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Executive Summary

The total thermaol requirement for the new dwelling af Ampleferth hos been modelled on the
submitted designs. This report sets out the morket's obility to provide an approach to meetl the
building's energy demands and a means for infer-seasonal energy storage

The anergy peformance figures are esfimated and ore based upon targeted thermal pedormance
figures to provide and inform an overall approach. Detailed designs ond energy shategy will be
prepared when the fabric and architectural specification are confimed.

Acreview of the suitabllity of the sife for an Earth Energy Bank (EEB) mini-borehole solufion hos been
undertaken based upon local geolegy. This technology has been identified as suitable and
appopriate for the site. Heat will be transferred Into and out of the concrete using a seres of 1.5m
thermal probes spoced af Im centres, made from PEX pipe. Thisis similar fo that used in conventional
ground source heoting systems. Thermal energy will be passed from an array of PV-T modudes fo the
concrete wing o glycol fluid medium. The same circuit will recover the heat when needed vioo
rodulating, reversible heat pump, from which it will be passed, eifher to a DHW cylinder, of low
temperature underfioor heating system throughout the main iving areas. it is recommended that
bedrooms be fitted with low voltoge de iradiant heat for occasional use when ambient temperatures

are parficularly cold,

Addifional energy will be capfwred from hybrid Trombe walls and solar siabbs. This will enhance the
passive nature of the building ond enable it to achieve a net zerc-energy rating,

A review of the suitability of Trombe wallng hos been undertaken to ascertain the potential energy
caontribution to the building's overall energy requirements. This mode| provides an understanding of
ihe potential level of coniribution (subject to matesdal selection and woll thickness, gloss type and
opacity).

The available heat contribution from the Trombe wolls has been measured ot 6,066kWh.

The building design will also include hect recovery ventilotion, waste woter heat recover, os well as
low flow taps and showers, LED lomps and AAA roted elechrical goods lo minimize energy
consurnption.

Addifional electical energy will be produced via 48 x 250W Romeg, ground mounted, Photovoltaic-
Thermal callectars preducing circa 11,000kWh/annum electrical energy and 35,368kW of thermal
energy, meefing 100% of ihe buldings energy requirements,

A minimum of $kWh of battery storage are proposed fo be insfalled to moke best use of the elechical
energy produced on site.

1.0 INTRODUCTION

Energy strategy flow diagram

The energy flow diogram below provides infermation an the technology types and estimated

generafion/usoge of the mainitems of equipment designed fo meet the buldings demand:
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Purpose of this statement

Ethical Partnership hos been commissioned by Mr Edward Fowcett fo prepare an Innovation
Statement to suppeort a plonning opplicafion for o new dweling near Ampleforth Vilage.

The applicant has scught for the scheme's sustalnable development potential and s
committed to the defivery of a high quaiity, energy efficient and low corbon bullding. The statement
has been undertaken fo provide a sirategic review of the fulure energy demand and propose an
innovative solution to meeting the energy demands and to reflect site specific opporfunities and
constraints.

The sfatement takes account of and has Informed the architectural end lendscape proposals. The
development provides an opporfunity to contemporise and demorstrale innovative self sufficiency
and sustainability concepls.  This statement should be read in conjunclion with The Landscape
Agency, Concepl Masterplon and Landscape Appraisal and Sadier Brown Concept Designs.

The design seeks o safisfy the everydaoy needs of the family, to maximise daylight, provide natural
ventiation, be energy efficient and relate to the wider landscape. The aim to create a fully
responsive Internal environment where the solar, thermal and compression fechnologies meet the
energy needs of inhabitants.

rnitial proposals were presented lo the members of the Integreat Plus design review panel on 29
Hovember 2017, The observalions and comments made by members during the panel have informed
fhe revisions to the scheme which were then the subject of o second design review which fook ploce
on 3rd May 2018,

In response to the commenis of the Design Review Panels, the design team hove spent considerable
fime further assessing and analysing the needs of the client with the fundamenial objective of
designing a new dwelling that is exceplional in the quality of the design and innovalive inifs
approach.

The Design Panel response in December 2017 noted:
‘that if & becoming increasingly difficult fo demonsirate innovefive sustainable design os the
benchmark is consfantiy being roked. Whot was once considered innovalive & becoming more

mainstream, as these lechneologies or principle are being aopplied to other projects’

The panel corsidered that demonsirating a sirategy which & comprehensive would be more
oppropriafe,

Design Review Panel confimed that the second review should be innovative in its design opproach.

“Paragraph 79" (Former Paragraph 55)

The section in the National Planning Policy Framework {NPPF) relafing to solaled homes in the
countryside was previousty covered by Paragraph 55. A revised NPPFwas published in July 2018
where Paragraph 55 became Paragraph 79. The warding of the palicy remains the same.

“the design & of exceptional quality, in that if: - & fruly oulsfanding or innovative, reflecting the
highest sfandards in archifecture, and would help fo rase stondards of design more generally in
rural areas: and - would significantly enhance ifs ir diate setfing, and be sensifive o the
defining choractersfics of the local area.”

This statement demonsirates that the scheme satisfies the tests and in demorstrates innovation in the
integrafion of bullding services and bullding performance.

The development will demensirale how fo reduce carbon emisions, reduce exposure fo external
price velatiity and gim for self sufficiently in meeting its water ond power needs. In so doing 1t will
employ;

. Passive and active solar architeciure

. Locally sourced building materials

+  Hetzero energy rafing

. innovalive 'designing out’ of thermal bridging

- Innevative heat recovery systems Bnked to possive solar lechrigues

. Appointment of highly skiled rades with continuous supendsion to deliver the
required performance for airfightness

Evolution and Innovation

The evolution of ihe design has been informed by an assessment of the notural resouwrces of the site
ond of the locafion. The proposals are for the consiruction of a dwelling which crectes o balonce
between the landscape and architecture, This sensitively introduces sustainable building forms and
solufions to the site. The new home and immediate landscope imp the logical heatth of the

ystem through infegration of tem sences, supporfing [biodiversity], regulafing [steding
carbon), provisioning {crops). cultural (recreation).

All avallable naotural rescurces on sife have been rev d to effectively ulilise the i diate site and
wider site's resources. The principles of bioteciure diive the design with vegetotion integrated info the
architecture with technologicd innovations integrated into the building fom.

The facus is on realising the synergy between the gesthefics bullding planning, functioning systems for
comiort and hedlthy intemaol emvdronment and the landscape.

This statement describes the development of an inter-seasenal solufion fo harvest energy from the sun,

the ground and the pond water to result in net zero energy rofing.
and
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Location

The opplication ste is located af the westemn extent of
Ampleforth Viloge south of Jerry Car Bank / Car Lane, within
fhe district of Ryedale.

8 Poit of the site is know as Knoll Hill, The site is opposite the
southem barder of 1he North York Moors National Park. within
fhe Howardian Hills Area of Oulstanding Natusal Beauty
(ANOE)

Itis proposed to position the new house at the soulbwestemn
corner of the site 1o proiect the setting of the AQNB and
VIUA [Visuglly important Undeveloped Area Jof Knoll Hil. The
new house will be sited to nastle into the exsting londscape
enjoying the views north up to Knell Hil and connecting the
new building with the wetlond area,

Water body, Bolated pond within o dense nafural
regenerated woodland area fo the south of the site.
|Area 1)

Marsh grass land (Area 2]




SITE LOCATION AND OVERVIEW

Designing for seasons / time

A full site appraisal ond engogement with the client has identified the opportunities and constraints
that the seasons present to the design. The effects of seasonal changes en the internal and external
living environment can be predicled. These changes will be accommodated in the design and
monaged through possive and acfive systems,

As the gardens and wider landscope motures the succession in the eco-sysiems will alier the living
emvironments. By understonding how eco-systerms change over fime we can occelerate the process
and create productive ecosystems. This can be opplied in the systems for the home in the
understanding of the sun paths, transfer of heat wsing systems fo accelerote processes to make the
design productive.

Location

Following the constructive comments from Integreal Plus, a review was undertaken to provide
justification on the proposed siing, The chosen location interacts well with the londscope ond offers
y the opportunity for the house to engege with the londscope end have arelatiorship with the water
— bady to the south te be incorporated in the energy sirategy.
Site Opportunities

Tuney The epportunities afforded by the site include those related ta;
. Orertation; making we of exisfing features; exploifing the benefits of the water body: Passive
solar hegting / cooling

- Waler: Recycling of waste and rain water through filtrafion fank, reed bed system ond surfoce
Infiltrafion

. Manuwre: Recycling' of manure (waste) for plant production [stables > archard]

= Natwal capital: enhoncing: solated pond and adjiocent naturally regenerated woodland area
1o the south of the site; protecting and enhancing domp marginal grass land

Natural and Bio-resources

SOLAR —_ ELECTRICITY / HEAT
SOLAR ENERGY IN GROUND [ HEAT

WATER BODY ] HEAT

RAINWATER — NON-POTABLE WATER
ANIMAL WASTE =::_ ORCHARD, FLANTS
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Integration of Strategies

WATER

RAINWATER HARVESTING

GREEN ROOF

REED BEDS

Y

ENER

PHOTOVOLTAIC—THERMAL

SOLAR THERMAL
GEOTHERMAL ENERGY

GROUND-AIR EXCHANGERS

WASTE

RE-USE

RECYCLING

0 BUILDING SERVICES & SYSTEMS

Approdimate GlA of iving area = B00m?

Total annual heot lood of ving area @ 22kWh/annum = 17,600kWh/annum

Tolal DHW demand assuming low flow fitlings ond waste water heat recovery = 4,081kWh/annum

Total Thermal Energy Requir it = 21,681kWh/

Estimoted Peak Heat Load = 8.15kW + 3kW for DHW = 11,15kW requirement

Total Estimated Hectical Load = 5,847kWh/annum

Total Bstimated Hechical Load (os above with heat pump and selar charging) =11,009kWh/annum

Total Estimated Electical Load including gains from Trombe wall = §,066kWh/annum

Assessment of Appropriate Technologies

Aninitial assessment of the thermal and electical demands of the new dwelling the has been conied
oul. The energy demand consumption dala and assumplions are based upon; the elechical usage
patterrs of gmilar sized buldings: an estimafion of peak thermal demand based upen folal kWh; and
colculated using client-opproved energy performance doto. These assumptions will be further tested
during; the preparalion of corstruction stage drawings end specifications; full buildEng performance
analysis; and FSAP and room-by-reom heat loss calculations.

Satisfying the thermal demands of the building is essential o ensure adequate levels of comfart. It is
alse central fo understending the how the thermal demand con be met from on site resources and
caorsideration of the likely potential for on site elechical generation.

The principles of a *Fabiic First' approoch have been wsed in assembling the prefiminary specifications
and technologies. This minimizes the need for energy generation for cooling and heating. The detailed
fabric first design of the home 1o solisfy 'low fzero energy standards' will ulifize best praclice in avoiding
cold bridging delivering an airfight building enveiope.

The detolled design will toke account of the fact that a fakre first approach conlead to potential
overhealing through excessive solar gain. The ventilation design and specificafions will provide an
ability o cool, as well as heat, the living spaces.

Reducing the need for arificiol heating and cocling within fhe dwelling whilst controfiing the air
changes, enables an accurate prediction of the energy needed fo heat the bulding. This makes o

highly efficient low temperafure healing system much more vioble.
and
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Electrical energy generation model

Meeting the themal requirements of the property is on absolute priority. As PV-Tmodules produce
both heat and electric. It is standord to size o PV-T anay to cover the annual thermal requirements,
whilst moking up on shortfdl in elechical genercfion with the wse of photoveltaics, to reduce cost.

In this specific dwelling design however, only PV-T panels are required. 48 x 250W Romog PV-T
modules, field mounied. They will provide 12kW(pk) eleclrical generalion, meeting both the thermal
and electtical nesds.

A 3 phase connection will be required but s the peck generation is only 4kW 16A/phase, the
connecflon process to grid will be less onerous and con be done under a $mple G83 generation
licerse, saving cost and complexty in the appliication process,

The PVGIS model below provides an esfimation of the eleciicol generafion potential at the site
location. These numbers ore indicofive, as o full sun cost model will need to be conducted os part of o

detailed energy assessment.

A line of vision site analysis and recommend the corect positioning and array layout ot delailed
design stoge.

Fgure 2.1 Extract from The Landscape Agency Dwg No. 1132-001 Concept Masterplan. Item 11
locating the ground mounted solar panels,

/ PWGIS ESTIMATES OF SOLAR ELECTRICITY GENERATION \

Location: 54°11'57" Morth, 1°6'34° West, Bevation: $0m asl.,
Solar radiation datobase used: PVGIS-CMSAF
Mominal power of the PV system: 12,0 kW [crystaliine slicon)

Estimated losses due fo lemperature and low inadiance: 6.4%
{using local ambient temperature]

Estimated loss due to angular reflectance effects: 3.2%
Ofther losses (cables. inverter etc.): 14.0%

\ Combined PV system losses: 22.5% /

2.0 BUILDING SERVICES & SYSTEMS

Forna syater neinaler = e on e b
Month Eq Em Ha Hm
January 1210 375 1.21 374
February 19.20 538 1.95 54.5
March 34.40 1070 3,58 11
April 40.60 1220 438 131
May 46.70 1450 5.1 158
June 43.70 1310 487 146
July 42590 1330 482 149
August 38,10 1180 423 131
September  33.50 1010 363 109
October 23.10 716 2.43 75.3
November  15.70 471 159 7.8
December 10.60 3z 1.05 326
Yearly 30.1 915 324 98.7
average

Tetal for year 11000 1180
£d Average daly slectich from tha gi sshern feiin)

Em: Averoge ranihly elechicily cepduction Irom fhe given syatem [iwng
Hd Avetage daly um of giobal iradialion pet square meler tecaived by the maduies of ihe m2)

given system fuanim2)

M Average sum of giobal imad perquare he modules of ine given

yshomn [KWn/m3)

TOTAL ANNUAL GENERATION = 11,000kWh

Exceeding total elechical energy
reguirements; taking the development to
net zero carbon

Taking infe consideration the energy input from the Trombe walls and we of o solar dab [discussed
later), this technology opproach would sotisfy clirea100% of the energy demand. There s the potential
to export energy making it a net energy positive building.

and
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Production and storage of thermal energy

Unglazed PV-T solufions have relatively low zero-loss collector efficiency and stagnale ot alow ‘delta-
T'. typically 45K above ambilent, If a sysiem con be designed to mirimise 'delte-T'. keeping the fluid
femperature within the panel to os close fo ambient as possiole, this can dromatically dive up
collector efficiency. This is amply demonsirated with simple swimming pool callectors, which can have
an efficiency of up fo 87%.

The graph to the right is showing different collector types, their stagnation temperalures against
efficiency. Given that fhere will be an air gop between the zinc and the PEX pipe collecling heat, the
proposed systemn, would perform somewhere between o standard flat plat collector and that of an
unglazed swimming pool collector.

if the low temperature energy harvesied from the solar thermal can be copiued and stored in the
ground, it con be wed fo dive up the efficiency of a heat pump.

The below groph shows actual test dota from a system monitored by John Moors University, Lverpool,
where solar charging has been applied to o 90 meter borehole, after an initial menitering peried of 12
maonths.

As can be seen, the resulfing effect is an increase of winfer ground temp of $9C. This resulfed Ina 25%
increase in heat pump performance. This, effectively, takes the annual 5FP [seasonal performance
facter) from 3.8 fo 5.

2.0 BUILDING SERVICES & SYSTEMS

The graph below shows the diumal effect of ground charging over a 12-meonth period, The data s
from a liver EEB (Earih Energy Bank). This has 1.5m bores densely packed within the foofings of o
builcing. The EEB is tolally reliant on solar charging. The figure below provides o good graphic
ilusiration of the charging effect. It should be noted that the minimum ground temperature is reached
in March, This means that collector efficiency i af its madmum as the season heads into the peak
irodiance peried, This parficular system below hos beenin continual operafion since 2013 and has
been monitored through this peried. During this fime, on interesfing observation has been mode - os
the residual background heat has cimbed throughout the period, the resufing wintertime minimum

B ture has i d. It is anticipated that it will reach equiorium cffer 3-5 years, but the effect
means year-on-yeor efficiency gains should be possible [for the first few years, of least).

It is possible, fo accuralely predict the performence of the Romag PV-T collector, but, as s efficiency
s o voricble, proporfional to the bulldings thermal choracteristic, additional dota and deilalled
modeling wil be required in order o preduce actual thermal characteristics.

An estimation of system outputs have been provided using average data from houses of similar size
and construction. The main pup for undertaking this top level modeling s to assess the amount of
solar thermal contribution to the overall system to ensure that the amount of solar fhermd energy
being provided to the system is more than that being withdrawn by the heat pump.

The sizing of fhe heat pump oand coresponding aray will be as per MCS guidelines. A fully modulating
reversible heat pump would be specified fo take advantage of any system gains provided by the PV-T
system and the opfion for comfort cooling during summer montis,

The heat pump solufien should be coupled to a low temperatue [below 37°C) underfloor heating
emitter o maximise any efficiency gairs.

and
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Inter-seasonal Energy Storage

A potential issue foced by ground source heat pump lechnology is geclogy risk.  There are solutions
on the market that can counter any geclogy and technology risk.

One such selution is the “Zero-Carben Selution”, which combines solar charging using Photo-
Voltaic Thermal (PV-T) with infer. energy storage using shallow bores
within the foctings of the building: a system called an Earth Energy Bank (EEB). The innovafive

i has been stully i on a number of projects and comes with full
academic support from De Mentiort University, Leicester.

Figure 2.2 The Earfh Energy Bank [EEB) ko
patented energy sforage method, Heated
fluid i pumped from the roof through o sevies
ipes undemeath the house, warming the
unding earth. Reference - hitp.f/
zeiocatboniclution.co.uklechnalogyl
earthenergybank/

The EEB uses the medium directly under the building to store excess solar thermal energy from summer,

to be recovered with the use of o heal pump to provide the demands for winter. Clay is an ideal
medium for this approach, with a relafively high specific heat copacity ond good moisiure retention
properlies. Ampleforth sits en a clay basin nomed after the area the Ampthill clay bosin moking the
site perfect for this proposed opprooch. A light top loyer geographical survey will be required ol
detalled design stoge but only the same Information i required as will be needed as part of the
ground surverys for the shuctural engineers.

Heat distribution mains

The heat distibution i fo be achieved wsing a mains pipe
Ol pucka network via o pre-insuloted heat moins [Please see Figure
X, 2.9 ) The distances involved regquire pipe rurs to be
insuloied with low thermal conductivity PU foam
insulafion (e.g, Rehau Rauthermex]. This will minimise heat
losses from the heat mains and moximise efficlency. The
conugaled LDPE outer jacket around ihe foom provides
v and robustness. Rauthermex is themmally
efficient and has o lombda vaue [thaermal conductivity,
is a volue indication how well o material conducts heat.)
0.0216 W/mK,

Poe roustr

e o

Figure 2.3 Rehau Rauthermex pre-insulated pipe.

0 BUILDING SERVICES & SYSTEMS

Water Source Heat Pump (WSHP)

The proximity of the water body in the form of a pond may offer an opporfunity to harvest additional
energy and backup inthe event that ground conditions do not provide the necessary heat sowrce,

The pond has the pelential 1o provide an ideal thermal ervironment as water is an excellent theimal
conductor. The scheme will employ @ water source heat pump to foke aodvantage of consistent
temperature of the pond. Water source heat pumps have o high Coefficient of Performonce [Rafio of
useful heati

or cooling provided to work requited. Higher COPs equate to lower operaling costs.).

Figure 2.4 Waoter Source Heot Pump showing flexible heat collectar
pipes located on the base of the pond shown on the extract from
The Landscope Agency Londscape Concept Masterplan,

Battery Storage

With the adcdition of 9kWh of battery storage, the property would be capable of managing up fo circa
B5% of ifs demand from orsite renewables and energy storage technologies, The buldding. by
definition, will be zero-carbon, generaling more power on site than would be consumed. It would be
possible to become completely seli-reliant [off gid), bul Ihe associoted technology cost with
oddifional battery storage would not pay for itself within the lifefime of the batteries. Therefore, fhis
opproach is deemed to be not viable at the time of wiiting.

and
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Energy strategy

The supporfing energy usoge data and assumptions have been based upon the elechical usoge
patterns of similar sized bulldings and estimafion of peak thermal demand based upon fotal kWh,
calculated wsing client approved energy performance data. This information will be subject to further
refinement to follow a full building performance analysis, FSAP and room-by-room heat loss
caeulalions, which weould be undertaken al the defalled design stage.

Meeting the thermal demands of the building fo ensure adequate levels of comfart Is the primary
focus. Cnce the folal thermal requirement is known and how that is 1o be mef wing onsite renevabile
sowces of energy, the focus shifts to the electicol generation potential. The national gid wilbe o
standby oplion fo provide any shortfall in power, this offers flexibility in how the demand is met and
any pofential energy storage salufions.

An Earth Energy Bank [EEB) is proposed for inter-seasonal thermal storoge. Heat will be fransferred into

and out of fhe EEB using o sedes of 1.5m thermal probes spaced af 1.5m centers, made from PEX pipe.

These are similar to those used in conventional ground sowrce heafing systems. Therma energy will be
passed from an aray of PV-T modules to fhe concrete using a glycol fluid medium; the seme circuit
will recover the heat, as and when needed, via a modulafing, reversible heat pump.

Low temperature heat undericor emitters would be used in the main arecs of the building and heat
re-distibuted fhwough the use of Heat Recovery Venfilafion. Low voltage electic imodiance heating
will be considered In bedroom spaces, where a small omount of periedic fop-up heat may be
required.

Additional elechical energy will be produced wilh 48 x 250W Romag Photovollaic-Thermal collectors
producing cica 11,000kWh/annum aleclical energy and 35,348kW of themal energy. meefing 100%
of the buildings energy requirements.

it is recommended that o minimum of ?kWh of bottery storage be installed fo make best use of the
eleckical energy produced onsite and to minimize spill fo the grid.

FAgure 2.5 An exaomple of the hydroulic arangements, coupling the PV-Themal collection systemn with
the ground source heat pump.

UILDING SERVICES & SYSTEMS

Meeting the Electrical Demand

The majarity of the demand will be mel by 12kW of Photovoltaic-Thermal which is to be ground
mounted.

Below shows the monthly esfimated heat load, electrical generation and projected heat pump
demand, showing monihly generafion excess/shortfoll in demand.

Additional to the heat pump demand shown above, the building will use an estimated 5.847kwWh of
electricity per year.

The amount of “spill” [over generation from the photoveltaics) avalloble for onsite diurnal, or inter-
seasonal storage = 3,89%kWh/annum. The over-generafion will predominantly occur during sammer
months leaving a shortfall in the winter fo be bought back fram the grid.

i B recommended that o 9kwWh 3phase Lithium ron / Uthium ron Phesphate bottery solution is used to
meat peak power reguirements. This system will be prioritised in terms of charge/discharge cycles, as
the round tip efficlency of modern U solutiors Is in excess of 7% and ihe rale of discharge & able fo
modulate to keep up with the peaks and troughs in demand.

Thermal
E g HEE ﬁﬁ
January 7T » 099 s
Febuay 34s ) 815 58
Marzh et 382 2028 fara
Asit 084 a3 1416 122
May X2 £ [t 1450
Aine a % E0 130
Ay ] £ 254 1330
Mgt L] ol Bl 1180
Senhomibes 104 ED . [
October | 140s £ 1752 e
Maveroor 2465 78 3043 471
Decamaer 7 410 i e
i 17,600 4,081 21481 1,000
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Trombe Wall

The use of ihe Trombe wols to cut down winter heafing costs in cold climates is cumently o subject of
great interest. In this passive solor design, o concrete wall is placed next o on outside layer of glass.
The outside surface of the wall absorbss the sun's heat duing the day and sets a heat wave flowing
thwough the wall which warms the adjacent room.

This project proposes a hybirid Trombe wall infegrated af the flowing footprint a near horizontal glazed
outer layer [See Figure 2.8 Location of Trombe Walls). Convection curents will draw the warmed air
through the living spaces . The air will gradudily cool and will recircutate through anintegroted MVHR
[Mechanical Ventilation Heat Recovery) system and ducts in the floor back into the Trombe wall and
solar slab for re-heating,

Unventilated trombe wall: Ventilated trombe wall
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Figure 2.4 Trombe wall examples

TRCEE WALL
TOME FOR PLANT
THERMAL ABSORPTION
BEGAATED WINH MVAC

BOLAR JLAY

Figure 2.7 Location of Trombe Walls where all the principles shown in Figure 2.6 have been frarstated
to on near horizontal plane to optimize the performance in the location.

2.0 BUILDING SERVICES & SYSTEMS

The detalled design of Trombe walls will be focused on the relationship with the properfies {thickness
and thermal properiles) o the location within the new dweling. Bosed on the principles of solar
engineering the systern will operate passively wing convection cunents to drive the air movements.
During winter the weaker convection currents will be assisted by the MVHR system incomporated
benegth the Trombe walls, The design incorpeorates fwo connecting systems with the extemnal solar
slob closed off during winter months.

The oir will flow by convection or with oid of fans info sub-slob storoge systern. Caovifies will be

positioned running north fo south creating a confinuous flow of air which will be drawn on by the
MVHR unit.

Figure 2.8 Location of Trambe Walls

Each hybrid Trambe will be connected to a main MVHR unit and heat exchanger .

. During the day, sunlight passes thvough the glazing being absorbed by the fhermal mass of the
wall, which stores the heat and releases the heat at night for therma heating.

. Warm air between the glazing and the wall rises into the living space through vents at the top of
the wall while coal alr from fhe living orea and cerider enters fhe solar slab through vents and
ducts near the bottom of the wall.

Solar slab

The goal in designing o passive solar slabs thermal mass is to be able to store midday solar heat until
the early evening, when it will passively returm fo the Iiving space.

The south-facing glazing design standard for a passive solar home is o window area between 7% and
12% of floor area. This rafio can be applied to the entire house if dl stories ore o be possive solar
designed, or just to the primary iving floor.

Beyond 12%, the active solar range is entered, in which direct-gain thermal mass is not sufficient fo
maintain a unifarm and fortable indoor temp This has led to the inclusion of pumps fo
move the heat to remote storoge and refrieve it on demand.
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Heat Pump

The system proposed is a reversible medulating heat pump, coupled with salar charging and low
temperature underfloor heafing/cocing.

Emitters would only be sifuated in the main living areas, supported by MVHR (Mechanical Ventilation
Heat Recovery) supplying fresh filtered i throughout the bullding and ensuring adequate distibution
of heat. Bedroom spoces would have low voltoge imodiont heating, for periodic use. Bedrooms tend
{o be a degree or two cooler than the main living areas, and the MVHR will meei the needs of
bedroom spaces by balancing temperature from the heated spaces.

Aheal pump selutions is highly suited for applicafions such as the proposed dwelling. However, their
efficiency drops as thelr energy sowce becomes depleted during winter menths. when heat is
required. Typical Seasonal Peformance Factor's (SPF's) of ground source heat pumps are 3.8 [i.e. one
unit of electical energy i used to crecte 3.8 units of heat), in order for o heat pump to outperdorm a
conventional gas boller in terms of carbon efficiency and running cost, it needs to exceead an SPF of
3.2

Trombe Wall Assessment

A review of the suitability of Trombe walls hos been underfaken 1o ascertain the potentfial energy
contribution fo the bulldings overall ensrgy requirements.

The Design Panel endorsed the proposed Trombe wall and solar siob a3 being innovative ina
domestic environment.

it is corsidered that the changes to the architectural design to the main dwelling including the
chonge o geometry and locafion of the Trombe wolls, solar slabs and MVHR pods in response to
Design Review Panels comments offers the oppertunity 1o significantly increase the amount of solar
goin ovailable for fhese innovative building techniques in the demestic setting. This will optimize the
overall energy performance of the passive proposals. The design lop f Is discussed In detail in
the Architectural Design ond Access Stotement, Seplember 2018 prepared by Sadler Brown,

A model has been developed taking info account the amount of annual solar energy [hourdy
contriibution), the seasonal angle of incidence, reflection/refroction of gloss and summer shading/
bypass, to provide on understonding of the level of confribution the selufion may provide. At the
detailed design slage the model will consider final material selection, wall thickness and glass type.
The use of Trombe wolls will reduce the total energy requirements by as much as 6,000kWh/annum,
this addilion will reduce the overall electrical requirements by up to 1,000&Wh/annum resulfing in o net
energy posiive bullding. This further reduction opers up the possibility of achieving net zero-carbon
using only the PV-T and EEB solution, without need for further electical generation.

Without the Trombe wall, it would be marginal that the orsite energy would meet ol the demand,
without some additional Photovoltaics,

2.0 BUILDING SERVICES & SYSTEMS

The standard design analysis is based on exiensive numerical simulations of various cose studies.
However, an cltemactive approach bosed on non-steady heat conduction has been ufilised for this
initial studly. If monthly behavior is to be reviewed, rather than daily behavior of the wall, and the wall is
heavy, then it is sufficient te consider the solar heat flow into the wall to be sinusaidal in fime.

Using some basic resulls from transmission line theory, it is possible 1o give a simple model inwhich all
the various porameters affecting the wall performance con be easly compared without resoring o
complex numerical simutation, The results provide good ogreement with the more complex models.
The designing detailing of the wall to maximize the heat flow into the buiding of a specified time will
also be comsidered. A full model will be developed al the defalled dedon stage, for the purposes of
this study o general Indication of the amount of energy confribution from Trombe walls has been
calculoted,

A5 well os wall thickness, themal mass, wall celor and glozing type/opocity are important factors.
Typically, low G glass [i.e. glass with high opacity) allowing high transition of solar gain are
recommended, also the use of double glozing to maximize on thermal retenfion should be
considered.

Far ihe purpose of this study, o more simple model has been developed lo understand polential
energy gain from the Trombe wall toking Into congi 1 shading, reflection/frefroction/
transmittance, wall area and locafion, The model shows energy contibution on an hour by hour
basses, through the year, with on assumption that a combination of venting and shading are used fo
prevent energy contiibulion between the menihs of March te Oclober.

The Trombe walls have been assessed and a total potential confribufion colculated, showing a tefal
of 6,066kWh energy provided to the building from the & groups of hybrid Trombe walls.

4 )

SUMMARY ASSUMPTION AND RESULTS:

27 Trombe walls in 8 groups = 33.89 m?
Transmiliance = 8 52% [Low G double glasing. U Vakue 1.2
Relleciance = 585

Heating staif = Ociober 15t

Healing slop = March 311

Folential Available Energy = &066Wh*
“HE: The vsuf energy wil be less than e number ond delermined

By final malesial seleclion and desiar.

(N
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Canadian Well and heat recovery ventilation system

A Ground-air exchanget is proposed fo be linked to the MVHR, previding a full ventfiation solufion for
the home ond toking advantage of the large lond areas. The oir arrives from the Conadian Well and
enters the ventilation unit where the oir is diffused inside fhe building. The venfilafion system bolances
the flow of fresh air from the Canodion Well ond the fiow of stale air extrocted from the building while
at the same fime optimising the heat exchonge. This syslem con be conlrolled by a home

automation system,

The system [s supplied by a netwerk of pipes laid around the home af 1.5m below ground. Fresh oir is
then drawn through the pipes vio an air intoke and the pipe octs as a high performing heat
conductor aiowing heat fransfer between ground and air.

The ground temperature is colder thon outdoor air in the summaer season and warmer than culdoor air
in fhe cold season. The earth tubes pre-temper outside air for ventilafion using geothermal energy.
The venfilotion air can be diawn through the underground pipes, which pre-cools the Gir in the
summer and pre-heals it in winter by using the near constant temperature of the ground [8-125C)

On the hotlest of summer days the system has the effect of pre-cocling the incoming air by up te 14°C
and in the winter of pre-healing it by as much $2C.

Fgure 2.9 Image below ‘Canadian Wells' system,
Image extent of site area

2.0 BUILDING SERVICES & SYSTEMS

Passive stack and MVAC

The quality of the air within the dwelling will be managed by employing both active and passive
systems. A bespoke Mechonical Ventilation and Heal Recovery [MVHR) system will extract warm air
from bathreoms, kitchens and ofher rooms through o duct system, This air will be passed through the
MVHR unit to extract suplus moisture together with pollens, particulates, pofiutants and pathogens.
The ait will be refurned as fresh dehumidiied it which is pushed through the ducts In the floots and
walls by the ulira energy efficient fans. The system will be designed to move olr from those rooms with
surpdus solar gain into those with o solar energy deficit.

The MVHR will supplement and complement the pasive Trombe wall and solar slab system.

The | fion is in i fion of ducts ted with the sclar slab / Trombe wall and the
integration of active with passive air management systems.

Light wells

The design includes deep fight wells within the main residence which will offer light info the deeper
rooms of the dweling.

This offers an cpporiunity 1o benefit from the o stack effect providing a driving force for vertical air

movement, Alr driven by stock and wind pressures will cause verficol alr movement and benefit oir
gualty within the dwelling.

Air change
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Innovation Summary

/The innovation demonstrated is the connection of the Trombe wall \
and solar slab with the hybrid solar PV-T, heat pump and earth
energy bank intersessional storage.

The benefit of ying these elements together adds the thermal energy 1o the
systern, minimizing potential overheating, by removal of excess thermal
gain from the solar slab, adding that energy fo the themal energy from the
PV-T aond storing it for when its needed mosi,

nwinler when there is potentiol lor itle salar goin and he ambien! lemperalure i af its coldes!| /

2.0 BUILDING SERVICES & SYSTEMS

External Envelope

The sp

ecification of the external emvelope and employed systems are fo result in a high performing
resporsive envelope, Green roofs and living walks to floot cbove concrete decks to create fiving
architeciure.

Biotecture-Green Roofs and living walls

Green rools will provide a surface for vegetation fo grow and reccoupying the lond which the

building s sited within the landscope. Green roofs offer @ number of sustainable odvantages,
providing a useful habitat for birds and Inverteorates, the obility o store water during o stom which
will alleviate pressure on the rainwater harvesfing system.

. Absorb heat from the sun / Temperoture  reguiation
. Sound proofing

- Absorption of carbon dioxide

Living walls / Bio-wall

Self sufficient vertical go
while aiso

en living wal panel systems offer a living connection with the

e Protects exterior walls from weather domoge and comosion

= Adds o blodivensity: alfracts bees, bulierflies, irsects, bats and birds

= Keeps bullding cooler in summer as well as warmer in winter
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Hydrology
The proposals include:
. All rainwrater faling on ol roofs will be collected. filfered and rewsed for drinking for
animals, flishing tollets, ond cleaning etc
. The exient of the ground surfaces which are impermeable have been minimised fo
allow recharge of the aguifer by rainwater. etc

. All grey water will be processed thvough the Klogester etc
. All foul waier will be processed fhrough the Elogester efc

The significant water demands of most homes do not need to be met by water that meets drinking
quality standards. Curent averoge consumption in mest hemes is in excess of 160 litres per person per
day. Flushing follets, watering plants, washing clothes con all be underfaken using recycled rainwater,
and approprialely abstracted and fillered water.

Water that is not only “grey water’ but effectively contaminated is token and fittered by the house and
reused fo meet a significant proporiion of the water demands of the home.

Additional measures, such as wostewater heat recovery and low flow showers and faps, will go further
in reducing the overdll thermal and water requirernent and demands.

Surface Drainage

The NPPF indicates that “Surface water arising from a developed siter should as far as is practicable, be
managed in g sustaincble manner to mimic the suface water flows arising from the site prior to the
proposed development, while reducing the flood risk fo the site itself and elsewhere, taking climate
change into account”.

Foul Drainage

The maost sustainable oplion for a residential property in this location 1s for a sepfic tark or packaoge
sewage freatment plant with effluent discharged via o properly designed and sized infilration systern
inte the ground or to a local water counse. This oplion will be designed in conjunclion witha
rmanufaciurer and the Environment Agency.

For the main residence, the proposals include a Klargester waste water sewoge freatment, employing
biclogicol ticking filter process where a notural breakdown of sewage can occur,

The sewage treatment plant supporis a biolegically active
filrrs or biomass onfo which aerobilc micro-organisms, naturally
found in sewage, become estoblished. Notural bregkdown
of sewage can then occur. The Klorgester is proposed fo be
positioned fo the east of the site feeding oulflow info biofilters
located within the garden with the overflow Into the pond.

Fgure 3.0 Exarmple Klargester waste waler sewage system,

3.0 HYDROLOGY

Reed Bed, Natural Filtration

Areed bed is proposed fo be positioned 'downflow’ of the unit and will provide additiend filfration lo
further enhonce the guality of the effluent. Once ‘cleaned and filtered it will be ofiowed info fhe
odiocent pond, field or surounding walercourses.

Reed beds are an environmentally sustainable mefhod for the treatment of confaminated water. As
wel as being beneficial for wildife, they are often significantly cheoper than the eguivalent
mechanical systems and are easier o operate and maintain. Reed beds are very efficient at freating
effluents including sewage.

The siter for the reed bed will be to provide good sunfight for reed growth end be locoled down slope
of the primary freatment unit o aoflow for gravity flow through the freafment system,

Indigenous deciduous sheubs and free will be plonted around the border of the reed beds. Shrubs will

be thinned and lower branches removed to allow for air movement across the ground suface, alding
in evaporafion.

3

Figure 3.1 Example Reed Bed System
Rainwater Harvesting

A rainwater harvesting system will collect raln from roof gutierdng, filtering out leaves and debils and
storing woter in an underground fank.

The water will then be pumped into the house to be wsed for non-potable applications for exomple
the filtered rainwater con be used for various applionces, WC flushing, washing machines, vehicle
washing and garden watering. if the tank uns empty, the system automatfically switches to fhe
borehole supply to ersure o continuity of sendce. The system will abways draw from the rainwater
supply first,

Both the bam and stables hove open water collectors which can serve
the horses on site and for site aclivifies.

There is aso the polential for the radmwater harvesting to provide
imigation for the onsite orchard,

Figure 3.2 Location of water collectors shown on stable roof plon
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Introduction

The Government has recently introduced a new system which comprises of optional Bulding
Regulofions on water, cccess and a new nalional space standard, referred to as the new national
technical standards.

This includes reguiafions for the energy wed fo provide spoce healing and cooling, hot water and
fixed lighfing, as outlined in Part L1A of the Building Regulations. The design has been discussed with
BRE and will contribute ta the emerging body of research into the deliverability of zere carbon homes.
Although emissions resulfing from coocking and ‘plugHin’ opplionces such s computers and televisions
are not addressed as part of any zero-carbon commitment this ombifiows paragraph 79 house will be
zero corbon with respect to these emissions, In this way, the home will exceed the planned future zero
carbon standards for the UK.

Zero Carbon Solution
The innovalive porograph 79 howse will deliver on the core requirements for the development to gim
to quality as zerc cartbor:

. The fobiic performance will as a minimum comply with the Fabric Energy Efficiency
Standard (FEES) - Target i 52 kWh/m?/yr.

» Al fhe COzemissions that remain after consideration of heating, cooling, fixed ighting
and ventilation, will be less than the Carbon Compllance mit - Target s 10kg. COx/m2/
yr.

. The FEE is not influenced by bullding services; healing system, fixed lighfing or
ventilation strategy. As o performance standard, it will employ different combinaiions
of fabric specification o achieve the fargets. This has allowed fexibility in the
selection of innovafive structural, fobric and finishing materials and thermal
specifications. The Fabric Energy Efficiency |FEE) modelling has taken info account the
emisions arising from both the space healing and cooling demand from the house.

The FEE target performance will be achieved by;

. Building fobric U-values;

. Thermal bridging; attention to detall In engineering the structure and fixing to the
external building envelope

. Alr permeability; attention to detail in the design of senvice eniries
. Thermal mots; - including stow release massing

. Solar orientation - maximising the avollable gains through dlignment of the house and
all the anclllary buildings

. Daylighting - maximising this from fenestration design
. Energy recovery = using MVHR

. Passive heal gains from accupants

BEYON

UILDING REGULATION
Thermal Efficiency

The house and the ancillary buildings redlise the benefits of the solar orientation and thermal mass
bullding technigques. This will reduce the demand for ariificial heoting and cooling systems In the
house.

The thermal massing hes been designed fo balance the infemnal spoce heating demond and the solar
gains, This recognises that comfort and performence increases with increases of themal mass and
acknowledges ihat there is no upper Emil for the amount of well-designed thermal mass. The
architeciure reflects a manoged tension between the desired aesthetics of design and the required
performance from bullding physics.

Wherever possible as much thermal mass has been located in direct surlight |healed by radiation) -
longer term heat storage i provided by the mass that is located out of the direct suniight (heated by
aif convection and gecthermal radiance).

The high thermal mass materials will conduct a significant proportion of the incoming thermal energy
deep into the stucture of the home, This means that instead of the fist couple of milimetres of a walls
heating up 5-10 degrees, the entire wall wil heat up only 1-2 degrees, The material then re-rodiates
heat ot alower temperature, but re-radiates it for a longer period of time.

Rmaing il
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Figure 4.0 Thermal moss model

This will help accupants stay mare comfortable, longer and suppart the underfloor healing. When the
infernal temperature of the space falis at night, there is more energy stll stored within the walls to be re
-radiated back out.

The underfloor healing efficiency will be iImproved by more than 50% as a corsequence of the
innovative massing of the building.
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Responsible Sourcing of Materials

The materials to be employed in the corstruction of the home will be selected occording to the
extent which they; contribute to health and well being of occupants, include content from renewable
and recycled sources, and are of local provenance,

The procurement of construction materials will generally be in accordance with the BRE guide for
green building materials.! The innovation in the house will be the priority being given to embedding
the economic benefits of the consiruction in the local economy. The bespoke bulding components
will be sourced from lecal arfisans, There will be an emphasis on supporting local SME's. The project
aspires fo sowee, Corten steel , Grass roof and timber as locally os possible.

An audit of the on-site geclogy has confimed that all solls and stone which will be excavated for fhe
foundafions. senice trenches. roods and heat collecton can be reused within the construction.

In parficutar fhe gravels, subsolls, top soils, and organic materiols will be reused and employed in both
the building and the grounds. For example, the high levels of organic materals can be used in the
establishment of green roofs.

Acul and fill bolence can be achieved and this will ensure that the need for new materials to be
imported to site is minimised. This will alse avold any materols belng laken off sie.

Tris level of commitment to reducing the need fo importing new motericls will lead to o substanfiol
reduction on fhe carbon footprint of the corstruction.

There are significant areas of sustaincbly managed woodand within 20 miles of the site. There are
local carpeniry and joinery fobrication faciifies. As such it is expected that close to 100% of the
Building Blements can be locadlly fresponsibly seurced including: window frames, joists, beams, roof
frusses, external cladding, internal walls {including fing walls), Foundation/substructure, Stairs
and all timber windows, External & internal doors, Skrfing, Paneling, Furniture, Fascia ond fimber used
during construction, including formwork, site hoardings and other temporary site fimber used for the
purpose of faciitating canstruction will be sustaincbly managed sowces and independenily cerlified.

Sustainability of Materials

The construction is based on lean metheds ufilisng materials from renewable sources which ore
availoble or produced as close to the site as possible. Wherever possible materials thot incorporate o
proportion of post-consumer recycled content will be used. This will allow the construction te sfimulate

{he production of new construction materials and fo minimise the carbon footprint of the construction,

The procurement framework for the comstruction will be guided by the BRE Green Guide to
Specification. This will allow the impact of the home o be understood when comparted to the Green
Gulde 12 criferig®

1 . BRE Gleul, 2008

214 a. Tarman Tawicity &
Noacus Wate B Wate Dioous 9 Foisl bur Desietion 10 Latroph caton 11 Paotociemical Qoo Creation L2 Acdiicaton

Sustainability Boals This will allow the impact of the home fo be

understood when reviewed with the Green
Guide Calculator, Materials resource efficiency
The dicgram opposite shows how this con be
opprooched and the white boxes highlight the
areas where designers can have a sgnificant
impact.

Figure 5.0 Example of materials resource effi-
ciency as part of sustainable construction

r
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Waste Minimisation

One of the most innovative aspects of the paragraph 7% home & he plan for end wse and
decorstruction so that, when future modificati issioning occwrs this con be undertoken
wilh ease and minimal waste. Spoces ore flexible {to allow for changes in usoge| ond future-proofed
ogainst advances in technology and trends.

¥ of dec

Materials have been selected that reduce waste and that hove recycled content based on durability
ond reuse and recycling opfiors. These materias are corsistent with the expected ife of the home.

Prefabricated and pre-cut companents will been specified where ever possible, recognising that
off-site fobrication will reduce wasle, facilitate separafion of waste streams and improve recovery
rates.

The final design will take Into account efficient distibution reutes for building sences.

The intemd layout incorperates adequate spoce for segregation and storage of recyclables and
organic materials. Composting. reuse, and self-sufficiency is at the heart of the design philosophy.

The excavaled maleral during the bulld will be ulilsed on site for landscaping. base for drainage and
the mound feature of the swimming poel. Top soll will be retained ond freated on site with compost
|or other remediation) for fhe use on the green roof and for soft londscoping.

The detailed design stage will incorporate structural design optimisation fo include, opfimisation of size
of structural members and positioning of load bearing elements to allow for future flexibility.

At construction stage the confraciors are fo identify and implement the best opportunities ona
project.
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Airfightness

The design and the quality of the construciion of the home will have a major effect on the amount of
air leakage. Moving from on air fightness of 3m3/m?/h @ 50Pa, to Tm¥/m#h @ 50Pa, results in o 50%
decrease in the onnual energy required to meet fhe thermal demaonds of a spoce [curently to meet
building regulations an oir permeabiiity of building must be below 10m¥mi/h @ 50Pa is required.

By efminating the need for heat in the first place, and having contrel of the air changes, it is posible
fo accurately predict the amount of energy needed fo heat the bullding envelope, making a highly
efficient low femperature heating system much more viable,

The design has taken inte occount the potential iImpact arising from wind against the elevations and
the buoyancy effect (warm air rises and creates a drawing effect, pulling air in through gaps in the
ground floor and walls), Cold cutside oir may be drawn into the home through goaps in the walls,
greund floor end cefing (infiltration), resulting in cold draughts. In some cases, infifration can cool the
surfoces of elements in the struciure, leading to condensatfion,

The principles of a Fabric First approach will be oppfed in detaiiing of the low energy dweliing which
will defiver less cold brdging ond greater cirfightness.

Warm air leaking out through gops in the home envelope [exfiltration) could be a mojor couse of heat
less and, consequently, wasted energy. The design and the quality of its comstruction will have a major
effect on the emount of air leckoge.

The windows and doors will have a level of thermal performance that will far exceed Building
Regulalion Standards. While the main focus is the achievement of an airfight hame, ventilation is
necessary for a comfortable and healthy emvironment as it removes or dilutes pollutants that
accumulate inside. The airlightness strategy hoas foken info account the potential sources of poliution
within fhe intemal emdrenment including:

. Moisture

. Wolafile organic compounds [VOCs)

* House dust mites

. Oixides of nittogen

. Carbion monoxide (CO)

«  Corbon diovide [CO2)

. Tebocco smoke /Food smells/Body odours

Qur opproach to aiflightness for the home is based on the managing the most significant poliufion risk
which is moisture. The high volumes generated by common activities such as cooking, showering,
bathing and loundry have a sgnificant polenticl to couse deteroration of the building finishes and
fabric and prejudice human health. Moisture from these activifies can resulf in condensafion and, in
extreme cases, mould growth,

In order to deliver the airfightness targets the construction will be sequenced so that each part of the
air banrier is completed before following trades cover the work. The 'out of sight - out of mind’
approach will nat ochieve airfightness: a subsequent pressure test will show up any inadequacies. The
sequencing recognises that the test simply shows the overal airfighfness.

Subsequent air leakage audits will be needed to identify significant leckage paths. This will ensure thot
leakage is identified before the air barier has been concecled.

The site supendsion of the ‘following on' trades will ensure that works will not compromise the air barier
by occidentally damaging if, or even deliberotely penelrating it in order to complete their work. it wil
enswe that if addifional service penetratiors are needed ofter the oir barrier hos been completed,
the damage caused to the barrier will be repaired. These repairs will be made before the air bomier is
concealed, The shrategy for ensuring airtightness is achieved will be:

- Appoint an independent airtighlness odviser,

- Appoint on air barrier manager.

- Identify the line of the air barier af an early stoge of design.

- Inform the project teams of the importance of the air banier,

. Refer to airttighiness in ofl contracts which impact on the air barier.

- Specify and/or select airfight components.

- Check interfaces between components and work packages to ersuwre the continuity of the air
barmier.

- Inform the site management team of the location and Impertance of the oir barrier.

- Expiain to site operatives the crificol impartance of airfightness,

. Check air barmier completeness before it becomes impossible fo access,

«  Schedule an dirfightness fest by o compelent body well in advance.

. Pre-test visit to site by the festing body.

«  Ensure oli gifightness works are complete,

- Contractor to have resporsibility for sedling vents and open flues, closing trickle vents, extemnd
doots and windows, in preparation for airttighiness test.

- Airtightness test caried oul and resulfs ksued.

- Resulfs submified fo Bullding Control/client by confractor,

The desire to ensure thot buildings are airfight is not in ilself innovative. the level of rigour ond focus on
this issue is highly unusual on a resideniial project and therefore displays innovation in application.
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Air Quality and Humidity

The paragraph 79 home is designed o counter the risk of relative humidity levels exceeding 70 per
cent for prolonged pedods. In these situations, there is o high probability that the condersation
eceuning on cold surfaces willlead fo mould growth.? A venfilction rate of between 0.5 ond 1.5 air
changes per hour (ach] for the whole dwelling will usually be sufficient to contrel condersation®
but this is rarely achieved in modem homes.

These levels of ventilation are generally sufficient to control many other indoor pollutants e.g.
combustion products generated by gas cooking, VOCs from building and corsumer products, body
odows. The paragraph 78 home will employ smart whole house mechanical ventilation (MVHR) system
with supply and extract ventilation with atmospheric contral system.

This will incorporate a heat exchanger for energy recovery. The system will exiract warm molst oir from
‘wet' rooms via a system of ducfing and is possed through o heat exchanger before being exhausted
fo outside. Fresh incoming dir is preheated via the exchanger and ducted to the living room and other
habitable rooms.

The system will confribute befween 10 and 25% of the healing load of the house and in so

deing will complement the provision of space healing from the underfloor heating. The system will be
dual speed, providing low-speed confinuous 'frickle’ ventiiotion, and high-speed ‘boost’

extract flow.

The system will provide a venfilation system almost independently of the weather conditions, The
energy saving and air guality benefits are proporfionale to the aitighiness with greater that
proportionate benefits for <3m3/hr/m2 of 50Pa,

The amount of ventiation needed in each room will be influenced by the poliution level in that room
[and, in some cases, whether anyone & present). Automatic conlrols will be provided with humidity
sensor, occupancy/usoge sensor, and detection of moisture/poliutant release. This will reduce the
lewvel of ventilation if the source of poliution and/eor the pollufion level is low, and thus save energy.

The ducting will be installed to minimise flow resistonce [e.g. cutting the duct fo lenglh and minimising
kinks, etc.) ond balonced to equdlise the supply and extract oir that flows through the system and
between rooms. The specifications will ersure a fon power of 1TW/1/s or less when running of each of its
seffings and o heat recovery efficiency of af least 85 per cent.

3 6urd ar o ¥ s 2RE Digest 297

4 Brbeh Standaros Insttuton 855280 Control of condensation in buidings, BSI Londan, 2012

0 HEALTH AND WELLBEING

Overheating

The design of the home tokes aceount of the foct that the demand for thermally efficient glazing can
often compromise overhealing. Low-e glazing solar+ has tinted glazding and includes heat-reflective
systems o reduce solar gains In the summer and this will be used to enswe no overhealing Solar shad-
ing ond crientation have been employed to ensure that there is no risk of overheating.

External Lighting

lluminance levels for lighting in dl external areas are designed to protect the night sky, to aveid any
impact on foraging/cemmuting bats and fo aveld Eght pollution,
All external lights will be PIR/sensor controlled and will be specified in accordance with BS 5489-1:2013.

Internal Lighting

The health benefils of natural ight have guided ihe design ond orentation of ihe poarograph 79 home.,
This has reduced the need for artificial lighfing and has improved the health benefits of the home for
users.

Average daylight foctons are desgned to be in excess of 2% for all roorms, The potential for disabling
glore has been 'designed oul' through cdentolion and design. The glare contral strategy has been
developed in tandem with the lighting strategy fo ersure that glare is minimised whilst avoiding poten-
Hal canflict with the lighting coniral systems, therefore avelding Hgher than expected energy con-
sumption, Luminance (lux) levels in ofl areas of fhe home are specified in accordance with the SLL
Code for Lighting 2012
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