................................................................................

......................................................................................................................

d) .........................................  HE

Problem 5

a) .........................................  kWh/h b) ..........................................  ¤/h

c) .........................................  % d) ..........................................  kW

e) .........................................  ¤/h
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