Elaboration of interim examination Energy Analysis, 22 December 2004

I. The European steel industry.

a. 1556 PJ (from Table)

b. Because it neglects the conversion losses in electricity production. In the case of
the EU steel industry, these are substantial as electricity makes up 24% of the
final energy consumption.

c.  Output of public electricity plants is 7456 PJ; total inputs are: 18850 PJ. Average
conversion efficiency is: 39.6% (more sophisticated calculations are possible, e.g.
through neglecting renewables input and output). Primary energy requirement
(first order) is: 1556 PJ —371 PJ + 371 PJ/39.6% = 2122 P1.

2. CHP Utrecht University
a. The CHP plant produces the following amount of electricity per year: 5 MW x
4000 h =20,000 MWh =72 TJ.
The annual heat production is (0.5/0.4)*72 TJ =90 TJ
The annual natural gas input is 72 TJ/0.4 = 180 TJ
Separate production would require per year (72 TJ/0.5) + (90 TJ/0.9) = 244
Th
The annual energy savings amount to 244 TJ — 180 TJ = 64 TJ.
b. Natural gas input: 180 TJ.
Out of one unit of natural gas, UU produces:
i. electricity: 0.4 units both energy and exergy
ii. heat output: 0.5 units energy, 0.14 x .5 = 0.07 units exergy (formula 2.4)
Allocation on energy basis: (0.4/0.9)*180 = 80 TJ to electricity
(0.5/0.9)*180 = 100 TJ to heat
Allocation on exergy basis: (0.4/0.47)*180 = 153 TJ to electricity
(0.07/0.47)*180 = 27 TJ to heat
¢. Allocation based on exergy, because the exergy content of energy carriers better
takes into account the value (usefulness) of the energy carrier.

3. Lusitania
c. Wind turbines produce 8760 h x 0.20 x 1000 MW = 1,752.10° kWh = 6.3 PJ.
Two-thirds of the time they save on natural gas: 2/3 x 6.3 / 0.5 = 8.4 PJ. One-
third of the time they save on coal: 1/3 x 6.3 / 0.4 = 5.25 PJ. Total savings: 13.65
P1.

5. Machine for the production of mobile phone electronics.
a. Follow the complete elaboration in Chapter 9 and come to formula [9.15].
E=[75.7 15.7 4.4] kJ/Euro [0 0 100000] = 440,000 kJ.

b. The machine for producing mobile phone electronics is probably very high-tech
with (compared to the rest of the machinery industry) has a very low material
need per unit of sold product. So material needs are relatively low compared to
the rest of the machinery industry. Input-output analysis always uses average
material requirement figures and hence may overestimate the cumulative energy
requirement.









