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What is Micro Generation? 

Micro generation is the generation of 
electrical or thermal energy by individuals, 
businesses and communities from a low 
carbon source. The term does not have an 
exact definition but generally refers to 
relatively small-scale systems with outputs in 
the range 2.5 to 50 kW. A particular 
advantage of many forms of micro generation 
is that the resources are free and 
sustainable, e.g. solar, wind and hydro. This 
lesson describes significant micro generation 
technologies.  
1. Wind Technologies 

For micro generation, average wind speeds of 
approximately 5 m/s are required over an 
unobstructed landscape to commence power 
production. This is known as the cut-in wind 
speed. In any wind turbine, kinetic energy (Ek) 
(the energy of movement) of air is converted into 
rotational movement by the blades of the turbine. 
This turning moment (torque) causes a generator 
within the turbine housing to rotate to produce 
electricity: 

Kinetic energy (Ek) = ½ mv2 (joules) 
where:  

m = mass of air in kg 
v = velocity in m s-1 
Ek = kinetic energy in joules 

The total wind power in the area swept by the 
turbine rotors is given by the following equation: 

P = ½ × ρ × A × v3  
where: 
P = power in watts (1,000 watts = 1 kilowatt) 
ρ = air density at sea level (approx. 1.2 kg m-3) 
A = rotor swept area, exposed to the wind (m2) 
v = wind speed in m s-1 

The theoretical maximum efficiency of any design 
of wind turbine is 59.3%; this is known as Betz’s 
Law. 

Bord Gáis Networks has recently completed a 
wind monitoring programme to establish the most 
suitable sites in which to install wind turbines in 
order to reduce its own demand for electricity 
from the national grid. Based on the results, a 
project is now being conducted to assess the 
feasibility  of installing suitably sized turbines at 
these sites; these should reduce the conventional 

electricity consumption at these Bord Gáis 
installations by approximately 30%. Having less 
requirement for electricity from power stations, 
this project will contribute to the reduction of CO2 
emissions. 

2. Solar Thermal Energy 

Solar thermal collectors are used to capture 
radiation from the sun (heat and light).  

Currently, there are two main types of solar 
thermal collectors on the market: flat plate and 
evacuated tube collectors; the latter is more 
effective in cloudy conditions but is more 
expensive and more easily damaged. 

For best results, panels should be mounted at 
about 45° on an un-shaded south-facing roof; a 
steeper angle (about 60°) would prove more 
beneficial in winter.  

How a Solar Thermal System Works 

Cold water is pumped from a water tank and 
travels through solar collectors in a solar panel. In 
the process it is heated up by the solar radiation 
(visible and infra red) absorbed by the solar 
panels. This heat is then carried away from the 
solar collectors by the water returning to a storage 
tank. A heat exchanger is usually used to transfer 
the heat to the water in the tank; this ensures that 
the water in the different circuits does not mix. A 
back-up system using conventional energy 
sources (e.g. electric immersion heater or a 
furnace) can supplement the heat supply when 
more hot water is required.  

3. Solar Photovoltaic Energy 

Photovoltaic cells employ special semiconductors 
that exhibit the photovoltaic effect i.e. they 
produce electricity when light shines on them. 
Photovoltaic panels are composed of many such 
cells. Efficiencies greater than 25% have been 
achieved but at present the most economical 
photovoltaic cells are about 10% efficient.  

Bord Gáis Networks is currently constructing a 
new Networks Services Centre building in Dublin 
with several energy saving features. Over a 
hundred square metres of photovoltaic panels will 
generate approximately 10% of the building’s 
electricity demand. Solar thermal panels will be 
used to produce hot water.  

 

 



 

4. CHP Technology 

Combined Heat and Power (CHP), also known as 
co-generation, is a single process that is used to 
generate both thermal and electrical power 
simultaneously. This process can be carried out 
using an internal combustion engine fuelled by 
natural gas or a gas turbine.  

CHP captures the waste heat from the exhaust 
gases and the cooling system of the engine for 
further use as a thermal energy source, while 
producing electricity.  

This simultaneous production of thermal and 
electrical energy increases the overall efficiency 
of the process. It has the effect of reducing the 
overall energy input and reducing CO2 emission 
levels. In conventional power generation, 
efficiencies of only 30% to 40% can be achieved. 
CHP can increase these efficiencies to 
approximately 80%. 

It is estimated that for every 1 MW of CHP 
installed, CO2 emissions are reduced by at least 
1,000 tonnes per annum (ref. Irish CHP 
Association). 

 

Operating Efficiencies 

Compressor stations are used to pump gas 
through the 2368 km natural gas network. Bord 
Gáis Networks operates three  compression 
facilities within its network, two in Scotland and 
one in Midleton, Co. Cork.  

These facilities utilise large centrifugal 
compressors driven by industrial gas turbines, not 
unlike those used in jet engines.  

 

 

Steps are being taken to: 

• reduce fuel usage 
• reduce harmful emissions  
• reduce amount of gas lost during the 

compression process 
• reduce power consumption on the sites 

Fuel Usage Efficiency 

The compressors can operate in either series or 
parallel modes of operation to best match the 
pressure and flow requirements of the network. 

Emissions Efficiency 

Two different technologies are used to reduce 
harmful emissions such as NOx (oxides of 
nitrogen) and CO (carbon monoxide): Dry Low 
Emission (DLE) combustion and Water Injection.  

DLE reduces the temperature of the combustion 
chamber by mixing the fuel and the air before 
ignition as opposed to the traditional method of 
allowing the fuel and air to mix at the point of 
combustion. The net result is a lower maximum 
flame temperature but with the same net heat 
output.  

Water Injection reduces emissions of CO and NOx 
(mainly NO and NO2) by the same principle of 
reducing the maximum flame temperature by 
injecting water in the combustion chamber, as the 
flame turns the water to steam it reduces the max 
flame temperature but the heat energy is retained 
in the system by the steam. 

Gas Emissions Reduction 

At either end of the compressor, where the drive 
shaft exits the casing, a seal prevents the high 
pressure gas from leaking out along the shaft and 
escaping into the atmosphere. Bord Gáis 
Networks has upgraded these seals to 
significantly reduce gas loss past the drive shaft 
and are currently reviewing a system to reduce 
this even further 

 



 

Bord Gáis Networks 
 

Bord Gáis Networks develops, operates and 
maintains the natural gas transmission and 
distribution networks in Ireland and provides gas 
transportation services to suppliers and shippers, 
including Bord Gáis Energy. In delivering service 
to suppliers and shippers, safety is the top priority 
at Bord Gáis Networks. However, in line with most 
progressive and responsible organisations in 
Ireland, Bord Gáis Networks is also dedicated to 
concentrated actions in the area of ‘sustainability’ 
within its operations. Sustainability is the capacity 
to endure. Bord Gáis Networks recognises its 
responsibility in achieving sustainability but also 
the benefits of same. In this regard, Bord Gáis 
Networks carries out Research and Development 
(R&D) programmes to identify the most suitable 
micro generation technologies that can be used 
both in our gas infrastructure installations and in 
our buildings. These technologies have the 
potential to offer the following benefits: 

• A reduction in fuel gas usage. 
• A reduction in CO2 emissions. 
• A reduction in electricity usage and  
• A Lower Carbon Footprint. 

 

Bord Gáis Networks Micro Generation Research 
and Development (R&D) projects in progress 
include: wind technologies, solar technologies 
(thermal and photovoltaic), and combined heat 
and power (CHP) technologies. 

 
You can find this and other lessons, including those 
previously sponsored by Bord Gais, on www.sta.ie. 
 
You can find out more about the work of Bord Gáis 
Networks on www.bordgais.ie/networks/ 

 

http://www.bordgais.ie/networks
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Teaching Notes  

Syllabus References 

The relevant syllabus references are: 

Leaving Certificate Physics 

Energy: different forms of energy. Ep = mgh,  
Ek = mv2, E = mc2;  

Principle of conservation of energy (p. 27) 

Principles of fission and fusion (p. 41) 

Concept of heat; quantity of heat  

Heat capacity, specific heat capacity 

Latent heat, specific latent heat 

Heat transfer: conduction, convection and 
radiation (p. 11) 

 

Learning Outcomes  

On completion of this lesson, students should be 
able to:  

• Appreciate the potential contribution of 
alternative energy sources to energy 
sustainability. 

• Describe a number of alternative energy 
technologies and explain their operating 
principle. 

• Describe the physical layout of a solar 
water heating system. 

• Outline the operating principle of CHP 
(Combined Heat and Power) and indicate 
its advantages. 

• Outline steps that can be taken to reduce 
toxic emissions (CO, NO, NO2). 

• Describe what is meant by micro-
generation. 

General Learning Points 

The following points can be used to review the 
lesson content and to inform discussion. 

• Micro generation refers to relatively small-
scale systems for energy generation with 
outputs in the range 2.5 to 50 kW. The 
output may be electricity or heat. 

• Many forms of micro-generation use 
sustainable energy sources such as wind, 
sunlight and running water. 

• Micro-generation is very suitable for small 
businesses or isolated industrial 
installations where long-distance 
distribution is not required. 

• The two main types of solar heating panel 
are flat plate collectors and evacuated tube 
collectors. 

• As water is circulated through the heating 
panel, it absorbs heat from the sun; the 
heat is transferred via a heat exchanger to 
water in a storage cylinder. 

• Combined heat and power (CHP) systems 
are fuel-powered electricity generators in 
which the exhaust heat is used for water or 
space heating. 

• Techniques such as ‘water injection’ in 
combustion systems reduce the 
temperature and so reduce the amount of 
CO and NO in the exhaust gases. 
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Student Exercises  

Student Activities 

To estimate the solar irradiance  

Materials: a large metal plate (e.g. the base of a 
large retort stand), matt black paint, ‘bubble wrap’, 
digital thermometer (a digital thermometer and 
data logger would be better). 

Procedure 

Paint one side of the metal plate matt black (if you 
are using the base of a retort stand you might 
paint the underside rather than the top). 

Find the mass of the metal plate. (m). 

Measure the area of the blackened side of the 
plate (A) 

Find the specific heat capacity (C) of the plate 
(measure or look up). In the case of steel this is 
about 450 J kg-1 K-1. 

Attach the sensor of the digital thermometer to the 
side of the plate that is not blackened. Wrap the 
plate in one or two layers of bubble wrap, keeping 
the black side upwards and folding the spare 
bubble wrap underneath to minimise air 
movement around the plate. 

Place the plate in direct sunlight around midday, 
tilting it so that it faces the sun. Record the 
starting temperature (T1) and the time (t1) 

At regular intervals record the temperature and 
the time.  

When the temperature has risen a few degrees 
record the final temperature (T2) and the time (t2). 

Calculate the heat input: H = m ×C × (T2 – T1) 

Calculate the heat input per second: P=H÷ (t2 – t1) 

Calculate the solar power per unit area: P/A.  

True/False Questions 

a) Micro generation systems have a maximum 
output of 50 kW. 

b) PV (photovoltaic) panels have an average 
efficiency of about 45 %. 

c) The Sun’s energy is generated by nuclear 
reactions. 

d) Every 100 units of input a CHP (Combined 
Heat and Power) plant typically produces 
an output of 50 units of electricity. 

e) CHP is more efficient than separate heat 
and power. 

f) CHP has more heat losses than separate 
heat and power. 

g) Separate heat and power plants use 
different fuel sources. 

h) Every MW of traditional power generation 
that is replaced by CHP reduces annual 
CO2 emissions by 1000 tonnes. 

i) PV requires a greater area of panels than 
solar thermal to capture the same amount 
of energy. 

Check your answers to these questions on www.sta.ie  

Examination Questions 

Leaving Certificate Physics 2009 (HL) Q. 11  

Read the following passage and answer the 
accompanying questions. 

The sun is a major source of ‘green’ energy. In 
Ireland solar heating systems and geothermal 
systems are used to get energy from the sun. 

There are two main types of solar heating 
systems, flat-plate collectors and vacuum-tube 
collectors. 

 

• A flat-plate collector is usually an aluminium 
box with a glass cover on top and a 
blackened plate on the bottom. A copper 
pipe is laid on the bottom of the box, like a 
hose on the ground; water is passed 
through the pipe and transfers the absorbed 
heat to the domestic hot water system. 

 



 

 
• In a vacuum-tube collector, each tube 

consists of an evacuated double-walled 
silvered glass tube in which there is a 
hollow copper pipe containing a liquid. The 
liquid inside the copper pipe is vaporised 
and expands into the heat tip. There the 
vapour liquefies and the latent heat 
released is transferred, using a heat 
exchanger, to the domestic hot water 
system. The condensed liquid returns to the 
copper pipe and the cycle is repeated. 

In a geothermal heating system a heat pump is 
used to extract solar energy stored in the ground 
and transfer it to the domestic hot water system. 

a) What is the maximum energy that can fall 
on an area of 8 m2 in one hour if the solar 
constant is 1350 W m–2? 

b) Why is the bottom of a flat-plate collector 
blackened? 

c) How much energy is required to raise the 
temperature of 500 litres of water from 20°C 
to 50°C? 

d) The liquid in a vacuum-tube solar collector 
has a large specific latent heat of 
vaporisation. Explain why. 

e) Name the three ways that heat could be 
lost from a vacuum-tube solar collector. 

f) How is the sun’s energy trapped in a 
vacuum-tube solar collector? 

g) Describe, in terms of heat transfer, the 
operation of a heat pump. 

h) Give an advantage of a geothermal heating 
system over a solar heating system.  

 
Specific heat capacity of water =  

4200 J kg–1 K–1;  
density of water = 1000 kg m–3;  
1 litre = 10–3 m3 

Did You Know? 

The sun is an enormous nuclear reactor that has 
a surface temperature of 6000°C. It emits 5.4 EJ 
of solar radiation per year. This solar radiation is 
the source of all renewable energy on earth. It 
gives us the winds which we can harness for 
power and the rainfall which fills our rivers and 
streams on which dams can be built to provide 
electricity. It also allows energy crops to grow 
which can be burned to provide heat and fuel oils 
for transport. 

The sun also regulates the ocean currents which 
can flow for thousands of kilometres. One of 
these is the Gulf Stream which gives Ireland its 
mild climate; otherwise Ireland would be as cold 
as parts of North America which lie on the same 
line of latitude as Ireland. 

 

Biographical Notes 

Albert Betz (1885 – 1968) 

Albert Betz was a German physicist and a pioneer 
of wind turbine technology. Having graduated as 
a naval engineer he worked in the University of 
Göttingen on aerodynamics. In 1919 he received 
his PhD for his work on minimising energy losses 
in ship propellers. The following year he published 
a paper in which he calculated the maximum 
possible efficiency of wind turbines. This indicated 
that only 16/27 (= 59.3%) of the energy of the 
wind could be extracted. In 1926 he was 
appointed professor at Göttingen and later he 
headed hydrodynamics research at the Max 
Plank Institute. 

Alexandre-Edmond Becquerel (1820 – 1891)  

Alexandre-Edmond Becquerel was a French 
physicist who studied the solar spectrum, 
magnetism, electricity and optics. He is known for 
his work in luminescence and phosphorescence. 
He is credited with the discovery of the 
photovoltaic effect, the operating principle of the 
solar cell, in 1839. 

 

Revise the Terms 

Can you recall the meaning of the following terms? 
Reviewing terminology is a powerful aid to recall and 
retention. 

Betz’s Law, centrifugal compressors, CO, CO2 
emissions, conventional electricity, cut-in wind 
speed, efficiency, gas turbine, heat exchanger, 
hydro, internal combustion engine, joules, kinetic 
energy, kW, MW, NOx, parallel, photovoltaic 
effect, power station, pressure, radiation, 
semiconductors, series, solar, sustainable, 
torque, turning moment, wind turbine,  
Check the Glossary of Terms for this lesson on 
www.sta.ie  

 

 

http://www.sta.ie/

