Exam “Energy & Economy” 0EM72, 20-01-2014, 9-12h

Please read these instructions first.

This exam consists of 5 main questions, each comprising several sub-questions. Total
number of pages is 9. Each main exam question can earn you a maximum of 20 points.

The total time for the exam is 3 hours for all students.

Laptops, notes, books etc not allowed during the exam. You may use a calculator.

Students who have not passed any assignments should complete the full exam. This exam
will count for 100% of your final course grade.

Students who have completed assignment 1 with a pass grade may skip question 5. This
exam will count for 80% of your final course grade, and the grade of assignment 1 will count
for the remaining 20%.

Students who have completed assignment 2 with a pass grade may skip question 4. This
exam will count for 80% of your final course grade, and the grade of assignment 2 will count
for the remaining 20%.

Students who have passed assignments 1 and 2, may thus skip both questions 4 and 5. This
exam will count for 60% of your final course grade, and the grades for assignments 1 & 2 will
count for the remaining 40%.

However, if you have passed assignment 1 and or 2, but you still want to score a higher
grade for those course components, you are welcome to complete the questions pertaining
to assignment 1 (= Q5) and/or assignment 2 {=Q4). The highest-scoring attempt will then
count towards your final grade.



Question 1
[ad4ptb6ptc6pt;d4pt]

Please refer to the two tables on the following pages, which show the Energy Balances of
Indonesia for 1990 and 2010 respectively, in thousand tonnes of oil equivalent (ktoe).

a) According to Bhattacharyya (Chapter 2), a disadvantage of using “tonnes of oil (or
coal) equivalent” in Energy Balances is that this measurement unit is rather
imprecise. He discusses another unit of measurement called “tonnes of oil (or coal)
replacement”. Explain in what way(s) this tor/tcr measure is more precise than
toe/tce.

b) Looking at the figures in the top section (PES) of the two tables, what do you
conclude about main trend(s} in the energy supply mix in Indonesia over the period
1990-20107 Calculate some relevant statistics to support your argument, and discuss
possible implications of the trends you identified for Indonesia’s national energy
security.

¢} The total Gross Domestic Product (GDP) and the population of Indonesia in 1990
and 2010 were as follows:

GDP population

2010 377.80 (in billion US$, valued at 2005 prices) 239.87 million

1980 150.09 (in billion US$, valued at 2005 prices) 184.35 million

Combining (some) of these data with data from the Energy Balance tables, what can
you say about trends in energy intensity in Indonesia over the period 1990-20107

d) Changes in national energy intensity are usually analysed by means of so-called
decomposition analysis. Briefly describe this technique and list the three main
components that can cause changes in energy intensity over time,



Indonesia: Balances for 1990
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Indonesia: Balanees ler 2010
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Question 2

[a2pt;b2pt c6pt;dSpt; e pt]
The load duration curve is a useful tool for the efficient management of an electricity system.

a) Draw a stylized load duration curve with its typical shape, indicating base,
intermediate and peak load.

b) Based on the load duration curve, the system-wide load factor can be determined.
What is meant by this concept? Give a formula and/or illustrate graphically.

c¢) Different algorithms (decision methods) can be used by system operators to try to
maximize the system-wide load factor in an energy system. Discuss two of these
algorithms briefly.

d) Below is a graph of aggregated energy bids and offers during a one-hour period at

the Amsterdam Power Exchange. Redraw this graph under the assumption of a
much larger energy supply from wind and solar systems.

Amsterdam Power Exchange:
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Figure 1: APX aggregated bids example (5P435 college sheet)

e) Explain the principle of marginal cost pricing. If marginal cost-pricing is used on the
Amsterdam Power Exchange, what will be the effect of a major increase in supply
from wind and solar systems on the revenues received by the non-renewable plant
operators, and on their capacity utilisation ratio? Also discuss the concept of capacity
payments in this connection.



Question 3

[aSpt,b5pt cS5pt; d5pt

In the overview of the development of the world's energy system, 5 crucial phases in the
history of energy were distinguished. In each of these phases, new ways to exploit and use
energy are discovered and diffused, followed by problems and limits, and attempts to
overcome these problems and limits. The start of success of these attempts heralds the
beginning of a new phase.

a)

b)

c)

d)

Describe how this process operated and what it involved concretely in one of the
phases. Which energy source(s) was/were in dominant use for which purposes,
which limitations/problems arose, and which innovations occurred to overcome these
limitations?

The dynamics of this process give support to the view expressed by (most)
economists that limitations to energy resources will always be overcome by new
energy innovations. They argue that this will always happen because of high/rising
energy prices due to increasing scarcity of the existing energy resources. However,
others (geologists, environmental scientists, some engineers) dispute the validity of
this view for the long term. Explain the essence of their reasoning.

The people who dispute the universal validity of the innovation mechanism in Qb
promote the use of the ERCI (or EROEI) as an alternative tool to assess the social
desirability of new energy investments projects, instead of the conventional technique
of Cost-Benefit Analysis favoured by economists. Briefly explain the key differences
between these two techniques.

The processes in the five histerical phases are full of rebound effects. Explain what is
meant by this concept, and give a brief histerical llustration of a rebound effect, e.g.
from Fouquet's article.



Question 4

{adpt;bdpt c6pt dbpt]

a)

b)

c}

d)

What is the main rationale behind the liberalisation of energy markets undertaken in
many countries from the 1980s/90s onwards?

Briefly discuss the 4 main aspects involved in energy market liberalisation.

“‘Market failure” is a major reason why the expected benefits from liberalisation are
not always being realised in practice. What is meant by this concept? lllustrate your
point with one example that is relevant to a developed country context (e.g. USA or
Germany) and one example that is especially relevant to a rural area in a developing
country.

In discussing the scope for (and barriers on) diffusion of renewable energy
technologies (RETs) in developing countries, Painuly distinguishes between
technologies with technical potential, techno-economic potential, economic potential,
and market potential. What are the essential differences between these 4 different
types of potentials?



Question 5

[a3pt b7pt5ptd5pt

A South African team of researchers has investigated the feasibility of various investments
for increasing energy efficiency in various poor public housing estates. Their overall key
results, based on the Net Present Value (NPV) criterion, are displayed in the figure below.

Cost-bencfit analysis of cncergy efficicney tn arban leow-coxt hoasing
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Figure 1: NPV of energy-efficiency interventions nationally, assuming socinl discount
rate and including externalities (1999 Rands)

a) The results displayed above pertain to a socio-economic (societal) cost benefit
analysis. In which respects does this differ from a financial cost-benefit analysis?

b) In your opinion, do the NPVs given above, along with the fact that all the suggested
investment measures have the same time-horizon of 50 years, provide sufficient
information for a government decision maker to draw up an unambiguous investment
priarity ranking, or net? Motivate your answer. [nb: any need for replacement of
equipment/materials in the course of the 50 year time period have been fully taken
into account in the NPV estimates].

The estimated private costs and benefits of a 100 |. household solar water heater with a 1.8
m.sq. collector are given in the table below (in S. African Rands). It is assumed (fto make
calculations less onerous for you) that the lifetime is only S years, but that the household will
resell the installation at the end of 5 years for half of its new value. All values are in constant

prices of the initial investment year.

SWH cost Comments
Initial investment + 5000 Includes the costs of back up facility for times
installation costs when the SWH does not yield sufficient hot water.
Life 5 years
Remaining resale value | 2500

after 5 years

Energy savings

60% of conventional
electric water heating

Conventional electric water heating (without SWH
installation) draws 2000 kWh per year. The retail
fuel cost per kWh is 0.50 Rand

Private real interest rate
(i.e. using constant
prices).

20%

This rate is high due to the fact that poor
households cannot get bank credit. They have to
rely on private “loan sharks” who charge
exploitative interest rates.




c)

Draw up a cash flow chart for the cash flows of “non-financial operations”, and use
this to calculate the private NPV of one SWH system using the data and assumptions
above, and assuming that there is pno separate investment year. What do you
conclude from your result?

Calculate the levelised unit cost of the SWH system, using the same assumgptions,
and compare this with the unit cost of conventional electric water heating. What do
you conclude from this comparison?



