
© BPEC1March 2014

BPEC Contents

Contents

Page

Course introduction 5

1 Introduction to wood heating 7
1.1 Energy issues, the greenhouse effect and climate change 8

1.2 Renewable energy 10
1.2.1 Solar energy 10

1.2.2 Hydropower 10

1.2.3 Wind power 10

1.2.4 Geothermal energy 10

1.2.5 Biomass 10

1.3 Marketing biomass heating 12
1.3.1 Biomass and other renewable energy heating options 12

1.3.2 Benefits of using biomass heating 12

1.4 Biomass heating market 13

2 Biomass heating systems: technical overview 15
2.1 Domestic scale biomass heating – system types 16

2.2 Log stoves 18
2.2.1 Selection and installation 21

2.2.2 Fire safety 21

2.3 Pellet stoves 22
2.3.1 Operation of a pellet stove 22

2.4 Pellet boilers 24
2.4.1 Wood chip boilers 27

2.5 Log boilers 27

3 Fuel characteristics, supply and combustion 29
3.1 Wood fuel 30

3.2 Choosing the right type of wood fuel 31
3.2.1 Potential suppliers 32

3.3 Moisture content of fuel 33

3.4 Calorific value 34

3.5 Constituents of wood 35

3.6 Quality and standards for wood fuel 35

4 Regulations and standards 39
4.1 Health and safety 41

4.2 Building regulations 42
4.2.1 Building regulations: heat producing appliances 43

4.2.2 Building regulations: conservation of fuel and power 44

Solid Biomass Heating Systems Learning Manual BPEC0032/1



BPEC Biomass

© BPEC 2 March 2014

4.3 Planning permission 44

4.4 Clean Air Act 1993 44

4.5 Water regulations 1999 46

4.6 Pressure Equipment Regulations 1999 46

4.7 British Standards 46

4.8 Trade associations 48

5 System costs, funding and policy support 49
5.1 Fuel costs comparison 50

5.2 Capital costs 50

5.3 Lifecycle costs 51

5.4 Policy support 52

6 Hydraulic systems 55
6.1 Thermosyphon or gravity systems 56

6.2 Stoves with back-boilers 57

6.3 Control requirements 58
6.3.1 Minimum control requirements 58

6.3.2 Advanced controls 59

6.4 Pumped and semi pumped systems 59

6.5 Open vented primary systems 61

6.6 Open vented secondary systems 61

6.7 Sealed systems 62
6.7.1 Expansion vessels: choosing the correct volume 63

6.7.2 Expansion vessels: setting the expansion vessel and system to the correct pressure 64

6.8 Connection of the boiler 64
6.8.1 Thermostatic bypass 64

6.8.2 Hydraulic decoupling 65

6.9 Integration of a buffer tank 66

6.10 Water treatment 71

6.11 Building regulations and unvented hot water storage 71

7 Fuel storage systems 73
7.1 Logs 74

7.2 Wood pellets storage 75

7.3 Wood briquette storage 77

7.4 Wood chip storage 77

7.5 Fuel storage volumes 79



© BPEC3March 2014

BPEC Contents 

8 Combustion 83
8.1 The combustion process 84

8.2 Combustion efficiency 85

8.3 Combustion air and excess air ratio (lambda λ) 86

8.4 Emissions 88

8.5 System efficiency 89

9 Conducting a site assessment 91
Customer needs and expectations 92

At the site 93

Establish existing system 94

How much fuel will be required? 94

Prohibited locations 95

 Health, safety and fire prevention 96

10 Installation and maintenance 97
10.1 Installation and maintenance 98

10.1.1 Common fire safety features of biomass boilers 99

10.2 Fuel storage 99

10.3 Appliance operation 100
10.3.1 Common fire safety features of biomass boilers 100

10.3.2 User safety issues 101

10.4 Risk assessments 101

11 Determining system sizes 103
11.1 Correct sizing 104

11.2 Determining heat load 104

11.3 Calculating heat loss 105

11.4 Calculating energy demand and fuel consumption 107

11.5 Hot water storage and buffer tanks 112

11.6 Low temperature distribution systems and underfloor heating 113

12 Installation 115
12.1 Pre-installation checks for wood heating appliances 116

12.2 Noise considerations 116

12.3 The installation programme 116
12.3.1 Civil works 116
12.3.2 Installation of flue and ventilation 117
12.3.3 Installation of the appliance 117
12.3.4 Hydraulic systems 118

12.4 Installing boiler/buffer 119
12.4.1 Installing piping 119

12.4.2 Second fix piping 120



BPEC Biomass

© BPEC 4 March 2014

12.4.3 Flue installation 120

12.4.4 Electrical connections 120

12.4.5 Final checks 120

12.5 Fuel storage and feeding system 120

13 Commissioning and customer handover 123
13.1 Commissioning 124

13.1.1 Chimney 125

13.2 Customer handover 126

MCS Compliance Certificate Biomass 127

14 Operation and maintenance 129
14.1 Appropriate fuel 131

14.2 Air supply 131

14.3 Flue cleaning (chimney sweeping) 132

14.4 Ash removal 132
14.4.1 Maintenance of log stoves 133

14.4.2 Maintenance of pellet stoves 133

14.4.3 Maintenance of a wood pellet boiler 134

14.4.4 Maintenance of a wood chip boiler 134

14.5 Servicing 134

14.6 Auto functioning appliances 136

14.7 Service schedule 137

14.8 Fault finding 138

14.9 Specific faults 139

14.10 Flue faults 140

14.11 Re-commissioning 140

15 Unsafe situations 141
15.1 The gas industry 142

15.2 Solid fuel: assessing the risk 143

16 Decommissioning 145
16.1 Temporary decommissioning 146

16.2 Boiler cool-down 147

16.3 Permanent decommissioning 148

Annexes 149
Annex 1: Installation checklist 150

Annex 2: Example U-values for external walls 152

Annex 3: Chimney type designation 154

References 155



March 2014

BPEC 1 Introduction to wood heating

© BPEC7

1  Introduction to 
wood heating



BPEC Biomass

© BPEC 8 March 2014

1 Introduction to wood heating

1.1 Energy issues, the greenhouse effect and climate change
Modern society is becoming increasingly energy intensive, with European energy consumption increasing 
by 1 – 2% every year. There has been much discussion in the political arena about the impact of fossil fuel 
consumption and consequential carbon dioxide emission levels.

Human activities have contributed to the concentrations of greenhouse gases in the atmosphere together with 
those from natural sources such as volcanic activity and decaying vegetation. The build up of carbon dioxide 
and other greenhouse gases trap some of the sun’s energy resulting in a warming of the earth’s surface. This is 
known as the ‘greenhouse effect’ and is illustrated in Figure 1. The consequences of ‘climate change’ have 
been the subject of much speculation in varying degrees.

The UK is responsible for the release of around 3% of global CO2 emissions caused by man, despite having 
only 1% of world population.

International and national targets are now in place to reduce carbon dioxide emissions by reducing dependence 
on finite supplies of fossil fuels. One key element is to maximise the use of renewable energy sources.

Figure 1: The greenhouse effect

Graphic: Tiscali Reference http://www.tiscali.co.uk/reference/encyclopaedia/hutchinson/m0019990.html

Other drivers for reducing reliance on fossil fuels include:

• Costs: Energy costs are certain to continue to rise as political policies continue to add the environmental 
cost of energy generation and the cost of green energy infrastructure into prices paid by consumers.

• Security of supply: The UK can no longer meet its total energy demand from indigenous sources. 
Whilst coal reserves are still potentially available, oil and gas are increasingly sourced from politically 
and economically unstable areas of the world.
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Buildings are major consumers of energy. About 40% of final energy consumption in the European Community 
is in the buildings sector and the domestic sector contributes a significant proportion of this. Within the UK, 
home energy use is responsible for 27% of carbon dioxide emissions in the buildings sector. Increasing energy 
efficiency and the use of renewable energy are considered important ways to reduce the consumption of fossil 
fuels. Carbon dioxide emission factors for different domestic heating fuels are given in Tables 1a and 1b.

Table 1a: Carbon dioxide emission factors for different heating fuels

Energy/Fuel Emission Factor (CO2/kWh)

Average grid electricity in the UK 0.541

Natural Gas 0.19

Coal 0.30

LPG 0.21

Wood chips 0.025

Wood logs 0.025

Wood pellets 0.025

Table information taken from DEFRA/DECC Guidelines for the measuring and reporting of emissions in the UK Emissions 
Trading Scheme

Table 1b

Fuel

Net 
calorific 

value 
(MJ/kg)

Carbon 
content 

(%)

Approximate 
lifecycle CO2 

emissions (with 
production)

Annual total CO2 emissions to 
heat a typical house

(20,000kWh/yr)

kg/GJ kg/MWh kg
kg saved 
compared 

with oil

kg saved 
compared 
with gas

Hard coal 29 75 134 484 9680 -2680 -4280
Oil 42 85 97 350 7000 0 -1600
Natural gas 38 75 75 270 5400 1600 0
LPG 46 82 90 323 6460 540 -1060
Electricity 
(UK grid)

– – 150 530 10,600 -3600 -5200

Electricity 
(large scale wood chip 
combustion)

– – 16 58 1160 5840 4240

Electricity 
(large scale wood chip 
gasification)

– – 7 25 500 6500 4900

Wood chips 
(25% MC) Fuel only

14 37.5 2 7 140 6860 5260

Wood chips 
(25% MC) Including boiler

14 37.5 5 18 500 6500 4900

Wood pellets 
(10% MC starting from dry 
wood waste)

17 45 4 15 300 6700 5100

Wood pellets 
(10% MC) Including boiler

17 45 7 26 660 6340 4740

Grasses/straw 
(15% MC)

14.5 38 1.5 to 4 5.4 to 15 108 to 
300

6892 to 
6700

5292 to 
5100
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1.2 Renewable energy
Renewable energy is energy from sources that are not depleted by extraction. It is either derived directly from 
the sun (solar energy), indirectly from the sun (photosynthetic energy stored in biomass), or from the natural 
movements and mechanisms of the environment (geothermal and tidal energy).

1.2.1 Solar energy

Solar energy can be used to heat buildings and water. Buildings can use passive solar design to capture the 
sun’s energy, reducing the need to provide power for heating. Solar water heating can typically be used to 
provide up to 50% of domestic hot water needs.

1.2.2 Hydropower

Hydropower systems capture the energy in flowing water and convert it to electricity. A well designed small 
hydropower system can blend with its surroundings and have minimal negative environmental impacts.

1.2.3 Wind power

The wind can also be used to generate electricity. Wind turbines can be used on various scales from a small 
wind turbine for a school to large offshore wind farms generating enough electricity for many tens of thousands 
of houses.

1.2.4 Geothermal energy

Geothermal energy involves the exploitation of different grades of thermal energy stored within the earth. In certain 
geological areas, heat from deep within the earth’s interior can rise up to the surface. The potential for using this 
energy is limited to specific locations around the world.

Ground-source heat is a different form of geothermal energy. It is extracted from the low-temperature heat 
(10 – 20°C) that is found at relatively shallow depths. This source of heat remains at a relatively constant 
temperature all year and can be taken from the ground itself or from groundwater.

1.2.5 Biomass

Biomass is biological material derived from living, or recently living organisms. In the context of biomass for energy 
this often used to mean plant based material, but biomass can equally apply to both animal and vegetable 
derived material. Biomass fuels include wood, grasses and crops but also animal residues. Biomass fuels are 
sometimes taken out of a waste process and used as a fuel instead of to a landfill. Biomass, if not burned, will 
still emit its carbon content to atmosphere by biological decomposition.

There are five basic categories of biomass material:

• Virgin wood, from forestry, arboriculture activities or from wood processing

• Energy crops: high yield crops grown specifically for energy applications

• Agricultural residues: residues from agriculture harvesting or processing

• Food waste, from food and drink manufacture, preparation and processing, and post-consumer waste

• Industrial waste and co-products from manufacturing and industrial processes.

This manual is principally concerned with heating from solid, woody materials as excluded from the Waste 
Incinerator Directive (WID) and in appliances up to 45kW peak output.
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The Waste Incineration Directive (WID) is a European law which aims to prevent, or limit as far as practicable, 
negative effects on the environment from the incineration and co-incineration of waste. The Directive applies 
to most activities that involve the burning of waste, whether for disposal or when used as fuel. The Waste 
Incineration Directive was implemented in the UK in 2002 and 2003, by separate regulations for England and 
Wales, Scotland and Northern Ireland, in conjunction with the Pollution Prevention and Control Regime. These 
regulations introduced strict regulatory controls and minimum technical standards for waste incinerators and 
co-incinerators. Note that other legal controls may also apply if you burn waste. The Environment Agency 
maintains the list of excluded fuels.

Sustainability

Sustainability is the sustainable provision of energy that meets the needs of the present without compromising 
the ability of future generations to meet their needs. Technologies that promote sustainable energy include 
renewable energy sources, such as hydroelectricity, solar energy, wind energy, wave power, geothermal energy, 
and tidal power, and also biomass products where replanting of crops and trees, for example, ‘recycle’ the CO2 
created when burning the plant materials or wood.

The process of burning wood is considered ‘low carbon’ because where trees are re-planted, they naturally 
absorb carbon dioxide from the atmosphere during growth and release an equivalent amount when burnt. It may 
take decades before the carbon released by burning is re-absorbed back into the re-growth of trees. If trees that 
are used for wood heating are not replanted, the process is no longer considered ‘low carbon’. The process of 
releasing carbon and then absorbing it is part of a carbon cycle and is shown in Figure 2.

Biomass can be used to supply heat 
and/or electricity on different scales 
from individual houses to centralised 
generating plant. Biomass is often 
called ‘bioenergy’ or when processed 
is referred to as ‘biofuels’. Biofuels are 
produced from organic materials, 
either directly from plants or indirectly 
from industrial, commercial, domestic 
or agricultural products and can be 
either solid or liquid, this manual is 
only concerned with solid versions. 
Biofuels fall into two main categories:

• Woody biomass includes forest 
products, untreated wood products, 
energy crops, short rotation 
coppice (SRC), such as willow.

• Non-woody biomass includes 
animal waste, industrial and biodegradable municipal products from  
food processing and high energy crops like rape, sugar, cane, maize.

For small-scale domestic applications of biomass, the fuel usually takes the form of wood pellets, briquettes, 
wood chips and wood logs. Some fossil fuel energy is normally required for the processing and delivery of the 
fuel, but this is small compared to the energy contained in the wood. Carbon dioxide emissions for wood fuels 
per unit of energy are given in Table 1.

Figure 2: The carbon cycle
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1.2 Marketing biomass heating

1.2.1 Biomass and other renewable energy heating options

Biomass heating is one option for supplying heat to buildings using renewable energy. A brief summary of the 
different options for renewable energy heating are given below.

Table 2: Renewable energy heating options

Biomass
Ground Source 
Heat Pumps

Passive Solar 
Design

Solar Water 
Heating

Woody biomass is burnt 
to supply space heating 
and/or hot water. 
Modern equipment 
operates at high 
efficiency but requires 
storage space and a 
local fuel supply from a 
renewable source to 
have the least 
environmental impact.

Requires either a horizontal 
ground collector loop 
(usually across a piece of 
land equivalent to 150% of 
the floor area to be heated) 
or a vertical bore hole. The 
capital costs are usually 
very high but running costs 
are low. Electricity is 
required to run the heat 
pump. Typically, for every 
single unit of electricity 
used, about three units of 
heat energy are supplied to 
the building.

By incorporating 
certain design 
principles into the 
original design of a 
building, the heating 
requirements can be 
significantly reduced. 
Additional benefits 
include natural lighting 
and improved comfort. 
Care is needed to 
avoid over heating 
in summer.

A solar water heating 
system can typically 
provide 50% of 
domestic hot water. 
They are not usually 
suitable for providing 
space heating. Solar 
water heating can 
also be used in 
conjunction with 
biomass heating.

1.2.2 Benefits of using biomass heating

There are a range of benefits from using renewable energy. The key benefits of using wood biomass energy for 
heating are listed below:

• Long term supply: The availability of fossil fuels is limited. Wood is a renewable and sustainable heating 
source and can replace fossil fuels such as coal, peat and oil and gas/LPG for a significant percentage of 
the countries heating needs.

• Low emissions: Wood is a very clean and environmentally safe fuel. According to the carbon cycle, the net 
emissions from modern wood combustion systems are very low.

• Improved woodland management: Creating a market for wood gives an incentive to woodland owners to 
manage their woods. Woodlands benefit from thinning, and thinning can be important to woodland wildlife.

• Local economic benefits: Wood energy is most cost-effective when a local fuel source is used, which results 
in local investment and employment.
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1.3 Biomass heating market
The UK biomass heating market is growing. Solid biomass heating appliances are currently most popular in 
areas where there is no mains gas supply, or as a replacement for fossil fuels such as oil.

Since fuel supply is critical, areas where an existing fuel supply infrastructure already exists will have a 
developed wood heating market. Fuel supply networks are market led.

There is an increasing demand for low energy and low carbon homes and Ecohomes is an environmental rating 
for homes. Energy forms one part of the assessment and Developers and Housing Associations aiming to 
achieve good or excellent ratings may consider wood energy heating.

A DTI commissioned study in 2005 looked at the likely take-up of small scale renewable energy systems 
between now and 2050. The predictions for domestic heating are given below:

Table 3:  Likely take-up of bio-energy heating (taken from ‘Potential for Microgeneration:  
Study and Analysis’ November 2005)

Year 2010 2020 2030 2050
Number of domestic biomass 
heating units installed

2792 61,064 195,550 260,000
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16 Decommissioning

It is likely that where an unsafe situation is found or when major maintenance is required, the appliance and or 
installation will need to be decommissioned.

When embarking on decommissioning an appliance, whether permanently or temporarily, it is important to 
provide notice to the relevant parties and explain process to customer/operator. Customer will need to be made 
aware of shut down time and impact, the sequence and method of works along with any costs associated with 
waste or recycling of appliance. Will you need to arrange temporary heating to be available (if required) for the 
duration of decommissioning work?

You will need to understand the appliance and review the central heating system so that you can perform safe 
isolation and thus you should explain to the customer what you need to do and why you need to do it so they 
can prepare (move clothes/equipment from drain off points etc) if necessary. You will also need to include other 
trades such as electricians who may be needed to safely isolate equipment or permanently remove supplies. In 
the event of structural work requiring temporary decommissioning you will need to explain to other trades what you 
have done and describe how you have prevented the appliance accidentally being restarted and plan with them 
a schedule of work to safely bring the appliance back into operation later. Of course the customer/responsible 
person will need to be involved at all stages.

Before any decommissioning work can take place the engineer needs to assess the appliance and system type 
to ensure that a process can be established with minimal risk and adherence to Health & Safety. Primary risks 
can be scald, explosion, flue gas carbon monoxide and system flood.

Old boilers or pipe insulation can have material made from asbestos so it is important that any risk is assessed 
prior to work.

In the UK, over a dozen pieces of legislation are relevant to the installation, operation, maintenance and 
decommissioning of biomass systems, including for example, the Construction (Design and Management) 
(CDM) Regulations 2007, the Pressure Systems Safety Regulations 2000 and others. This reflects the fact that 
biomass system installation and decommissioning typically involve a combination of some construction/civil 
works and combustion plant installation.

From a health and safety perspective, the operation and maintenance of biomass systems are similar to fossil 
fuel plants, and therefore similar regulations are relevant – for example, the Control of Substances Hazardous to 
Health (COSHH) Regulations 2002.

16.1 Temporary decommissioning
To temporarily decommission an appliance, it is essential that you isolate the appliance from the fuel feed and 
isolate the appliance from the power supply source. Feed augers should be emptied to prevent burn-back.

Alternatively, flap valves can be used between the auger and the grate to remove the need to empty the auger 
upon boiler shutdown.

It is important that you turn off the electricity supply and make safe by locking off the isolator (if rotary type) or 
remove fuse from fused spur in some domestic installations. You will need to label switches and fuses and 
other controls to remind/warn customers not to try to turn on the heating whilst you are working on it.  




