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heating without CO2 

 
Introduction 

Our homes are “fed” with two types of energy, electric power and 

thermal power. The range of use is wide, from household 

appliances to electronic devices used in entertainment, from 

cooking to domestic hot water without forgetting domestic 

heating. 

 While the future reserves great chances of low environmental 

impact for electric power ( see sheet 5), it seems that the way to 

free thermal power from fossile fuel (therefore from CO2 

emissions) is still complicated.   

The problem becomes even more complex if we look at the 

domestic dimension : millions of residential units that require an 

alternative heat source, all the year round, with a higher 

consumption in wintertime. 

Right now, the most promising way to free also this sector from 

the dipendence on fuel is through solar heating collectors and low 

enthalpy geothermal facilities. 

 

 

Class activity 

 

1. Solar heating collectors 
 



 
 

 

 
 
 

Materials 

- a box, 30x30 cm and 35 cm high 

- a box 40x40x40 cm 

- a glass or plexiglas lid 40x40x40cm 

- 4 small legs about 5 cm 

- a thermometer with a scale from 0° to 100°,  

- wool 

- cotton wool 

- Styrofoam 

- tinfoil 

- black paint 

- a heat resistant  dish 20x20x20 cm, filled with water 

 

Carrying out 

  

The object of the activity is to build a solar oven and test how it’s 

possible to improve its energy efficiency in catching and keeping 

the infra-red component of the sunrays. The heat-resistant dish full 

of water represents the water to be heated, as it happens in our 

heating systems for domestic hot water. 

 

- Cover with tin foil the inside and outside of the small box, also 

the innner surface of the bigger box. The purpose is to ensure that 

the sunbeams “bounce” as many time as possible inside the 

smaller box.  

- Paint in black the inside bottom of the smaller box. 

- Position the smaller box inside the bigger one, making sure that 

the smaller one is equidistant from all the sides of the bigger one 

and that the small feet keep it at the exact same height. 



 
 

 

 
 
 

- Position the dish (filled with water) inside the smaller box and 

insert the thermometer bulb inside the water. 

- Cut the box cover so that it fits the opening of the bigger box; 

Place the cover on the smaller box. 

- Place the solar oven in the sun and check, after a specified period 

of time, the water temperature reached. 

 

It is possible to test variants to try to increase the oven efficiency:  

- Fill the empty space between the two boxes with wool, cotton 

wool and styrofoam respectively, positioning each time the oven 

in the sun for the same period of time. Check the water 

temperature each time. 

- Try the same experiment changing the cover (from glass to 

plexiglass) and minimize the possible heat loss from the cover. 

- Always mark all temperatures reached.  

 

At the end of all experiments it is likely that we didn’t reached the 

same temperatures  we normally get with our boilers. Reflect on 

the problem and try to assess how and where the solar panels 

differ from the solar oven. Don’t forget that hot water needs also 

some elements that spread the heat around the house. 

 

 

2. LOW ENTHALPY GEOTHERMAL SYSTEMS 
 

Low enthalpy geothermal systems , in their entirety, show some 

specific elements, to be submitted to the students, that are related 

to the basic principles of thermdynamics. This activity is meant to 

be a visual investigation  of these systems and their components 



 
 

 

 
 
 

and must be triggered by specific questions 

 

 

QUESTION 1 – While looking at picture 1a, position the system 

components  listed below in the right place : 

 

1 – Heat exchanger 

2 – Heat pump 

3 – Hot water storage tank 

4 – floorboard heating elements  (for more details see sheet 7). 

 

Figura.1a 

 



 
 

 

 
 
 

 Figura.1b 
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QUESTION 2 – The heart of this kind of system is the water 

pump, a connection between the underground thermal energy and 

the house. Try to position the elements listed below on figure 2a. 

Try to answer the questions at the end of the list. 

 

1 – The ground loop transfers heat to a working fluid in the heat 

pump 

2 – Increasing the pressure raises the vapour temperature 

3 – Compressor 

4 – Heat is transferred to the building’s distribution system 



 
 

 

 
 
 

5 – Evaporator 

6 – Condenser 

7 – Expansion Valve 

8 – The working fluid expands causing it to cool 

9 – Ground loop 

10 – A network of pipes is buried in the ground or immersed in a 

water source 

11 – Distribution System 

12 – The distribution system can be either underfloor heating, 

radiators or forced-air system. 

 

- Surf the web to find a real picture of each of the system’s  main 

components (Ground loop; Heat Pump; Underfloor heating; 

forced-air system). 

 

- It is said that a water pump uses 1 Kw of electric power to 

generate  4 Kw of thermal power to heat the inside of a house. 

Considering that energy cannot be created  but can be only 

transformed, where are the other 3Kw thermal power coming 

from?  (Answer: the other 3 Kw are subtracted from the 

underground.) How can we make this process more sustainable ? 

(Answer: Producing that 1 Kw of electric power through a 

photovoltaic plant on the roof, see sheet 5) 

 

- In the winter, low enthalpy geothermal systems subtract heat 

from the ground. In the summer, when it works as an 

airconditioner, what happens to the underground part of the 

system? (Answer: it heats up.) 

 



 
 

 

 
 
 

Suggestions (storytelling/gamification) 

Submit a real case-study to the students, asking them to choose 

two geographical areas, with different environemental 

characteristics, in their territory. Experiment the solar oven  

(tested in activity 1), in both areas. Evaluate, through a written 

report, if and how this system could be used. 

 

Transversality suggestions 

 

GEOGRAPHY: Get the students to search your country’s solar 

maps to find the maximum and minimum insolation. Ask them to 

look for data to understand if in the maximum insolation areas 

there are more solar heating collectors. Compare the data with the 

one  achieved  for solar panels. (see sheet 5). Which are the most 

commonly used? 

HISTORY: Trace the evolution of heating systems with the 

students, from the discovery of fire up to today. Try to highlight 

the issues and the links with the lifestyles  caused by it. For 

example: the discovery of fire gave a decisive impetus to 

migrations in prehistoric times. Or: what meant the transition from 

having one water heater  for the all house to heating in all the 

rooms?  

LITERATURE: Analize the link between story-telling and fire. 

There are a lot of examples, in literature, where fire - or an 

element that produces heat - has allowed to create a story or a 

novel. Ask the students to modernise these stories, creating short 

tales  that include a time when somebody gets warm through solar 

heating collectors or low enthalpy systems. 

ECONOMY: Ask the students to search the EU trade policy 



 
 

 

 
 
 

regarding solar heating collectors imported from China to counter  

dumping e subsidised imports actions. 

(http://trade.ec.europa.eu/doclib/docs/2015/july/tradoc_153587.pd

f) 

 

Websearch 

 

European Heat Pump Association  
Association of the main european heat pump producers. 

http://www.ehpa.org/ 

 

Analysis of thermal solar and heat pumps in the E U. 
Research agency syndicate that monitors the trends of renewable 

energies in Europe. 
 

 

Video of the restaurant “Delicias del sdol” in Chile. 

Chile’s Coquimbo region is characterized by a huge number of 

sunny days per year. One ideal condition for solar Energy 

exploitation. 

https://www.youtube.com/watch?v=BL40zpt51Jg 

 

Video of how a heat pump works 
An easy explanation of the  thermal energy flows in a low 

enthalpy geothermal system. 

https://www.youtube.com/watch?v=KE3SvNRmwcQ 

https://www.youtube.com/watch?v=BL40zpt51Jg

