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27 februari 2003, 14.00-17.00 uur

Please read these instructions carefully

1. Write your name, em: ddress, student number and education programme above
every page. We will send the exam results of all participating students by email to all
participating students.

. You can use the reader and books like BINAS and Key World Energy Statistics.

The answers of the exercises and/or your own notes may not be used

There are some extra questions for the master students Energy and Resources. Other

students don't have to answer this question, but can gain bonus points if they do.

. In the appendix you can find information on water.

You can answer the questions in English or Dutch.

. Good luck!

~oo PoN

1. Exergy

A. Whatis exergy?

B, Why does an exergy-analysis give more information on the savings potential than an
analysis based on enthalpy (energy)? Supplement your answer with an example of a
CHP-plant.

Only for Master students
C. What is the energy content of 1 kg of steam at 100°C at 1 bar?
What is the exergy content of 1 kg of steam at 100°C at 1 bar?

2. Structure
in the pulp and paper industry in a certain country, the following products are made:
1990 | 1995 | 2000 1990
reference SEC
kionne | ktonne | ktonne Gditon
Newsprint paper 300 | 361 | 376 6
Wiiting paper 819 | 818 | 892 12
Sanitary paper 167 | 161 144 1
Packaging paper 1484 | 1627 | 1844 88
Total Energy Use (PJ) | 265 | 266 | 27.2

A. Caloulate the Physical Production Index (PPI) and the Energy Efficiency Index (EEf)
for both 1995 and 2000 (1990=100).

B. What is the relative difference between 1990 and 2000 with regard to volume,
structure and energy use?

C. Make a graph of the decomposition of these three effects s calculated in question B,
analogous to Figure 10.6, page 135 (‘Influence of activity changes.”) from the reader.

Only for Master students

Look at Figure 10.5a in the Reader (page 128)

D. Explain what is shown on the y-axis in this graph.

E. Think of a way to compare the values for 1990 from this exercise with the 1990-data in
figure 10.5a. What country could the data in this exercise represent? Explain your
answer.
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In figure 10.3 “Development of specific consumption of passenger cars” from the reader
the energy consumption per km for passenger transport is given for several countries. As
you can see there is lot of difference between the counties.

A. Give 3 different reasons why the same car fleet would perform different in another
country. Explain per reason if the energy consumption per kilometre will increase or
decrease.

8. Describe per difference mentioned in question A, a policy instrument how you could
change this effect and thus save energy. Give per policy instrument also a different
rebound effect that may occur.

4. Washing clothes.

Make a calculated estimate of the amount of energy needed for one washing-cycle
(washing and spin-drying (NL: centrifugeren), but not drying). How much COs is emitted to
produce this energy?

5. Chemical Industry
In the chemical industry, a steam cracker is often used to produce (a.0.) ethylene and
aromatics from naphtha. Naphtha is produced from crude oil fractions with an energy
efficiency of 95%.
This process can be simplified as shown in Figure 1. To convert 1 tonne of naphtha in the
products shown, 8,2 GJ of fuels and 0,03 MWh of electricity is (extra) needed.

Table 1: Enthalpy values

cracker Ethylene 50
ety | 235kg ‘Avomaics | 423
Grudo ol 000k aromatics thers 45
Lo Naphtha | 473
L. asskg
Others*

“others nclice propylens, C-4 producs and fuls
Figure 1: Representation of ethylene production.

A. Allocate the input of naphtha to the ethylene production (in kg). Use allocation based
on mass, energy and exergy of the products.

Ethylene can be converted into poly-ethylene (PE). The energy needed for this process is
2 GJ of electricity + 0,5 GJ of steam per tonne of ethylene. Assume that 1 tonne of
ethylene is converted into 1 tonne of PE.

B. How much primary energy is needed to produces 1 tonne of PE?

Only for Master students
. What is the CO; emission per tonne of PE over the entire lifecycle? Take into account
different waste-disposal scenarios. Exclude CO emissions from the use-phase.
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How many solar panels need to be produced until they become competitive compared to
traditional electricity for West Europe?

Assume:

1 solar panel of 100W, costs €450,- and has a lifetime of 20 years. A solar panel has a
load factor of 850 hours. The net interest rate is 4%. The progress ratio is 0.8, up till now
1000MW,;, of solar panels is produced.

Appendix 1. Some data on water:

Specific heat Ice 22kikg' K
Specific heat Water 4,18 kJ.kg' K"
Specific heat Steam (1 bar) 2,0kJkg'K?
Melting energy water 334 kJ.kg"
Evaporating energy water 2260 kJ.kg™!

Further learning
Did you enjoy this course? Energy analysis is an introduction, so perhaps the below
follow-up courses are then interesting for you:

* Sustainable Development, a natural science perspective
o.a. history of Sustainable Development, system dynamics,
water, energy, landuse, climate change. Start: march 10 (blok 4)

« Research methods for energy and resources
research methods like Learing curve, Input-output analysis, Multi Criteria Analysis
used in real models. Start march 14 (blok 4)

+  Energy conversion and Environmental technology
How do machines like power plants, windmills, heatpumps, recycling-plants work and
what are their potentials? Start may 12 (blok 5)

 Energy and resources policies
0.a. EU, Kyoto, voluntary agreements, Energy efficiency standards, measuring the
effectiveness of policy (blok 1, September 2003 )

If you are interested please contact: Sander van Egmond, email:
svanegmond@chem.uu.nl





