
Technological University Dublin Technological University Dublin 

ARROW@TU Dublin ARROW@TU Dublin 

Masters Engineering 

2009-11 

Wood Chip Heating for Commercial Buildings in Ireland: an Wood Chip Heating for Commercial Buildings in Ireland: an 

Analysis of Supply Methods and Financial Viability Analysis of Supply Methods and Financial Viability 

Ciaran Berkeley 
Technological University Dublin 

Follow this and additional works at: https://arrow.tudublin.ie/engmas 

 Part of the Civil and Environmental Engineering Commons 

Recommended Citation Recommended Citation 
Berkeley, C. (2009). Wood Chip Heating for Commercial Buildings in Ireland: an Analysis of Supply 
Methods and Financial Viability. Masters dissertation. Technological University Dublin. doi:10.21427/
D70G7P 

This Theses, Masters is brought to you for free and open access by the Engineering at ARROW@TU Dublin. It has 
been accepted for inclusion in Masters by an authorized administrator of ARROW@TU Dublin. For more 
information, please contact arrow.admin@tudublin.ie, aisling.coyne@tudublin.ie, vera.kilshaw@tudublin.ie. 

https://arrow.tudublin.ie/
https://arrow.tudublin.ie/engmas
https://arrow.tudublin.ie/engthe
https://arrow.tudublin.ie/engmas?utm_source=arrow.tudublin.ie%2Fengmas%2F39&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/251?utm_source=arrow.tudublin.ie%2Fengmas%2F39&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:arrow.admin@tudublin.ie,%20aisling.coyne@tudublin.ie,%20vera.kilshaw@tudublin.ie


WOOD CHIP 

HEATING FOR COMMERCIAL BUILDINGS IN IRELAND 

- 

AN ANALYSIS OF SUPPLY METHODS AND FINANCIAL VIABILITY 

Ciarhn Berkeley B.Eng 

Master of Philosophy (M.Phi1.). 

Dublin Institute of Technology, Ireland 

Supervisors: Dr. Aidan Duffy, Mr. Maurice Rarnsay; Mr. John Turne~ 

School of Civil & Building Services Engineering 

Submitted November 2009 



ABSTRACT 

Ireland has three central issues regarding the supply and use of fuel and enerw. 

import dependency; competitiveness; and greenhouse gases emissions. Ireland is ranked 

as one of the most import dependent states in the EU, with over 90% of its fuel sourced 

fiom abroad [IAEA, 20051. Combined with rapidly fluctuating oil and gas wsts and 

uncertainty with future supply, it is essential that Ireland find a more secure and 

sustainable alternative to fossil hels. 

Wood chip represents one such alternative energy source since it is locally 

produced and considered to be carbon-neutral. The main objective of this research is to 

assess the financial and environmental feasibility of wood chip as a heat source in Irish 

commercial buildings. The commercial range of boilers, finm 50kW up to 400kW, 

offers a good range of potential feasible and non-feasible arrangements that will provide 

important information regarding correct sizing and use. Secondary objectives include 

optimising production supply chains and heating system wnfigurations as well as 

commenting on relevant national policies. 

The swpe of the research covers all aspects of wood chip production and use for 

wmmercial applications in Ireland. Key methodologies employed include cost versus 

value techniques to examine supply chain efficiencies; mathematical modelling of 

energy balances; and net present value models to analyse the financial viability of wood 

chip heating systems. 

Results indicate that wood chip is an economically feasible replacement for oil 

and gas as a heat source in commercial buildings. Drying wood fuel both increases 

value and minimises supply costs. This increases the net present values of wood chip 

heating systems as they rewup their high initial capital wsts with the increased savings 

finm a cheaper fuel. Energy balance models show that installing wood chip boilers at 



part load offers more savings than boilers at full load, and that economic viability is 

highly sensitive to changes in fuel prices. Findings suggest that the regulation of wood 

fuel quality and the introduction carbon taxes will increase wood fuel uptake in the 

commercial sector. 
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1.0 CHAPTER 1: INTRODUCTION 

1.1 Overview 

Ireland has three central issues regarding the supply and use of fuel and energy. 

These are the over dependency on imports, the cost of fuel and the emission of 

greenhouse gases. Ireland is ranked as one of the most import dependent states in the 

EU, with over 90% of its fuel sourced h abroad [IAEA, 20051. The latest available 

Figures indicate that Ireland imports 121.0 TWh of oil, 48.1 TWh of natural gas and 

0.75 TWh of electricity [SEI, 20081. The greenhouse gas emission targets set out in the 

Kyoto protocol offers ftuther incentives for switching to low carbon fuel. Ireland, as 

part of the EU, must contribute to the 'burden sharing' agreement of reducing Europe's 

Emissions by 8%. Combined with the rising cost of oil and gas and the uncertainty 

regarding future supply and peak oil theory [Campbell, 20071, it is essential that Ireland 

find a more secure sustainable alternative to fossil fuel. 

Wood chip is an environmentally clean and locally produced fuel. It is classified 

as carbon neutral due to its carbon absorption during growth, and it is sustainable. 

Ireland has an excellent growing climate, financial resources and skilled labour, but due 

to the lack of foresight or initiative in previous years Ireland now lags behind most 

European countries in terms of wood fuel utilisation. This means Ireland is trailing in 

both experience and available infomation in comparison to mainland Europe, and this 

could be cited as the most significant barrier for Ireland advancing in wood chip 

production and use. 

The scope of this thesis covers all aspects of wood chip supply and demand for 

commercial applications in Ireland, as illustrated below in Figure 1. The objectives of 

the research are to analyse the supply chain arrangements and to investigate the 

financial viability of wood chip in Irish commercial buildings. Secondary objectives 

1 



include the optimisation of these results, searching for ways to lower the production 

costs of the wood chip supply chains and to increase the financial viability of wood chip 

heating systems. Key methodologies used are the use of cost versus value techniques to 

examine the supply chains and net present value models to analyse the financial 

viab'ity of wood chip heating systems. 

IRISH FOREST BUILDING ENERGY 
LOAD 

Figure 1: Overview of Wood Chip Supply and Demand 

1.2 Supply Side -Wood Chip Supply Chains 

The application of logistics and supply chain management techniques are 

essential in ensuring a product is delivered cost effectively. In a wood chip supply chain 

the order and cost of the processes greatly impacts the final price and, therefore, its cost 

competitiveness with conventional fuels. This thesis analyses the costs of each of the 

different processes in the wood fuel supply chain using Irish data. The identification of 

the different processes and the breakdown of the costs and values make understanding 

how a supply chain works clearer and establishes potential areas for improvement. 

Countries such as Denmark, Austria and Sweden have successfully established wood 



fuel markets and have developed supply chains particular to their needs. However, 

supply chains h m  other areas may not necessarily suit Irish conditions because of 

differences such as ground and weather conditions, equipment, infrastrudxre, available 

training, and economic factors such as fuel costs and wages. This thesis will analyse the 

wood fuel supply chain under Irish conditions and identify critical areas of the chain for 

further investigation and optirnisation. 

13 Demand Side - Financial Viability of Wood Chip Heating Systems 

The objective of the demand side analysis is to establish the current and future 

financial viability of wood chip heating systems for commercial buildings in Ireland. 

While wood fuel is cheaper per unit of energy consumed than gas and oil, the initial 

investment cost in biofuel boilers is significantly higher, and even with constant annual 

savings the investment can st i l l  lead to net losses over the course of the system's life. 

One of the first steps in this analysis is the development of an Energy Model that can 

produce energy loads over a range of inputs, such as system size and wood chip sizes. 

The Energy Model is then combined with financial factors, such as system costs and 

fuel costs, to calculate the true cost of a wood chip system over its lifecycle. The 

viability of hybrid systems, which use both wood chip and fossil fiel, is also 

investigated. This is a long term and realistic cost evaluation model for potential 

investom. By investigating the viability of such systems the total life cycle cost of 

installing a wood chip system can be calculated, and optimum codgurations identified. 

By implementing such optimum design strategies, the reputation of wood chip boilers 

can be enhanced by maximising potential savings, which will stimulate consumer 

confidence and the demand for wood chip. Having a financially viable alternative to 

fossil fuel is vital when promoting the switch tiom fossil fuels to sustainable fuels. 



1.4 Thesis Aims and Objectives 

The overall aim for the thesis is to investigate wood chip in Ireland. The thesis 

covers a broad-area of topics including Irish forestry, supply chains, energy demand and 

financial viability; also included in the text are sections on policy and health and safety. 

This provides a large amount of information on the complete wood chip industry in 

Ireland and allows more specific objectives to be established within these areas. 

The objectives for this thesis are: 

analyse the supply of wood chip in Ireland; 

suggest methods of improving the supply of wood chip in Ireland; 

investigate the financial viability of wood chip heating systems for 

commercial applications in Ireland; and 

optimise the design of wood chip heating systems for commercial 

applications in Ireland. 



2.0 CHAPTER 2: BACKGROUND - WOOD CHIP AND WOOD CHIP POLICY 

2.1 Introduction 

This chapter serves as an insight to wood chip and wood chip policy. The first 

section of this chapter details the physical and chemical properties of wood chip, as well 

as defining various terms used in the industry. The natural properties of wood can help 

and hinder when using it as a source of energy. For example, its complex biological 

structure and physical attributes make it very different to the handling of more 

commonly used fossil fuels, such as gas and oil. Wood chip can be produced from a 

number of different sources, including forests, wood waste and woody weeds. The 

availability and accessibility of these wood sources is vitally important if the country 

aims to replace fossil fuels with wood chip, and these factors are largely controlled by 

national policy. 

.The second section of this chapter reviews the policies and directives issued by 

national and international agencies and their effect on the Irish wood chip industry. The 

chapter identifies emission targetsand discusses how they affect the uptake of biomass, 

and wood chip, in the fuel market. Carbon tax is one of the main tools that will be used 

to meet these emission standards. Carbon tax aims to reduce the amount of carbon 

produced by heating, cooling and electrical systems by penalising carbon-emitting 

processes, such as burning gas or oil. 

Finally, this chapter will have a brief look at some of the health and safety issues 

arising &om the use of wood chip. Many of the recent policy.changes in Europe, and 

internationally, are concerned with emissions; and whlle carbon and carbon dioxide are 

more commonly recognised, the emission of dust particles is a very important factor in 

&r quality regulations, and subsequently Irish policy decisions. 



The objectives of this chapter are to: 

examine the chemical and physical properties of wood fuel; 

review forestry terms used-in wood chip production; 

discuss policies affecting the wood chip industry in Ireland; 

analyse the effect of carbon tax on the wood chip industry in Ireland; and 

outline health and safety issues arising from the use of wood chip. 

The data for the first section of the chapter were obtained from a literature 

review ranging from basic chemistry and physics texts to more detailed papers on 

specific wood density and forest management. 

The data for the second section of chapter were obtained from national 

publications on policies and directives, such as  the White Paper [Government White 

Paper, 20071 and Bioenergy Action Plan [Bioenergy Task Force, 20071. The numbers 

for the grants and incentives were taken from the relevant national agencies, such as 

Sustainable Energy Ireland. Carbon tax rates are estimated using the trade market price 

of carbon [www.pointcarbon.com, '081. The trade market price gives a strong indication 

of thelevel of carbon tax being introduced. 

The figures used in carbon tax calculations also include an embodied energy 

figure based on data issued by the University of Bath [Jones & Hammond, G., 20081. 

These data are used to show how carbon tax will affect the cost of manufacturing wood 

chip boilers and equipment. Embodied energy is the total energy used in the production 

of a product and it will be considerably larger for wood chip boilers compared to gas 

and oil boilers. Embodied energy, and embodied carbon, can be used to examine the 

true carbon neutrality of wood chip production and use. 



The health and safety aspects of this chapter are based on figures from boiler 

manufacturers, in addition to health regulations issued by the European Union 

[European Union, 20081 and the World Health Organisation [IARC, 19951. 

2.2 Properties of Wood & Wood Chip 

Wood chip is a natural, locally produced fuel created from the chipping of trees 

into small pieces. The size and quality of the wood chip will vary with the type of wood, 

such as spruce or pine, and with its source, such as pulpwood from forests or sawmill 

residues. The wood chip takes on all of the same chemical, physical and biological 

aspects as any wood produce. By examining its biological properties and then its 

physical and chemical properties it becomes clear how wood becomes a viable source of 

fuel. 

2.2.1 Free Water, Vapour and Bound Water in Trees 

A living tree can consist of over 60% water. Removing this water is vital in the 

production of wood fuel. The woody mass of the tree, the trunk and branches holds 

water in three different ways. They are as follows: 

a as free (liquid) water in the cells; 

as water vapour in the cell space unoccupied by liquid water; and 

a as bound water,in the cell walls. 

As wood dries, it will give up the liquid and vapour water more keely than the bound 

water. Bound water is chemically held in the wood by the attraction to the negatively 

charged hydroxyl in the cellulose of the wood [Haque, 20061. The point at which only 

the bound water remains is known as the Fibre Saturation Point (FSP). The fibre- 

saturation point is the point at which the cell cavities have lost all their moisture but 
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none has been removed from the cell walls, corresponding in most woods to a moisture 

content of about 30% of the dry weight [Simpson, 19911. Wood will not re-absorb free 

water unless it physically is exposed to liquid. In addition, when wood reaches FSP it 

will start to shrink and distort, while this is of great importance to the timber industry it 

holds no real significance when dealing with wood chip and wood fuel. 

2.2.2 Moisture Content, Dry & Wet Weight 

The amount of water stored in wood is generally referred to the Moisture 

Content of the wood (%MC). It is the proportional amount of moisture in a substance. 

The units of measurement are either kg water per kg wood dry, %MCa, or per kg wood 

wet (%M&). It is vital to understand which term is being used, as the results are very 

different. The basic formula for moisture content is: 

%MC = akgl kg (2.1) 

In order to calculate the dry weight percentage value, the change in weight is divided 

by the oven dry weight, O%MC. For wet weight percentage, the change in weight is 

divided by the initial 'wetter' weight of the wood. The most obvious difference is the 

range of values h m  the two methods. Dry weight results can often be in excess of 

100% because of the high volumes of water found in eesh wood. While, wet weight 

results should never exceed 100% because the change in weight can never be larger than 

the original wet weight it was initially. A sample calculation showing the difference in 

results between dry weight and wet weight is shown in Table 1. 



Table 1: Example of Dry & Wet Weight MC% 

2.2.3 Mass, Volume, Density & Specific Gravity 

As the wood dries, it loses water and therefore becomes lighter. This affects 

factors like the transport and handling of the wood. Transport vehicles are by law 

restricted to a certain weight load, depending on the number of axles. To trausport wood 

with a %MGd of 60% means 60% of the load is unusable water. Drying is an effective 

way to improve the efficiency of transport of wood and wood fuel, which is 

demonstrated in chapter 3. The volume of the wood remains largely unchanged until the 

wood reaches FSP. Taking this into account the density of wood is largely dependent on 

the mass of the wood until either the wood chip reaches the FSP or the volume of the 

wood chip exceeds the capacity of the trailer (see section 2.2.4). After the FSP, both the 

volume and mass of the wood are changing and this results in a more acute change in its 

density. 

Another way of expressing density is specific gravity. Specific gravity is the 

degree of relative heaviness of any kind or portion of matter, which is commonly 

expressed by the ratio of the weight of a given volume to that of an equal volume of a 

standard substance, such as water for liquids and solids, and air for gases [Simpson, 

19931. Therefore, the specific gravity is the density divided by the density of water, 



commonly taken as 1000 kdm3. In forestry there is another commonly used expression 

known as the Basic Specific Gravity, calculated by: 

(WdNg)/pw (2.2) 

where Wd is the dry weight, V, is the wet volume and p, is the density of water. This 

figure is used to give distinguishable markers to different types of wood. Since green, or 

fiesh, volume and oven-dry mass are theoretically constant, basic specific gravity is 

easily reproduced in experimental work. Great care must be taken when switching 

between basic specific gravity and specific gravity. In some texts, specific gravity is 

referred to as specific density. 

2.2.4 Bulk Volume 62 Bulk Density 

The term bulk describes the properties of a group of objects, includmg the gaps 

and space between the individual objects. The bulk properties are very important when 

dealing with storage and transport as they give the total volume occupied by the wood 

fuel in a container. Bulk figures can vary and any kind of settling or changes in the 

space dimensions can lead to a change in the occupied volume. Only wood pellets 

occupy a smaller volume than the original solid wood. This is because the production of 

wood pellets involves a compressing stage to compact the pellet. Bulk density is the 

total mass divided by the bulk volume. The average figure for the bulk density of wood 

chip is between 200-350 kg/m3 [BENET bioenergy Network, 20001 and 200-400 kg/m3 

[Biomass Energy Centre, 20081. A bumpy road can significantly increase the bulk 

density by settling the load and reducing the air space between the individual chips. Due 

to the restrictions in the volume capacity of trailers, the bulk density value is an 

important factor in tmqmtation. A problem with measuring bulk density is the 

moisture content of the wood chips; the higher the moisture content the heavier the chip 



and at the same time the wood chip doesn't change in volume until it reaches the FSP. 

This means that the volume occupied by an individual chip is constant and the weight is 

decreasing, making the bulk density decrease. To overcome this variance all bulk 

densities should be converted into the bulk density at 0% moisture content, or dry bulk 

density, to prevent errors in estimating weight and volume restrictions. Dry Bulk 

Density is represented by: 

Bulk WdlBulk V, (2.3) 

This is very similar to the Basic Specific Gravity. 

2.2.5 Energy Content 

The net energy available when fuel is burned is known as the energy content, 

fuel content or calorific value (CV) of the wood A d  is measured in MJikg or GJITonne. 

The energy content of O%MC (completely dry) wood is very similar for all woods of a 

comparable type, around 19 MJikg for softwoods with a typical standard deviation of 

6% and for hardwoods about 18.2 MJikg with a normal standard deviation of 5% [ECN, 

20081. The net energy content of wood is heavily reliant on the moisture content of the 

wood. The relationship between energy content and moisture content is shown in Figure 
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Figure 2: Energy Content of Wood 

The relationship is linear and is based on the principle that at 100'%MCwe it is 

theoretically 100% water and will burn at a negative value, which means it takes in heat 

as opposed to giving out heat. Its latent heat of evaporation value is 2.2 MJkg, and even 

though this value depends on the pressure at which the evaporation occurs there seems 

to be very little change in energy content, less than 0.05 MJkg over 100 kPa. The 

mathematical formula for calculating the energy content of wood is: 

CVwd = CVW- (2.2 MJkg x %MC,d, - (%MC,, x CVW) 

From this, it can be seen that energy is lost in two ways. The first term, [(2.2MJkg. 

%MC,e)], shows the energy lost evaporating the water from the wood. The second 

term, [(%MGe.CVmy)], shows how much of the original sample per weight is water 

and is therefore not capable of producing energy, since by having a lower percentage of 

wood means there will be less energy available. So water in the wood has a two-fold 

effect, it reduces the percentage weight of the wood; reducing the energy content and it 

then requires energy to evaporate the water. 



2.2.6  emo oval of Water 

As seen above reducing moisture content is the key to effective wood fuel 

utilisation. As a fuel, wood chip has a very low energy density. From Figure 2, a wood 

fuel with a 30%MCWd has an energy content of 12.75 MJkg. Using abulk density of 

250 kg/m3 the energy content (bulk) becomes 3,187.5 ~ J l r n ~ .  This can be compared to 

the volumetric energy content for gas and oil, which are 38,700 M J I ~ ~  and 35,000 MJIL 

respectively. However, wood chip will have a lower unit cost, but the challenge is 

drying tonnes of wood without increasing this price to a level where it becomes 

uncompetitive. In theory, wood can be dried to its FSP as long as it is covered and left 

for a sufficient period. Leaving green wood dry naturally over the summer months it is 

possible to obtain a moisture content of around 28% to 30%, as seen in Figure 3 and 

explained below. Reducing the moisture content further requires better control of the 

immediate environment. Wood is very hygroscopic; it readily absorbs moisture from the 

air. Once the FSP has been reached the moisture content of the wood will start to 

converge on its Equilibrium Moisture Content (%EMC), whlch is the value where the 

moisture content stabilises; at this point the wood is highly dependent on the 

surrounding air temperature and relative humidity. 

Figure 3 shows the equilibrium moisture content of wood over a range of 

relative humidities. Ireland has a damp climate, which results in a high Equilibrium 

Moisture Content. 
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Figure 3: Equilibrium Moisture Content at 20°C 

Wood also suffers from hysteresis, a phenomenon observed in some physical 

systems by which changes in a property lag behind changes in a parameter on which 

they depend. This means that after wood is dried, reverting the temperature and relative 

humidity to the original levels does not restore the initial moisture content. In Figure 4 

the top line shows the path taken when drying the wood and the bottom line shows the 

path taken when the wood is getting wetter. Hysteresis will have an effect when 

estimating the moisture content of wood that has been in storage for extended periods. 

Wood measured after winter might have a lower moisture content than expected as it is 

following the lower line in Figure 4, and similarly, wood measured after summer will 

have a higher moisture content because it is following the upper line. 



Figure 4: Effect of Hysteresis 

Hysteresis of Wood 

2.2.6.1 Capillary Action and Diffusion 

Wood dries in two ways; firstly, through capillary action, which is defined as the 

movement of liquid by the reactions between the liquid and the walls of a minute tube. 

This is vital in the first stages of drying as the wood loses the liquid and vapour water. 

The second way of losing water is through diffusion, which is the permeation of a gas or 

liquid through the cell wall caused by a difference in vapour pressure. Diffusion largely 

depends on the vapour pressure in the air, a property of both humidity and temperature. 

Diffusion can also occur due to the difference in moisture concentration in the air and 

wood, a form of transport known as the osmosis effect [Simpson, 19911. Diffusion plays 

a significant role in releasing the bound water fmm wood during the latter stages of 

drying. 
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2.2.7 Chemical Composition of Wood 

Wood is a complex organic material, and burning wood, therefore, involves the 

combustion of organic compounds such as ~llulose, hemi-cellulose and lignin. An 
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analysis of the elements found in wOod is shown in Table 2. The from the 

combustion of wood are shown in Table 3. 

Table 2: Chemical Composition-of Wood (pinel-fir1 spruce) [ECN, 20081 

*daf = d v  ash free 

Table 3: Distribution of Pyrolysis Products [K.W. Ragland at al., 19901 

Ash varies from trace amounts up to 20% of the total mass, largely depending on 

the parts of the tree burned; tree bark, particularly, contains very high amounts of ash. 

Ash is made up of a large selection of minerals, the most common of which are calcium, 

potassium, magnesium, phosphorus and sodium. An example of the breakdown of 

minerals found in ash is shown in Table 4 below. 



Table 4: Minerals found in Ash [ECN labs, 20081 [Mohan et al., 20051 

There can be a large variation in the amount and type of minerals found in trees 

depending on factors such as species, location and soil conditions. For example, Sitka 

s p ~ c e  is capable of absorbing calcium and phosphorus from ocean spray. This could be 

a signifcant problem in Ireland as calcium deposits can damage boilers, and so, the 

minerals absorbed into the wood needs to be taken into consideration when identifying 

fuel sources. 

2.3 Environmental & Energy Policies 

2.3.1 UNFCCC - Kyoto Protocol 

The United Nations Framework Convention on Climate Change (UNFCCC) 

treaty came to being in 1992 as a means of tackling climate change at an international 

level. Changes to the treaty are known as protocols, of which the most famous is the 

Kyoto protocol, which came into force in 1997 with the aim of reducing global carbon 

emissions. Every participating country was set an individual target to be met by 2012. 

The target was in the form of a minimum reduction or maximum increase depending on 

the economic status of the country. Ireland, due to its rapidly increasing economy, was 

set a target of a 13% increase on 1990 emissions levels. The failure to meet this target is 

punishable by 6nes from the UNFCCC. However, there are ways around this, such as 

carbon trading. Carbon trading involves purchasing carbon credits from the carbon 



market, which at the time of writing was €28 per tonne of CO2. Other ways of meeting 

the target are to either to invest in projects in developing countries or to initiate a joint 

venture with another treaty member. Fifteen members of the EU have agreed to a 

sharing of-their emission allowances, known as 'Burden Sharing'. This group of 

countries have agreed to reduce their joint emissions by 8% under the Kyoto agreement. 

Below is a table showing Ireland's carbon emissions up to 2006, and the associated 

liabil~ty based on the trading price of carbon. 

Table 5: Irelands Kyoto Protocol Targets [EPA, 20061 [UNFCCC, 20071 

The data shows that Ireland's increase has exceeded its agreed target (2006 is 

already at 2012 levels). The cost of reducing this to its baseline is over 200 million euro, 

and this does not include the costs of any future surplus emissions. However, this 

calculation is very sensitive to any changes in the trading price of carbon, and any 

significant changes in national emission policies. 
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1990 Base Year Emissions 
Allowed Increase at 2012 
2012 Maximum Emissions 

2006 Emissions 
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Surplus Emissions 

Carbon Tax 
Correction Cost 

2.3.2 White Paper 

The Government White Paper is the Irish government's national energy policy 

55.4 
13% 
62.6 

69.9 
26.3% 

7.4 

28 
€206,426,640 

plan to tackle energy consumption and environmental change. It outlines the energy 



policy framework for 2007-2020, a period in which Ireland is hoping to meet both its 

Kyoto targets and the more long-term targets set out by the Insh government. While this 

paper mainly deals with policy framework and issues regarding security of supply and 

dependency on imports, it does lay down targets for renewable energies that will greatly 

affect the wood chip market. The following is a list of actions prepared by the 

government white paper, which encourages the use of biomass as a fuel. [Government 

White Paper, 20071: 

Increasing the percentage of national electricity consumption from 

renewable source to 5% by 2010, and increasing this by a further 28% to 

ensure by the year 2020 33% of the national energy consumption would 

be renewable sourced (RES-E); 

Expanding the use of renewable energies in the national heat market to 

5%-by the year 2010; 

Further expanding the use of renewable energies in the national heat 

market by another 7%, to an overall market penetration of 12% by the 

year 2020 (RES-H; 

A combined target for EU member states for an overall biofuel market 

penetration of 5.75% by the year 2010. 

These targets are further discussed in the national climate change strategy, which 

was published alongside the government's White Paper. 

2.3.3 National Climate Change Strategy 

Following on from the government white paper is the national climate change 

strategy (NCCS). It follows up on the policy framework of the white paper with more 

detailed measures for helping Ireland to meet its Kyoto targets, and to better them by 



2020. The measures seen here are significant for the future of wood chip use in Ireland. 

The strategy covers all of the main topics discussed in this research, such as energy 

demand profiles and wood chip supply, and aims to optimise their input into Ireland's 

energy plan. The following is a list of measures addressed by the national climate 

change strategy WCCS, 20071 relevant to biomass: 

Building Regulations and Building Energy Rating; 

Energy Agreements Programme; 

Bioheat and CHP programmes; 

Carbon sequestration; 

Top-up to EU premium for energy crops; 

New supports for afforestation; 

Biomass Harvesting Scheme; 

Biomass heating in schools. 

The measures proposed affect many of the variables previously discussed in the 

research, such as building energy profiles, expanding forestry, improving harvesting and 

developing demand. 

2.3.4 Bioenergy Action Plan 

The Bioenergy Action Plan is a further government publication tackling 

Ireland's climate control policies. While the White Paper dealt with nationaI policy and 

the National Climate Change Strategy covered the measures to curb climate change, the 

bioenergy action plan deals specifically with the promotion of bioenergy and biomass. It 

builds on the two previous publications by identifying individual projects and details on 

government spending. The following is a list of relative actions [Bioenergy Task Force, 

20071: 



Expand the commercial Bioheat Scheme to include a combination of 

renewable technologies e.g. wood chip. This is being delivered through 

an additional €4m provided in the 2007 Budget; 

Introduce an additional €6m energy crop 'top up' payment of €80 per 

hectare on top of the existing EU Energy Crops Premium of €45 per 

hectare payment; 

Introduce an €8m Bioenergy Scheme to provide establishment grants to 

encourage farmers to plant new energy crops; 

Introduce a €1.2m dedicated Wood Biomass harvesting machinery grant 

programme for wood chippers and forest residue bundlers; 

Develop and support the forest wood energy chain to deliver quality 

wood fuel at a competitive price; 

Review within 2 months Part I; of the Building Regulations to 

incentivise the use of renewable technologies for heating in buildings 

and raise the energy efficiency requirements in new buildings by 40%; 

Use biomass combined heat and power (CHP) technologies in future 

major site developments; 

Expand the existing programme of biomass heating in schools, starting 

with eight additional schools in summer 2007. 

As seen in these few examples the government is actively promoting bioenergy, 

and therefore the use of wood chip, in Ireland. 

I 



2.3.5 Grants & Subsidies 

Sustainable Energy Ireland (SEI), a government company set up to promote and 

assist in the development of sustainable energy, handles the various grant schemes and 

research programmes. It provides grant assistance for all 'green' energy projects in both 

residential and commercial sectors. The financial model, seen later in the thesis, shows 

that capital costs are a major obstacle to financial viability, so grant assistance can make 

a significant contribution to their viability. Listed below are details of relevant schemes 

for commercial buildings that want to install wood chip systems: 

Renewable Heat (Reheat) Deployment Programme - support of up to 

30% of eligible capital costs and 40% of eligible costs for feasibility 

study projects; 

Combined Heat and Power (CHP) Deployment Programme - available 

government spending of up to €1 1M made for appropriate CHP projects, 

both fossil fuel and b~omass (wood residue or anaerobic digestion). 

Cost to the Exchequer 2007 ReHeat Grant I 
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Figure 5: Cost to the Exchequer 2007 ReHeat Grant 



Figure 5 shows the return of this grant in monetary terms, based on the 

information on grants detailed above and the cost of wood chip boilers from the 

financial model (financial model is the result of work fiom Chapter 4). By calculating 

the amount af C02 abated for each of the units and comparing this to a range of carbon 

prices a return of investment can be det-ed. The graph shows that the money used 

for grants returns at best 16% of the initial grant in carbon abated. The money in this 

case would be better invested in buying carbon credits rather than attempting to reduce 

carbon by aiding wood chip installations. The removal of the grant, however, would 

affect the viability of wood chip boilers. The investment may be poor when examined 

solely, the combined advantages of promoting the uptake of wood chip, such as 

dependency on imports and biomass heating market penetration do offer some 

legitimate reasons for its continuation. Additionally, the cost of carbon in the future may 

significantly increase making these grants even more effective in the future than they 

are now. A carbon value of €191 .OO per Tonne would return 100% of the investment for 

400kW boiler. 

2.3.6 Greenhouse Gas & Global Warming Potential Factors 

The most common gas responsible for global warming is Carbon Dioxide, or 

C02. It is, however, not the only contributor to global warming. Below is a list (Table 6) 

of recognised greenhouse gases (GHG) and the factors for converting them into carbon 

dioxide equivalent. The factors are based on the 1995 report on climate change from 

IPCC and the figures used in calculations for the Kyoto Protocol. C02 is the most 

common GHG emission in most scenarios and it is therefore the baseline for all other 

GHGs. The time horizon used in most GHG emission calculations is 100 years, even 

though the effect of GHGs can vary a great deal over time. 



The true importance of these figures can be related back to carbon taxing. If 

a h o n  tax is based on the COz equivalent, as opposed to just COZ, the effect of the tax 

will be increased. This means it is important that policies and taxes should be clearly 

stated to be based on either C02 or C02e. The distribution of Pyrolysis products listed 

in Table 3 shows that light hydrocarbons make up 4.7%. From Table 6 CH4 has a COze 

of 21 times that of C02, which would have a significant effect on any emission or tax 

figures produced for wood chip. 

Table 6: Global Warming Potential Values - Conversion to COz Equivalent (IPCC, 

1995) 



2.4 Embodied Carbon & Carbon Tax 

Embodied carbon refers to the total carbon emission of all the processes 

involved in the mmufa&wing or production of a material. For example, the combustion 

of wood in a wood-fuel boiler may be carbon neutral but the production of the boiler 

itself will result in the emission of carbon. Embodied carbon includes the emissions 

from the production of the iron used in the boiler to the emissions arising from the 

transportion of the completed boilers. The main motivation for carbon taxation is to 

encourage consumers to consider more sustainable options. As will be seen in Chapter 

3, the basic application of carbon tax does benefit the viability of wood chip systems, 

but there are also less desirable effects when carbon tax is applied to the embodied 

wbon of an item, as detailed in the followhg sections. 

2.4.1 EmbodiedEnergy 

Embodied energy is the total energy required to manufacture a product and takes 

into account the materials used, the processes and the energy consumed in the 

production of the item, much like embodied carbon. Embodied energy is a key 

component of life cycle analysis. Below is a selection of common materials from the 

Inventory of Carbon & Energy where it is seen how everyday materials, such as plastic, 

are very energy and carbon intensive. 



Table 7: Embodied Energy - Inventory of Carbon and Energy [Jones & Hammond, 

G., 20081 

The data fiom Table 7 and the weights of wood chip boilers published by 

manufacturers provide data to produce an estimated emhodied energy figure for the 

production of a wooa chip boiler. Assuming the boiler is made from iron, neglecting the 

electronics, and finishing, a 100kW wood chip boiler has an embodied energy of: 

997 kg x 25 MJkg = 24925MJ or 25GJ 

If the whole system, feed systems containers, were taken into account, the total 

embodied energy of an Energy Cabin weighing 4.4T plus a lOOkW boiler (0.997T); 

ignoring all elecironics and aesthetics is roughly: 

(4400kg x 24.4 MJikg) + (997kg x 25 MJikg) = 132000MJ or 132GJ. 

In addition to the embodied energy of manufacturing of the boiler, the energy 

expended producing the he1 must also be considered. Research done by the Resources 

Research Unit in Sheffield Hallam University on carbon and energy balances shows 

how much energy is expended in producing wood chip. The following is a summary of 

the results [Elsayed M., Matthews R., Mortimer N., 20031: 



Table 8: Embodied Energy - Forest Residues and Coniferous 

I Forest Residues I Coniferous I Units 
I Total I StDev ( Total I SDev I 

Table 9: Embodied Energy - Broadleaf & Coppice 

N20 I 0 

The embodied energy of the forest products, broadleaf, coniferous and residues, 

ranges from 34-29 MJIT. The embodied energy of short rotation coppice (SRC) is 

higher at 651 WIT. The difference is that forest products are mainly waste products 

h m  the timber industry while the SRC exists for the sole purpose of producing energy 

and therefore incurs all the machinery and labour embodied energies. There are 

discrepancies in the report that do not match the results ftom this research, such as the 

assumption of 132 kg/m3 bulk density and an energy content of 25% Moisture Content 

(17.8 MJkg). Bothof which are very low. The impact, which these figures have on the 

embodied energies is unknown. 

Assuming a lOOkW boiler and an energy load of 178.4 M W y r  the embodied 

energy and GHG for the supply of wood chips is as follows: 

GHG 1 25 1 3 1 22 1 2 1kgCo2e/~ 
0 0 0 Ikg~,o/T 



Table 10: Embodied Energy & GHG for Wood Chip Supply 

1 content* 1 25; I %wet 1 
Wood Energy* -- - MWh/T 

The embodied energy and GHG for a year's supply of wood chip to a 100kW 

boiler is calculated to be 13.6 GJ and 817.9 kgC02e respectively. 

/Y 
Embodied 
Energy 
Embodied GHG 

2.4.2 Effect of Carbon Tax on the Production of Wood Chip Boilers 

According to SEI, Ireland's industrial sector consumed 2,686 ktoe, or 3 1.2 TWh, 

of energy in 2006 and emitted 15.8 MTCO2 of greenhouse gases. This gives the Irish 

industry an equivalent carbon intensity of 0.506 kgC02/kWh, or 0.1405 TC021GJ. If a 

wood chip boiler is manufactured in Ireland, including all aspects of the production of 

the iron, the carbon dioxide contained in a single lOOkW boiler is as follows; embodied 

36.1 

13.6 

energy of boiler (25GJ) x Irish carbon intensity (0.1405 TC02JGJ) = 3.51 TC02. 

At a carbon tax of 28 WTCOz this represents an increase of €98.39 to the 

production of a single wood chip boiler. For the large metal storage container and feed 

equipment, this works out to be 18.55 TC02 and a tax worth €5 19.29. For the supply of 

wood chip to this lOOkW boiler, the tax is calculated to be €22.90 per year, or €458.02 

over a 20-year boiler life, based on the figures &om Table 10. Therefore, the total tax 

TJyr 

' GJJyr 

applied to the complete life cycle of a 100kW wood chip boiler is €1,075.70. Compare 

this to the carbon tax costs of a lOOkW gas or oil boiler in a single year of €949.10 and 

28 

817.9 / kgCOze/yr 



€1598.50 respectively. While the additional costs on the wood chip boiler is undesirable 

the net changes in costs are very favourable for the viability of wood chip systems. 

2.4.3 Carbon Sequestration 

Carbon sequestration is the removal of carbon dioxide from the air into a carbon 

store, or sink. The largest carbon sinks are the oceans and forests. By expanding the size 

of a forest, the amount of carbon taken from the air and stored in the trees is increased. 

When a forest is harvested the carbon is released, resulting in a carbon neutral cycle. 

This means that there is no increase in the rate of sequestration unless afforested areas 

are increasing. The rate of carbon sequestration is proportional to the rate of forest 

growth. Carbon sequestration is included in the calculation of national emission levels 

under the Kyoto protocol. 

2.5 Health & Safety 

There are some associated dangers with using wood chip as a fuel. It is a fire 

hazard and can cause respiratory illness. The first health concern with wood chip is the 

inhalation of small dust particles or bacteria that can cause asthmatic reactions. If wood 

chip is stored over 40% moisture content it starts to decompose and that promotes 

bacteria growth. The emission of dust particles in the burning of wood fuel is another 

concern; the European Commission has set limits on the amount of dust particles that 

can be emitted by boilers, as seen in Table 1 1. [European Union, 20081. 



Table 11: EU Particle Limits. 

Comparing these figures with results from a particle emission test on wood chip 

boilers (Table 12 & 13) it is clear that wood chip boilers are capable of producing a 

dangerous amount of dust particles in a localised area. 

Pollutant 
F i e  Particles (PM2.5) 

PMlO 

Table 12: Particle Emissions fkom Wood Chip Boilers [C. K. Gaegauf et al., 20051 

Table 13: Wood Chip Boilers -Dust Emissions [KWB, 20071 

Permitted Exceedences 
each year 

d a  
35 
d a  

Concentration 
25 pdm' 
50 pdm3 
40 pg/m3 

The age and condition of the boiler used in the results fimn Table 12 is 

unknown. The inhalation of dust particles or the bacteria &om wood chip can be at 

Averaging Period 
1 year 

24 hours 
1 year 

KWB Wood Chip Boilers, kW 
Dust at Rated Power, m g / d  
p u ~ t  at partial b d ,  mg/m) 

worst fatal, and the World Health Organization classified wood dust as a carcinogen in 

1995 [IARC, 19951. The danger of woodchip dust particles in comparison to oil or gas 

emissions is the size of the particle emitted. They are so small that they can not be 
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expelled fiom the lungs, leading to serious respiratory problems. Table 12 shows that 

78% of the particles emitted fall into the PM2.5 size range. 

The fire hazard posed by the storage and use of wood chip is also a very real 

threat. Wood chip piles are flammable, self-ignitable and can cause dust explosions. 

Unlike oil or gas, wood chip is generally stored in the open, either outside or in an 

accessible storage container. This makes it easier for the wood chip to be exposed to an 

ignition source. Also unlike gas or oil, there are no specific safety regulations governing 

the use and storage of wood chip in Ireland. In addition, decomposing wood chip is 

capable of generating a high enough internal temperature (in the centre of the pile) that 

is can self-ignite. 

From site visits to wood chip storages in Ireland the threat &om dust explosions 

is clearly visible, mainly due to lack of knowledge and inexperience of both the supplier 

and the consumer. A dust explosion occurs when an enclosed volume of dust is exposed 

to an ignition source. While most of the manufactured equipment has in-built safety 

features to prevent the build up of dust and backfiring, the largest area of risk is the 

storage area. Wood chip is generally blown or tipped into an enclosed space to keep it 

dry and near the boiler. The storage area itself will have some sort of mechanical 

transport system to deliver the chip to the boiler, such as an auger or a rotating arm. All 

this movement can shift the wood dust into the air and then all that is required is an 

ignition source, such as a spark fiom a metal door or a static charge. 

2.6 Summary 

From this chapter it can be seen how the natural properties of wood are both 

problematic and beneficial when using wood as a fuel. For example, the natural 

tendency of wood to release water under the proper conditions means very little work 



has to be done in order to successfblly convert it into a fuel with a high energy content. 

On the other hand, under bad storage conditions wood becomes a very expensive and 

relatively poor fuel, both in terms of energy content and transport costs. Key factors to 

the success of wood as a fuel are its moisture content (energy content) and its 

transportability (bulk density). Understanding how wood dries and burns are very useful 

to both suppliers and consumers as it provides them with information for calculating 

expected wsts and delivery sizes. 

The large bulk density of wood chips means that it is an expensive fuel to import 

%om abroad, so Ireland's dependency on imported fuels could continue if there is no 

investment in the Irish forests. 

Ireland's policy makers are encouraging the switch to sustainable green systems, 

such as wood chip, by supporting investors with grant aid and setting out plans to 

introduce carbon taxes that penalise the producers of GHGs. These steps are the result 

of international pressure on the country brought about through the introduction of 

intemational policies, such as the UNFCCC and the Kyoto Protocol. 

Wood chip and biomass forms a significant part of Ireland's plan to combat 

GHG emissions. Market penetration targets, biomass powered electricity generation and 

minimum heating market percentages all involve the promotion and utilisation of wood 

chip in Ireland. The demand for wood chip is aided by the government's aim of 

switching schools and official buildings to biomass heating systems. The government is 

promoting biofuel by providing information and grant aid, as well as the possible 

introduction of carbon taxing. Information helps people to make rational decisions; 

grants give incentives to invest in the technology; and carbon-taxing sets a long term 

price for C02 emissions and allows the market to choose the most efficient solutions. 



Carbon taxing does have a negative effect on wood chip production. Due to the 

size and level of technology used in the systems there is a considerable amount of 

embodied energy involved in the production, delivery and use of wood chip boilers. 

While the act of buming the wood fuel is carbon neutral and therefore exempt from 

carbon tax, the processes prior to it require predominantly taxable energy. However, the 

results show that even the whole lifecycle cost of a wood chip system is equivalent to 

roughly one year of oil or gas usage, dismissing any doubts about its 'green' credentials. 

The last section in this chapter deals briefly with the health and safety issues 

regarding wood chip systems. While wood chip is considered a sustainable green 

technology, it still produces emissions that affect human health. The carbon produced 

from combustion is carbon neutral, and other GHGs produced are almost negligible, but 

the emission of dust particles is a large concern for policy makers and health 

organisations alike. Combined with the fire risk posed by wood chips, there are 

significant areas of concern for potential investors, especially in schools or hospitals 

where exposure to the storage area or delivery trucks could cause health problems. From 

a financial standpoint, the introduction of strict health and safety regulations to prevent 

dust inhalation or £ire may result in higher costs as the storage areas are fitted with the 

appmpriate safety equipment; as well as affecting the value of the risk factor accounted 

for in all financial investment calculations. 



3.0 CHAPTER 3: METHODOL0,GY 

The methodology for this thesis focuses on two main aspects of the wood chip 

industry in Ireland, which are the supply and demand of wood chip, as illustrated in 

Figure 1. The supply side contains two parts, the source of the fuel and the supply of the 

fuel to the consumer. The demand side also contains two parts; these are the energy 

demand of the building and subsequently the cost of installing and running a wood chip 

system to meet this energy load. 

3.1 Irish Forestry 

Irish forestry plays a very significant role in helping wood chip penetrate the 

Irish fuel market. The accessible resources for wood chip directly affect the amount of 

fuel available to replace fossil fuels. Information was gathered from local forestry 

agencies and was assessed in terms of its progress in developing the wood chip industry. 

Also by estimating the yield of wood chips from Irish forests, the current size of the 

forests and the estimated annual increase in forest size it is possible to estimate the 

potential available wood ch~p supply in Ireland. Information on the Irish forests was 
. , 

attained from Coillte Ireland, Teagasc and COFORD. 

3.2 Wood Chip Supply Chains 

The origins of supply chain theory have their roots in military logistics optimisation. 

The military dictionary defines supply chain as "the linked activities associated with 

providing material from a raw material stage to an end user as a Jinished product" 

[DOD Dictionary of Military Terms]. Supply chain analysis requires the separation of 

the chain into individual processes; and establishing the costs and values of each of 



them. The processes are all the logistic steps in the production, storage and delivery of a 

product [Christopher, 19981. 

The method used in this chapter to analyse the supply chain uses a cost versus 

value approach. This method is a simplified version of the value-added time versus 

cost-added time technique [Christopher, 19981 and does not include a time factor due to 

the limitations of field-testing. Planned field-testing was impossible due to lack of 

industry cooperation and financial restraints. Cost can be defined as "That which must 

be given or surrendered in order to acquire, produce, accomplish, or maintain 

something", and value as "The relative status of a thing, or the estimate in which it is 

held, according to its real or supposed worth, usefulness, or importance" [OED, 20081. 

Cost and value can be used to show whether the process incurs profit or loss. The 

market price and costs of each stage of the product along the supply chain is noted. 

From this, the total cost and total value for the whole supply chain is calculated and the 

location of profit and loss is identified. 

Primary data were collected using surveys, questionnaires and interviews. The 

lack of any national agency dealing with wood chip means the acquisition of the 

majority of the data comes from private companies and research institutes. To locate 

and identify sources of information, government agencies such as Sustainable Energy 

Ireland (SEI) were very useful as they compile case studies and recommended suppliers 

for green energy fuels. This list was narrowed down from all green energy suppliers to 

just wood chip suppliers and contact was made by phone, email or in person. 

The majority of the interviews conducted were semi-structured and non- 

structured. The use of non-structured interviews at demonstrations and forestry events 

proved the most useful as the equipment was there for reference. Semi-structured 

interviews, consisting of predetedned questions, were most useful in situations where 



the subject had fiee time to talk, usually after a demonstration or off-hours. The aim of 

all the interviews was to develop an understanding of the wood chip supply chains and 

to identify any differences in supply between the different companies. 

A literature review was carried out identifying key areas of the chapter, such as 

supply chain economics [Christopher, 19981, transport economics [Quintet &. 

Vickerman, 20041 and Irish forest harvesting F o h a n  & Kent, 20071. 

The data for the cost analysis data for the chapter was obtained from surveys of 

wood fuel suppliers in Ireland. The scope of the survey was extended to include the UK 

for validation purposes. It was assumed that the conditions in the UK would be 

sutliciently similar to those in Ireland to compare the cost breakdown. The survey 

questions were kept relatively simple so that there is no misinterpretation and the data is 

d i i t l y  comparable. An example of the questions asked, "What is the cost per tonne of 

delivering 10 tomes of wood chip 50km at 30% moisture content?" The questions are 

specific and only leave one area for variation, which is the cost per tonne. 

Several site visits were also undertaken. These visits provided access to many 

different aspects of the supply chain including the inspection of equipment and non- 

structured interviews with foresters, vehicle operators and landowners. 

3.2.1 Process Identification 

Identifying the steps, or processes, in a wood fuel supply chain was the first 

objective of the chapter. To identify the processes a number of different methods were 

used. The most straightforward was by the way of a literature search. A second 

approach was to interview an expert in the field about the process and then finally to 

validate the processes in person at a wood chip production site. From these not only are 



the processes identified but also a great amount is learnt from seeing the equipment 

involved and the amount labour required to operate and coordinate the machinery. 

3:2;2 -Process Cost Analysis 

The process costs were taken directly from the survey results. The cost 

breakdown only includes the main processes. Costs generally consist of three different 

parts: a fixed part, a semi-fixed part and a variable part [Quintet &. Vickerman, 20041. 

The fixed part is a cost that will occur regardless of use, for example insurance and tax. 

The variable part is dependant solely on use of the vehicle such as fuel and tolls. The 

semi-fixed part is a combination of fixed and variable partssuch that it will occur when 

the vehicle is not in use and scale with use, for example depreciation. 

3.2.3 Process Value Analysis 

Using the survey results the value for each process can be calculated. The 

difference between the market price of delivered chip and the market price of 

undelivered chip will give the value of transportation. For example, delivered chip costs 

€1 10 per tonne, undelivered chip costs €70 per tonne, and this means the value added by 

transporting in this exampleis €40 per tonne; whether this is profitable or not will 

depend on the cost of transporting. The same method can be used for the other 

processes as long as the market values of each stage are known. 

3.2.4 Process Margin Analysis 

Process margin is the difference between the process cost and process value. The 

figure shows what economic effect the process has on the supply chain. Having a 



positive process margin, where value is greater than cost, is key for the success for all 

the processes involved in supply. 

3.2.5 Optimisation 

The general key to optimisation is maximizing output while minhizhg input. 

Passive measures, such as natural drying, are much more effective than active measures, 

especially with a green energy fuel as reducing the work put into creating the fuel 

reduces its embodied carbon. To implement any kind of optimisation the wst and the 

value of each process must be identified. The goal of optimisation is to increase the 

margin by either reducing the cost or increasing the value. Some changes can produce 

changes in both cost and value but it is the overall change in margin that will determine 

its true worth. 

3 3  Energy Model 

The energy profile for a specific building is normally provided by a heating 

simulation package or a detailed manual calculation based on either CIBSE or 

ASHRAE standards (the standard design guides for the UW Ireland and the US 

respectively). However, the thesis requires an Energy Model capable of accurately 

estimating the heat loads of various sized installations under similar operation 

conditions so that several boiler combinations can be examined. The Energy Model 

developed in this thesis calculates the annual energy load and the energy ratio of wood 

chip to fossil fuel in the hybrid systems (hybrid systems refer to systems that 

incorporate a lead wood chip boiler with a fossil fuel seandary boiler for peak loads). 

The ratio of wood chip to fossil !be1 in the system arrangement significantly affects 

capital costs, annual savings and subsequently the payback and h c i a l  viability of the 



system. The main assumptions in the model are taken from various specialised guides 

and handbooks [BSRIA, 20031 [CIBSE, 19991, such as expected heat gains, hot water 

consumption and heating times. 

One of the main methodologies used to generate the profiles, specifically for 

Irish conditions, is the heating degree-day method [CIBSE, 20061. Heating degree days 

(HDDs) are used to calculate the actual energy required to heat a space using the 

external temperature as a reference. Once the internal temperature is set, usually 

between 18 and 24 degrees Celsius, the temperature rise from the internal gains, such as 

people and lighting is taken away. This resulting temperature is known as the base 

temperature, and when it falls below the external temperature the heating system must 

respond and provide heat to the building. The Heating Degree Days method works on 

an average daily temperature basis so the occupancy hours and preheat times will affect 

the base temperature. One Heating Degree Day (HDD), 'may ,  would correspond to a 

base temperature of 15'C minus an average external temperature of 14OC. Heating 

Degree Days are converted into energy consumption by the following formula 

U refers to the thermal transmittance of the building ( l c ~ l m ~ ~ ) .  A is the area of 

heat transfer (mZ) and 24 converts the units limn per day to per hour. For the purposes 

of modelling, Heating Degree Days are used to show different daily energy 

consumption patterns and show that at a certain level of energy consumption one system 

will be more efficient than another. This is done by calculating the running costs of the 

boiler based on this daily energy demand. The other energy loads that make up the 

boiler load are the hot water services, the preheating of the building and, if applicable, 



the reheat coils in the air conditioning system. These loads are calculated using the 

CIBSE guide and the figures used are recorded in the results section. 

The literature review was carried out using available resources, libraries and 

online fkilities. The material reviewed in this chapter inclules books, guides and 

published papers, including the CIBSE guide [CIBSE, 19991 and GP Guide [BRECSU, 

20011. They provide information on many of the main inputs in the en= model, such 

as the design data and operational data 

3.4 Financial Model 

A financial model employing present net value (NPV) methods was used to 

analyse the financial viability of wood chip and hybrid wood chip systems. Model 

inputs include energy profiles, capital costs, annual running costs and a discount rate. 

Varying the inputs in the model allows the creation of different scenarios, and the 

sensitivity of the model to the inputs. The model is developed using Microsoft Excel, 

and it is an extension of the Energy Model created in conjunction with the thesis. 

A literature review was canied out using available resources, libraries and online 

facilities. The material used in this chapter include books, Engineexing Project 

Appraisal [Rogers, 20011, guides ,CIBSE guide [CIBSE, 19991, GPG [BRECSU, 20011 

and published papers, 'The Choice of Discount Rate for External Reporting Purposes: 

Considerations for Standard Setting. Accounting Forum' [Eckel, L, Fortin, S., Fisher, K, 

20031. They provide information on many of the main inputs to the financial model, 

such as net present value calculations and discount rates. 

A survey was undertaken to gather information on the price of gas, oil and wood 

chip boilers. A questionnaire was sent to a selection of companies requesting the prices 

for boilers in the range of 50kW to 400kW. The questionnaire also gathered data on 



peripheral system requirements such as flues, storage units and augers. The response 

rate from the survey was 10%. The survey provides all the information required for the 

inputting of the capital costs. 

3.4.1 Capital Costs 

The capital costs are the initial investments in machinery and equipment for the 

project. This investment will re-occur every time the boiler needs to be replaced, 

typically every 20 to 30 years, also as the boiler gets older its efficiency drops and the 

model will become inaccurate. The model is limited to 20 years based on this. In the 

Financial Model, the capital cost section combines all the information from the survey 

into an average price per k W  installed, where the cost of any size boiler can be 

interpolated. 

3.4.2 Annual Costs 

The annual costs are the running costs of the installation taken at the end of each 

year. The unit cost of the gas, oil and wood chip is multiplied by the energy used to give 

a total annual cost. The following is a list of the factors affecting annual costs: 

Fuel cost 

Fuel quality - moisture content of wood chip 

Boiler efficiency 

Maintenance Costs 

a Annual service charges 

Carbon tax 

Electrical consumption (parasitic power) 



3.4.3 Simple Payback 

Simple payback uses only the capital costs and the estimated first year savings 

(cost of fossil fuel minus the cost of wood chip for the same energy profile). By 

dividing the capital cost by the first year's savings a basic payback figure is calculated. 

The figure indicates how many years it would take the investment to reach a net cost of 

zero. The calculation presumes that there is no change in the annual costs and that the 

savings in 10 years time are as valuable as savings now. It is a very inaccurate way to 

compare the systems but it is a quick, easy and commonly applied financial appraisal 

method. However, the decision to invest in a long-term project should never be based 

solely on simple payback. Simple payback is calculated using the following formula: 

Simple Payback = Capital CostfFirst Year Savings 

3.4.4 Financial and Economic Variables 

The effect of time on money is very important for evaluating a project that has a 

potential life span of 20-30years. Listed are the factors that will affect the financial 

viability of a project: 

Time value of money 

o Inflation 

Interest rates 

Fuel prices 

Carbon tax 

Risk factor 

Discount rate 



Internalrateofreturn 

3.4.4.1 Time Value of Money 

The time value of money is the concept that money in the h r e  is worth less 

than it is now, and this has a significant effect on long-term projects. An investor would 

prefer to receive a sum of money now rather than the same amount of money in 20 

years. So if a €30,000 investment returns €80,000 in 20 years, but due to inflation the 

purchasing power of both amounts is the same then investor would prefer to receive 

€30,000 now rather than €60,000 in 20 years. This requires investments to have a 

certain level of profit to counteract the loss of purchasing power when the money is tied 

up in the project for 20 years. 

3.4.4.2 Inflation 

Inflation is the rate at which the purchasing power of money is decreasing. One 

euro today is worth ninety-five cent in one year with an inflation rate of 5%. 

3.4.4.3 Interest Rate 

Interest rates can be described as the cost of borrowing or as the quantitative 

measure of the time value of money [Rogers, 20011. An investment of €30k over 10 

years accruing a return of €35k is the equivalent of investing €30k at an interest rate of 

1.55% over 10 years. Interest rates are closely linked with inflation, with many financial 

institutions using interest rates as a means to control inflation. The European Central 

Bank, ECB, sets the base lending interest rates in Ireland. 



3.4.4.4 Fuel Prices 

The effect of changes in fuel prices has a significant effect on the results of the 

financial model. Oil, gas and wood chip are very different in terms of production, 

energy content and cost so it is unsurprising that the rate of increase in price is not the 

same. They will follow a common ?rend due to inflation and demand but the rate at 

which they individually change will have an important effect on the financial returns of 

a wood chip boiler. 

3.4.4.5 Carbon Tax 

Carbon taxing is an initiative to try to reduce the amount of carbon produced by 

buildings by penalking carbon-emitting processes, such as burning gas or oil. The 

burning of wood fuel is considered carbon neutral because the carbon emitted on 

combustion is equal to the carbon absorbed during gin* the tax is therefore not 

applied to wood chip and makes it more competitive with gas and oil. In June 2008, 

C02 was trading at €28 per tonne on the carbon exchange. [www.pointcarbon.com, 

'081. The tradiag price of carbon has risen steadily in the 2008. This will have a positive 

effect on the viability of wood fuel systems; making them cheaper in comparison to 

fuels such as oil and gas, which are not carbon neutral. If a carbon tax was introduced 

presently it would most likely be a iixed figure between €15 to €30 per tonne of COz. 

3.4.4.6 Risk Factor 

A risk factor is always taken into-account when investing in a project. New 

technologies will present more of a risk than investing in a tried and tested system. The 

risk factor is a figure mainly based on experience and previous similar ventures. 

Investing in wood chip is a risk as the technology in Ireland is relatively new, there is 



no national agency and the supply of fuel is not completely reliable. For example, there 

may be no supply available in the locality of the building or there might not be 

sufficient quantities of wood chip to meet the required load. The current trend of 

increasing fossil fuel prices makes wood chip amore attractive investment but the much 

larger costs required for a wood chip boiler means there is still more to risk by installing 

such a system. 

3.4.4.7 Discount Rate 

The discount rate @R %) is the rate at which the value of money is discounted 

each year. It is not calculated directly k m  the economic variables (risk, interest rates) 

but is based on an investor's experience of the variables. Currently, there is no general 

standard concaning the choice of the discount rate to be used when calculating the 

present value of an asset or liability for external reporting purposes [Eckel et al, 20031. 

Technically a discount rate is a type of interest rate; discount rates and interest rates are 

mathematically the reverse of each other. Interest rates convert present value into future 

value while discount rates convert future value into present value. The relationship 

between them is: 

The mathematical formula for calculating the present net value in the financial model is 

known as the series present worth factor [Rogers, 20011: 



Where; 

P = Present Investment 

A = Endof Period Payment 

n =   umber of Years 

i% = Discount Rate 

So at n = 1 (after 1 years trading) the formula becomes: 

Simplifying it then becomes: 

Every year the project runs the retums are reduced by the factor l/[l+DR%]. This effect 

is also compound so that after two years the returns will have been reduced by 

[l+DR%] x [l+DR%] or [l+DR%] 2.  

3.4.5 Net Present Value Model 

Net Present Value (NPV) describes the total future savings, andlor losses, of an 

investment in present terms. For every year into the future savings become less valuable 

in the present, the NPV sums these diminishing savings and Iosses to give a total net 
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present value of the investment. The NPV is calculated by discounting the savings every 

year by a discount rate. The effect is compound so that savings made far into the future 

are worth very little in the present. The equivalent of simple payback in the discounted 

model is referred to as discounted payback. To determine the discounted payback fhe 

discounted annual savings over the 20 years are used, but due to complexity of the 

calculations the optimum way to detamine the discounted payback of an investment is 

to use a discounted cash flow. A table showing the annual discounted savings is 

recorded and the year where the net value is zero corresponds to the discounted 

payback. This will mean that the discounted payback will be longer than the simple 

payback, but it is a more accurate and realistic way of comparing the systems. 

3.4.6 Sensitivity Analysis 

While the NPV model is accurate under today's conditions it might not 

necessarily hold over the course of 20 years. Rising fuels prices, falling boiler prices, 

new carbon tax laws, new technologies or improved fuel quality are all very realistic 

scenarios that will affect the h c i a l  viability of wood chip systems. The following list 

of sensitivities was compiled so that each of the main inputs (energy profile, capital 

costs, annual costs and policy) was altered: 

Alter the energy profile of the building - incorporate HVAC 

Modify capitals costs and grants 

Vary fuel prices (wood chip quality and boiler efficiencies) 

Introduce carbon taxation 

These factors make up the dl of the main model inputs and their analysis will 

show which factors the model is most responsive to. 



3.4.7 Scenario 

The sensitivity analysis indicates which of the individual inputs the model is 

most responsive to, but it does not show the financial feasibility of a system where these 

changes have occurred simultaneously. It is highly possible that several of these inputs 

will vary during the course of systems life. The scenario results show what effect the 

implementation of all of the previously listed changes will have on the financial 

viability of wood chip heating systems. For calculating this scenario, the model will be 

run with the following changes: 

Decreased capital costs 

Increased fossil fuel prices 

Increased wood chip quality 

Carbon tax introduced 

The 111 scenario is described in detail in the results section. 



4.0 CHAPTER 4: RESULTS 

4.1 Irish Forestry 

Irish forests cover approximately 9% of the country. Coillte controls two thirds 

of these forests, while private owners make up the final third. Sitka spruce makes up 

60% of Collites tree distribution [Coillte, 20081. Sitka spruce is a very common source 

of pulpwood and therefore wood chip; it also grows very well in the Irish climate. To 

illustrate how the wood chip yield from a forest is estimated a sample calculation is 

completed. For the example calculation all of the Sitka spruce owned by Coillte is 

assumed to be used for wood chip production; a potential h a t e d  yield for wood chip 

energy is then calculated based on these figures. A number of important assumptions 

are made for this calculation. Firstly, that all forest sites are accessible and manageable. 

Secondly, all yield calculations are based on figures published by Teagasc and 

COFORD, and finally that all the wood attained from the first two thinnings (the 

removal of young trees) are converted into wood chip. 

4.1.1 Yield of Wood Chip eom Irish Forests 

4.1.1.1 WoodChipfromThinnings 

Thinning is an important task for maximising the timber output of a forest. The 

Grst type of thinning, the line system, involves removing every fifth, sixth or seventh 

line in a young stand (forest) to allow the remaining trees more space to grow. The 

second type is the selection system, which is the removal of individual trees that are 

weak, sick or abnormal. First thinnings occur at different times for different species of 

trees, and then every 5-10 years afterwards. Generally, the trees removed from Grst 

thinning are too small for commercial use and can therefore be used for wood chip. 

The yield of wood chips from thinning is calculated using two methods. The first is 
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based on defining the yield class, the amount available per hectare per year, and its 

thinning cycle (Teagasc); the second is based on a percentage basis of trees removed per 

thinning (COFORD). 

Table 14: Wood Chip from Thimings -Method 1 (Teagasc, 2002) 

Total 140 m3/ha 

The yield class is the growth rate of the tree and indicates at what age the first 

thinning occurs. For Sitka Spruce a yield class of 20 translates to first thinnings at 

20years. The cycle refers to the time between thinnings, and the yield is the volume of 

wood removed from the forest at each thinning. The Yield figure is independent from 

the Yield Class and Cycle figures. The calculation simply becomes Yield x Thinnings = 

Total Available for Wood Chip. One of the assumptions made for these calculations 

were that the first two thinnings would be used for wood chip, so the No. of Thinnings 

is set at 2. 

Table 15: Total % Thinning from Line and Selection Systems -Method 2 

(COFORD, 2008) 

Line thinning is the removal of every one in seven lines of the forest. After the 

line thinning there is selection thinning; which is the removal of sick or abnormal trees 



h m  the stand, which is generally a W e r  25% of the remaining stand. This means 

36% is thinned from the original stand and is made available for wood chip. 

Table 16: Wood Chip from 'Xnnhgs - Method 2 (COFORD, 2008) 

Both methods produce very similar results. The sources for the input data were 

obtained separately and the small difference in the results indicates that the yield 

estimate is accurate. Over a soAwood forest life-cycle of 40 years (Teagasc, 2002) this 

represents 3.5 m3/halyr of sustainable energy from thinnings. 

4.1.1.2 Wood Chip from Forest Residues 

The wood chip from forest residues corresponds to the left over woody material 

h m  commercial thinuings and clear felling, which is the complete removal of all the 

trees. The tops and branches of trees are of no commercial value and can be harvested 

for wood chip production. Assuming first thinnings took place at a tree age of 18-20yrs 

(Sitka spruce) and a cycle of 5 years (Table 14) there are three remaining thinning 

operations and the clear felling left remaining for a 40-year forest cycle. 



Table 17: Data for Forest Residues [BENET bioenergy Network, 20001 

Density Sitka 1 450 1 kg/m3 
Ratio Stem to Residues 1 0.43 1 kgkg 

Table 18: Wood Chip from Forest Residues [BENET bioenergy Network, 20001 & 

[Teagasc, 20021 

Timber Harvested, m 3 h  

The yield rates for timber h m  forests can depend largely on the initial stand 

density, with increased wood chip production coming from larger stands. The data 

collected for these results did not include figures on the original stand density. Over a 

40-year forest cycle 69.9 Tonne* of harvested timber represents 1.75 Tonnehdyr of 

sustainable wood chip. 

4.1.1.3 Wood Chip fiom Pulpwood 

Pulpwood is a cheap wood, which lacks the strength to be used in construction 

and is generally used in the paper and panel board industry. With the increase in the use 

of wood for energy, the paper and panel board manufacturers are coming into direct 

competition with wood chip suppliers for pulpwood. The amount of pulpwood available 

for the energy market is determined by the price. Currently in Ireland, many wood chip 



suppliers use pulpwood as their source of wood chip. It is possible to get very good 

'quality wood chip from pulpwood as it can be stacked and stored reasonably well. 

4.1.1.4 Wood-chip from-Sawmills &-Waste Wood 

The final source of wood chip is from sawmills and waste wood from 

construction. Due to recent regulations, most waste wood is illegal to bum because it 

may contain toxic coatings or have a laminated finish. Sawmills produce significant 

amounts of wood waste from the manufacturing of boards and timber. They also 

produce large quantities of sawdust, which is processed into wood pellets. The mills 

would generally use this waste to power and heat the mill itself. Occasionally there is 

excess energy from themill and the remaining wood energy is sold on to a local user. 

4.1.2 Energy from Irish Forests 

Based on the previous calculations an estimate of theavailable energy fiom Irish 

forests can be completed, and is shown below in Table 19. 

Table 19:. Annual Wood Chip Energy Potential from Irish Forests 

This table shows that current Coillte forests have the capacity to provide 1.43 

TWh every year (Energy per ha x Sitka Spruce (Coillte)). This does not include the 

private sector or the energy available as wood waste, such as sawdust from sawmills 

Wood Chip Yield per Year 
Sitka Spruce (Coillte) 
Moisture Content of Chip 
Energy Density of Chip 
Energy per ha 
Total Energy 

2.6 
231882 

50% 
2.36 

6186.9 
1.43 

tonnetha 
ha 

kWhlkg 
kWhha 
TWh 



and excess pulpwood, as information on the accessibility and operation of privately 

owned forests is unknown. Due to the origin of the wood, thinning and residues, the 

moisture content is not as low as wood chip produced from pulpwood. This is because 

maintaining the drying conditions of the forest wood is more difficult than maintaining. 

a stack of wood in a shed or a field. The advantage is that it should be cheaper per tonne 

than the pulpwood sourced chip. 

The strategic objectives of the Irish government and the Forest Service are to 

increase the forested areas in Ireland. The planting target was 25,000 halyr until the year 

2000 and 20,000 hdyr from 2001 [Forest Service, 20061. This annual increase of trees 

will reflect directly in the amount of available energy from wood chip. For example, a 

5% increase in the Sitka spruce will result in a 5% increase in available energy. Table 

20 shows the estimated total energy for all wood fuel in Ireland from COFORD's 2003 

report on maximising the potential of wood use for energy generation in Ireland. The 

results from Table 18 are similar to COFORD's results in Table 20 for forest residues. 

However, the energy calculated from forest thinnings is not comparable to COFORD's 

data as the thinnings are combined with pulpwood figures. 

Table 20: COFORD Wood Fuel Source & Available Energy (COFORD, 2003) 

Unit 
TWh 
TWh 
TWh 
TWh 

Wood Fuel Source 
Pulpwood 
Sawmill residues 
Available forest residues 
Total 

2005 
2.22 
2.83 
0.53 
5.58 

2016 
3.36 
3.17 
0.67 
7.19 



4.2 Wood Chip Supply Chains 

4.2.1 Supply Chain Processes 

As seen previously in section 4.1, there are numerous sources of wood for 

chipping, such as forest residues, t h b b g ,  pulpwood and wood waste. However, the 

results of the surveys for the analysis of the wood chip supply chains only covered one 

main area of supply, which was the pulpwood supplier. This was not very surprising as 

the majority of high quality wood chip comes h m  the chipping of pulpwood. Wood 

residue and thinning are more difficult to use in commercial applications due to their 

higher moisture content, and therefore lower energy content and more importantly their 

inability to be stored for long periods. For examining the supply chains to commercial 

buildings pulpwood was seen as the most logical source. The main processes involved 

in supply are detailed below. 

4.2.1.1 Acquiring Wood 

Acquiring wood is the first step in any wood fuel supply. All wood will originate 

h m  the forest and the options for obtaining wood will depend largely on the 

occupation and objectives of the landowner. A forester interested in only construction 

timber might hire a contractor to thin the forest, therefore allowing the contractor to sell 

the pulpwood (unusable as construction timber) as fuel. The forester might thin his own 

forest and sell the thinuings and forest residues as an additional income for himself. A 

wood he1 contractor could purchase pulpwood h m  the forester and supply wood chip 

by chipping the pulpwood. This initial step has a significant effect on the fml price of 

the wood chip for the consumer. The payment of third parties for harvesting and 

transporting at this very early stage of supply can considerably change the cost of the 

raw product. 



4.2.1.2 Drying 

Wood can be dried in numerous ways and will benefit greatly h m  being 

covered or stored inside. Drying affects the weight, energy content and durability of the 

wood fuel. Forest thhnings can be dried in the forest where they are felled, covered by 

the forest canopy. Pulpwood can be stored in sheds or under a waterproof membrane. 

Certain applications require different levels of moisture content [Kohan, 20061 and 

different types of wood chip will be of different qualities and moisture contents. It is not 

cost efficient to leave a product sitting in storage and taking up space for any longer 

than is necessary [Blanchard, 20071, so knowing the moisture content required by the 

consumer is very important 

4.2.1.3 Chipping 

Chipping is the act of turning trees, branches and logs into wood chip. The chip 

size can vary and there is an IS0 standard for chip classification [NSAI, 20051. The size 

of the chip required will depend largely on its use. Small domestic boilers require a 

small chip while large power plant applications can burn very large wood chips. 

Chipping affects the bulk density of the wood chip as smaller particles generally result 

in a higher bulk density [Knott & Shurson, 20041. 

4.2.1.4 Transport 

It is possible for transport to occur multiple times in one supply chain. Wood 

fuel can be tramported in log form or chip form. Transport adds variable amounts of 

value to the product because the product is worth more at its point of use than at the 

roadside. 



4.2.2 Supply Chain Arrangements 

In a wood fuel supply chain there are two fixed points, acquiring wood at the 

beginning and delivering chip to the user at the end. Everything in between these points 

is interchangeable. Some arrangements, however, will work better than others. It will be 

necessary when looking at the costs to determine whether the order of the processes will 

have any effect on the overall price. The following are descriptions of the two most 

common arrangements seen during the research. Other set-ups will fall into one of these 

categories, but would be inefficient versions by comparison due to the additional 

handling and transporting of the wood chip. Figure 6 shows the shortest supply chain. 

Variations can include an additional transport stage before the drying process or an 

extra drying stage after chipping. 

$k-$ DRY CXIP - L,&3 TRANSPORT BURN 

Figure 6: Typical Wood Chip Supply Chain 

4.2.2.1 Single Agent 

The single agent arrangement is where one company or individual controls all 

aspects of the fuel supply chain. An investor adopting this business model would 

probably already be involved in one or more of the processes, such as harvesting or 

haulage, and vertically diversifies into total wood fuel supply. Controlling everythmg 

from start to finish eliminates all third party mark-ups, as well as all additional handling 
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costs that are required when multiple companies are involved. The most obvious 

example of this can be seen from the price of purchasing dry logs. Dry logs are sold at 

€40 a tonne excluding chipping and delivery. A company which harvests and chips 

wood could produce wood chip at a lower cost than purchasing logs; potentially, this 

represents a significant saving. However, this margin will be offset by the amount of 

capital required to start up this supply chain, but as the agent is most likely to be 

diversifying from either the haulage or forestry industries the only significant additional 

equipment that may be required is a chipper, which can be rented or hired for the 

required time. Figure 7 shows the arrangement of a single agent controlling the 

complete wood chip supply chain. 

An adjustment that can be made to this arrangement is to bring in third party 

transport and/or third party harvesting, as illustrated by the hatched process boxes. This 

ensures that the fuel supply remains in control of the original company but a contractor, 

with experience in haulageharvesting manages the more specialised logistic processes. 

DRY CHW 
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Figure 7: Single Agent Arrangement - no contract work 

Figure 8: Single Agent Arrangement - contract work 
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4.2.2.2 Multi-Company Arrangement 

Multi company arrangement describes the set-up where the ownership of the 

product changes hands at some point in between processes. This arrangement requires 

less capital to start up but there are many additional costs due to extra handling of the 

wood. A contractor acts as an intermediary between the harvester and the consumer. 

The harvester sells logs to the contractor. The wood is then dried, chipped and sold on 

to the consumer. While the extra stages incur extra costs and cause the price of the fuel 

to increase the capital required is split between more companies. One of the main 

benefits of a multi-company arrangement is security of supply. Unlike the single 

company, arrangement there is a certain amount of flexibility in the multi-company 

arrangement. If there is a problem with the supply of wood the wood fuel contractor 

(company two) can source another load. This provides &e consumer with a gnaranteed 

supply of wood. 

Figure 10 shows one of the most complex arrangements. A landowner hires a 

harvesting contractor to thin or clear his forests. The harvested wood is sold to a wood 

fuel contractor who hires transport to bring the wood to his storage facility. The wood is 

then dried, chipped and delivered to the consumer via another hired transport. This 

arrangement has several benefits including less capital costs for both the initial 

landowner and the wood fuel contractor, but a comparison of Figure 7 and Figure 10 

shows clearly how a supply chain can become overly complicated very easily. The 

additional costs of the contracting and price marks-ups between the companies will have 

an effect on the final price of the wood chip for the consumer. 
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Figure 9: Multi-Company Arrangement -no contract work 
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Figure 10: Multi-Company Arrangement - contract work 

4.2.2.3 ESCo Amlnggement 

An ESCo, Energy Service Company, arrangement is identical to the previous 

armogements up the point of handover of the fuel to the consumer. The difference 

between a normal supply and an ESCo supply is that a normal supply will provide a 

physical fuel to the consumer while the ESCo provides energy (heat). The ESCo retains 

ownership of all the equipment, bums its own fuel in its own boilers and then charges 

the consumer for the energy delivered plus the service. It is comparable to how 

electricity is supplied in that the consumer pays per kwh, unlike gas or oil, which is 

generally paid per unit volume or unit weight. ESCos are in the unique situation where 

the quality of fuel will affect their costs more than the consumers' costs because 

regardless of the quality of the chip the consumer is guaranteed a price per unit energy 

delivered. This puts the emphasis of improving the fuel quality on the ESCo suppliers, 

as it is more beneficial for reducing their own operational costs. The additional 



information on service charges and fuel value were not available for examination as the 

ESCo arrangement, at this level of power output, is a relatively new service. 

4.2.3 Process Costs 

Identification of the component costs - the smaller costs that combine to give the 

total cost for a process- is a useful way to analyse potential cost reductions. In this 

section, the main processes are broken down into their component costs. 

Table 21: Fixed Costs 

Table 22: Semi-Fixed Costs 

Table 23: Variable Costs 



4.2.3.1 Wood Costs 

Tables 21, 22 and 23 show the component costs for the acquisition of wood. 

Harvesting costs are similar to transport costs in that they involve the coordination of 

large machines and factors such as down-time and economies of scale. Recent work by 

COFORD has shown that simpler harvesting arrangements are feasible and in some 

cases actually prove to be more cost-effective under Irish conditions than more 

advanced methods. Table 24 is an excerpt h m  the results of the COFORD Forest 

Energy Study 2006 [Kofman & Kent, 20071 showing the costs of harvesting and 

chipping using different machinery arrangements. The most basic arrangement is the 

chainsaw and tractor combination, which is more expensive than the more advanced 

combination of feller-buncher and Silvatec. For the purposes of comparing the survey 

results with the COFORD results the most important figure is the cost of harvesting and 

chipping the pulpwood, as pulpwood is the wood chip source used by the surveyed 

suppliers. 

Table 24: COFORD Harvesting and Chipping Costs 

The alternative to harvesting is to purchase the wood. The price of pulpwood 

increased by 25% between March '07 and September '07, which makes wood chip 

supply chains with purchased pulpwood more expensive. 



4.2.3.2 Drying Costs 

Tables 21,22 and 23 show the component costs for drying and storage. Drying 

costs should be zero as there is no direct energy input, but there are associated costs that 

can not be avoided, such as handling and monitoring. Leaving felled trees in the forest 

is a cheap way of drying. The trees are typically chipped as they are removed and 

delivered straight from the forest site, but will generally not achieve the same low 

moisture content as covered wood. For pulpwood, stacking the logs and covering them 

requires time and effort and therefore incurs a cost but they will provide a high quality 

wood chip. Another cost to consider is the rent or opportunity cost of the storage areas, 

such as shed areas or open fields. The opportunity cost is the profit lost h m  using the 

land to dry wood and not renting to another user for greater profit. It is a difficult value 

to calculate as one process from a long chain is being compared to a single process 

(rentjug). To identify the opportunity cost the value of the alternative use of the land 

would have to be known. While renting shed space might be more profitable than 

drying wood, the loss of profit from not supplying wood chip might be greater. The 

inclusion of opportunity costs is very important for fuel depots located on high value 

land 

4.2.3.3 Chipping Costs 

Tables 21, 22 and 23 show the component costs for chipping carried out by the 

supplier. Like lrausport, and other machine based operations, chipping costs will vary 

more with use. Unlike tramport, however, there is not as much emphasis on scale, due 

to less tixed costs. Consequently, the action of chipping will mainly incur costs only 

when the chipper is used. Insurance costs for chipping are smaller in comparison to 



transport insurance; for fann machinery the insurance is normally taken to be a 

percentage of the capital cost [Edwards W., Iowa State University, 20051. 

4.2.3.4 Transport Costs 

Tables 21,22 and 23 show the component costs for tramport carried out by the 

supplier. Calculations show that the scale at which the transport operates is critical to 

keeping it cost effective. For example, a small office complex requires roughly 100,000 

kwh of heat per year. This is equivalent to six deliveries a year using an 18.75 tonne/ 

78m3 truck. If the consumer were to purchase a truck to transport the wood chip from 

his fuel depot the fixed costs would dominate the total costs and make it too expensive. 

However, if the consumer were to take on a number of extra deliveries the fixed costs 

can be split between these additional journeys. The fixed and semi-fixed costs are now 

smaller because they are effectively divided between the additional deliveries. 

4.2.3.5 Total Costs 

Tables 25 and 26 show the results of a survey carried out as part of the thesis on 

Irish, British and European wood fuel suppliers. The response rate of this survey was 

20% h m  25, including European data. It summarises the response to the question 

"How much would 10,000 kg of wood chip at 35% moisture content cost if it is 

delivered 50km". The replies are all h m  suppliers using pulpwood as their source of 

wood. The replies also include the percentage breakdown to show how the costs 

distributed over the processes. 



Table 25: Survey Results of Wood Chip Supplier. (Ireland & UK) 

Other Information collected included market prices for the different types of 

available wood for purchasii. (Dated 06/'07) 

Table 26: Cost of Wood & Wood Chip (Ireland) 

Market Value, UI' 
Wet resh Lo 
50%D Lo 
30% Waste Wood 
Roadside Chi 
Delivered Chi 110 

European results for delivered wood chip were €65.15 per tonne, compared to 

€1 10.00 in Ireland. The main sources of European information were their national bio 

energy agencies. The European prices suggest there is significant scope for lowering 

prices in Ireland and the UK. 

4.2.4 Process Value & Opthimiion 

Having established a breakdown of the costs it is now necessary to identify the 

process values so that the margin can be estimated and maximised. 



4.2.4.1 Drying Value & Optimisation 

Drying is different to other processes in that the producer can affect the amount 

of value added. Figures 11 and 12 illustrate the effect of drying on weight, energy 

content and costs. 
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Figure 11: Effect of Moisture Content on Energy Content and Mass Required 

From Figure 11 it is clear that the lower the moisture content, the less the 

amount of wood chip is required to meet the consumers' requirements. Less chip means 

less harvesting, less chipping and less transport. Not only has the drylng increased the 

value of the chip, it has simultaneously lowered costs elsewhere in the supply chain. It 

also has the lowest cost implications. The key variables that must be considered include; 

the required drying, the target moisture content, stacking methods, testing moisture 

content and studying required weather conditions for optimum drying. The savings in 

transport costs can vary a lot as a step down h m  3 deliveries to 2 deliveries means that 

a whole truck load of chip is displaced by the drying; in terms of transport costs there 

cannot be 2.5 deliveries of wood chip when dealing with transport. 



4.2.4.2 Value from Drying 

Results of drylug on the process costs are presented in Figure 12, which 

highlights the importance of drying to the entire supply chain. 

Effect of Drybg on Prodnetion Costs 
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Figure 12: Effect of Drying on Production Costs 

Figure 12 shows that increasing the energy content (lowering the moisture 

content) will have a significant positive effect on the overall costs. Improving the 

moisture content target should not increase the process costs, because the concept is to 

improve the quality of the drying as opposed to the increasing the work that would be 

involved in more drying. Time is not a factor in these results. 

4.2.4.3 Methods of Optimising Drying 

From previous work it is known that all wood has a fibre saturation point, FSP, 

that once attained can be kept until the wood comes in contact with liquid water and 

more importantly can be reached without the need for mechanical drying. This FSP is 

the goal of drying. Reaching this point quickly and without incurring excessive costs is 



the key to a competitive wood fuel supply. From previous chapters the FSP is shown to 

be 28% MGd, and it varies with climate conditions. The rate of drying depends on 

climate conditions: mainly temperature, humidity, wind speed and solar radiation. These 

four elements can be combined into a single 'evaporation rate' figure. I~I  addition, when 

the wood fuel reaches the FSP, or the optimum drying point, it is no longer increasing in 

value; therefore it is best to sell the wood fuel on in order to avoid the costs associated 

with keeping a consumer ready product in storage [Blanchad, 20071. From this 

information, a list of recommended practices is as follows: 

Keep wood dry - cover or store inside 

Monitor weather conditions and moisture content 

Ensure minimal handling 

Move wood fuel on when it reaches its target moisture content 

4.2.4.4 Chipping & Harvesting Value & Optimisation 

The value added by harvesting can not be altered directly by the harvester. The 

value of the products produced by harvesting will be detexmined by market demand. 

Chipping, however, can reduce transport costs by increasing the bulk density of the 

wood chip. If the quality of the chipping is high and the wood chips chipped smaller it 

has the potential to reduce the amount of trucks needed for transport and therefore 

reduce transport costs in the same way as drying. This is not a guaranteed source of 

value because the size of the chip will depend on its intended use. The full effect of 

wood chip size on bulk density is relatively unknown. 

An estimate of the value of chipping and harvesting can be completed using the 

survey data and market values. Roadside chip has a value of €70 a tonne, (see Table 

26). That puts the value added by harvesting and chipping at a minimum of (roadside 



cost €70 - cost of harvesting and chipping €46.05) €23.95 per tonne, based on the 

COFORD harvesting results for pulpwood, which is the main source of material from 

the surveyed fuel suppliers. If the fuel contractor purchases fresh pulpwood at €30 per 

tonne and then dries, chips and delivers the wood fuel for €115 the value of these 

process to him is €85 per tonne. Whether this is profitable will depend largely on the 

costs of processes. In addition, the location of the drying site, at either the forest site or 

a nearby storage depot, will affect the transport costs, which could make the supply 

chain too uncompetitive. Profitability depends largely on the costs of production since 

value is market dependent, and it is therefore beyond the suppliers' control, with the 

exception of drying which is the only real method the supplier has to increase value. 

Optimising harvesting costs is a complex logistics task. For optirnisation, large- 

scale time trials would have to be completed along with detailed logs of working hours 

and machinery movement [Kohan & Kent, 20071. Optirnising chipping is an easier 

task. Ensuring the blades are sharp, that the machine is maintained and that only 

suitable wood put through the chipper should guarantee that the chipping is operating 

efficiently. 

4.2.4.5 Transport Value & Opthimtion 

It may appear that the value added by transport is zero because it does not 

increase the quality of the product or reduce its bulk or volume. However, transport 

does add a relative value to the product. There is a change in the value added during 

transport when the market value is affected. If the price difference between a delivered 

fuel and a collected fuel is significantly different then the value of transport is high. 

However, if they are the same price then the value added by transport is zero. The value 

of fuel to an office building would be significantly lower than that of a hospital; 



therefore, the value of transporting to hospital will be a lot higher, and the hospital will 

accept the higher costs to have the fie1 delivered. The process margin can be optimised 

by minimizing costs: reduce he1 consumption by following the guidelines for economic 

driving; ensure that the truck is always running at maximum capacity; drive on good 

quality roads to reduce maintenance and depreciation; route selection; reduce loading 

times and downtime at he1 depots and ensure driver comfort. 

4.2.4.6 Total Value 

The combination of the calculated value added and the result. from the survey 

are shown in Figure 13. 

Figure 13: Cost versus Value of Wood Chip Supply 

Cost vs Value of Wood Chip Supply 
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Figure 13 represents the following supply anaugement: purchasing, drying and 

storage, chipping and transport. The key point to note is the negative effect drying is 

having on the supply chain, shown as the second and third points on the dotted line; it 

has a margin loss of €l5/r. This is mainly because wood is sold on a weight basis rather 

than on dryness (with the exception of ESCo arrangements, which deliver based on 
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kwh), so drier wood to a forester does not have much effect on the price. However, the 

solid line shows the cumulative effect of drying on the other processes in the supply 

chain. While the values for each of the processes remain the same, the costs are reduced. 

The vdue of drying is calculated to be C19.76/T with a target moisture content of 28%, 

down from 40%. So while the drying does incur costs on the supply chain it also lowers 

other processes costs by a larger amount. Figure 14 and 15 shows the advantage of 

reducing the target moisture content from an initial target to an improved moisture 

content. The savings in reducing the moisture to the point where one less truckload is 

required is seen by the step the graph. 
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Figare 14: Effect of Drying on Value - Small Truck 



Figure 15: Effect of Drying Value - Large Truck 
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Figure 16: Rate of Value Increase from Drying 

Figure 16 above summarises the effect of drying on the value of the supply chain. 

Starting from an initial moisture content of either 35%, 45% or 50% the change in value 

per change in moisture content can be seen to be very similar. While there is far more 

scope for improvement when the initial moisture content is higher the rate of increase of 



the value per tonne is consistent. In addition, it is only at the larger moisture content 

differences where the effect on transport occurs; unless the improvements are excessive 

the effect on transport is not very significant. The results are summarised in Table 27. 

Table 27: Average Rate of Value Increase per Change in Moisture Content 

For every change in moisture content, there is a value increase of approximately €1.32 

per tonne. 

Initial %MC 
35% 
45% 
50% 

4 3  Energy Model 

4.3.1 System Size 

The system size, QW is the peak boiler size for the building. It should include 

fabric losses; infiltration and ventilation losses and the thermal preheat loads. It should 

not include any additional safety margins or other services. The unit of measurement is 

kilowatts (kW). 

4.3.2 Design Temperatures 

The design temperatures are both the internal, TD, and external temperatures, 

ToD, used in sizing the peak boiler load. The internal design temperature is commonly 

set to between 18OC to 21°C for office spaces. The external deign temperature can be 

calculated h m  local weather data history, but it is generally assumed to be between 

Average €iT per MC% 
€1.19 
€1.32 
€1.32 

ST.DEV 
€0.05 
€0.09 
€0.09 



minus 5 OC to 0 "C for peak days in Ireland. The design temperature difference, 6T, is 

taken to be (21 - (-3)) = 24OC for the majority of the calculations, but it is editable. 

4.3.3 Thermal Mass 

The thermal mass of the building is inputted as a dimensionless thermal weight 

figure, WT, between 1 and 8. Ranging fiom very lightweight construction to very 

heavyweight construction. 

4.3.4 Hybrid Ratio 

One of the key variables for this model is the hybrid ratio between gadoil and 

wood chip, %WC. It determines what size wood chip boiler is being installed. At 100% 

the wood chip boiler is meeting the complete system load. At 50% the wood chip boiler 

is sued to 50% of the system size, and so on. Having a wood chip boiler sized at 50% of 

the peak load does not however mean the wood chip will meet 50% of the energy 

requirement, and it is this relationship that will be looked at in detail later on. 

4.3.5 Fuel Selection 

The Energy Model has the ability to compare either gas or oil to wood chip from l 

a drop down menu on the input screen. 

4.3.6 Heat Losses & Gains 

The heat losses, QL, and heat gains, QG, should be taken h m  a completed heat 

transfer calculation. They are inputted as W/m2 and are subsequently used to size the 

estimated area of the building. Generally the heat losses for an office will range from 50 

w/& to 70 w/mZ and the heat gains from 80 w/m2 to 120 w/mZ. During normal office 
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conditions it is common for the heat gains to exceed the heat losses. This results in a net 

cooling requirement during peak hours, which will have a diminishing effect on the 

energy load of the boiler. Ultimately, it is the net loss or gain that the model requires for 

the calculation. The amount the gains exceed the losses is irrelevant as even if it only 

exceeds it by 1 w/m2 the heating system will be turned off. 

4.3.7 Building Fabric 

The makeup of the building is important for calculating energy use. In a thermal 

calculation, the individual U-values for the walls, floor, roof and windows are added 

together along with the ventilation conductance loss h m  infiltration and ventilation. In 

this model it is possible to reverse calculate the average heating coefficient, Cb dividing 

the boiler size, without the adjustment for preheat, by the design temperature difference. 

The formulae QeU.A.dT (fabric heat loss) and Q&.dT (ventilation loss) are 

combined to give: 

Ca = (QF+ Qv )/dT (4.1) 

This does not include the energy for pre-heating the building because of the 

difference in operating hours between standard operation and preheat times. 

4.3.8 Operating Hours 

The model uses standard operating hours, &, for an Jrish office, 09:OO to 18:OO. 

It is assumed that the building is preheated to operating temperature prior to the 09:OO 

and that there is hot water available at 09:00. The heat required for preheating and hot 

water is determined by other factors described later. It is also assumed that the building 

operates on a 5-day week. The model assumes a two hour preheat time, Hp, and a two- 

hour cool down time, &. 



4.3.9 External Temperatures 

The model's energy profile is highly dependent on the average outdoor 

temperature, To. For the thesis the temperature data from 1979 up to 2005 was gathered. 

In Figure 17 the mean temperatures from 1984 to 1998 and 1999 to 2004 are shown as  

separate plots. It can be seen that the later temperatures are both slightly higher and 

slightly lower in summer and winter respectively. Noting this, only the more recent 

years were used in the model so that the energy profile is accurate for current 

conditions. 
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Figare 17: Annual Average Temperatures 

4.3.10 Base Temperatures 

The base temperature, Ta, is an average internal temperature. It is important that 

the units of this figure are identical to the average external temperature so that the units 

can be added together, the unit is the average temperature over 24hrs ("C). Calculating 

the average internal temperature requires the operating hours, preheat hours, unoccupied 

hours and an estimate of the cool down hours. Assuming a 2 hour preheat and cool 



, - 

down either side of a 10 hour day the unoccupied hours, Hu, becomes 24-Hp-Hc- 

Ho=10 hours. Next, the temperature for each period is required. The average 

temperature of preheating and cool down periods is the mean of the external 

temperature and the internal temperature. This gives the equation for average internal 

temperature as: 

Table 28: Average Internal Temperature 

The average temperature will change every day as the external temperature 

changes. The inclusion of the temperature rise from the internal gains turns the internal 

temperature into the base temperature used in the energy calculations. The gains only 

occur during operating hours, where F p  being the preheat factor as stated in equation 

4.13. 



Table 29: Base Temperature 

4.3.1 1 Degree Days 

Degree-day is a method of calculating energy loads using the difference in 

average external temperatures and internal base temperatures. The formulas used for 

heating degree-days are: 

Base Tempemtore 
Average 24h Temperatclre 

Rise due to Internal Gains 

T- 5 Tb, Tb - (T- + T d l 2  (4.5) 

Tminab and (T--Tmin<(Tb-Td, (T-+T&/2 - (T--Tb)/4 (4.6) 

T,,>Tb and (T--Tb)>(Tb-T&, (Tb-T-)/4 (4.7) 

T d T b ,  0 (4.8) 

The formulas used for cooling degree-days are similar, but the use of cooling 

degree-days is considerably less accurate due to the smaller effect the external 

temperature has on the heat gains. The correct calculation of the internal gains and 

latent loads are more important for the sizing of cooling equipment. The cooling degree- 

days are used in this model to show how an AHU system might affect the boiler heating 

load. 

TB 
Tavg 

To 

T&Tb, (T,, + Tmm)/2 - Tb 

T->Tb and (Tm-Tb)>(Tb-Tmin), (Tm-Tb)/2 - (Tb-T-)/4 

T-<Tb and (T--T-<(Tb-T-), (T--Tb)l4 

T,, 5 Tb, 0 

O C  

OC 
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4.3.12 Thermal Mass - Pre-Heatlng 

The heating load due to fabric losses is only a part of the total heating load. The 

heating of the thermal mass of the building can account for 20-60% of the peak boiler 

load. Using the input data it is possible to calculate the thermal capacitance coefficient 

(CY), of the building, the daily energy required for preheating (Qp), and the percentage 

of the peak load that is dedicated to preheating. 

The model requires a user input for the thermal weight of the building-(WT), and 

preheat time (Hp). This figure is converted into a factor (Fp) which is multiplied by the 

fabric load and the ventilation load so that (QF+Q~).Fp = QS. For complete accuracy the 

thermal weight should be calculated based on the building's construction materials. 

4.3.13 Hot Water Services 

The final part of the load is the hot water load. Using the input data the daily 

demand of hot water on the boiler is: 



The input data required for the hot water services is the occupancy density, po, 

of the space and the hot water requirement per person, HWS. For an office these 

figures are po = 10 m21person and HWS = 14 LRersonlDay. [CIBSE Guide A] 

4.3.14 Hour Profile 

To estimate the energy load met by the wood chip boiler an hour-by-hour 

schedule of the system operation is needed. The model has an input section for 

configuring the hourly operation at peak conditions. The loads are scaled down as the 

temperatures outside increases. The settings used in the model are as follows. 
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Figure 18: Peak Day Boiler Profile 

The energy calculated per day is normally a lot smaller than the peak boiler 

conditions. For example, the 'energy profile for a summer 'day with large internal gains 

is shown in Figure 19. 
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Figure 19: Summer Day Boiler Profile 

The only load that remains the same is the HWS load, because it is weather 

independent. The heating load is gone due to internal gains and the preheat load is 

reduced due to the milder temperature. The model creates a similar profile for every day 

of the year based on the input data and the peak hour profile. 

4.3.15 Re-heat Coils / W A C  

For one of the scenarios the model assumes that reheat coils have been installed 

in the HVAC system. While not common in Ireland's mild climate the installation of re- 

heat coils does have a significant effect on the heating load and warrants inspection. For 

calculating the reheat load the cooling degree-days (CDD) are calculated and a portion 

of them are turned into heating degree-days. In the model for every 1 CDD required by 

the cooling system the boiler needs to output 0.33 HDD. Another use of this technique 

would be to model absorption chilling which uses heat energy to power the chillers. 



4.3.16 Total Equivalent Degree Days 

Afler calculating all of the individual loads over hours, days and years, it is 

useful to convert than all into one single HDD figure. 

4.3.17 Base Model - Energy Profile 

The model is a close representative of a standard Irish office. The operation data 

for the base model is listed below: 

Table 30: Operation Data 

Operation Data 
ptanal Design Temperature 1 21 PC 1 

Both the heat gains and losses are taken from the BSRIA guide for building 

services [BSRIA, 20031. 

Table 31: System Data 

System Data 
eat Gains 1 120 k/mZ 

70 
50-400 

All Fresh 

w/mZ 
kW 



This information along with recorded past external temperatures are used to 

calculate firstly the base temperature and subsequently the HDDs for the model. Using 

the internal design temperature, the external weather data and incorporating the pre-heat 

and cool down hours the average daily temperature is calculated. Figure 20 represents 

the HDD base temperature before the effect of the internal gains is taken into account. 
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Figure 20: Average Daily Temperature 

The unit for heating degree-days, external temperature and internal temperature 

is OCiDay, or OC124 hours. Therefore, to keep the units the same the internal gains are 

averaged over a 24h day. 120 w/m2 correlates roughly to a temperature gain of 56.1 OC 

over the operating hours. This averages out to 23.4 OC over 24 hours. Therefore, the 

correct base temperature (average daily temperature minus the temperature rise ffom 

internal gains) is 13.4 OC - 23.4 OC = -10 OC. This means that the internal gains are high 

enough to keep the heating off even at an average external temperature of -10 OC. There 

is a loss of accuracy by analysing daily compared to hourly or by the minute, and it is 

important to remember that an average external temperature of -10 OC could represent a 

day with a large temperature deviation and not just -lO°C for 24 hours. These large 



internal gains have a significant effect on the energy profile and it will affect the sizing 

of the wood chip boiler. Figure 21 shows the total HDDs including and excluding the 

internal gains. 
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Figure 21: Heating Degree Days (HDD) 

When there is a larger heat gain than heat loss in a space heating is not reqmed, 

and this would be very common in any modern office or retail unit. An important 

assumption made above was the HVAC uses full fkesh air, which is typical in Ireland's 

mild climate. The effect of a fully air conditioned building will be examined later on 

when for every kW cooling there will be a certain amount of re-heating required. With 

no heat losses, due to the large internal gains, the boiler load now becomes the sum of 

the preheat load of the thermal mass, and the water services load. These are calculated 

using the CIBSE guidelines and the previously stated operation and system data. 



Table 32: Water Services Data 

Water Services 

The inputs are the occupancy density of the office, which when multiplied by the 

total area gives a figure for the amount of people in the building. This figure is 

multiplied by the hot water requirement of 14 litres of hot water per person per day. 

Supplying hot water at 6S°C results in a daily hot water demand of 127.7 kWhlDay. 

This figure is based on the area of the building, which is in turn based on the boiler size. 

Therefore, the calculation of the hot water services for the model is proportional to the 

boiler size. 

Table 33: Thermal Mass Energy Data 

Thennal Mass Energy 
Thermilr WelgM I 3.0 I 
~eheat Time 2.0 lhr~ 
Reheat Fa&f 1 1.50 1 
E n q y  Required 1 480.0 1 k w ~ ) a y  
EquMlant per hour 1 230.0 IkwWhr/day 

The thermal mass of the building provides one of the main heating base loads. 

The energy is calculated by bringing the structure fiom the minimum temperature per 

day to the operating temperature. During preheat the boiler is at its maximum design 

output. It is providing heat to counteract the loss of heat through the fabric and 

infiltration in addition to the extra heat required to heat the structure. Even in Ireland the 

minimum temperature in summer can be as low as 7OC. 



Figure 22: Heating Demand Curve 

Heating Demand 

The difference between the peak day design and a typical summer day is very 

clear (Tables 18 & 19), and throughout the year, all the days will vary between these 

two extremes. Figure 22 shows how much annual heating a boiler sized at a percentage 

100.0% - 

e 80.0% - 
i; 
9 60.0% .- 
5 
I 40.0% - 
'i 
0 

of the peak load can meet. The first section of the curve, from 0% peak kW installed to 

roughly 35%, shows the effect of increasing the size when there is a reliable load all 

year round, such as the water services and the pre heat loads, as seen on Figure 19 
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to deal with the remaining pre-heat load, as seen on Figure 19 where above 35% peak 

s 
1 
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% of Peak kW installed 

load there is only the top of the pre-heat load left, so the curve begins to straighten out. 

The energy load is completely satisfied at 100% boiler output, but the last 20% of the 

~ ~. ~-~ - .  . ~~. ~ .~ ~. 
boiler power covers 98% of the energy demand. Theoretically, it is only one or two days 

in~the year that will need the full power of the boiler. 



4.3.1 8 Energy Model - Graphical Representation 

Figure 23 is a graphical representation of the Energy Model flow process. The 

main inputs into the model are the design temperatures, the system size, building heat 

losses and gains, and the occupancy hours of the building. From these manual inputs the 

Energy Model is capable of producing a detailed energy load profile for the Financial 

Model to calculate the system feasibility. The energy profile of the building is the 

source of demand for wood chip. The system costs will ultimately determine the level of 

demand, but the energy profile is the basis for those calculations. 
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F i e  23: Flow Chart of Energy Model 

4.3.19 Validation of Energy Model 

The energy model is based on CIBSE, BRE and Irish standards. To coniinn that 

the model operates correctly the outputs are compared to other published results of a 

similar operated building. Energy Consumption Guide 19: Energy Use in Offices and 

CIBSE TM 46 Energy Bencbnmks lists energy benchmarks for various office 

configurations. The listed energy consumption for fossil fuels is 79.0 k W m 2  (good 

practice) to 151kWm2 (typical), based on a 15.S°C base temperature and 2021 Heating 

Degree Days. These figures are common reference points for the collection of Heating 

Degree Data in the Technical Manuals. From the energy model the final energy 

87 



consumption per mZ floor area is 64.4 kWh/mz and 761.1 Heating Degree Days. There is 

no single base temperature used in the energy model as it is calculated on a per day 

basis. Adjusting the benchmark figures pro-rata to account for the difference in Heating 

Degree Days results in a new benchmark range of 51.9 kWh/mz (good practice) to 99 

kwh/mz (typical). From these adjusted figures the energy rating of the Energy Model 

outputs can be considered good but not best practice. 

4.4 Financial Model 

4.4.1 Capital Costs 

The capital costs of boilers in the range of 50kW to 400kW were surveyed. This 

is a level above the domestic range but below industrial, covering a large proportion of 

commercial applications. The cost of wood chip, gas and oil boilers follow a common 

trend, which is they all become cheaper per kW the larger the unit is. However, the 

initial cost for a wood chip boiler is significantly greater than that of a gas or oil boiler; 

as much as 15 times. 

4.4.1.1 Wood Chip 

The capital cost for installing a wood chip boiler is very high. It is the main 

drawback when assessing the feasibility of installing a wood chip system because it is 

so much larger than that of gas or oil. The promotion of biofuel in Ireland includes 

grants for wood chip systems and this helps make wood chip systems more viable. 

Figure 24 shows the modelled version of the suvey data. By graphing the survey data, a 

fitted curve allows the interpolation of the costs of different boiler sizes. This is the 

basis for the capital cost for the rest of the model. It can be seen that as the installation 

gets larger the cost per kW of installed power decreases. 
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Figure 24: Capital Costs of Wood Chip Boilers 

4.4.1.2 Gas 

The cost of installing gas is relatively low compared to wood chip; the boilers 

are cheap and there is little maintenance.~There is no need for fuel storage and the boiler 

runs with an efficiency of 98%. Figure 25 shows the capital cost of the boiler per 

installed power, kW. 
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Figure 25: Capital Costsof Gas Boilers 
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4.4.1.3 Oil 

The technology involved in the production of oil-fired boilers has taken 

considerable steps forward in recent years with newer condensing oil boilers even 

overtaking condensing gas boilers-in terms of seasonal efficiency. However, the more 

common conventional oil boilers still run at a lower efficiency than both the gas and 

wood chip boilers. The costs for the standard oil boiler are similar to condensing gas 

boilers. The use of condensing oil boilers in medium size systems is not common 

practice, and because of the lack of demand for units of that size, the boilers are not 

readily available. For these reasons, the model uses the standard non-condensing oil 

boilers. 
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Figure 26: Capital Costs of Oil Boilers 

4.4.2 Annual Costs 

The annual costs are all converted to a € k w h  unit, and are calculated using the 

fuel prices, service charges, system efficiencies, annual maintenance charges, electrical 

consumption (parasitic power) costs, carbon tax and the energy demand of the 



buildings. To generate these costs the following input data is assumed. This will also 

provide a base model for the sensitivity and scenario calculations. 

Table 34: Input Data forBase Model 

The base model sets the carbon tax rate to zero, as it is not currently in operation. The 

parasitic electrical power for wood chip is calculated from a fitted curve of electrical 

power to thermal power, as seen in Figure 27. The parasitic electrical load for oil and 

gas boilers is neghgible as there is no ancillary equipment required with their 

installations. The graph gives the percentage of electrical power (Qe) to boiler thermal 

power output (Qth). In the range of boilers examined the parasitic load is between 0.5% 

to 0.8% of the rated thermal power of the boiler. 
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Figure 27: Percentage of Parasitic Electrical Load to Boiler Power 

4.4.2.1 Wood Chip 

The cost of wood chip at writing was 115 €/Tonne, which at the specified 

delivered moisture content of 35% equates to 0.0354 €kwh. Taking into account the 

additional costs assumed in Table 24, the final cost of using wood chip is calculated to 

be 0.0445 €/kwh. The fact that wood chip is considered carbon neutral will have a very 

positive effect on the cost of the fuel when carbon tax is introduced in the scenarios. 

The electrical energy spent to run the wood chip boiler is calculated based on data taken 

fiom a boiler manufacturer. From analysing the size and workings of wood chip 

systems it assumed that the parasitic loss of the wood chip boilers is higher than that of 

either gas or oil so the impact of this figure will have a negative effect on the results for 

wood chip financial viability. Parasitic loss refers to the electrical power required to run 

a wood chip boiler, components such as the feed augers and the grate require constant 

power to operate. 



4.4.2.2 Gas 

Two gas tanffs have to be examined for the model. The small business tariff and 

the medium business tariff: 

Small Business User Tanff This tariff is applicable to business customers who 

consume less than 73,000 kWh and have a Supply Point Capacity of less than 3,750 

kWh. This tariff consists of two elements: 

A Gas Commodity Charge for the gas consumed of 4.509 ckWh 

A Standing Charge of €50.00 per annum 

Medium Business User Tariff: This tariff is applicable to all business customers 

who consume more than 73,000 kWh and have a Supply Point Capacity of less than 

3,750 kWh. This tariff consists of three elements: 

A Gas Commodity Charge for the gas consumed of 2.877 cent per kWh 

A Standing Charge of €50.00 per annum 

A Capacity Charge of €1.8629 per peak day kwh to contribute towards 

transmission and distribution costs. 

The prices quoted from Bord Gais are exclusive of tax, which is 13.5%. The final 

average cost per kWh for the small business user tariff is 8.3 ckWh. The medium 

business tariff will depend largely on the peak kWh day due to the capacity charge. The 

inclusion of carbon tax will have a negative effect on the final price of gas. 

4.4.2.3 Oil 

Oil is sold in litres, so taking a conversion of 10.30 k W L  of oil and the price of 

IOOOL to be €874.47 gives a base price for oil of 8.49ckWh. Including the boiler 

efficiency, this becomes 10.00 c/kWh. The effect of introducing carbon tax will have 

the greatest effect on oil because it has the highest carbon output of the fuels used in the 



research (see Table 25). Combined with the poor boiler efficiency the cost of oil is the 

most expensive fuel per kwh. 

4.4.3 Financial Model 

The financial model shows the economic performance of a wood chip system 

compared to both a gas system and an oil system. It calculates the simple payback, 

discounted payback and the total net present value over 20 years in each instance. As 

the model is a comparison between two systems it is important to note that all the 

results represent the net difference, or savings, over 20 years. The model can analyse 

system ranges from a 50kW system size to 400kW and from 0% wood chip to 100% 

wood chip with the remainder of the installation made up by either gas or oil. The ratio 

of installed wood chip capacity to fossil fuel capacity will have large effects on the 

capital costs of the system as it significantly changes both the capital costs and the 

running. Figure 28 shows a flow diagram of the complete Financial Model, including 

the Energy Model detailed previously. 
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Figure 28: Flow Diagram of Complete Financial and Energy Model 
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This flow diagram is a visual representation of the Energy & Financial Model 

created for this thesis (pictured in Appendix A). The process box labelled 'Financial 

Model Generator' is the step in the calculations where the inputs (left side) are put into 



the formulas listed in the methodology and Energy Model section to give the output 

results (right side). Figure 28 and Appendix A provide a clear view of how the Energy 

& Financial Model operates. 

The validation of the Financial Model is problematic, asthe model runs over a 

20 year cycle and involves technology that has not been in operation long enough to 

have anything to compare itself against. The best form of validating the model at the 

current time is to validate its components and to assume that if the inputs and 

calculations are correct that the outputs are reliable. The inputs are the energy prose, 

capital costs, running costs and discount rate. The Energy Model is validated using 

benchmark energy figures, as discussed previously in Energy Model section. The capital 

costs and running costs are taken h national suppliers and are deemed to be accurate 

enough to be used in the short term (new costs will have to be obtained if the 

calculations are to be redone in the future). The discount rate is within the range used in 

similar investments, GP Guide [BRECSU, 20011, and the formulas used in the model 

are taken h m  CIBSE and Engineering Project Appraisal [Rogers, 20011. This means 

that all the components of the model are consistent and that the outputs of the model are 

considered reliable until information collected over several years becomes available for 

analysis and comparison. 

4.4.3.1 Simple Payback 

The first set of results h m  the model is the simple payback figures. The simple 

payback figures will give an initial estimate of what systems are feasible. They will also 

provide the first look at the effect of using two boilers in a system installation. Figures 

29 and 30 show the simple payback for all of the system variations. The graphs show: 



wood chip vs. gas ranging from 0% wood chip to 100% woodchip 

compared to a 100% gas system, and 

wood chip vs. oil ranging fiom 0% wood chip to 100% woodchip 

compared to a 100% oil system. 

These are comparative results showing hybrid systems compared to a fossil fuel 

system. The hybrid systems range fkom 100% wood chip powered to 100% fossil fie1 

powered, at which point the result would be zero, i.e. 100% oil versus 100% oil. 
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Figure 29: Simple Payback - Wood Chip Systems vs. Gas 
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Figure 30: Simple Payback - Wood Chip vs. Oil 

From the simple payback graphs, it can be seen that even before the cash flows are 

discounted the minimum feasible gas system (Figure 29) is 150kW because no other 

sizes make the 20 year payback cut-off. The oil systems (Figure 30) are feasible all the 

way to 50kW because of the high price of oil, and therefore higher savings compared to 

wood chip/ gas. The optimum ratio for these systems is the point where the payback is 

at a minimum. This represents the system arrangement with the quickest payback. The 

optimum ratio of wood chip to fossil fuel is changes with system sizes. Taking the 

optimum point for each system and plotting them shows how the system size affects the 

results. 



Figure 31: Optimum Percentage of Wood Chip to Fossil Fuel 

Optimum Percentage of Wood Chip to Fossil Fuel Based on Simple 
Payback at 10% Discount Rate 

As the system sizes increase, the capital costs decrease per installed kW and 

savings increase. For larger systems, the optimum return on the initial investment is 

lower than that of smaller systems. Having a smaller wood chip boiler reduces the 

capital costs; however, the smaller systems are so expensive per kW installed that they 

need every possible saving to be able to breakeven, which means 100% of the load 

needs to be met by the wood chip boiler so that the maximum amount of fossil fuel is 

being offset. Replacing oil with wood chip results in higher savings than replacing gas, 

and therefore, oil has a quicker payback and a lower optimum ratio. Lower ratios of 

wood chip mean smaller wood chip boilers and lower capital costs, but also lower 

annual savings, so the optimum ratio is balanced between the capital costs and the 

available savings. 
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4.4.3.2 Discounted Model 

The discounted model takes individual future annual savings for a wood chip 

system and reduces it by a compound discount rate. This will have negative effects on 

both the NPV and the system's payback. The effect of discounting will make systems 
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that were breaking-even under simple payback conditions unfeasible and the very 

significant savings of the larger systems smaller. 

The relationship between simple payback and discounted payback is very 

dependent on the discount rate used. Figure 32shows that for every discount rate there 

is a maximum allowable simple payback. If the simple payback is not below this figure 

then the discounted payback will never occur. This is because the system is taking so 

long to break-even that the savings are discounted close to zero and are not capable of 

breaking even. This assumes identical cash flows every year at the same discount rate, 

which is what occurs in the Financial Model. 
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Figure 32: Relationship between Discount Rate and Simple Payback 

The discount rate used in the ikancial model is 10% and based on Figure 28 any 

system that has a simple payback of greater than 10 years is financially unfeasible. The 

10% discount rate will reduce the savings by so much in 10 years that the savings will 

be too small to achieve payback, regardless of the duration of the project. Further to this 

the lifetime of the boilers in the model are set to 20 years, because at this point they 

become either inefficient or have to be replad.  In Figure 32 the time limit on the 



project is infinite, and it shows the upper limit of the various discount rates. Setting the 

maximum project length to 20 years and the discount rate to 10% the maximum simple 

payback is 8.51 years, as seen below in Figure 33. Again, this assumes identical annual 

cash flows at a constant diswunt rate. 
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Figure 33: Maximum Simple Payback at 10% Discount Rate 

Using a discount rate of lo%, the discounted payback graphs are generated. 

These graphs will show the minimum feasible systems, and confirm that the optimum 

point for wood chip to fossil fuel ratio remains the same as calculated with the simple 

payback. 
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Figure 34: Discounted Payback of Wood Chip vs. Gas 
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Figure 35: Discounted Payback of Wood Chip vs. Oil 

The effect of discounting the cash flow is noted by its effect on the payback of 

the systems, as all of the paybacks have increased. The minimum feasible system sizes 

are now 150kW for oil systems and 200kW for gas systems. 
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Figure 36: Optimum Percentage of Wood Chip to Fossil Fuel 

The optimum points are the same as the results of the simple payback but some system 

sizes have now become unfeasible; the graph is identical except for the omission of 

these systems. The following graphs show the NF'V for both the gas and oil hybrid 

systems over a range of 0% to 100% wood chip. 
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Figure 37: NF'V of Wood Chip Systems vs. Gas 
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Figore 38: NPV of Wood Chip Systems vs. Oil 

A common feature in both these graphs is the jump fiom 0% to 1% wood chip 

and, to a lesser extent, *om 99% to 100%. This jump represents the effect of purchasing 

two boilers instead of one on the cash flow. At 0% wood chip, only a gas boiler is 

purchased saving the cost of a wood chip boiler, and likewise at 100% woodchip there 

is no need to purchase a gas boiler. The effect of not purchasing a wood chip boiler will 

be greater than not purchasing a gas boiler and this is seen in the magnitude of the step. 

In Figure 37 the effect of the different gas tariffs on the model can be seen. A low 

percentage of wood chip means that the peak gas consumption is higher, which based 

on the medium business tariff results in a high capacity charge. The optimum ratio for 

wood chip to fossil fuel based on NPV is different than the one based on payback. The 

payback based optimum ratio shows the ratio for the quickest payback while the 

optimum ratio based on the NPV shows the ratio for highest profits over a 20-year 

period. 



Figure 39: Optimum Percentage of Wood Chip to Fossil Fuel 
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The ratio for maximum NPV is different from the ratio for the shortest payback, 

mainly due to the scale of capital costs and annual savings. For a quick payback the 

emphasis is on lower capital costs, while for maximum profit it is on large annual 

savings. Here the optimum point for oil is a constant 65% ratio and the gas is 100%. 

The difference in shape is due to the different ways that the price of gas and oil are paid. 

The cost of gas is composed of more cost components, such as capacity charge and 

service charges, while oil is a straightforward cost per litre. This means that the 

optimum point for oil is more reliant on the amount of heat that the wood chip boiler is 

producing; compared to gas that will have a certain level of costs independent of the 

amount of fie1 used, such as the capacity charge. 
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4.4.4 Sensitivity Analysis 

The design conditiom set in this model are based on 2008 figures and the most 

current building standards. However, there are many inputs used in the model that are 

likely to change significantly in the near future and they will have major influences on 
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the financial viability of wood chip systems. This section examines some of the more 

realistic variations in the inputs to see what effect it has on the model outputs. 

For this sensitivity analysis, two viable systems under the original inputs are 

used. The sensitivity analysis will examine how these systems react when the inputs in 

the model are changed. As before, the results are comparative; a hybrid system of wood 

chip and oil is compared to a complete oil system; and a gas I wood chip hybrid system 

is compared to a complete gas system. The two systems are; 

System 1, a 200kW system with 100% wood chip vs. 100% gas; and 

System 2, a 200kW system with 50% woodchip and 50% oil vs. 100% 

oil. 

These two systems contain the main variations in system type and they are used 

to illustrate the effects of altering the fuel price, energy load, capital costs and carbon 

tax on both gas and oil systems, as well as over different ratios of wood chip. The base 

figures for these reference systems are: 

Table 35: Base Model Datum Figures 

4.4.4.1 Change in Energy Profile 

In the base model the heat gains were greater than the heat losses. This resulted 

in there being no heating load for the majority of the year. While this is quite normal for 

an office with large internal gains it is possible that heat energy is consumed in other 

ways, such as reheat coils in the air conditioning system. In this scenario the sensitivity 

of the systems was calculated as the heating load increases to meet the re-heat coil load. 

System 1 - vs. Gas Systan 2 - vs. Oil 
NPV 10% DR I €10,506.13 €29,586.71 
Discounted Pavback I 10.8 I 5.3 



The reheat coil load is a heat load that is independent of the space-heating load. A plot 

on an air-conditioning graph (psychrometric chart) shows that for every kW of cooling 

there is a certain amount of reheat required in order to provide the air at the correct 

temperature. Under these conditions, heating will be required in the summer months, 

even with ill internal loads. This means that even with large cooling loads a certain 

amount of heat is still required during the occupancy hours. To monitor this effect a 

percentage of the negative heating degree-days, or cooling degree-days, is added onto 

the energy load. The ratio of heat energy per cooling energy used in the calculation is 

30%, so that is for every 1 kW of cooling there is 0.3 kW of heat needed. From the data, 

and as seen in Figures 40 and 41, for every percentage increase there is a corresponding 

increase in the NPV. The rates of change of NPV per percentage increase in the energy 

load were found to be: 

1.3% increase in the System 1 NPV; and 

2.2% increase in the System 2 NPV. 

4.4.4.2 Change in capital costs 

The capital cost of wood chip systems is the largest barrier to most investom. 

However, history shows that as time passes and the technology becomes more 

established the prices will fall [Harmon, 20001. In the meantime, the large capital costs 

are ofiet by grants to make them more affordable. Current grant aid is as high as 30% 

of the capital costs. The effect of decreasing capital costs has similar effect on both 

systems. However, system 1 benefits more than System 2. Since the latter still requires 

an oil boiler, which has not been reduced in price because it is only the wood chip boiler 

that is affected by the grant. Reducing the capital costs affects the more expensive 



system, and this can be seen in the ratio of change between the capital costs and the 

NPV. The rate of increase in NPV per percentage change in wood chip boiler capital 

costs is: 

3.4% increase in the System 1 NPV; and 

1% increase in the System 2 NPV. 

4.4.4.3 Change in fuel costs 

The variation in fuel prices is the most difficult input to predict. At the time of 

writing it is expected that there will be a 20% increase in the cost of natural gas. This 

will considerably improve the viability of wood chip in Ireland. In addition, it is highly 

probably that a carbon tax will be introduced, and that will further increase the cost of 

fossil fuel. This sensitivity will look at the effect of increasing gas and oil prices by 

introducing 'different amounts of carbon tax, as well as increasing the quality of the 

wood chip by reducing the moisture content, which will reduce its cost per kWh. The 

carbon tax has a larger effect on the System 2 due to the ratio of 50%150% wood chp  to 

oil. The effect of increasing the cost of fossils fuels has a direct effect on both of the 

systems. The price of the fossil fuels is increased by introducing carbon tax into the 

models. Carbon tax has a larger effect on the cost of oil, but per percentage, System 1 is 

affected more because System 2 uses mainly woodchip and is therefore partially 

shielded from the price change of oil. The rate of increase in NPV per percentage 

change in fuel prices is: 

8.6% change in the NPV and for the System 1; and 

3.4% change in the NPV for the System 2. 



The results of improving the moisture content h m  35% to 28% had a 

significant effect on the feasibility. System 1 (gas replaced by woodchip) is vulnerable 

to a change in the price of wood chip because, unlike System 2 which is a dual boiler 

system, it does not have a secondary fuel to shield it from the change in wood chip 

costs. When the wood chip costs are decreasing this is an advantage, however, if the 

wood chip costs increase it will have a negative effect. The 7% decrease in moisture 

content had decreased wood chip costs by 1.8%, and results in a: 

39% change in System 1 NPV; and 

12.5% change in System 2 NPV. 

4.4.4.4 Sensitivity results 

Figure 40 and Figure 41 show the results of the sensitivity analysis for both the 

100% wood chip system (System 1) and the 50% wood chip system (System 2). The 

angle and length of the lines show how sensitive NPV is to a certain factor. The steeper 

the plotline the more sensitive the system is to a change in that input. Each of the 

systems is examined individually below; however, an overall comparison of the two 

graphs does show significant differences. System 1 is more sensitive to each of the 

factors except the energy load. This is because System 1 is a 100% wood chip system, 

making it more vulnerable to changes in the price of both the fossil fuel and the wood 

chip. System 2 is protected slightly from varying inputs because it is a hybrid system of 

both oil and wood chip and therefore not as susceptible to a change in any one factor. 

For System 1, fuel price was shown to have the greatest overall impact on the NPV. 

This was followed by wood chip quality (wood chip prices), capital costs, and finally 

the available energy load was shown to have the least impact. However, when the ratio 

of wood chip to fossil fuel changes we see a shift in this order. For the 50% wood chip 



and 50% oil hybrid system (System 2) the order was found to be fuel prices, energy 

profile, wood chip quality (wood chip prices) and capital wsts. 

The scale at which these factors impact the systems is also very different as there 

is much greater scope for change in the capital costs and the energy load than the fuel 

wsts. Capital wsts can be reduced by 40% with grant aid while fuel prices may only 

increase by 5% annually. Therefore, while on a percentage basis the fuel price is the 

most significant factor, it might not have the largest effect on the final results if the 

capital wsts or energy load can be reduced by 40%. 
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Figure 40: Sensitivity of Input Factors - System 1 
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Figure 41: Sensitivity of Input Factors - System 2 

4.4.5 Scenario 

The purpose of running a full scenario is to test the potential financial viability 

of wood chip systems under predicted future changes to policy, fuels and design. The 

assumptions listed below draw on conditions that are very likely to occur in the near 

future. The same results are examined to determine how wood chip might perform in 2- 

5 years time - a period that should allow the assumed changes to come into effect. The 

following are the assumptions for the scenario: 

*Inclusion of 30% capital cost reduction for wood chip boilers; this capital 

reduction could be the result of grant aid or the industry's experience curve 

pushing down the capital costs of the boilers. It will have a positive effect on 

the financial feasibility of wood chip systems 

Introduction of carbon tax at 20 €IT C 0 2 ;  this is an incentive tax that should be 

in operation within the next couple of years. It will increase the price of fossil 



fuel and will be beneficial to the financial feasibility of wood chip systems as 

they are carbon neutral due to the absorption of carbon dioxide during their 

growth. 

Increase in &el prices. In September '08 there was a 20% increase in the price 

of natural gas, as well as this the model increases oil prices by 10% and wood 

chip costs by 5% to represent the constant increase in fossil fuel prices and a 

basic annual increase in costs for wood chip. 

.Improved wood chip quality. As the market matures, the techniques used in 

production will improve. This should result in higher quality fuels and lower 

moisture content for wood chip, somewhere near 30%. Methods would include 

better storage and more accurate monitoring. 

Under these assumptions, the NPV and payback graphs are reproduced to 

analyse the potential future financial viability of wood chip systems. 
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Figure 42: Discounted Payback of Wood Chip vs. Oil - Scenario Results 
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Figure 43: Discounted Payback of Wood Chip vs. Gas- Scenario Results 
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Figure 44: Optimum Percentage of Wood Chip vs. Fossil Fuel - Scenario Results 

From the discounted payback results, it is seen that the minimum feasible size has 

changed. Oil is now feasible at 75kW (fiom 150kW) and gas is feasible down to 150kW 

(from 200kW). The optimum ratio of wood chip to fossil fuel has changed slightly, with 

some sizes previously running at a smaller optimum ratio. Both fuels, however, 

continue to advance towards the same optimum points, oil to 35% and gas to 70%. 
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Figure 45: NPV of Wood Chip vs. Oil - Scenario Results 
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Figure 46: NPV of Wood Chip vs. Gas - Scenario Results 
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Figure 47: Optimum Percentage of Wood Chip to Fossil Fuel - Scenario Results 
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The NPV graphs show a large increase in the savings over 20 years. The shape 

of the curves for oil and gas has remained very similar. The optimum ratios for wood 
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chip vs. fossil fuel have also shown a small change in feasibility with gas now clearly 

feasible to 150 kW (from 200 kW). 



5.0 CHAPTER 5: SUMMARY and CONCLUSIONS 

5.1 Introduction 

There are three central issues regarding Ireland's current energy consumption; 

dependency on fuel imports, greenhouse gas emissions, and the high unit cost of energy 

in the country. These three factors are closely connected and if Ireland can switch away 

from gas and oil, it would be effectively solving all of the problems listed above. Wood 

chip is cheaper per kwh, cleaner and more sustainable than gas, oil or coal. 

The main objective of this thesis was to investigate wood chip heating for 

commercial buildings in Ireland. This was accomplished by dividing the Irish wood 

chip industry into two main parts; the first part was the supply side and the second part 

was the demand side. Further to this, the supply side was broken down into source (Irish 

forests) and supply (supply chains); the demand side was broken into source (building 

energy load) and demand (financial feasibility), as seen in Figure 48 below. 

IRISH FOREST BUILDING ENERGY 
LOAD 

Figare 48: Overview of Wood Chip Supply and Demand 

There is a certain amount of interdependency between both the supply side and 

demand sides of the wood chip industry. The level of demand (financial viability) will 

depend largely on the price of wood chip, which itself is dependent on the supply chain 



cost and profitability. The Irish wood chip market is currently in this period of 

simultaneous development of both supply and demand, which includes the promotion of 

forest growth to stimulate supply, and grant aid and fuel price management (carbon tax) 

to control demand. 

5.2 Main Findings 

The results of the research indicate that wood chip is a feasible replacement for 

oil and gas under the correct conditions. It is clean and locally produced which combats 

both the environmental concerns and the reliance on fuel imports. Policy is being 

constructed to encourage the uptake of wood fuel; incentives such as grant aid and 

carbon tax make the use of wood chip more attractive to consumers. The largest barrier 

to further expansion is cost, on both the supply and demand sides of the industry. Both 

suppliers and consumers face large initial starting costs when they decide to switch to 

wood chip. It is a large bulky fuel, which results in large and expensive machinery to 

chip, deliver, store and bum. These overheads affect both the total cost of wood chip 

production, and subsequently the financial viability of the wood chip systems. The 

results of the thesis highlighted several methods of improving the quality of the wood 

chip sector in Ireland, including minimising supply chain length and using hybrid 

systems of wood chip and fossil fuel, which are discussed in fuaher detail below. 

However, throughout the thesis one common factor emerges that is beneficial to each 

aspect of the production, supply and use of wood chip. Drying the wood is the process 

in which the wood is converted into a fuel, and the level of dryness is seen to have 

significant advantages across the complete supply chain. The section in the thesis 

discussing supply chains shows that drylng the wood can reduce production costs 

(Figure 12) and the financial model indicates that drier wood chip is cheaper per tonne, 



and has a positive effect on the financial viability of wood chip boilers. Drier wood also 

results in less bacteria growth, which decreases some of the associated risks of using 

wood chip; and it increases the duration it can be kept in storage. Finally, the level of 

carbon produced is reduced by drymg; as-the energy intensity of the fuel increases less 

is required, therefore, less carbon is emitted. 

The success of wood chip for use in commercial buildings in Ireland ultimately 

depends on the simultaneous development of both the supply and demand for wood 

chip. This can be achieved in several ways, as discussed throughout the thesis, but the 

most common factor is undoubtedly the price of wood chip, which is strongly affected 

by the level of moisture content and also by policy changes, such as grant aid and 

carbon taxing. 

The following is a summary of the findings from each of the sections of the 

thesis. 

5.3 Wood Chip and Wood Chip Policy 

The introduction to the thesis discussed the properties and sources of wood chip. 

Wood chip is composed primarily of Carbon, Hydrogen and Oxygen, similar in basic 

composition to most other fuels. Wood chip also contains various minerals and 

impurities. The mount of minerals in the wood chip can depend greatly on the type of 

tree and the location of the forest stand. Wood naturally dries down to a point known as 

the fibre saturation point (FSP). This is the point where only the chemically bound 

water remains in the wood and it can only be removed by adjusting the temperature and 

humidity of the air around it. The fibre saturation point of wood is roughly 28% 

moisture content and because of Ireland's humid climate, this represents the ideal 

achievable target for wood chip dryness. As the moisture content in wood decreases its 



energy content increases and its weight decreases. Dry wood has an energy content of 

about 19 UT/kg for softwoods and 18.2 MJkg for hardwoods. The bulk density of wood 

chip is a key property of wood chip because of its impact on transport and handling 

costs. The volume of wood changes very little above the FSP and so it is only the 

weight that affects the bulk density. Commonly the bulk density for wood chip is taken 

to be somewhere'in the region of 200-400 kg/m3. 

5.4 Irish Forestry 

Wood is gathered from multiple sources, which include thinnings from forests, 

forest residues fiom harvesting, pulpwood, sawmill residues and more recently fast- 

growing crops such as miscanthus and willow. Aside from the last option, each of these 

sources represents a waste product from the forestry and construction industries. This 

makes them cleaner and cheaper as they are by-products of a bigger operation. As 

demand for wood chip increases, the supply of wood chip from forests may become 

insufficient and this allows more expensive sources such as miscanthus and willow to 

be considered. However, little information is available for estimating the energy 

available from these crops as the price of pulpwood is still competitive enough to 

prevent suppliers from switching these to alternative sources. 

Ireland's forests represent 9% of total land area; compare this to an average of 

35% in continental Europe and it is clear that expandiig Irish forests is an important 

objective for the government. Larger forests will provide a larger carbon sink, more 

wood energy, and help create jobs in the forestry industry. An estimation of the 

available sustainable wood energy in Ireland shows that 1.43 TWh is available from 

thinning and residues alone. According to COFORD, the total estimated figure 

including pulpwood and sawmill residues is 5.58 TWh. This represents approximately 



3.72% of the total imported energy. With Ireland's small percentage of forested land, 

this is a significant figure and one which can improve significantly under current 

government policies. 

5.5 Wood Chip Supply Chains 

The main processes in a wood fuel supply chain are acquiring wood, drying 

(storage), chipping and transport. Survey results showed that acquiring the wood 

involved either purchasing or harvesting the wood. Both drying and transport may occur 

more than once in the supply chain and both processes can be carried out in either log or 

chip form. Chipping is a flexible process; the chipper unit can be located next to the 

forest or the depot. It is commonly rented for a short period, or even shared between 

foresters. Fresh wood should not be put through the chipper as it can block the machine. 

Fresh wood is wood that has a moisture content in excess of 55% MCwd. 

There are two main arrangements for wood fuel supply, single agent and multi- 

company. Single agent is when the product ownership changes hands once, h m  

producer to consumer. Multi-company is when the product ownership changes hands 

several times, from the forester to the he1 contractor and then onto the consumer. 

Within these two arrangements, there are also variables, such as third party harvesting, 

transport and chipping. The shorter the supply chains the lower the costs of production 

due to less mark-ups and less processes. 

Currently the two most common supply chains being operated in Ireland are a 

single company arrangement with substantial third party contract work and a multi- 

company arrangement with additional transport; the fuel contractor transports the wood 

from the forest to the depot and then transports to the consumer. The cheapest method 

of supplying wood is the single company arrangement because it involves the least 



amount of processes and, therefore, additional handling costs. This is followed by the 

multi company arrangement, which generally involves purchasing from a wood fbel 

agency as opposed to a forester1 landowner. An important factor to consider is the value 

of improved security of supply that a multi company arrangement offers; a multi 

company arrangement can source from multiple foresters, which makes them more 

flexible in events of shortages or forestry problems. So, while buying directly from the 

forester can be cheaper, the more reliable supply from a multi-company arrangement 

might be worth the extra cost depending on the importance of the heat; for example, a 

retirement home or a school where guaranteed delivery can be more important to the 

consumer. It may be the case where a single agent supplier, such as a local forester, may 

source additional wood for when demand is high. In this situation the supplier would be 

by detlnition both a single agent and multi-agent supplier. There would, however, most 

likely be additional costs on the forester as he acts as middle-man between the other 

supplier and the customer. 

The cost analysis suggests that economies of scale dominate the transport and 

harvesting costs, which will push suppliers towards large scale production or 

contracting, as they cannot afford to invest in such expensive machinery when setting 

up production. From site visits, chipping and transport were often contracted out to save 

on capital expenditure. Transporting, harvesting and chipping processes are optimised 

by reducing their costs, such as reducing labour, distance travelled and loading times. 

Irish industry has experience with these kinds of cost based processes h m  other areas, 

such as forestry and haulage, so cost reduction techniques for them should already be 

available to the suppliers. 

The value analysis shows that drying is the most critical process in adding value 

to the supply chain, drying has the ability to reduce the other supply chain costs as well 



as inaease the value of the wood chip. The drying requirements for wood fuel are very 

different to those of construction timber as the value of timber and its costs for drying 

are on a much larger scale than wood fuel. The use of mechanical drying is a necessity 

in timber drying while mechanical drying in wood fuel supply is bad practice because of 

the associated costs of running a kiln for such a low energy density fuel. 

One possible method of optimisation is to shorten the length of the supply chain. 

This can be achieved by trying to improve the relationship between the forester1 

harvester and the wood fuel contractor. Currently under a multi company arrangement 

wood is being harvested, transported, dried, chipped and transported. This is not the 

most efficient set-up because the product is being transported twice. If an agreement 

between the forester and the fuel contractor could be reached to dry and chip on the 

foresters' land, it would have major effects on the quality of the wood chip, by reducing 

both handling and transport costs. The second optimisation option that would have 

significant effect on the supply chain is to put more emphasis on the drying. It has been 

stated previously that understanding how wood dries is key to knowing how to get the 

most value &om a stack; for example, wood is highly hygroscopic and has a natural 

tendency to lose water once felled, therefore, protect the stack from rain and the wood 

will eventually dry itself. The key to maximising the value in a wood chip supply chain 

is to get wood chip as dry as possible, which would be 28% MC,* under typical Irish 

conditions. To achieve this quality level the wood is covered from the rain and is 

adequately ventilated. This process is further optimised by monitoring the fuel and 

weather conditions over the drying period, and as soon as the wood has reached its ideal 

moisture content it should be passed onto the consumer. By doing this the supplier has 

the ability to deliver to more consumers with the same amount of product or even 

increase the price of the wood chip, as it is now a more valuable fuel than before. The 



extra cost required to ensure the wood is covered and that both the weather conditions 

and the wood moisture content is monitored can reduce the overall costs of the complete 

supply chain. The duration of the drying period is also a very important factor and while 

mechanical drying, such as kilns, i s  not cost effective for wood chip drying, a more 

passive drying technique might be more effective. The relationship between cost, value 

and time is important when dealing with goods in storage. If a very cheap source of 

heat, or waste heat, can improve the value of the product to the point where it exceeds 

the cost and it reduces the time the product spends in storage then it would be very 

beneficial to the supply chain. Sources of cheap heat might include solar or waste heat 

fiom heating systems/ power stations. 

Further studies into optimum drying times and targets for the moisture content 

of the wood would be of great benefit to the industry. Other aspects like specialised 

machinery for transporting; similar to the skip system used in other countries could help 

optimise the Irish wood fuel supply chain by reducing loading times of the trucks. 

Currently in Ireland the wood fuel supply chains in place are very basic. As information 

becomes more readily available there will be an improvement in quality and 

subsequently a need for regulation and control on fuel quality and fuel price. This will 

put significant pressure on suppliers to ensure that their supply chains are operating 

efficiently. 

5.6 Energy Model 

The energy model created in this thesis generates hourly heat and hot water 

demand data for a commercial building over a year's operation. The calculations are 

predominantly temperature based, using the heating degree-day method. Key aspects of 

the energy model are its abilities to adjust the relative loads corresponding to a change 



in boiler size, and to separate the energy loads of a hybrid system. The energy model is 

primarily for viewing the relationship between boiler sizes and boiler ratios, it is not a 

substitute for either a full dynamic simulation or a heat loss calcuIation. 

A significaut result of the energy model was the production of Figure 22 which 

shows how much of the heating load at different levels of installed boiler power is 

satisfied. The graph is sensitive to a change in loads, such as the amount of hot water 

required and the thermal mass of the building. Given that the inputs in the model are 

representative of a typical Irish office then this graph represents the typical heating load 

pattern for Irish offices. 

This energy demand model created forms the basis for the financial model. 

Therefore, the validation of the energy model by benchmarking is an important step in 

completing the financial viability. By adjusting the CBSE energy benchmarks to the 

calculated Heating Degree Days, the model was shown to be accurate. 

5.7 Financial model 

The four main parameters affecting wood chip financial feasibility are the 

energy demand profile, capital costs, annual costs and the discount rate. The impact of 

these factors on the financial feasibility is dependent on the size of the system, the 

percentage installed capacity of wood chip to gas or oil, and the length of time the 

project runs over. By varying these inputs in the 6nancial model an extensive range of 

results were obtained. 

The energy demand profile is dependent on a number of factors, mainly the 

building fabric, the operation of the building and the external weather conditions. Of 

these variables, the operation of the building is the most important for this model. The 

internal gains, building operation hours and the function of the building have a large 



effect on the size of the installed wood chip boiler, especially for a hybrid system where 

the percentage of the heating provided by the wood chip boiler is key to correctly sizing 

a wood chip fossil fuel system. An over-sized or under-sized wood chip boiler has a 

significantnegative effect on the 6nancial viability of the investment due to the high 

capital costs, as seen in Figure 24. This makes sizing the boiler c o d y  the most 

important part of its design. If the boiler size is too small, or too big, it becomes too 

expensive per installed kW. For a standard gas or oil installation the building fabric and 

the external weather conditions are used to size the peak load and the internal gains are 

ignored. The gas or oil boiler will modulate for all other loads, but for a wood chip 

boiler the heat required on a monthly basis, or even daily basis needs to be accurately 

predicted. This is required to ensure that the investment is viable. 

The high capital costs of the wood chip boilers are the main reason why the 

energy profile and annual costs have to be examined so closely. As seen from the 

results, the capital costs of wood chip boilers are very large in comparison to gas (see 

Figure 25 & 26). Currently SEI offers a grant of up to 30% of the total installed cost, 

and, as with most technologies, the price of wood chip boilers should come down as 

more companies start manufacturing them. Currently, even with guaranteed paybacks 

the large capital needed for a wood chip system still deters potential investors. 

The annual costs - or more importantly - the difference between the annual costs 

of a wood chip system and gas or oil, are the source of payback in the feasibility 

analysis. Gas is a relatively cheap, clean and accessible fuel, which means that the wood 

chip has to be of abigh quality and stored properly to be able to compete with gas. The 

larger the energy requirement of the building the greater the potential savings from 

wood chip, but this of course does not justify increasing annual energy use to make 

wood chip more feasible. Another benefit of wood chip is that the effect of improving 



he1 quality has significant effects on the viability. Drier wood chip is beneficial to 

everyone involved in the production, supply and use of the fuel, and improvements in 

this area will undoubtedly help wood chlp become more viable. 

The discount-rate used has a significant effect on the final results. Deciding on a 

discount rate can be very difficult because a large proportion of it is based on the 

miridset of the investor. An optimistic investor might conclude that 5% is an acceptable 

discount rate based on the success of similar projects while other investors might claim 

the unknowns in dealing with new technologies justifies a 15% discount rate. In the 

financial model a 10% discount rate was used. Most financial appraisals referenced used 

a discount rate between 7%-12% [BRECSU, 20011. Previous experience with similar 

investments should lower the discount rate and riskier new technologies where 

experience is low will increase the discount rate. 

Figures 29, 30 & 31 deal with simple payback, a very commonly used term in 

feasibility checks. The results fiom the simple payback analysis cannot be used directly 

to determine the financial viability of a wood chip installation but they can however 

prov~de vital information on the optimum ratio of wood chip to gas or oil in a hybrid 

system, as seen when comparing Figures 31 & 36. In addition to this, there is a 

relationship between simple payback and discounted payback that can be used to 

convert one figure to the other. It was found that at a certain discount rate there is a 

maximum allowable simple payback, this produces a rule of thumb for estimating 

financial feasibility. In the model a 10% discount rate was used whlch meant the 

maximum simple payback was 10 years (Figure 32). Setting a 20-year project 

investment period on the discounted payback reduces this down to 8.51 years (Figure 

33). Any project with a simple payback greater than 8.51 years can now be discarded as 

financially unfeasible with a discount rate of 10%. From the simple payback results we 



can estimate the correct ratio of wood chip to oil or gas and also, to a reasonable amount 

of accuracy, decide if a project is feasible or not. 

The net present value and discounted payback results show the minimum 

feasible sizes for wood chip systems compared to both oil and gas. They show the NPV 

and discounted payback for a range of systems, and the optimum ratios for both 

maximum NPV and for the shortest payback. The minimum feasible sizes compared to 

oil and gas systems under the base model conditions were found to be 150kW and 

200kW respectively. The optimum ratio of installed wood chip capacity to fossil fuel 

capacity varied depending on the aim of the investment. For shortest payback the ratio 

for wood chiplgas systems was 70%/30% and 35Yd65% for wood chiploil hybrid 

systems. For maximum NPV the ratios were 100%/0% for wood chip/ gas systems and 

65%/35% for wood chip/ oil systems. These results indicate that there is more room for 

flexibility when installing wood chip boilers to replace a more expensive fuel since this 

results in higher savings. For example an oil boiler could be installed anywhere between 

the two optimum points (35% to 65% of installed capacity) and be sufficiently feasible. 

The sensitivity analysis showed the percentage change in NPV when the inputs 

were varied. The results of the sensitivity for System 1 (gas replaced by wood chip) 

were found to be the following inputs (in descending order): fuel prices, wood chip 

quality (wood chip prices), capital costs and energy profile. This order is different when 

the ratio of wood to fossil fuel changes. For a 50%/50% hybrid system (System 2) the 

order was found to be fuel prices, energy profile, wood chip quality (wood chip prices) 

and capital costs. For all arrangements, the price of the fossil fuel has the largest effect 

on the results. Unfortunately, it is also the fossil &el prices that are the hardest to 

predict, especially when the investment runs over a 20 year period. Capital costs are far 

more likely to fall by 30% than the cost of wood chip to drop by 30%. This means that 



even though the model was more sensitive to fuel prices there might be more scope for 

improvement by concentrating on the other factors. 

The results h m  the scenario section showed the potential viability of wood chip 

in 2-5 years if the plausible changes in fuel prices, policy and quaIity were to occur. 

Assuming moderate changes the results showed that the viability of wood chip systems 

increases considerably in the coming years. The minimum feasible sizes reduce to 

75kW for oil systems and l5OkW for gas systems. The optimum ratio for shortest 

payback and largest returns did change for oil, up to 65% due to the greater savings 

fkom the more expensive fossil fuels. There were slight variations in the optimum ratio, 

but the optimum points remained constant (Figures 32 & 45). 

Wood chip systems can prove to be a profitable investment under the correct 

conditions. The requirements of each of the factors (energy profile, capital costs, annual 

running costs and economics) are vitally important to its success. The operation of 

buildings such as offices and shops where there can be substantial internal gains means 

that wood chip should not be designed and installed under the same operating principles 

as an oil or gas boiler. More accuracy is required in estimating building loads and 

operation, as over sizing and under sizing could both lead to a poor investment. 

5.8 Recommendations and Further Research 

The most constructive recommendation that comes out of this research is the 

proposal of stricter fuel quality regulation. Consumers are not required to monitor the 

quality of other fuels such as oil or gas; and as these are the fuels that we are replacing it 

is logical to make wood chip just a s  consumer friendly. Wood chip for commercial 

heating should not be sold at more the 35% moisture content and quality tests should be 

carried out on suppliers. The knock on affect of quality control benefits the entire wood 



chip trade as consumer confidence is vitally important for the continued growth of the 

industry. 

Further Research is needed in nearly every aspect of wood chip production, use 

and policy. To build on the results of this paper requires daily-data from harvesting, 

drying, storage and transport operations so that the time and money being invested into 

each of the processes can be analysed in detail. Additionally, new and existing wood 

chip heating systems should be monitored so that more accurate real-time financial 

viability calculations can be carried out. The time frame, however, required for 

generating such figures, due to the life cycle of both the forests and the heating system, 

can exceed 20 years, making the publication of results and findings required for 

improving the wood chip industry difficult to produce. 
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APPENDIX A - ENERGY & FINANCIAL MODEL 



Energy & Financial Model 

Section 
Function 

Legend 
User-Input 

Data Output Options 
Gas or Oil 
Grant Aided 
Compare to Fossil Fuel 

1 
Inputs 

Operation Data 
lnternal ~~~i~~ ~~~~~~~t~~~ 

External Deisn Temperature 
Occupancy Hours 10 06 hrs/Day 
Week Profile -1 5 .' (W DaysiWeek 
Pre-Heat Hours 2 0(8 hrs 
Thermal Weight Factor 

System Data 

Heat Gains 

Heat Loss 
System Size 
Percentage Wood Chip 

Fuel Data - Wood Chip 
Wood Chip Boiler Efficiency 
Wood Chip Cost 
Wood Chip Moisture Content 

Fuel ~ a t a  
Gas Boiler Efficiency 
Gas Base Cost 

Policy 
Carbon Tax Rate 

Assumptions for Base Model 
No Carbon Tax 
Internal Heats Gains 
Manufacbxers Efficiency 
Water heated off hours 

No Loan Interest Rate 
Full Fresh Air System 
Discount Rate 10% 
No Grants 



Design Calculations 

Peak Heat Loss Design Data a 
Boiler Size 200.0 
Fabric Loss 73.3 

Au  Loss 60.0 

Thermal Mass 66.7 

Design dT 24.0 

AU 3.06 

Cv 2.50 

AY 14.17 

Heating Coef. 5.56 
%Peak Heating 66.7% 

Operating Data 
Design Temp. 21.0 
Occupancy Hours 10.0 

HWS 26 
Occupancy Density 
Area 
Occupancy 
Hot Water Requirment 
Hot Water Demand 
Energy for HWS 
Equivilant running hours 
or kW for x hr cycle 
% peak 

kW 
kW 

kW 

kW 

OC 

kWPC 

kWPC 

kWPC 

kWPC 

m2iperson 
m2 

P P ~  
LlPersodDay 
Litresiday 
kWhiDay 
hrslday 
kW 

Heat Gain Design Data %3 
w1m2 120 
Heat Gains 342.9 kW 

dT 61.71 'C 

Thermal Mass Energy- 24 
Thermal Weight 3.0 

Preheat Time 2.0 hrs 

Preheat Factor 1.50 

Energy Required 473.3 kWhiDay 
Equivilant per hour 237.0 kwhmriday 

Dimensions 
70 WImZ 

2857.1 Area, mZ 

7142.9. Volume, m3 

Total Energy Required 
Annual Energy 139053.2 kwh 
equiv. HDD 1042.9 

Peak Heat Loss Design Data 



ON 

OFF 

PEAK 

0% 

0% 
0% 

0% 
0% 
0% 

10oO/o 
100% 

99% 
99% 
67% 

99% 

67% 

67% 
67% 

99% 

67% 

67% 
0% 

0% 

0% 

0% 
0% 

0% 

; Peak 
0.0% 

0.0% 

0.0% 

0.0% 
0.0% 
0.0% 

100.0% 
100.0% 
98.6% 
98.6% 

66.7% 

98.6% 

66.7% 
66.7% 

66.7% 

98.6% 

66.7% 
66.7% 

0.0% 

0.0% 
0.0% 

0.0% 
0.0% 

0.0% 

PEAK 

0.0 

0.0 

0.0 
0.0 

0.0 
0.0 

200.0 
200.0 
197.2 
197.2 

133.3 

197.2 
133.3 

133.3 

133.3 
197.2 

133.3 

133.3 
0.0 

0.0 
0.0 

0.0 

0.0 
0.0 

Peak kW 
WC 

0.0 

0.0 

0 0  
0.0 
0.0 
0.0 

100.0 
100.0 
100.0 
100.0 
100.0 

100.0 

100.0 

100.0 
100.0 

100.0 

100.0 
100.0 

0.0 

0.0 

0.0 

0.0 

0.0 
0.0 

Fossil 

0.0 

0 .o 
0.0 

0.0 
0.0 
0.0 

100.0 
100.0 
97.2 
97.2 

33.3 

97.2 

33.3 
33.3 

33.3 

97.2 

33.3 
33.3 

0.0 

0.0 

0.0 

0.0 

0.0 
0.0 

Total 

Average 
% WC 
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0.0 0.0 0.0 0.0 0.0 0.0 TDRO ~ W O  63.9 63.8 0.0 82.0 0.0 0.0 0.0 63.0 0.0 oa 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 lW.O 100.0 63.9 63.9 0.0 63.9 0.0 0.0 0.0 63.9 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 100.0 lW.O 63.9 63.9 0.0 63.9 00 0.0 0.0 83.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 100.0 lW.O 63.9 63.9 0.0 63.9 0.0 0.0 0.0 63.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 lW.O lW.O 63.9 63.9 0.0 63.9 0.0 0.0 0.0 63.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 
00 0.0 0.0 0.0 0.0 0.0 103.0 100.0 63.9 63.9 00 63.9 0.0 0.0 00 63.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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0.0 0.0 0.0 0.0 0.0 00 lW.O 100.0 63.9 63.9 0.0 63.9 0.0 0.0 0.0 63.9 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 00 100.0 lW.0 63.9 63.9 0.0 63.9 0.0 0.0 00 63.9 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 IW.0 1W.O 63.9 63.9 0.0 63.9 0.0 0.0 0.0 63.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 lW.O lW.O 63.9 63.9 0.0 63.9 0.0 0.0 0.0 63.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 100.0 lW.O 63.9 63.9 0.0 63.9 0.0 0.0 0.0 63.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 lW.O lW.O 63.9 63.9 0.0 63.9 0.0 0.0 0.0 63.9 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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Month 
Jan 
Feb 

Mar 

Apr 

May 
Jun 
Jul 

Aug 
S ~ P  
Oct 
Nov 
Dec 

Total 

Temperatures 04/05 4% 
Min Max Mean 
-0.9 12.5 6.2 

-2.0 12.5 5.3 

-2.3 15.3 7.2 

0.0 15.2 8.6 

3.3 18.2 10.6 

7.3 23.7 14.7 
7.1 22.2 15.1 
8.8 22.5 15.7 
3.7 22.0 14.1 

2.6 16.1 10.8 
-0.5 15.1 7.5 
-1 1 11.9 6.3 

HDD Data rl$ 
BaseTemp HDD 

-13.2 0.0 

-14.0 0.0 

-13.3 0.0 

-12.8 0.0 

-12.1 0 0  
-9.9 0.0 
-9.6 0.0 

-9:4 0.0 
-9.9 0.0 
-11.2 0.0 
-12.8 0.0 
-13.2 0.0 

Heating 
0.0 

0.0 

0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0 0  
0 0  

Heat Energy Required gq 
Preheat HWS Total Energy 
7378.2 5656.3 13034.5 

7314.1 5108.9 12423.0 

7479.7 5656.3 13135.9 

6804.9 5473.8 12278.7 

6428.0 5656.3 12084.3 
4410.0 5473.8 9883.8 
4279.7 5656.3 9936.0 
4049.4 5656.3 9705.7 
4360.7 5473.8 9834.5 

5687.0 5656.3 ' 11343.3 
6842.9 5473.8 12316.7 
7420.5 5656.3 13076.8 

Total Energy and % Load by Wood Chip 

1 2 - 3  4 5 6 7 8 9 10 1 1  12 
Month 

*Total Energy E%WC Avg. 

46 
Gas 

2891.5 

3234.3 
2934.5 

2456.0 

1954.6 
348.7 
174.0 

97.9 
349.1 
1243.0 
2467.9 
2916.3 



Cost € 

€988.00 

€ 1,040.00 

El ,092.00 

€ 1,227.00 

€1,363.00 

€1,456.00 

€929.00 

€99300 

€1,700.00 

€2,177.00 

€2,358.00 

€2,526.00 

E3,114.00 

€3,588.00 

€ 1,367.20 

€1,563.20 

Slope 9.31 

Intercept 922.01 

Additional Costs 

Flue, T € 

Standard €81.50 

Venical €107.00 

Average €94.25 

Cost per kW 

Cost 



Wood Chip Running Costs& 

Emcieney 

Efficiency 90.0% 

Woad Chip 

Fuel 115 e n  
%MC 35.0% 

Energy Cost, WC €0.0354 €/kwh 

Additional Costs 

Maintenance €500.00 ~ c r  Year 

Electrical Power 49 
Ratio of Elec 0.8% % ofkW 

Energy Cost, E €0.14 f fkWh,E 
Energy Cost, WC 0.001 177687 UkWh 

Carbon Tar 

Carbon Tax Rate €000 EITCO, 

Wood Carbon 0.00 kgC0,kWh (0.30) 

Elec Carbon 0.60 kgC0,kWh 

Carbon Tax €0.000 €/kwh 

Results i% 
Fuel Cost €0.0406 € k w h  

Additional Costs €500.00 per Year 

Chart 

Wood Chip 87.1% 

Elccuical Power 2.9% 

Carbon Tax 0.0% 

Boiler Efficiency 10.0% 

Cost Breakdown of Fuel 
100% 1 I 

1 Wood Chip Electrical Power Carbon Tax Boiler Efficiency 



. . 
*enan0 Cooditiool 31 %Peak %Energy 

Woad Chip 50.0% 84.3% 

Fossil Fuel 50.0% 15.7% 

Fossil Furl 011 

Inputs 
Size 200 kW 

Encrgynguircd 139053.2 kWh 

cap1,sl 

Wood Chip €28,471.73 (inclusive ofstorage and bufirr) 

Fossil Fuel €2,12077 r i 9 4 : ~  F?..I?o.:T 

Total €30,59250 

100% Forsil Fucl €2,790.93 61,87*.a> i:,-~o 0,; 

Aonud Colt 

Wood Chip 

Gar 

Total 

100% Foriil FUEI 

P N T l l R R  

Ycrr 0 

Year I 

Year2 

Year3 

Year 4 

Yea< 5 

Ycar 6 

Ysar 7 

Year 8 

Ycer 9 

Ysar 10 

Year I I 

Year I2 

Year I3 

Year 14 

yea r15  

Year 16 

Ycar 17 

Year 18 

Year I9  

Year 20 

Total 

RESULTS 

NFV €101,950.58 

Simple Payback 4.3 "car% 

NPV 10% DCR €27.43109 

Payback 34.94781 35.9 

IRR 15.195./0 €11.086.11 

EXP POWER 

4.29 5.8 5.9 

30.0654 
57 83.839% 



Gas Q 
% wc 

0% 
5% 
10% 
15% 
20% 
25% 
30% 
35% 
40% 
45% 
50% 
55% 
60% 
85% 
70% 
75% 
(10% 
85% 
90% 
05% 
100% 

Min 
Max 
Max- 100% 
%WC 
011 

% wc 
0% 
5% 

10% 
15% 
20% 
25% 
30% 
35% 

40% 
45% 
50% 
55% 
BO)L 

65% 
70% 

7% 
80% 
85% 
90% 
05% 
100% 

Min 
Max 
Max-100% 
%WC 
%FF 



Ref. No. 
PAGE 01 

01 

02 
03 
04 

05 
06 
07 

08 
09 
10 
11 
12 

13 
14 
15 
16 

17 
18 
19 
20 
2 1 

PAGE 02 
22 

23 
24 

25 
26 

PAGE 03 

27 
28 

29 
PAGE 04 

30 
31 

32 

33 
34 

35 

36 

37 

38 
39 

40 
PAGE 05 

4 1 

Description 

Drop down menu for changing between oil and gas 

Percentage reduction of capital costs. (grant aid) 
Drop down menu for single NPV or comparison NPV 

Internal Design temperature used in sizing boiler 
External design temperature used in sizing boiler 

Occupancy hours linked from hours tab 
Days of week system in operation. 5 day standard working week 
Hours allowed to preheat building linked from hours tab 
Thermal weight ofbuildiig. Factor between 1-8 
Internal Heat gains. Either from design manual or building simulation 
Internal Heat Losses. Either from design manual or building simulation 

Design system size. without any additional safety factors. 
The percentage of wood chip power installed as fraction of system size 
Boiler Efficiency 
Cost of Wood chip per tonne 
Moisture Content of Delivered Wood Chip 

Gas boiler efficiency 
Oil boiler efficiency 
Basic Cost per kwh of Oil 

Basic Cost per kwh of gas 
Carbon Tax rate 

Calculates AU, AY and heating coefficients from inputs. 
Calculates peak internal heat gain 

Calculates energy required to preheat and hour profile. 
Calculates rough area based on inputs 

Calculates energy for hot water using inputs and hour prof le. 

Peak design heating times 
How water heating times. 

Preheat times. 

Heating Degree Days for stated day 
Average temperature for stated day. 

Average max temperature for stated day. 

Energy for preheating 

Energy for heating. 
Total equivalent heating degree days including preheat and water beating 

Calculated base temp for stated day. 

Average min temperature for stated day. 
Percentage of total energy supplied by installed wood chip boiler. 

Total Energy for stated day. 

Energy for hot water services 

Hour by Hour energy use based on Hour Profile and Inputs 



PAGE 06 
42 

43 

44 

45 

46 

PAGE 07 
47 

PAGE 08 
48 

49 

50 

PAGE 09 
51 

52 

53 
54 

55 

56 

57 

PAGE 10 

58 
59 

60 

6 1 

Monthly totals 

Monthly totals of daily figures. 

Monthly averages of Daily figures 

Percentage of total monthly demand supplied by wood chip boiler. 

Remaining load on gas boiler 

Sample of Capital Cost Calculations 

Sample of running cost calculations. Inputs for calculating Fuel Costs 

Electrical load of boiler and feed systems 

Final cost of fuel per kwh and annual fees. 

Net Present Value Calculations 

annual non-discounted cashflow 

Sum of cashflows 

Discount Rate kom 1%-35% 

Investment Period 

Initial results of inputs and set parameters. 

Macros for obtaining quicker results. 

Sariple results page. 

Blue indicates lowest figure 

Green indicates next best figure. 

Red indicates highest figure 
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