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Thermal energy

Eihermar =Q =m - Cp - AT

m = mass |kg]

cp, = specific heat [kg]—K]
AT = dif ference of temperature [K]|




Kelvin [K] Celsius [°C] | Fahrenheit [°F]

0 -273,15 -460
273,15 0 32
373,15 100 212

°‘C=("F-32)*5/9
‘F=("C*1.8)+32
K=°C+273.15
°C=K-273.15



Specific heat

Specific heat is the amount of thermal energy required to raise the temperature of
one unit of mass of a substance by one degree Celsius (or Kelvin).

C, [J/kgK]
W
101 2
Glas 840
Granite 790
Water 4180

By 25°C and atmospheric pressure.



Thermal energy
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Latent heat

L [k’—g]

m Latent heat fusion [J/kd] Verdampingswarmte [J/kg]

Water 334,000 2,249,000

E thermal_pahse_change — Q =m:- Lf
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Efficiency vs coefficient of performance (COP)

Energy transfer

E; useful energy output
input or EUseful output n= effiency — f gy p
Energy conversion energy input
E disipated to the surroundings
Qdisipated to the surroundings COP = Qpelivered
E electrical

Qextracted Thermal energy Quclivereqa = delivered thermal energy []]

Qdelivered

transfer

Electricar = Used electrical energy []]

E Electrical



Geothermal Energy
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Geothermal Energy
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Geothermal Energy
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Geothermal Energy

Nesjavellir Geothermal Power Station in Iceland
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Geothermal energy advantages vs disadvantages

1. Renewable High initial investment

High COP (up to 20)

Reliable (base-load energy)

Location-specific.
Resource depletion risk

Small land footprint Induced seismicity

o >~ 0D
a > w nh =

Low operating costs Possible gas emissions
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Nuclear Power Plant

Taishan Nuclear Power Plant, Units 1 & 2, Guangdong, China
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Nuclear energy advantages vs disadvantages

1. Very low CO, gas emissions
2. High energy density

3. Reliable, continuous power
4. Stable electricity supply

5. Low fuel costs

1. Limited fuel resources

2. Radioactive waste

3. Risk of severe accidents

4. Very high construction costs

5. Long decommissioning process

6. Public perception and political resistance
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Fuels combustion boiler residential hot water

1. Natural gas (most common in many countries) ——
2. Fuel oil
3. LPG (propane/butane).

4. Biomass (wood, pellets, wood chips)

Gas, Fuel oil, LPG

Biomass



Fuels combustion industrial boiler steam
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Combustion boiler advantages vs disadvantages

1. High heat output and reliability 1. High CO, emissions

2. Mature and well-known technology 2. Air pollution

3. Fuel flexibility 3. Lower efficiency compared with heat
4. Fast response and controllability 4. Dependence on fuel supply

5. High temperature capability 5. Maintenance and safety



Solar thermal collector

Solar Thermal

Collector Steam turbine Generator g

Sun light

Solar radiation

@ Long-wavelength infrared light
@ Short-wavelength infrared light

@ Visible light
_____ -

Simple or double glazed

Coldwater ) —»==="

https://newheat.com/en/how-does-solar-thermal-energy-work/ G



https://newheat.com/en/how-does-solar-thermal-energy-work/
https://newheat.com/en/how-does-solar-thermal-energy-work/
https://newheat.com/en/how-does-solar-thermal-energy-work/
https://newheat.com/en/how-does-solar-thermal-energy-work/
https://newheat.com/en/how-does-solar-thermal-energy-work/
https://newheat.com/en/how-does-solar-thermal-energy-work/
https://newheat.com/en/how-does-solar-thermal-energy-work/
https://newheat.com/en/how-does-solar-thermal-energy-work/
https://newheat.com/en/how-does-solar-thermal-energy-work/
https://newheat.com/en/how-does-solar-thermal-energy-work/
https://newheat.com/en/how-does-solar-thermal-energy-work/

Solar thermal collector

== - Hot water
Simple or double glazed S
- e Hot wate
1-Flat-plate VY yye—
Non-concentrating— /1
2-Evacuated tube “000,' ;
4
Solar thermal u 4e
collector _
[ Reflector
3_ Pa ra bol |C .. // &————————— Receiver /-Absorber
. 1
Concentrating  _ o
- 1 axis tracking system eceiver sorber
" N
4-Power tower P i BV Y A
- e ' I ‘ | I l 1 . | & —————  2axis tracking system

https://newheat.com/en/how-does-solar-thermal-energy-work/ B



https://newheat.com/en/how-does-solar-thermal-energy-work/
https://newheat.com/en/how-does-solar-thermal-energy-work/
https://newheat.com/en/how-does-solar-thermal-energy-work/
https://newheat.com/en/how-does-solar-thermal-energy-work/
https://newheat.com/en/how-does-solar-thermal-energy-work/
https://newheat.com/en/how-does-solar-thermal-energy-work/
https://newheat.com/en/how-does-solar-thermal-energy-work/
https://newheat.com/en/how-does-solar-thermal-energy-work/
https://newheat.com/en/how-does-solar-thermal-energy-work/
https://newheat.com/en/how-does-solar-thermal-energy-work/
https://newheat.com/en/how-does-solar-thermal-energy-work/

Solar thermal collector system

Solar collector

Receiver
@3
Y Air-cooled
& . condenser
~

Steam

gmyw
% y

Domestic Hot water
hot water
store

Boiler

Controller : Thermal energy

storage tanks

Cold water Heliostats

https://etl.energysecurity.gov.uk/products/solar-thermal-
systems-collectors/solar-thermal-collectors-1

https://solarcc.com/thermal-solar-power-plant-explained/



https://etl.energysecurity.gov.uk/products/solar-thermal-systems-collectors/solar-thermal-collectors-1
https://etl.energysecurity.gov.uk/products/solar-thermal-systems-collectors/solar-thermal-collectors-1
https://etl.energysecurity.gov.uk/products/solar-thermal-systems-collectors/solar-thermal-collectors-1
https://etl.energysecurity.gov.uk/products/solar-thermal-systems-collectors/solar-thermal-collectors-1
https://etl.energysecurity.gov.uk/products/solar-thermal-systems-collectors/solar-thermal-collectors-1
https://etl.energysecurity.gov.uk/products/solar-thermal-systems-collectors/solar-thermal-collectors-1
https://etl.energysecurity.gov.uk/products/solar-thermal-systems-collectors/solar-thermal-collectors-1
https://etl.energysecurity.gov.uk/products/solar-thermal-systems-collectors/solar-thermal-collectors-1
https://etl.energysecurity.gov.uk/products/solar-thermal-systems-collectors/solar-thermal-collectors-1
https://etl.energysecurity.gov.uk/products/solar-thermal-systems-collectors/solar-thermal-collectors-1
https://etl.energysecurity.gov.uk/products/solar-thermal-systems-collectors/solar-thermal-collectors-1
https://etl.energysecurity.gov.uk/products/solar-thermal-systems-collectors/solar-thermal-collectors-1
https://etl.energysecurity.gov.uk/products/solar-thermal-systems-collectors/solar-thermal-collectors-1
https://solarcc.com/thermal-solar-power-plant-explained/
https://solarcc.com/thermal-solar-power-plant-explained/
https://solarcc.com/thermal-solar-power-plant-explained/
https://solarcc.com/thermal-solar-power-plant-explained/
https://solarcc.com/thermal-solar-power-plant-explained/
https://solarcc.com/thermal-solar-power-plant-explained/
https://solarcc.com/thermal-solar-power-plant-explained/
https://solarcc.com/thermal-solar-power-plant-explained/
https://solarcc.com/thermal-solar-power-plant-explained/

Solar thermal collector advantages vs disadvantages

1. Renewable and very low operational CO, 1. Intermittent energy
emissions. 2. Lower output in winter
2. Free fuel and low operating costs 3. Roof area needed for residential use or large
3. High efficiency (up to 70%) land area for CSP
4. Suitable for different temperature levels 4. Complexity of installation for large CSP systems

5. Thermal energy storage is relatively easy
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Heat pump coefficients of performance (COP)

Compressor

Heat source Heat sink

« Air * Floor heating

« Ground « Convector

e \Water Evaporator Condenser « Radiator

Expansion valve

el e Floor heating Convector / fan- Radiator
Heat source | (~35 °C) coil (~45 °C) (~55 °C)
Air source [-5 °C,15°C] 2.1-4.6 1.7-4.0 1.4-3.5
Ground source [8°C,12°C] 3.9-5.7 3.3-5.1 3.0-54




Heat pump advantages vs disadvantages

1. High COP, especially if difference of 1. Initial investment

temperature between source and sink is small 2. Performance depends on temperature difference.
2. Low direct CO, emissions 3. Reduced efficiency in existing high-temperature
3. Ability to use renewable heat sources systems
4. Multi-functionality (heating, cooling, domestic 4. Electricity dependence

hot water) 5. Installation constraints

6. Refrigerant environmental impact
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