
1. Energy worldwide—some numbers
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Different units are used:

1 GW = 8.76 TWh/a,

1 ktoe = 1 Gcal = 0.01163 TWh (kilotonnes oil equivalent),

1 Btu = 0.293 Wh (British thermal unit).
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Exergy

In thermodynamics, the exergy of a system is the maximum useful work
possible during a process that brings the system into equilibrium with a
heat reservoir, reaching maximum entropy.

Exergy is the energy that is available to be used.

When the surroundings are the reservoir, exergy is the potential of a
system to cause a change as it achieves equilibrium with its
environment.

Energy is neither created nor destroyed during a process. Energy
changes from one form to another.

In contrast, exergy is always destroyed when a process is irreversible,
for example loss of heat to the environment. This destruction is
proportional to the entropy increase of the system together with its
surroundings.

http://www.stockholmexergi.se
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Power magnitudes

Humans: consumption of 2000-2500 kcal per day means an average
energy supply of 100 W.

Work output from an average efficiency ≈ 25% ⇒ 25 W.

Heat per capita delivered to buildings: about 80 W.

Maximum human work from climbing stairs: P = mgh/t. With 7
stairs (≈ 23 m) in 23 s and body weight of 70kg this gives 700 W.
(Close to 1hp=745 W.)

Electric hot plate or electrical radiator ≈ 1 kW.

Taking a shower ≈ 12 kW. (Flow 0.1 ℓ/s, ∆T ≈ 29◦C, 4.2 kW/ℓ/◦C.)

Big hydropower station (Stornorrfors outside Ume̊a) 0.33 GW.

Total average power consumption for Sweden, 43 GW.
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The sun

This is interesting since most of the energy that we make use of, directly
or indirectly, comes from the sun.

Total power 3.8× 1026 W.
▶ Average power density only 0.27 W/m3!!
▶ Generated close to the core. Maximum ≈ 280 W/m3.

Inflow to Earth’s atmosphere, 1.37 kW/m2 — the solar constant.
Inflow reaching the ground ≈ 1 kW/m2.
Compare with geothermal energy flow ≈ 0.1 W/m2.

Total inflow: 1.7× 1017 W = 1.5× 1021 Wh/a = 1.5× 109 TWh/a.

Compare with the World’s energy consumption ≈ 1× 105 TWh/a.
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Supply and consumption

Statistics are given for both supply and consumption. Rather different!
Sweden:

Energy supply = 565 TWh,

Energy consumption = 378 TWh.

One big reason for the difference is the wasting of heat from nuclear
reactors. With an efficiency of 35% the supply of 184 TWh gives a
consumption of only 64 TWh. (The loss is 118 TWh.)
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Energy consumption

Sources: International energy agency, www.iea.org,
Energimyndigheten, www.energimyndigheten.se.
Energy for one year, 2017 or 2018.

World wide Sweden US Africa

For one year
energy (ktoe) 9.66× 106 6× 105

energy (Btu) 101.3× 1015

energy (TWh) 112 021 378 29 681 6 978

power (GW) 12 788 43.2 3 388 797
population/109 7.6 0.01 0.3272 1.2

pow/cap (W) 1 683 4 320 10 355 664

kilotonnes oil equivalent: 1 ktoe = 1 Gcal = 0.01163 TWh,
1012 Btu = 0.293 TWh.
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2. Energy supply—different fuels
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Energy supply—fossil fuels

Statistics from www.iea.org

Fossil fuels:
World Sweden Sweden adjusted1

oil 31.8% 20.1% 26%
natural gas 22.2% 2.0% 2.6%
coal 27.1% 4.5% 5.8%

total 81.1% 26.6% 34%

1Adjusted by not including the waste heat from nuclear power in the energy supply
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Electrical power in Sweden, 2017

Energy per year, TWh/a
Hydropower 71.933
Wind 27.526
Sun 1.035
Nuclear power 47.262
Conventionel “heat-power” “värmekraft” 13.142

Total production 160.898

Electricity 160 TWh/a = 18 GW.

Total energy 378 TWh/a = 43.2 GW.

Hydropower, Wind, and sun: 51.3%.

Power from heat is to some degree from biofuels.
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3. Technologies for renewable energy
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Energy densities

energy density

gasoline, 31.5 MJ/ℓ = 45.7 MJ/kg

fat 37 MJ/kg
alcohol 29 MJ/kg
protein 17 MJ/kg
carbohydrate 16 MJ/kg

Lead-acid battery 0.17 MJ/kg
Lithium-ion 0.36—0.875 MJ/kg
Tesla 2170, 250 Wh/kg = 0.9 MJ/kg
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Wind power, 2021

Country capacity (GW) Production (GW)

World 825

China 329 75
US 133 44
Germany 64 13.5
Sweden 12 3.72

2estimated
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Photovoltaics

PV is the conversion of light into electricity using semiconducting
materials.

Photovoltaics is growing rapidly.
Installed PV capacity (not average power) in 20213:

World: 849 GW, 3.7% of the total electricity consumption.

China: 307 GW, 6.2%.

Germany: 58.5 GW, 9.7%.

Sweden: 1.6 GW, 0.7%.

However, the power from the direct sun light fluctuates a lot. This has to
be compensated for with other power sources.

3https://en.wikipedia.org/wiki/Growth of photovoltaics
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Concentrated solar power

CSP systems generate solar power by using mirrors or lenses to
concentrate a large area of sunlight onto a small area.

Electricity is generated when the concentrated light is converted to
heat, which drives a heat engine connected to an electrical power
generator.

CSP had a world’s total installed capacity of 6.8 GW in 2021.

From 2018: Spain accounts for almost half of the world’s capacity:
2.3 GW. The United States follows with 1.74 GW.

The biggest CSP plant in the world is in Morocco with 0.51 GW,
https://www.youtube.com/watch?v=eTE7rGEb3tU
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. . . but perhaps outdated

Would there be a way to sell this kind of energy to other conti-
nents? It would be interesting if African countries could become a
literal power house for solar energy thanks to the huge exposer to
the sun and also be able to create jobs and sustainability in Africa,
while selling huge amounts of power to other countries.

This has been a common dream, however. . .

Large costs for maintaining such big plants. Water needed for
cleaning the mirrors.

Expensive to make cables to Europe. Energy losses at transportation.

The price of photovoltaic devices has dropped a lot since the building
of this plant. More cost efficient to install such equipment in Europe.
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4. Electricity in vehicles
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Two alternatives

Store energy in batteries

Store energy as liquid hydrogen—fuel cell converts to electricity
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Batteries

Main concerns

A car needs lots of batteries.

Batteries usually need metals that are difficult to get. Bad working
conditions in mines in Congo.

How environmently-friendly is the production of these batteries?

Concerns about how to handle worn-out batteries. Possible to recycle?
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Hydrogen gas with combustion

Available in Ume̊a, see https://www.oazer.se/

“En vätgasstation st̊ar nu klar för tankning p̊a Västerslätt i Ume̊a.
Det är det lokala uppstartsbolaget Oazer som utvecklat en småskalig
tankstation med egen produktion av grön vätgas.”

Concerns:

The flammability of the fuel.
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Hydrogen and fuel cells

Advantage:

High efficiency. In practice 40-60%.

“Even if the hydrogen is from natural gas the emission can be cut by
30%.”

Promising example from Mariestad, Sweden:

Solar energy produces hydrogen gas from electrolysis of water.

500 SEK to fill the tank.

For a car with a fuel cell this is enough for 700 km.

Concerns:

Danger of electrical shock and the flammability of the fuel.
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5. Attempts to stop the increase of CO2 in the

atmosphere
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Net Zero initiative

Net Zero 
Roadmap
A Global Pathway to 
Keep the 1.5 °C Goal  
in Reach

2023 Update

Document with 226 pages with detailed descriptions on pathways to reach
Net Zero CO2 emissions.
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Carbon capture

An integrated infrastructure with four components:

Capture: Technologies that remove CO2 from the atmosphere, either
before or after burning.

Transportation: Moving captured CO2 by pipeline or ship to a new
location for storage or use.

Use: CO2 can then be employed within a new industrial process, or

Storage: CO2 can be stored more permanently, typically underground
in geological storage sites, such as deep saline formations—essentially
underground rock formations —or in depleted oil and gas wells.
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CCS—Carbon capture and storage

A system where the CO2 is removed from the atmosphere and put
permanently underground.

One example is the project by Stockholm exergi that they call “En
makalös manick”—”a marvellous contraption”.

That plant will capture 800 000 tons of CO2 every year. That is more
than the emissions from the traffic in Stockholm.

But this has been critizised as it is claimed to be an inefficient way to
collect CO2.
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