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Abstract

The Carbon Trust Biomass Sector Review suggests that, in the
UK, biomass could provide as much as 79 TWh/yr of sustain-
able energy (from surplus forestry crops, waste wood from in-
dustry, agricultural waste and assuming a maximum potential
of energy crops). However, the total UK domestic space heating
load is 374 TWh/yr'. The countrywide implementation of do-
mestic biomass boilers is largely dependant on how the heat-
ing demand of the dwelling is managed. TARBASE, a Carbon-
Trust funded low-energy building project, has defined several
domestic buildings, indicative of the UK building stock, with
demand-side refurbishments. With the subsequent reduction
in building heating requirements, and scaling up the savings
of these individual buildings to the entire stock, it is possible
to dramatically reduce the biomass required to heat dwellings
in the UK. This leads to the possibility of biomass heating be-
coming a feasible, and carbon-saving, alternative to fossil fuel
heating on a countrywide scale. The improved penetration of
micro-biomass in this context is therefore used as a metric to
show the effect of demand-side improvements. Other uses of
biomass, particularly with regards to transport and commercial
buildings, are not considered though it will comprise future
work.
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Introduction

TARBASE is a low-energy building project that aims to demon-
strate energy-saving interventions in UK buildings that might
achieve CO, reductions of 50 % by the year 2030. One of the
areas of study is that of demand-side measures for reducing the
heating requirements of buildings. A scenario is taken where
biomass is to be used in domestic biomass boilers to meet
heating and domestic hot water demands. The extent to which
this is possible, on a countrywide scale, will be assessed along
with the effect that demand-side interventions can have on the
number of homes to be heated by biomass. All demand-side
interventions involve building fabric changes as specified by
the TARBASE project®. In the following discussions, “thermal
demand” will refer to both space heating and domestic hot wa-
ter heating.

Biomass resources

Based on Carbon Trust (UK) figures®, the available biomass
resources will are quantified in Table 1.

Table 1 — Present biomass resource and that potentially availahle
in the UK

TWhlyr available
Now Potential
Forestry waste 6 6
Industrial waste 22 22
Agriculture 13 13
Biomass crops 0.2 38
Total 41.2 79
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Table 2 — Summary of domestic variants with thermal demand reductions

PANEL 5. ENERGY EFFICIENT BUILDINGS

Variant o L. . Internal Heating and DHW requirements (kWh/yr)
no. Building description Location gains (W) ore-refur postrefurb % saving
1 1946 Semi-detached, brick; filled cavity Manchester 669 7871 4816 388
2 1900 Terraced, sandstone Edinburgh 413 10958 5777 473
3 1980 Semi-detached, brick/blockwork London 458 3749 2386 364
4 1988 Detached, brick, ventilated cavity Edinburgh 710 13095 7726 410
5 2002 Detached, clay brickwork London 708 7416 5124 309
6 Pre-1900 Detached, brick/blockwork Manchester 683 18199 10999 396
FORESTRY WASTE Domestic thermal requirements

Woodfuel biomass currently has a very small penetration
into UK heating demands*. The estimates for forestry residue
in Scotland alone appear to deviate wildly depending on the
assumptions made — while Scotland’s Renewable Resource®
suggests 356,140 oven-dried tonnes (odt) are available, a For-
estry Commission estimate® puts the figure at a much larger
1,500,000 odt (where odt has the mass of moisture in biomass
removed - this drying process improves the performance of the
fuel). However, Carbon Trust® produces a more conservative
UK-wide estimate of just over 1 million odt currently available,
equating to 6 TWh/yr.

INDUSTRIAL WASTE

This covers a wide range of wood waste (e.g construction in-
dustries). The government organisation WRAP (Waste and
Resources Action Programme) estimates that 2 million tonnes
of waste wood are produced by businesses every year’. Carbon
Trust suggest that 22 TWh/yr is currently available for biomass
usage.

AGRICULTURE

Dry agricultural residue, such as wheat, barley and sugar beet
tops, can also be utilised for biomass energy. While 73 TWh/yr
of this material is available, much of it, such as straw, is used for
other processes. However, an estimated 13 TWh/yr is unused
and so can contribute towards energy production.

BIOMASS CROPS

The area in the UK available for biomass crops is, again, open
to interpretation. Some studies® suggest a relatively large figure
of 1,509,000 ha of suitable land area (based on 10 % of cur-
rent grassland and crop area). Carbon Trust suggests a more
conservative 680,000 ha (based on land that is currently set-
aside and would not require displacement of food crops). This
study uses a range of values for the available land area that
could be used for biomass production, with an upper limit of
680,000 hectares (quoted in the Carbon Trust report), which
is 2.8 % of the entire land area of the UK. To put this into
context, approximately 6 million hectares (25 % of total land
area) are currently used for arable farming in the UK’. While
these woody crops (e.g. miscanthus) are not currently grown
on a large scale (amounting to just 0.2 TWh/yr in deliverable
energy), an area of 680,000 ha could produce in the region of
38 TWh/yr. This is a maximum potential area for use with do-
mestic micro-biomass, used for illustrative purposes only. In
reality there will be competition
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The TARBASE methodology is to define existing individual
buildings (that are indicative of the stock) and apply quantified
energy-saving measures. There are six defined TARBASE vari-
ant dwellings with specified heating loads. The range of savings
for these variants will be used to estimate the range of savings
for all UK dwellings.

TARBASE DOMESTIC VARIANTS

The variants account for over 28 % of the entire domestic stock
in the UK" and are briefly defined in Table 2. They are used for
consistency with the TARBASE programme and are justified
in more detail elsewhere. The internal gains for each dwelling,
shown in Table 2, are calculated based on expected occupancy
and end-use technology. Further discussion of these buildings
can be found elsewhere?. From these assumptions, six differ-
ent thermal demands are calculated, all of which can then be
reduced by simple demand-side measures.

APPLYING DEMAND-SIDE INTERVENTIONS

The interventions consist of improving the U-value of the glaz-
ing, walls and roof and also using improved ventilation with
heat recovery (see Table 3). The improved wall U-value is based
on implementing external wall insulation (for 40 % of the total
exposed area). Table 2 shows the resulting reduction in thermal
demand (varying between 31 and 47 %). These figures include
the energy requirements for domestic hot water (DHW), which
are assumed to stay the same before and after interventions.
The kWh figures given are the requirements of each dwelling,
so the actual energy consumptions will have to take into ac-
count the boiler efficiency.

Effect of thermal reductions on hiomass
penetration

THERMAL DEMAND REDUCTIONS NECESSARY FOR COUNTRY-
WIDE PENETRATION OF BIOMASS

The total space heating requirements of the UK domestic
stock has been approximated at 374 TWh/yr' (for 25.6 mil-
lion homes). Also, average dwelling hot water heating require-
ments can be estimated from the British Gas Formula' as being
1649 kWh/yr (for 2.3 people per house) or 42 TWh/yr for the
whole stock. Using these figures with the Carbon Trust estima-
tions of maximum energy yield of UK biomass (Table 1), we can
calculate the necessary reduction in thermal requirements for
this biomass energy yield to satisfy different penetrations. Fig-
ure 1is based on a current UK thermal demand of 417 TWh/yr
(heating and hot water) and available biomass energy yield of
79 TWh/yr (being put through biomass boilers with 85 % effi-
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Table 3 — Summary of Tarbase domestic demand-side refurbishments
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Loft Insulation Glazing Infiltration 5
Variant (mm mineral wool) (u-value, W/m2.K) ach) KIVELR I e
No. - 5 - . .
° Baseline | . Techm?al Baseline | . Techm?al Baseline | . Technl(?al Baseline . Techmc'al Baseline . Technlgal
mtervention mtervention mtervention intervention intervention
1 100 300 275 140 0.75 Interventions 0.8ach met 0.8ach metby No 100mm of
that by combination external PU on
2 100 300 2.75 1.40 0.75 cumulatively combination of infiltration insulation timbe r
reduce of infiltration and battens,
3 100 300 5.10 1.40 057 infiltration and ventilation 10mm of
by 70% ventilation MVHR with screed or
4 100 300 275 1.40 0.39 efficiency of render
85%
5 250 300 2.00 1.40 0.75
6 100 300 5.10 1.40 0.57
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Figure 1 — Percentage of UK thermal demand met by biomass with reductions to thermal requirements through fabric refurbishments

ciency® - this efficiency assumes a dried fuel, therefore relating
to gross calorific value). As already mentioned, this is clearly
just one option for biomass (others include biomass-CHP or
more efficient pellet boilers). The result suggests that micro-
biomass boilers are unlikely to meet total UK domestic thermal
requirements — for this to be feasible, the thermal demand of
the “average” UK dwelling would have to be reduced by 84 %.
However, partial penetration of biomass appears more favour-
able. For example, reducing thermal requirements by 50 %
implies that biomass could be responsible for 32 % of the UK
domestic thermal demand. This is discussed later.

REALISTIC PENETRATION OF BIOMASS FOR DOMESTIC
THERMAL REQUIREMENTS

The defined domestic variants are demonstrations of the effect
on thermal demand that simple fabric refurbishments can have.
It is predicted that thermal requirement savings of between
31 % and 47 % would be possible (based on the refurbishments
of Table 3). It is useful to see how such savings, applied across
the domestic building stock, will affect the viability of biomass
as a domestic fuel. Figure 2 shows how much of the UK thermal
demand could be satisfied by biomass, again with an 85 % ef-
ficiency boiler, with an increasing area of energy crops. Also in
Figure 2 we see how the situation changes for thermal demand
reductions of 31 % and 47 % respectively.

It can be seen from Figure 2 that even with no energy crops
and without any reduction in demand, over 8 % of UK houses
could have their thermal demand satisfied by biomass (from
waste wood from the sources mentioned previously). With a
47 % reduction in national demand (i.e. the maximum pre-
dicted from Table 2), the proportion of biomass meeting ther-
mal demand, again with no energy crops present, increases to
almost 15 %. When the existence of energy crops are added
into the calculations, the predicted percentage rises to as much
as 28 % (for 0.7 Mha energy crop area) of the UK domestic
thermal demand satisfied by biomass boilers, depending on
the level of demand-side interventions. Also, by extrapolating
the top curve, even with a 47 % demand-side savings, it is es-
timated that an energy crop area of 4.3 Mha (18 % of the UK
land area) would be required to satisfy the entire UK thermal
demand.

The interventions ascribed to the dwellings are relatively
conservative — it could be argued that even greater savings are
possible across the domestic stock than have been described
here. Firstly, only 40 % of external wall area has been insulated,
and it is assumed that the external wall cladding is the only in-
sulation measure undertaken. The 40 % figure is based on that
fact that approximately 20 % of the of the wall area (at the base)
would require damp-proofing and so only 80 % might be suiTa-
ble for insulation. Of this remainder, there are issues relating to
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PANEL 5. ENERGY EFFICIENT BUILDINGS

—— Current — = — 31% demand reduction - --a--- 47% demand reduction
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Figure 2 — Proportion of UK thermal demand potentially satisfied by biomass as a function of energy crop area, with demand-side

reductions

Table 4 - Estimated CO, savings (in Mtonnes/year) from demand-
side measures and hiomass use

Energy crop Demand side measures
area (Mha) None 31% reduction [47% reduction
0 7.9 375 52.8
0.1 8.9 38.6 53.8
0.2 10.0 39.6 54.9
0.3 11.1 40.7 56.0
04 12.2 41.8 57.1
0.5 13.2 42.8 58.1
0.6 14.3 43.9 59.2
0.7 15.4 45.0 60.3

the aesthetics of the facade (particularly at the front), hence the
value of 40 % external wall area being deemed reasonable.
Also, all refurbishments are currently achievable- there is
no reliance on future technology becoming available. For ex-
ample, vacuum insulated systems have been shown to have
an excellent thermal performance'?, with U-values of around
0.16 W/m?K". The performance of passive houses in Europe'
would also encourage biomass fuels, with a much less fuel (and

therefore less biomass deliveries) required.

Carbon Assessment

The above energy savings can now be converted into carbon
dioxide savings. The carbon intensity of domestic heating fuels
(in kg of CO, per kWh of used thermal energy) is well docu-
mented'™'s. A weighted carbon intensity for domestic heating
can thus be approximated, found to be 0.22 kgCO,/kWh (ac-
counting for gas, oil, coal and electric heating). This, unsurpris-
ingly, is close to the respective value for gas (0.19 kgCO,/kWh),
which is by far the dominant fuel for heating homes in the UK.
Table 4 shows the estimated carbon savings from introducing
biomass and demand-side measures, compared to having no
biomass domestic heating (and with the current UK domestic
thermal demand). The conventional gas boiler is assumed to
have an efficiency of 88 %. For such a situation, the domes-
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tic thermal energy consumption (for space and water heating)
would be 473.5 TWh/yr, equivalent to 106 Mtonnes of CO,.

Table 4 shows the amount of (mostly) fossil fuel that is dis-
placed for different penetrations of biomass. A biomass fuel
CO, intensity of 0.025 kgCO,/kWh'* accounts for manufacur-
ing and transport of biomass fuel. The savings vary between 8
and 61 Mtonnes of CO, or 7 % and 57 % reductions respec-
tively.

Conclusions

Using TARBASE domestic building variants, with defined ther-
mal characteristics, potential reductions for space heating have
been identified as being applicable to the stock. Using these re-
sults, it is conservatively estimated that biomass could provide
28 % of the domestic heating load if demand-side reductions
of 47 % were performed across the building stock and if there
were no other application for the resource. For biomass to sat-
isfy the entire domestic heating demand, it is estimated that an
energy crop area of 4.3 Mha would be necessary (again assum-
ing demand-side reductions of 47 %). The associated carbon
savings ranged between 7 % and 57 % of the current baseline
scenario, which includes the small embodied carbon associated
with transport and manufacturing of biomass.

The results suggest that the current UK building stock is not
in a suiTable condition for countrywide domestic biomass heat-
ing to become established. However, improving the conditions
of these buildings makes biomass a more viable alternative to
fossil fuels. It could also be argued that district schemes are
more suiTable for biomass, with the logistics of transporting
the fuel less of a problem. The effect that such systems might
have on utilising the available biomass resource is an interest-
ing area for continuing this research, as is biomass-CHP. Other
advances in biomass technology (wood pellets, improved ef-
ficiency, etc.) should provide further opportunities.

The predictions quoted in this study are an estimation of
the maximum potential of biomass based on realistic improve-
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ments to the building stock. It is suggested that biomass heating
could achieve a substantial domestic market in the UK if other
conditions, namely biomass infrastructure and building stock,
are improved.
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