CASE STUDY: ACHIEVING A ZERO CARBON

SUSTAINABLE FAMILY HOME

Following the loss of a 1650’s thatched
cottage due to fire in December 2007,
the owner chose to construct a
sustainable, modern property on the
same site. The challenge set was to
achieve zero carbon in terms of energy
generation and use — that is to produce as
much energy on site as would be used
over the course of a year. Such an
option would not have been possible had
a replica 1% Century cottage been
constructed out of the derelict.

This case study details the measures
adopted and the technology used in the
construction.

LOCATION

The site is in a sensitive village location,
within a Conservation area itself within
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the North Wessex Downs AONB to the
north of Newbury, West Berkshire. This
location limited the type of design which
could be adopted, planners insisting on a
build which would have an external
appearance very much in keeping with
local ‘traditional’ design. This meant a
cottage style limiting width to some 5
metres, low eaves with dormers and an
overall appearance that would not be
‘bulky’. The owner and architect
worked with these requirements and
came up with an acceptable design
which also retained cottage style
windows and doors, a substantial
chimney echoing the chimney design of
the original cottage and sited the cottage
amongst existing mature trees, SO
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screening the development to a large
extent from the nearest road. Additional
screening using local oak, birch and
holly would be carried out after
completion. Many old bricks, flint and
an original beam were also incorporated
into the cottage along with the original
bread oven in an inglenook fireplace
mirroring the original cottage.

Also of note, is that the site chosen has a
clear aspect to the south.
CONSTRUCTION

The 4 bedroom cottage was granted
planning permission in February 2009
with 20 conditions attached. One of the
conditions insisted on the build
achieving a Code 3 rating under the
Code for Sustainable Homes, a
requirement introduced by West
Berkshire  Council some months
previously for all new build properties.
Construction commenced in May and
the external build was completed in
December, two years after the fire.

ENERGY EFFICIENT

The build incorporated considerable
insulation, well beyond that required
under current Building Regulations, in
order to make it as thermally efficient as
possible. The external brick and flint
construction was separated from the
thermalite block internal wall by a

100mm gap, this was completely filled
with a recycled glass fibre insulating
material (this is twice the thickness
required to give a minimum

20" February 2010

20f8

0.27Wm2K). Roof insulation used a
composite (‘Superquilt’) nailed to the
upper side of the rafters and Celotex
(80mm) between the rafters, taped to
achieve a minimum 0.2W/m2K (in
reality far better than this). The loft
space floor had 300mm of recycled
glassfibre insulation in total. Celotex
insulation (80mm) was also used above
the block and beam floor and beneath
the under floor heating pipes embedded
in a screed (achieving U value of
minimum 0.22W/m2K, ground floor).
Lights are wherever possible low energy
including LED type units.

Finally, the overall design has been
devised to make the most of ‘passive
solar’ features. In particular, many large
windows face to the south with a limited
number of smaller windows facing
north. A balcony with overhang has also
been used on the southern elevation to
reduce summer light and heat when the
sun is high in the sky and when
overheating might be a concern. The
design by contrast, does not interfere
with lower level, winter sunshine.
RENEWABLE ENERGY

TECHNOLOGY

Three technologies were chosen to
satisfy the electricity and heating needs
of the cottage, namely:

SOLAR PHOTOVOLTAICS (PV)
Electricity is generated using 18 X
170kWp Sharp polycrystalline
(ND170E1) panels covering the south
facing roof. The roof is complex and so
to give maximum efficiency, three
‘strings’ (or separate circuits) are used,
wired to two inverters (Fronius and a
Mastervolt).

The panels are fitted to rails set above
the tiles as seen in the picture below.
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SOLAR THERMAL

3 x 1.7kWth Schuco K Series ‘flat plate’
panels were incorporated into the
western elevation to provide hot water.
The panels fit like ‘Velux’ style
windows and are thus fully integrated
into the roof structure. The system is
made intentionally large for the size of
the property since the positioning is not
optimal (west rather than south).

Insulated pipes convey the water heated
in the panels to a thermal store.
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MULTIFUEL BURNER

A Charnwood 16B multi-fuel stove with

back boiler was chosen and fitted into
the inglenook fireplace. The unit
delivers 7.7kW space heating directly to
the living room and 8.2kW to water (for
hot water and underfloor heating/
radiators) using logs alone. If co-fired
with a mixture of coal the thermal output
rises to a maximum of 19.2kW.

Additionally, an air source (ASHP) or
ground source heat pump (GSHP) was
also considered. However, given the
owner’'s preference for a multifuel
burner, additional heating  was
considered unnecessary. The GSHP
option would also have required bore
holes (80 metres deep) as there was
insufficient space for a horizontal,
trenched system on the site. Costs were
considerable (£25,000). An ASHP was
lower cost but also lower efficiency.
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Placement of the external fan units was a
further issue given potential conflict
with neighbours (visual and noise of
operation).

A stand alone wind turbine of a few kW
was also considered as the site is
exposed to the prevailing SW wind and
in a raised location. However, air flow
is disrupted due to surrounding trees and
neighbours were known to be opposed to
any development.

MANAGING ENERGY USE

Solar energy is intermittent in nature and
highly variable throughout the vyear.
Matching energy production with use is
often a challenge for renewables!
ELECTRICITY: With electricity (PV
panels), production is at a maximum at
midday in the summer, whilst use tends
to be in the early morning and the
evening, with the greatest use in winter.
Hence, the mismatch is extreme. Since
the intention is to match overall use with
production over the course of the year,
connection to the grid resolves the
problem. Electricity is simply exported
to the grid when produced in excess to
the needs of the cottage. Electricity is
imported during low or zero (e.g. at
night) production.

The panels are capable of a peak
generation  capacity of  3.06kW
producing 3.06kWh or ‘units’ per hour
of electricity. However, production will
generally be lower than this. Annual
production, given the southerly aspect, is
anticipated to be 2,600 kWh. Annual
consumption is estimated to be 3,200
kWh maximum, hence some 81% of
demand should be satisfied. The hope is
to reduce consumption given the positive
use of natural light in the design coupled
with low energy lighting systems.
Hence, something closer to 100% of use
will be sought.
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Managing heat production and use for
hot water and space heating is more
complex. The solution employed is to
install a ‘thermal store’ capable of
retaining the heat energy until needed.

Thermal Bank or Store (400 litres)

The ‘heat bank’ or store contains 400
litres of water. Heat inputs are made
separately by the solar thermal (through
a heat exchanger) and the solid fuel
system as shown in the diagram below.
Provision has also been made to later
retrofit a further system (e.g. an ASHP)
if this becomes necessary. Electrical
immersion heaters are also provided.
The anticipation is that all heating needs
will be met by the multifuel burner in the

winter given 24 hour operation. In

spring and autumn, 50% from the burner
and the other 50% met by the solar
thermal system topped up if necessary
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by the immersion heaters. In summer,
all demand for hot water (no space
heating) should be met from the solar
thermal system. Hence, 90 — 100% of

space heating and hot water needs

should be met from renewable sources.
Space heating is provided through
underfloor heating downstairs (mostly
tiled floors) and radiators upstairs.
Heating is zoned to maximise efficient
use.

Hot water is provided via a plate heat

exchanger so enabling a high pressure

supply whilst also keeping the system
‘closed loop’ as a hard water area.

THE ECONOMICS

Total costs for the systems (excl. VAT)
were as follows:
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PV: £12,100, Solar Thermal: £3,600,
Charnwood Stove with back boiler and
liner: £2.500, Thermal Store and Feed
Tank: £3,456. Total costs £21,656.

This represents 7.5% of total build costs.
A £2,500 grant under the ‘Low Carbon
Building Programme’ was received
towards the cost of the PV system.
ELECTRICITY: Currently, the best deal
available for small PV generators
exporting a significant proportion of the
electricity produced is through Scottish
and Southern Electricity (SSE), closely
followed by Goodenergy (a better deal if
little electricity is exported). At the
moment, SSE offer 28 p/kWh for all
electricity exported under their ‘Solar
Energyplus’ contract. SSE fit an export
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meter free of charge, however, you do
need to be one of their customers to sign
up to the deal. Given that the utilities

charge of the order of 13p/kWh for

imported electricity, the benefits are

anticipated to be as follows:

CURRENT SSE TARIFF

The diagram below illustrates the flows

of electricity with 60% of that generated

by the PV panels (1,560kWh) exported
to the grid and 40% used ‘in-house’

(1,040kwh).  That leaves 2,160kWh

needed to be imported from the grid to
satisfy all domestic needs.

Electricity Flows
On balance, there should be an income
of 1,560 x £0.28 = £359. In addition,
there will be savings accruing as a result
of not purchasing electricity from the
grid (1040 x £0.13), so a further £135,
total savings per annum of £494.
FEED IN TARIFF (FIT)
On T' April 2010, the government is
introducing a FIT which will give new
build properties a minimum 36.1 p/kWh
for every unit generated (41.3 p/kWh for
retrofits) plus a further 3p/kWh for all
units exported. On this basis there
should be a saving of (2,600 x £0.361) +

Additionally, it is expected that certain
utilities including SSE will be willing to
pay an additional premium of up to 10 —
20 p/kWh making the installation even
more attractive.

Also to note, that income generated by
sale of renewables electricity in this
manner has been deemed tax free by the
government.

Inverters, metering and fuse boxes

HEATING: The system will use mostly
wood in the form of logs — preferably
seasoned to get the moisture content
below 30%. The energy content will be
an estimated 3.3MWh/tonne. The total
annual space heating and water demand
is estimated to be some 15MWh. The
efficiency is 73.2% when burning
logwood.

It is estimated that the solar thermal
system will provide around 3MWh of
hot water per year. Solar thermal is
anticipated to reduce the use of logs in
the spring and autumn (providing 50%
of the requirement) and more
particularly electricity via immersion
heaters in the summer when the stove is
not being used.

(1,560 X £0_03) + (1,040 X £0_13) = The remainipg heat demand of
£1,121. This will give a simple payback ~ 12MWh/yr ~will be met by the
period of 8.6 years. The lifetime of the =~ Charnwood.  Taking into account the
panels is greater than 20 — 25 years. combustion efficiency the annual
woodfuel requirement is 16.4MWh,
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equivalent to 5 tonnes per year. This
will provide all heating and hot water in
the winter, 50% in the spring and
autumn.

Logs can be obtained locally from Tree
Surgeons and Estates and are delivered
by ‘the load’. Typically, a load equates
to 0.5 tonnes. Assuming that a load
costs £60 the annual fuel supply costs
will be £600. Valuing the benefit of the
wood and solar heating systems is based
against using the most obvious
alternative in this rural setting outside of
the gas supply network — that of
installing an oil boiler and storage tank.
Such a fossil fuel system would cost
some £5,000 to install Domestic
heating oil has an energy content of
10.3kWh/litre and therefore to deliver an
equivalent amount of heat for space
heating and hot water would require
17.6MWh/yr or roughly 1,700 litres of
oil per annum assuming a boiler seasonal

efficiency of 85%. Costs have
fluctuated wildly in recent months
within the range 35 to 60p/litre. The

future looks equally uncertain and
estimating future costs is difficult — one
of the reasons for switching away from
oil. The cost of oil per annum could
therefore be in the range £595 to £1,020.
Comparing installation costs:

Wood and solar: £6,100

Oil: £5,000

Annual running costs:

Wood: £600

Solar: NIL (in reality a small amount of
electricity to pump water around the
circuit).

Oil: £850 (assuming an average oil price
of 50p/litre)

Hence, the wood and solar system shows
an estimated annual saving in fuel costs
over oil of £250. This would give a
simple payback against oil of 4.4 years
assuming fuel costs are unchanged over
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the period given an additional capital
cost of £1,100 of installing the combined
renewables system.

RENEWABLE HEAT INCENTIVE
(RHI) The Government is also
introducing the RHI in April 2011 which
will be worth 18p/kWh for the solar
thermal. The estimated 3MWh of solar
heat will thus earn £540 in a year giving
a payback on the solar thermal alone of
6.7 years.

Had a wood boiler (not a multifuel stove
been used then this would also qualify
under the RHI and would earn £1,080
based on a tariff of 9p/kWh for 12MWh
pa. An equivalent capital cost would
have been £2,500 for a pellet boiler
making a payback of less than 3 years.
However, this does not take into account
the cost of a thermal store, controls and
additional pipework which  would
roughly double this figure.

Making the comparison against oil in the
best case would yield a saving of
£250+£540+£1,080=£1,370 or less than
one year.

MONITORING

The cottage will be intensively

monitored to see how the technology
performs. After 12 months, a report will

be produced to show whether the
dwelling and inhabitants achieved zero
carbon.

Note that under Part L1A of building

regulations, the home would already be
considered carbon neutral based on
fabric and services.

So far, the PV panels have produced
183kWh of which 85kWh or 46% have

been ‘exported’ back to the grid. The
proportion exported is expected to
increase as we move into Spring and
then Summer. The maximum generation
on a single day has so far been 12kWh,
the minimum less than 1kWh.
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PV Generation at Hint Cottage
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TRADES & SUPPLIERS

All trades and suppliers were chosen
locally wherever that was possible.

Solar thermal and PV systems were
supplied and installed by Ardenham
Energy Ltd (Aylesbury).

The multifuel stove was manufactured
by Charnwood Stoves (Isle of Wight)

The thermal store was manufactured by

Dedicated Pressure Systems : DPS
Architect: Terry Richards Architectural
Design (Long Bennington, Lincolnshire)
Builder: Marcus Llewellyn (Curridge)
Plumber: Chris Bates of Exothermic
Installations Ltd (Swindon)

Electrician: Chris Ball of All Electrical
Services Ltd, (Leckhampstead)
Engineering support and feasibility
studies: Dr Alison Wilshaw & Michael
Beech of TV Energy Ltd. (Newbury)
Wood fuel support: Dr Gillian Alker of
TV Bioenergy Ltd (Newbury)

Code assessor: lan Bacon, Blewburton

Partnership (Wallingford)
COUNCIL: West Berkshire
UTILITY: Scottish & southern

FOR MORE INFORMATION

Please refer to the TV Energy website at

www.tvenerqgy.org or call on 01635

817420. Open days and site visits are

planned by TVE throughout 2010.
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LINKED ACTIONS

The project forms a part of the overall
TVE programme on sustainability
carried out on behalf of Local Authority
and private sector partners. In particular,
the work feeds into activity for West
Berkshire Council and the ‘Cleaner
Greener’ programme along with the
‘Climate Berkshire’ initiative. The work
also forms a part of the International
Energy Agency (IEA) Bioenergy Task
29 work on socio-economics through
‘Rethinking Renewables Ltd'.

Owner & author: Dr Keith Richards
OBE, MD, TV Energy Ltd
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