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Abstract

The five-month research project subject of thisoregvas part of Totara Bank
project, conducted by Massey University CentreHoergy Research (MUCER). This
is a land development project, concerned with estergenvironmental and social
matters. The objective was to conceive the devedmprof a plot that matches with
passive solar design houses as well with commohbresl electricity generation
systems and life in community.

The particular objective here was to determinehibating energy required for a
baseline house of the site, and see whether thespicing resource can be sufficient
to cover this heating needs for the whole site.

Bearing in mind the previous work done about Totgamk, a specific model
was developed, giving the useful heating energyired over the year on an hourly
basis, and based on different heating scenarios.

Repartition of heating requirements was analyzeat the year and over the day.
Results showed that this particular house wouly oeled to be heated at night and in
the morning, depending on the heating schedule,nlewer during the day or the
evening.

The passiveness of the dwelling has been estimayedomparison between
interior temperatures which would occur without tivea and national averages for
existing houses. Given the cool house trend fountNew Zealand, this house was
observed to perform well.

Assuming eight identical houses, it was found tlmtmost cases the site
resources would be sufficient to cover the spaeitng demand.

Discussions were also led about the effectivenédermer choices and other
improvements which could be made to improve théoperance of the building; among
other things the optimized eaves angle seemeddesigned.

Water heating was also considered with gross estngof energy needs to be
provided by solar collector. It has been found th#arget of 60 % of hot water energy
coming from the sun could easily be achieved. Gibhenencouraging results in thermal
self-sufficiency for the site, a possibility to pide the remainder would be to use a
wetback.
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Nomenclature

House enerqgy balance:

Q. [KW]: Ventilation power.

Q, [kKW]: Heating power.

Q, [KW]: Internal gain power.

Q, [kW]: Losses powerQ, = L(T,, - T,,.)

Q. [KW]: Solar gain power.

TM [kKWh/°C]: Thermal massof the building. It characterizes warm-up and edaivn
rate.

Tmax[°C]: Maximum acceptable temperature sometimes referred as upper level.

Tmin[°C]: Minimum acceptable temperature sometimes referred as lower level.

Tint[°C]: Interior temperature , also called inside temperature.

Text[°C]: Exterior temperature, also called outside or ambient temperature.

Tsupp[°C]: Inside temperature without undertaken action for temperature control. It
is sometimes equal to the inside temperature, vaotion undertaking is not
needed (inside temperature within the comfortabteye) or not wanted (e.g. no
night heating) or also not possible (e.g. nobodyashe to open the windows).

T [°C]: Temperature differencebetween inside and outsideT{ = Tin; - Texy).

L [W/°C]: Overall specific loss coefficientaccounting for roof, walls and windows,
floor, and air leakage.

La [W/°C]: Air leakage specific loss coefficient.

Lt [W/°C]: Floor specific loss coefficient.

Lr [W/°C]: Roof specific loss coefficient.

Lw [W/°C]: Walls specific loss coefficient.

Lww [W/°C]: Windows specific loss coefficient.

h [h]: Time considered.

h [h]: Step time All calculations were made with a step time oé ¢rour.

Qn [kWhlyear]: Useful heating energyequired for the whole year.

Qn [kWhl/year]:Final heating energyrequired for the whole year.

BPI [kKWh/nf/DDag): Building Performance Index. SeeAppendix E for a definition.

Intercepted area calculation:

A [m?: Horizontalintercepted areaof the window.

A’ [m?]: Horizontal intercepted area of the window withowerhang.

D [m]: Height difference between the top of the window and the overhang.

H [m]: Height of the window.

h’ [m]: Horizontal equivalent-height of the sunngight of the window.

h” [m]: Horizontal equivalent-height of the windawithout overhang).

hs [m]: Sunny height of the window. It is inferior egual to the height, because shadow
may occur due to the overhang.

Ma [°]: Maximum shading angle the angle above which total shading of the window
occurs.

Mi [°]: Minimum shading angle, the angle above which partial shading of the wind
occurs.
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P [m]: Projection of the overhang.
W [m]: Width of the window.

Sun angle calculation:

s[°]: Solar altitude angle the angle between the horizontal and the lirtbécsun, that
is, the complement of the zenith angle.

[°]; {O° 180°}: Slope the angle between the plane of the surface cereidand
the horizontal ( > 90° means that the surface has a downward-facing
component).

[]; {-23.45° 23.45°}: Declination, the angular position of the sun at solar noon
(i.e., when the sun is on the local meridian) wigispect to the plane of the
equator, north positive.

[°]; {-180° 180°}: Surface azimuth angle the deviation of the projection on a
horizontal plane of the normal to the surface fritve local meridian, with zero
due north.

s [°]: Solar azimuth angle the angular displacement from south of the ptajacof
beam radiation on the horizontal plane.

Lioc [ €ast]; {0° Lic 360°}: Longitude of the location

L« [° east]; {0° Lst 360°}: Standard meridian for the local time zone.

n {1 n 366} Julian day number (1 being for the first day of the year, i.e. 1
January, and so on).

[°]; {-90° 90°}: Latitude, the angular location north or south of the equato
north positive.

Solar time: Time based on the apparent angularamatf the sun across the sky, with
solar noon the time the sun crosses the merididmeobbserver.

[°]: Angle of incidence the angle between the beam radiation and the aidorthe
surface.

2 [°]: Zenith angle, the angle between the vertical and the line eodihin, that is, the
angle of incidence of beam radiation on a horizZicsugace.
[°]: Hour angle, the angular displacement of the sun east or wédhe local
meridian due to rotation of earth on its axis at pér hour; morning negative,
afternoon positive.

Site thermal self-sufficiency

cop [N@]: Coppicing tree area
AEPC [kWhlyear]: SitéAnnual Energy Production Capacityfrom coppicing trees.
AWP [t/ha/year]: Annual oven-dryWood Production.
Ecop [GJ/t]: Woodenergyvalue.
~: Site thermal sufficiency.
i- Heating systemefficiency of the dwelling on lot i.
ﬁh : Wholesite annual requiredinput heating energy.
Qn.i- Annual requiredoutput heating energyfor the dwelling on lot i.
Qh.i Annual requiredinput heating energy for the dwelling on lot i.
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|. Introduction

1. Outlines

Totara Bank (TB) is austainable land development projectconcerned with
energetic, environmental and social matters. Thgctibe was to conceive the
development of a plot that matches with passivarsoésign houses as well as with
commonly shared electricity generation systemsliéamth community [7].

Location — Geography:

The 7-hectare plot is situated at 8 km south of tetasn, in the Wairarapa
district in the south of the North Island, New Zeal (NZ}. Geographic characteristics
of the site are given in Table 1.

Table 1: Totara Bank geographic characteristics

Latitude [°]JLongitude [°]Altitude [°]
-41.018 175.668 91

2. Objective

This project conducted by Massey University Cerfie Energy Research
(MUCER) is currently ongoing. Some crucial decisiohave already been done
concerning the most important issues, such as ahd tenure especially, but other
choices remain to be done. Modelling the thermalopmance of buildings could help
either MUCER or future house owners in their fodiming choices, and also enable
them to assess the improvements made by formecehoMostly focused on space
heating, the scope of this research project alsludles estimation of the site thermal
self-sufficiency level, as well as discussion aldueating systems and hot water heating.

3. Background

The land development has been the case study legsist(Duncan, 2005 [6]).
This work permitted to determine thend layout the whole sitesolar access planning
with the solar obstruction contours, the optima@hdow shading anglesand thebasis
for the site thermal self-sufficien@nd buildings thermal efficiency. These points are
reviewed below, accompanied by additional inforoatgathered at the time of an on-
site visit.

a. Land tenure and layout

The layout of the land needed to be defined reggrdifferent criteria, and in
particular the optimal use of the natural resources

Various preliminary studies were conducted, mostigarding the resource of
the site and keeping in mind the social issue efldnd development. Among other

! Thus this is in the southern hemisphere, to beé kemind when talking about seasons and orientatio
in relation to the sun.



things, assessing the solar resource and the lsmiacteristics has been a key-point of
all the considerations about the land organization.

In addition to on-site observations, weather daasehbeen used from East
Taratahi meteorological station, about 5 km from site. The average rainfall is around
800 mm per year, with around 2,050 hours of sumshiryear, and the average wind
speed is 11 km/h, mainly from North-West.

Soil studies revealed different kinds of soil withthe plot, each one suiting
more to certain species of trees, which were carm®ty planted in order to better
adapt to the environment. Also the water treatnaegat was placed on a less clayed-
soil, so more permeable. Some native bush trees planted in the wastewater area.
There are also an olive grove, vines, and applehazél trees on different locations of
the plot. Lastly, 0.6 ha of three different treeecps Acacia Dealbataor “Silver
Wattle”, Eucalyptus Nitensr “Shining Gum” andeucalyptus Ovatar “Swamp Gum”)
have been planted in a coppicing firewood areayder to provide a part of the heating
energy required.

Eventually there were also two fields kept for gheeother livestock.

The land tenure finally was determined: there alet® within this plot, among
which are8 individual lots, from 1200 to 2100 m?, and the remaining land ftmmlast
lot, equally owned by each house owner. Themmon land (lot 9) is undivided; it has
to be managed and its resources shared by alkiby@q

There is acovenant which needs to be signed before purchasing theltlot
defines the different rules of the community. Somles are about the management of
the common facilities and services, and of the land its resources; other are about
dwelling construction, setting some value for tee®l house maximal height, and for
house minimum thermal energy efficiency. Those Ww#l detailed in the following
paragraphs.

At the time of the research project, four lots waleady bought, within which
one house was under construction, and the otheglasignetl The remaining lots
were still for sale.

b. Whole solar access planning

One objective of this previous work was to ensted ach house had a correct
access to the solar resource. To apply passive pofiples to dwelling construction,
a percentage @5 % of solar energywas targeted to be accessible by each house. By
integration of the hourly daily irradiation of ttsite, the value of 85 % was shown to
correspond to an eight-hour energy capture arobedpeak at 12:30 pm solar time.
Such a percentage could therefore be obtained usitay energy dailybetween
8:30 am and 4:30 pm solar time

The methodology used was then the following ormrst,fthe sun’s azimuth and
altitude angles were calculated at hourly internfalssome specific days of the year.
Given that, the minimum altitude angle through ylear could easily be found, so the

2 |t seems that some future owners are from over@eagland). Depending on the use they will do of
their dwelling, e.g. if they come in only for hadigs in summer, heating could not be necessanhént
This has eventually not been considered here.



solar resource diagram could be drawn, using timepsith calculated and the skyline
altitude angles given by geographical data. Thetroton heights were then
determined at any location in a 5-50 m radius netaio an observation point, then to a
whole dwelling and finally to the whole site, gigithesolar obstruction contours

c. Optimum eaves shade

In order to avoid overheating in summer, the useadfes will be preferred to
cooling. Nonetheless, this use must not forgethalwork done about solar access. In
fact, there are existing traditional values forsimengles in the current practices, but
they are not necessarily well-suited to a spesitie. That is why optimum angles have
been calculated for TB, using both sun altitudelesignd temperature data. In fact, the
same altitude angles can be found during the yéidr adfferent extern temperatures
(e.g. October and February have identical surudkitangles, whereas temperatures in
February are much warmer than in October), soithgortant not to shade the windows
when solar energy is required. The compromise sigdedor the site was 60° for the
maximum shading angle (beyond which the windowotally shaded), and 40° for the
minimum one (above which the window is partiallyadkd).

d. Site thermal self-sufficiency

The housethermal minimum efficiency is set by the covenant through the
Building Performance IndéxBPI), using a floor area scale so tlia¢ bigger is the
house, the more energy efficient it has té lsing the first — proportional — scale
created by this method for TB, the annual heatmgygy for one house was found to be
9,200 kWh (assuming a constant product of flooadinmes BPI of 10 kWh/DE’ and
920 DDs), and was therefore 73,600 kWh for the whole eilgiit development.
However, this first scale has been revised in fawda second one reported in Table 2.
The part of the covenant covering this topic is tgdobelow (Duncan, personal
communication, April 2008):

All residential buildings at Totara Bank shall comh to the following energy
efficiency criteria as measured against the BugdiResearch Association of
New Zealand software program “ALF3” or subsequetiti@n;

The maximum Building Performance Index of the bmiddshall conform to

Table 2. Owners are encouraged to strive for asdoBuilding Performance
Index as is practically achievable.

Table 2: Maximum Building Performance Index versusBuilding Floor Area

Floor area [rfi 100 | 125| 150| 175/ 204 225 + over
Max BPI [kWh/nf/DD;s) | 0.085| 0.080| 0.075| 0.070| 0.065| 0.060

In addition to this criterion on building thermdfieiency, short-terncoppicing
trees planted on-site should provide part of the thermegjuirement of the land. As
explained by Ramage and Scurlock (1996) [17], “slemm coppicing involves

% SeeAppendix E.

“ Though all has been done to facilitate passivarstésign of buildings, their conception is engireift
at the of the owner's discretion since they resgieeefficiency criterion.

® DD, stands for degree day in base 15°C. Ssgendix E for a definition.



planting quick-growing trees, which are harvesteerg few years and allowing the tree
to sprout again while they remain productive”. Thpgpears in the covenant as:

The coppicing firewood area in lot 9 is intendedbt cropped annually
from 2008 onwards such that 1/& cropped each year, and then allowed to re-
grow for the following eight years.

According to this previous work, the surface of ttugpicing area (0.6 ha) has
been planted to provide some 50 % of the heatieggyrequired (based on an average
stove efficiency of 70 % vyields, a wood energy ea(&,.p) of 15 GJ/t and an annual
wood production (AWP) of 20 t/ha). One specific ettjve of this study is to look
closer at assessing the site thermal self-suffagiear at least propose a tool to do so.

e. Other specificities
i) Electricity

There is only one connection point to the natiaggred, and there is amternal
grid already available.

Electricity generation systems from renewable sesirwill be implanted too,
such as a wind turbine, commonly owned by all, @dtovoltaic panels, which
distribution still needs to be determined. So fat-metering is not possible with the
national grid, but this will be done with the imat grid.

Techno-economic analysis of distributed generatigtions from renewable
energy sources and grid-interaction scenarios asubject of another research project
(Sigot, 2008 [20]).

i) Site works

Physically, the road access is already built. lidthvhas been reduced in order
to use fewer materials, and some passing lanes e preferred instead of a two-
lane road.

There are water channels for rain water, rathen thipes, leading to a small
lake. The wastewater treatment is also ready; twdlde individual pre-treatment and
a communal one, from which the effluent will be ega on the wastewater area,
watering trees whilst finishing its filtration.

As much as possibldpcal materials for construction have been used, either
from on-site excavation during the works, or fromedl furnishers (e.g. the stones for
bridges come from a quarry 5 km away).

iii) Other common facilities

There is a&common housé already built too. Its aim is to allow owners teep
in whilst building their own house, or invite mgoeople even if a house has not enough
room.

A shed for wood storage is also available.

® The common house has not been fully included is $tudy, as its use would be hard to model in
particular in terms of heating patterns.



Il. Tools

Now that the project concept and background hawen lgut forward, it is
necessary to have a closer look at the method@ogloyed to achieve the objective of
this research project.

1. Choice of the baseline house

In order to analyse the performance of future dwg#l on TB site, a baseline
house had to be chosen, on which the model wouldldd®orated. Two options were
suggested to fulfil this role:

The first one consisted in the house currently dpelmilt on-site; another
possibility was the Waitakere NO¥WHome [1], conceived, built and monitored by
Beacon Pathway according to current efficient bngdest practices and in such a way
that it is affordable and suits an average NZ famHlowever, the latter was not
designed in the same conditions as TB, and the $ammge will not perform the same
way in different regions (climates). Thus being maelevant, the first option was
preferred, all the more as data were more easdiable.

This dwelling on lot 2 was planned for two people, with one storey affida
area of about 100 The fact that other houses to be built will bé&edent (likely
bigger with distinct construction characteristiasdaanother number of inhabitants
having diverse way of live and behaviour) must ptkin mind. With only two
occupants and 1007the one modelled might be among the less consufrieeating
energy (depending a priori on occupant behavidur)as we saw through the covenant,
bigger houses should have a better energy effigiesathat all in all, this aspect could
possibly be counterbalanced

However, the model has been developed in such atlayfuture houses can
also easily be included to evaluate more accuratelysufficiency of the site resources.

2. Software review — ALF3

A short software review has been conducted in otddind adapted tools to
model energy performance of buildings during thigjgct research. As it had already
been used by the author, CLIMA-WANas been thought of, as well as other heating
energy rating tools such as AccuRated ALF3°.

So far, CLIMA-WIN has no database for NZ weatherigia French software),
neither for construction types common in NZ housiggen if it seems a lot more
complete than ALF3, it is also much more compled arpensive. It has consequently
been moved aside from the list of potential toAisiong this list, the Energy Efficiency
and Conservation Authority (EECA) has now decideduse AccuRate as an energy
rating tool, but it needs to be used only by assesand neither time nor funding were
available to become an assessor.

" Indeed that was the point of that particular ateofthe covenant.

8 Developed by BBS SLAMA (http://www.bbs-slama.corileauSite/produits/logiciels.php).
° Reviewed in a study realized by SBE in 2006 [22].

0 Ct. a.



Therefore, as a simple tool, user-friendly, andpselhto NZ, most attention was
paid to ALF3. However, as it is not a dynamic t@bke heating energy is only given for
the whole year but not temporally detailed), andsotering the previous work, a new
model specific to TB was developed, using both AlaR8 Excel. Thereafter is a review
of ALF3 and explanations about the way it will keed. Details about TB model will be
developed in the next chapter.

a. Description

Annual Loss Factor, 3% edition (ALF3) is a software developed by the
Building Research Association of New Zealand (BRANEIs a design tool for energy
efficient houses, mostly to evaluate the annualihg&nergy required, though it will be
used differently in this cas@.presents a more complete review of ALF3.

b. Use

In order to work ALF3 model, some data concernimg dite, the design and the
occupancy of the house are to be entered. Howewdy,those concerning the house
will be useful here and are therefore needed. Hneyisted below:

Total floor area andaverage room height floor characteristics, such as floor type
(slab on ground here), area and perimeter lengtistouction type and insulation R-
values;roof andwalls dimensions, orientation, construction type and latsan R-
values, with theiskylight andwindow characteristics (dimensions, glass and frame
types and shading);iraleakage characteristics;thermal mass characteristics,
determined with tharea and thetype of coveringf the floor (timber or concrete)
and of the walls (interior and exterior).

Concerningnsulation R-valuesALF3 proposes a list of them depending on the
thickness of selected insulation materials. Tho#lebw examined in chaptd¥.2.b.ii).

A user R-value can also be set if known.

During this research project, ALF3 will only be ds&o transform the raw
building data in usable dwelling characteristicuwes. Those will be extracted from
intermediate calculation steps; there are repanégppendix C.

3. Climate data collection

Obviously, energy performance of buildings is nealépendent on the climate.
A data availability review has therefore been canteld beforehand.

a. Meteorological station research

Given the site location (Table 1), a research wasedusing the National
Institute of Water and Atmospheric Research (NIVATIiFlo web system [3] to find
the nearest meteorological stations. Among the fouend likely to have interesting
data; only the two listed below had recent (fron®3)9available data especially for
hourly solar radiation, temperature and wind sw@&fac

' A more complete description of the software ardlldist of input requirements and outputs areegiv

in Error! Reference source not found.

2 wind surface was useful to run HOMER software, useddone modelling in another research project also
concerned with Totara Bank (Sigot, 2028)).



Table 3: Meteorological station location

Name Latitude [Longitude [*]Altitude [m] D'Stance[lffn]fftara Bank
East Taratahi Aws -41.016 175.622 91 3.8
Masterton Te Ore Ore-40.957 175.707 110 7.6

b. Profile development

The following data for the last thirteen years 3%® 2007 included) were
downloaded from New Zealand’s National Climate Datse:
Hourly dry bulb temperature; these are instantageeadings.
Hourly global horizontal solar radiation; the deg@orted in the NIWA database is
the solar radiation received (in MJnfior the previous hour.

An analysis of variance with two-factors with regliion showed that there was
no significant difference between the data recorogdhe two stations. Consequently
data were averaged hour by hour between the twiorstaand over the thirteen years.
Figure 1 shows the long-term monthly average teatpes for TB.
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Figure 1: Long-term average monthly temperatures
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4. Further literature review — HEEP

The Household Energy End-use Project (HEEB) long-term research activity
to create an accurate and up-to-date knowledge dfadee actual energy use by the
occupants of NZ residential buildings. The HEEPallase has been created monitoring
about 400 houses throughout New Zealand over ge@nperiod (1995-2005).

In particular, energy consumption is analysed hatiterms of times-of-use
across the day and over the year, as well as teyperrecords.

It was a good source for understanding NZ heatiafgith to define heating
scenarios, and was also used for some comparisons.

'3 Distances were calculated by NIWA's CliFlo website.
“12], [12], [13], [14] and [15].



lIl.Model development

To evaluate the useful energy required for the icdemed dwelling, a new model
was developed specific to TB.

1. Assumptions
The following simplifying assumptions were maddhe model conception:
A single thermal zonewas considered for the model

For the exterior temperaturep differentiation was madéetween air
and ground temperature thus the same temperature gradient was assumed fo
losses through the floor and through other compisne the building’s
envelope. A possible improvement of the model cdale that difference into
account.

Interior temperature has to bemaintained in an acceptable range
which has to be defined according to the heatiegado. It is also assumed that
a way of ventilation such as window opening cambdertaken if needéd

Any solar gains through the walls have been negtgconly gains
through the windows have been taken into account.

What is calculated with this model is the needifstantaneous delivery heat to
house interior. In other terms, it gives thseful heating energy not the final one
which would take into account the heating systeficiehcy. Furthermore, whatever the
heating system which would provide this energyresponsiveneshas been taken into
account at all: the heating level is assumed tim&tantly achieved.

Calculations were made over the year omaurly basis.

2. House energy balance

Defining the system’s envelope as the exteriohefliouse, a balance is effected
hour by hour. Gains are of different natuselar gains through the windows @,);
internal gains (Q,) due to occupant metabolism, use of applianceslighthing and
hot water; andheating (Q, ) when needed to be performeassesout of the envelope

essentially come from heat transfers by conductiod convection because of the
difference of temperature( T) betweerexterior (Tex) andinterior (Tin), through the

walls (Q,,) and windows Q,,, ), floor (Q,;) and roof @Q,), but also by air leakage
(Q,)); their sum gives the overall losse®, |*°, characterized by the overall specific
loss coefficient (L) times the gradient tempera@s®, = LxDT = Lx(T,-T,,.) (Eq.1)

int

15 |f ever at that instant outside temperature isignethan the inside one that means that anothgmoiva
cooling must be found.

% These heat transfers can be gains if ever thédeutsmperature is warmer than the inside; in taae,
L was assumed to be the same.



There will also be times when theredagcess energybsorbed (mostly solar)
that is not used to meet losses and cannot bedstarel this excessQ,) must be

vented, or “dumped”.

A range was defined between minimum g and maximum (Fay)
temperatures wanted in the house at a particular. Hdepending on heat flows and
building thermal mass (TM), the temperature ragsas falls within this range, with two
types of action influencing that phenomenon: heatamd ventilation. Heat flows
through the building’s envelope are illustratedrigure 2.

Q b4
é Ao, °
O i

Figure 2: House energy balance

The house energy balance can be written as follow:
dT.

Q5+Qi+Qh_ L(Tint_ Text)_ Qd :TMd—Itm (Eg. 2)

The rate of change of interior temperature can theeapproximation as follow:

d(-all-itm = e hr)1- Tl (Eq. 3)
That leads to the same energy balance but exprassediscrete way:
Q.(h+ h)+Q,(h+ h)+Q,(h+ h)
LT, (h+ h)- T (h+ h]-Q,(h+ h)=TMmIm (h+ h,Z' T (h) (Eq. 4)

From that point, it is possible to calculate theadtetical interior temperature
(Tsupp Which would be achieved without any heating &) or ventilation (Q= 0):

Q,(h+ h)+Qi(h+ h)- LT, (h+ )- Touh+ h)

=TM Tsupp (h+ h) - Tint (h) (Eq. 5)
h
™ ]
Tsupp(h+ h) = _Tint (h) + Qs(h+ h) + Qi (h+ h) - L -I—e)(t (h+ h)
L (Eq.6)
L+ M
h



Tsuppb€ing now known, three cases are possible:

Whenever inside temperature would theoreticallyy staithin the
acceptable range, or if heating is not wished ait tiime (which is equivalent to having
no Tmin), then the house will be let by itself and interiemperature will follow the
theoretical evolution.

If Trmin(h+ h) < Tsypdh+ h) < Tnadh+ h), then Ty(h+ h) = Tgypdh+ h),
Q4 (h+ h)=0and), (h+ h)=0.

When inside temperature would fall undefi.J the heating system will
provides the additional energy required to mainthahouse at the lowest comfortable
temperature. Therefore there will be a need footaof heating to come back to a
comfortable level when desired.

If Tsupdh+ h)  Tmin(h+ h), then Ty(h+ h) = Tyin(h+ h), andQ, (h+ h) = 0.

Q.(h+ h)=L[T . (h+ h)- T (h+ h)]

Tmin (h+ h) B Tint (h) (Eq' 7)

Qb ) Qe e Ten* D

Whenever inside temperature would theoreticallye risbove Tax
ventilation will permit evacuation of excess energy

If Tsupdht+ h)  Tma{h+ h), then Tw(h+ h) = Tha{h+ h), andQ, (h+ h) = 0.
Qd(h+ h):Qs(h+ h)+Qi (h+ h)

(h+ h)-T Tow(h* h)- T, (h)  (Ea-8)

(h+ h)J- mc, —m .

- L [Tmax ext

These calculation steps are repeated for eachdidhbe year.
3. Window gain calculation
a. Solar radiation
The data downloaded from NIWA Cliflo website weree t hourly global

radiationon a horizontal surfacéor the last thirteen years (1995-2007). An averags
done over this period, giving hourly data for aryea

Figure 3: 3D view
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Assuming that the direct radiation was approxinyatgjual to the global one,
the radiation was calculated on a vertical surfad@ch corresponds to the windows.
To do so, the intercepted horizontal aré@orresponding to the window (shown in red
in Figure 3) was calculated.

b. Intercepted horizontal area

As it can be seen in Figure 5, in fact, the intpted area depends only on the
altitude angle, and not on the azimuth one. Inddetlarea of the parallelogram formed
(delimited by the blue and orange long dash dditex$) is the same as the one of the
black rectangle shown (delimited by square dasimed).
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Figure 5: Top view

Figure 4: Side view

Therefore, with W the width of the window and H isight:
(=W’ ht (Eq. 9)

where the horizontal the equivalent horizontal heigf the window (h”) can be
obtained from Figure 4 by:

h @= H (Eq. 10)
tan
So finally:
¢C=wW’ H (Eg. 11)
tan

S

The sun altitude angle; has to be calculated; moreover, the sun azimugtean
is still needed to compare with the window azimatigle and appreciate whether a
particular window is sunny or not at a particulauhof the day. Next paragraph details
their calculation.

c. Sun angle calculation

The sun angles were needed, so the sun path wasatatl hourly for the whole
year. This was done using formula from Duffie & Beann (1991, adapted by
Duncan, 2005 [6], and 2006 [5]), givenApppendix D. Figureé summarizes the
calculation steps.

11



Time of year —» Declination

Altitude
of sun
Latitude
Azimuth
Solar time of sun
of day

Figure 6: Parameters of sun angle calculation
d. Accounting for the overhang

Then, the overhangs were taken into account. Ongehwvere planed to be built
on north-west, north and north-east facing windam$y (among which only north
facing windows exist for the considered dwelling}, those suggested angles for east
and west facing windows were not physically feasilth that case, another sun control
must be installed instead.

ey W™

Figure 7: Overhang and shading angles — side view

The intercepted horizontal areds now given by: =W’ h (Eg. 12)
with h’, the equivalent height of the sunny bott@ihthe window (as seen above),
h,
expressed as follow: he= (Eg. 13)
tan

S

where R is the bottom part of the window receiving sunrbea

As it can be seen in Figure 7, the relation betwegeHl, the overhang projection
(P) and the height difference between the top efulindow and the bottom of the
overhang (D) is: h,=H+D- P tan | (Eq. 14)

P and D can then be expressed using the minimum §hd maximum (Ma)
shading angles (also shown in Figure 7):

D=F tanMi (Eq. 15)

12



H

= Eg. 16
tanMa-tanMi (Eq.16)
Manipulating these equations leads to:

. tanMi- tan

h,=H" 1+ S (Eq. 17)
tanMa-tanMi
and at least:
, , tanMi- tan
—w P s (Eq. 18)
tan tanMa-tanMi

Solar gains through windows are then obtained bliphying the solar radiation
by the intercepted horizontal area for each windawg then summing them all.

e. Accounting for the skyline

The site geography was then included in the cailoma by withdrawing from
the potential gains those for which the sun angis imferior to the skyline angle. The
latter is reported below, with typical the sun pfathSeptember:

90
75
= 60
=)
& 45
Q
230 ~ ~
£ s / \
d PN
0 #4
-120 -100 -80 -60 -40 -20 0 20 40 60 80 100 120
Azimuth angle [q North

Figure 8: Skyline and September sun path
f. Accounting for solar obstruction contours

Finally, the whole access planning was taken intcoant. As we said
previously, access to the sun was ensured betw86ragh and 4.30 pm solar time only.
Gains outside of these hours were therefore asstionbd nil, so the calculated gains

were minimized.
g. Accounting for the SHGC

And at least, the remaining gains were multipligdthe SHGC, to take into
account the quality of the window to let the suteenThe SHGC was also taken from
ALF3 software, assuming a value of 0.58 for cleaulde glazing with wood frame.

Window gains are calculated for the hour endinghat indicated time (e.g.
11 kWh at 10 am means a constant gain of 11 k\V\iated between 9 am and 10 am).
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h. Remarks about solar gains through windows
i) Repartition by window orientation

Unsurprisingly gains come more from north-facingnéows (two thirds). But if
gains are connected with the glazed area, the ibatibm of east and west-oriented
windows increase to the prejudice of north-facingdews, whose gains represent at
that time less than 50 %.

Outer ring:
ﬂ Absolute repartition 0
@ North gains [% of kWhlyear];
m West 6
O East ® Inner ring:
Relative repartition  of
O South gains (connected with the

glazed area)
[% of kWh/nflyear].

Glazing area Solar gains

Figure 9: Repartition of glazing area and solar gais by window orientation
i) Daily distribution

It was found logical that early gains in the moghicome mostly from east-
facing windows; later in the day they come fromthdacing windows and at the end of
the day gains come from west-facing windows, asttated in Figure 10.

6
—— North

_ > / \ — West
= 4 / \ East
Z3
22 /K
S

1 /

O ‘ / T T \\

0 4 8 12 16 20
Time of day [NZST]

Figure 10: Daily distribution of absolute gains thiough windows averaged over the year
iii) Yearly distribution

Window gains are greater in winter than in sumnasrthe sun is more direct
even if less powerful. They are also greater it easl west-facing windows than in
north-facing: even if the radiation on a horizorgaiface is greater at the time when the
sun faces north, the intercepted area is smalkhieagame time.

And finally, the effect of the overhang is noticeabin summer. Further
discussion about the influence of overhangs wiltbeducted later.
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Figure 11: Yearly variations in solar gains throughwindows, breakdown by window orientation
Iv) About the optimized shading angles

In order to evaluate how the optimized shading esmgimproved the
performance of the building, three cases were coedpawithout any eaves, with
traditional” ones and with optimized one (actual case).Appbrditigure 12), the
advantage of optimized eaves seems more noticeablenmer (October to February),
with reduced gains compared with traditional eawws] in mid season (April and
August-September) when gains are this time slightgater. No difference is apparent
during winter lull (June and July). Chaptéf.3.c will go deeper into improvements
made by using optimal eaves angles.
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Figure 12: Overhang effects over solar gains

4. Internal gains

Internal heat gains from household appliances oy house lightning), and
the metabolisms of the occupants (when the housedspied) contribute to space
heating. Like all other occupant effects, intefmat gains vary greatly in practice.

Y Traditional eaves angles are 72.2° for Ma and 2®5Mi
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Assumptions for internal gains were those of ALE8ading to Wright J. and
Baines J (1986, cited in ALF3 [21]). That meansw#nce for the occupants, lightning
and appliances and hot water standing losses, deweon the hour of the day as
detailed next:

A base internal gain rate is taken, which mainketaaccount of theeat
losses of the hot water cylinderand heat of hot water used in the building
(showers, laundry etc.).

The heat release of lighting and appliancess then linked to the total
floor area of the building. This approximation iasked on the experience that
larger houses generally have a larger number bfdignd other appliances.

The metabolic heat release of occupants the building is considered
by a contribution linked to the number of occupartsis assumed that the
metabolic heat release rate of people in a housemsar to that of people

typing.

In the development of the internal gain figuresy times of day periods,
daytime (7:00 - 23:00) and night time (23:00 - 7,0tave therefore been taken
into account. 75 W per person with 60 % availapi{that is to say 45 W) was
used during daytime and 100 % during night. Equipingains are 16 W/m?2 with
25 % available during the day and 5 % during thghtiLighting gains are
8.5 W/m? with 15 % available during the day and Od#ring the night. A
constant 100 W was assumed for hot water.

5. Losses

Thus the overall specific loss coefficient (L, ma&asl in W/°C) is the sum of all
the component specific loss coefficients, retriefrech ALF3 model:

L=Ly+Lw+L+L+Ly (Eg. 19)

Effects of specific loss coefficients — lumped dryydcomponent — are discussed
later inlV.2.a andIV.2.b.

6. Heating level and schedule

For each scenario, a base range of comfortableagetnwe was chosen, (with a
reference between 18®&and 25°C), but the model is flexible enough towalfor other
values which would be considered more interestmglevant.

A key point for understanding the model is the efiéihce between the heating
policy and the decisional variable,J, The heating policy responds to the question “Is
heating allowed or possible?”, which depends orotteipants’ willpower, whereas the
decisional variable responds to the question “tihg required?”, whose answer “Yes”
would mean that Jpp is inferior to Tnn, and “No” that it is not. Even if i, also
depends on the occupants’ wish, thg,Jdoes not, and therefore depends only on the
actual conditions. These calculation steps are sanmed in Figure 13

18 NZ has a tendency of having cold houses, everbiile Health World Organisation recommendations
(16°C). That is why 18°C was chosen as a referémcbeating level rather than 19 or 20°C (as ithis
case for most European standards).
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Is heating < Yes | .| Isheating < Yes [7] .| How much heating

allowed required? is required?
No No

Figure 13: Heating energy calculation steps

Fourteen different scenario alternatives were am@rsd, regrouped in two main
categories, “continuous heating” and “intermittén@ating”, as well as two “passive
modes”. Note again that whenever the term “continuous hegtiis employed, that
does not mean that heating is performed withowtrraption, but that heating is always
possible (or allowed), and therefore performed waed only when needed.

In the scenario definition, the following time sgamave been considered:
Morning: 7:00 to 9:00;
Day: 9:00 to 17:00;
Evening: 17:00 to 23:00 and
Night: 23:00 to 7:00.

Passive modes:

These cannot really be considered as proper hestimgdules, but will be used
for some comparisons while evaluating the passs®péthe dwelling (cflV.3).
In these scenarios, no internal gains from occugpane taken into account
during the day (it is assumed that the buildingrisccupied).
Scenario O:
No action is undertaken (neither heating nor vatitih) for temperature control.
That means that the modelled house is let by jtee§es only being compensated some
times by internal and solar gains.
Scenario 0 bis:
The only difference with scenario O is that vetia is assumed whenever
needed to maintainj;f under 25°C. Although the building is unoccupieding the day,
it was still assumed that the interior temperatwes maintained below 25°C even if
nobody was at home as for example curtains drawth@nmorning could reduce the
amount of solar gains.

Therefore in these cases, the considered outpieahodel was not the heating
energy but the interior temperature.

Continuous (24 h) heating:

Here internal gains take into account 2 occupantig 24 h; T, is set at:
Without night setback:
0 Scenario 1: 20°C;
0 Scenario 2: 18°C;
0 Scenario 3: 16°C;
With night setback.
0 Scenario 4: 18°C at night, 20°C otherwise;
0 Scenario 5: 16°C at night, 20°C otherwise;
0 Scenario 6: 16°C at night, 18°C otherwise;

Intermittent heating:

The house is considered unoccupied in the day.egdior T, are:
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With night setback.
0 Scenario 7: 18°C at night; 20°C during morning amening;
0 Scenario 8: 16°C at night; 20°C during morning amening;
0 Scenario 9: 16°C at night; 18°C during morning amening;
Without night setback:
0 Scenario 10: 20°C during morning and evening;
0 Scenario 11: 18°C during morning and evening;
0 Scenario 12: 16°C during morning and evening.

Heating schedules are summarized below.

Table 4: Heating schedules

Scenario . : I Day
No. | Short Name Heating modgNight setbacR/entilation occupancy
0 No-heat No
0 big No-heat bis None N/A No
1 24h-20
2 24h-18 No
3 24h-16 .
2 N-20/0-18 Continuous Yes
5 N-20/0-16
6 N-18/0-16 Yes Yes
7 |M&E-20/N-18
8 |M&E-20/N-16
9 |[M&E-18/N-16 .
10 M&E-20 Intermittent No
11 M&E-18 N/A
12 M&E-16

7. Thermal mass

Once again, the thermal mass factor was taken #dafm software. For the

house considered, the value was:

TM = 3036 Wh/°C
Effect of thermal mass is discussed lateivir?.c.
8. Outside temperature

Data were also downloaded from the NIWA Cliflo wigbdor the last thirteen

years (1995-2007) and an average made hour by hour.

19 No ventilation is assumed for scenario 0.
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V. Model results

1. Gross results

Results for heating energy required for the différecenarios alternatives are
given in Table 5, for the whole year. The greatatan between the scenario highlights
the high dependency of heating energy on occupant behaurs.

Table 5: Useful annual heating energy by scenario

Scenario Heating energy
Number Short Name| [kKWhlyear]
1 24h-20 5449
2 24h-18 2702
3 24h-16 954
4 N-20/0-18 4949
5 N-20/0-16 4793
6 N-18/0-16 2535
7 M&E-20/N-18 4386
8 M&E-20/N-16 4228
9 M&E-18/N-16 2131
10 M&E-20 4214
11 M&E-18 2114
12 M&E-16 694

It must be kept in mind that this is a model, andnbn behaviours are of all
sorts but following models. For example, even & tamperature would theoretically be
enough, it could be wished to light a fire, as iNeg an impression of additional
comfort. In fact, temperature comfort is really degent of everybody, and also of
external/ ambient conditions. If it's a rainy dagme would like to feel warmer once at
home for example. On the other hand, people leavirglder climate will accept more
easily colder houses.

Whatever the heating scenanmm heating is performed during the day or the
evening— solar gains and thermal mass are enough.

Figure 14 presents the different annual flows legdo the heating energy:

Annual energy flows [kWh/year] O Solar gains
-25000 -15000 -5000 5000 15000 25000 @ Internal gains
B Heating

OAir leakage
OWindow losses
B Wall losses

O Roof losses

B Floor losses

—

Figure 14: Annual energy flows — scenario 2
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2. Possible improvements

Among all the possibilities, just a few were invgated. Though the floor area
could have been a relevant parameter in relatidthg@ovenant, the way the model was
developed did not permit easily such an analysismasy other parameters were
dependent of it.

a. House specific loss coefficient

First will be considered the influence of the oViespecific loss coefficient over
the annual heating energy regardless of its diftecemponents.

As Figure 15 shows, a good correlation is foundveen the two variables.
Hence an improvement of L of for example 10 % letada decrease of heating energy
of more than 30 %.

0% \ ‘ T T T

IS e y = 0.0002x? + 0.0341x + 0.0037[]
S = -20% ) -
2 % \ R =0.9998 n
£ 5 0% ~——
£5
S £ -60%
S §
c < -80%
>

-100%

0 -5 -10 -15 -20 -25 -30 -35
Variation in overall heat loss coefficient [%]

Figure 15: Overall specific loss coefficient versulseating energy — Scenario 2

This correlation will be used next to link partiaulloss coefficient to heating
energy through L.

b. Specific loss coefficients, breakdown by compone nt

This part now details the contribution of each comgnt (windows, walls, roof,
floor and air leakage) to the losses through L, hwedefore to the heating energy. Their
repartition is shown in Figure 16, where the prefmance of |, iS noticeable. In
particular, a 10 % improvement of,l. has as much influence over L as for example a
20 % improvement of (L

32% 19% OAir leak
B Roof
OWalls
OSlab floor
15% 18% B Windows

Figure 16: Losses repartitiorf*

2 particularly all specific loss coefficients wilklthanged if the floor area is different.
2l Because the same temperature gradient is assumneall fcomponents, the repartition is the same
expressed in terms of losses or of specific losffiopents.
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i)  Windows

As they seem to have the greater effect over tlegativioss coefficient — and
therefore over the annual heating energy —, anysisahas been performed over their
particular influence first. Proposed windows fore thonsidered dwelling are clear

double glazed. Other types were considered hesme¢owhat improvements could be
made; they are listed in Table 6.

Table 6: Considered window characteristic®

TypeGlazingFilling | Inside|OutsideSHGGL ,,, [W/°C]*
0 | Simple N/A |Clear| Clear| 61 139

1 |Doubleg Air |Clear | Clear | 58 72

2 |Double Air |Low-E| Clear| 54 56

3 |Double Argon|Low-E| Clear| 54 50

Care must be taken with improvements made on thedaws, as some
parameters of the models are linked depending @n ¢tharacteristics. It is not unusual
that the diminution of the specific window loss ffméent L., iS accompanied by a
diminution (fortunately relatively minor) of the &€. Therefore, even if solar gains
through the windows are reduced, losses through #re all the more reduced, making
this modification worthwhile, at least in termshefating energy (Figure 17).

The use of double glazed argon-filled, clear o@didit with a low-emissivity
(low-E) inside leads to major improvements. Ondahe hand, the SHGC is reduced by
around 7 % — and so are the solar gains throughvthgows — but on the other hand,

Lww is all the more reduced, by more than 30 %. Ofssuan economic analysis should
follow this energetic one.

16000

Type
14000 - WO (Single clear)
— 12000 - — O1 (Dbl clear)
O3 (Dbl Ar low-E)

Energy [kWh/yeal
(]
o
o
o
|

6000 -
4000 H
2000 - I
0 ‘
Window gains Window losses Window neat gains

Figure 17: Effect of window characteristics over lsses and heating
i) Walls, roof and slab floor

For these components, a correlation has been dgtbdigveen insulation R-value
and specific loss coefficients. Figure 18 showst tHacreasing the specific loss

22 The actual window is bolded.

% The L., reported does not depend only on the window tgpealso on the window area. However, the
latter is fixed by the dwelling architecture andhe same for all types.
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coefficients becomes harder with the increase siilation R-value (the slopes of the
curves tend to low with increased insulation R-eqlu

45 ‘
-5-40 # Roof = m * *,
@ <35 fl - @ %9000 ,,,
% E m floor [ - I'YYY * 0
= 30 = &
_‘lg § A Wall n - . A
8% .« .l
020
(&)
15 T T T
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
Insulation R-value [C.m /W]

Figure 18: Specific loss coefficient versus insulian R-value for different building components*

A way to increase insulation R-value could be (jmfed enough room) to
increase the thickness of the insulating mateffabportional coefficient between
thickness and R-values are given in Figure 19, tcocied using values given in ALF3
(Stoecklein & Bassett, 2000 [21]).

7 y= 0.0151X oy Sheep wool
R =0.9917
6 _
y =0.0167x |A Polyester
5 2
2 / / R®=0.999
E 4 Z
O _ Cellulose
&, y = 0.0181x
| Macer. paper
ER R =0.9991 ( Paper)
3 |
x 2 X Mineral/Glass
y=0.0191x| | Fibre
1 R? = 0.9993
® Expanded
0 ‘ ‘ ‘ ‘ Polystyrene
0 50 100 150 200 250 |y =0.0239x
Thickness [mm] R?=0.9996

Figure 19: Thickness versus R-value for selectedsnlating materials

But on the other hand, as noted by Isaacs et @06)2[15], improvement of
insulation levels seems to often lead to an in&easnterior temperature more than a
decrease in heating energy consumption.

iii) Air leakage

According to ALF3 (Stoecklein & Bassett, 2000 [21]a minimum Local Air
Leakage Rate of 0.5 ac/h is assumed. This is bedawser Local Air Leakage Rates
would lead to ‘stuffiness’ in the building and opamts would open windows to
increase the air flow”. The air leakage rate of ¢tbasidered dwelling being already set

24 The current value is circled in each case.
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at this lowest value, its effect upon the heatingrgy has therefore not been studied, as
it is not likely that anyrfew)dwelling on TB will present a greater value.

c. Effect of thermal mass

Further research should be necessary to evaluaiatdgraction between TM and
L:. Effectively, carpeted floor contributes to indida whereas it decreases the TM
potential of the slab floor.

However, a simple evaluation of the influence of Bver heating energy has
been conducted (Figure 20). Increase of TM conduossirprisingly to a reduction in
heating energy as it describes the ability of maleto store heat. It goes the same way
with heating scenario both continuous and inteanitt

Scenario

2300 X2 (24h-18) y= -1;)22?.?9;769176.1
T 3100 L x 6 (N-16/0-18) | -
£ SN 9 (M&E-18/N-16)
£ 2900 i = -865.32x + 5453
= X 11 (M&E-18) y= -
= 2700 1 R*=0.9993
>
(@) ==
S 2500 S~
S 2300 ~_ y = -810.46x + 4865.9
£ 2100 - N R? = 0.9987
®
® 1900
c —_—-
= 1700 T y=-770.53 + 4709
2 % R? = 0.9997
£ 1500

2.9 31 3.3 3.5 3.7 39 41

Total thermal mass [KWh/TC]

Figure 20: Effect of thermal mass over annual heatig energy”

3. Passiveness

a. Evolution of interior temperature

This analysis was realized in order to give amestie of the passiveness of the
building. As it was designed on passive solar [pies, the idea was to see ‘how
passive’ it is. This was achieved using both sdendrand 0O bis, in which the interior
temperature of the house is let evaluate by itseifo heating is performed. When
looking at monthly averages over the year (Figurg the range of evolution of interior
temperature seems quite acceptable — between 126Q@j which is only one degree
more each side of the base range of 18-25°C.

Over the year the model reports a maximum temperabd 34.6°C and a
minimum one of 11.5°C for scenaric®0ONote that due to the thermal mass, the
maximum temperature is obtained in summer wherdtinling stores more and more
energy through the days without really cooling doduring the night. The use of
curtains or other sun controls could significamtguced this value. Note also that the

% The bolded arrow in the x-axis indicates the dotatue (TM = 3.63 kWh/°C).
% Scenario 0 bis, i min = 11.5°C and i max= 25.0°C (= Fra)-
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model was built with a long-term average of ambithperature, so these values
would surely be easily exceeded in reality.

27
25 [ ]
23
21
19 ~ ]
17 ~ ]

15 T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Interior temperature [T]

Figure 21: Monthly average interior temperature — €enario 0

However, this first impression may be slightly dis¢d when paying more
attention to the daily variations, as shown in Fé&gR2. In effect, even if temperatures in
winter rise above 20°C at the end of the afternaot during the evening, they fall as
low as 13°C at the end of the night and early nragni

30
— 28
£ 26 —e— Year
q":) 24 —— Summer
g 3(2) Autumn
g Wint
% 18 inter
- 16 —%— Spring
S 14
£ 12 ‘
- 10 T T T T T T T T T T T T T T T T T T T T

0 4 8 12 16 20
NZST

Figure 22: Seasonal daily profile of interior tempeature — scenario 0
b. Comparison with national means

As shown in Table 7 (HEEP report, year 10 [15]grage summer (December,
January and February) day (between 9 am to 5 pteyion temperature for New
Zealand is 21.8°C, whereas for the winter montls€,) July and August) during the
evenings (5 pm to 11 pm), it is 17.9°C. The samaegmfor the model are 21.1 C and
22.9 C respectively for winter and summer. Thushibiese seems to perform quite well;
however, relative results might be misled by theti&nd of cold houses, and the daily
evolution must also be kept in mind.

Table 7: Winter and summer temperature summary — HEEP versus TBM

L Winter (5 pm to 11 pm,Summer (9 am to 5 prj
~1 June to August) | December to February)

=)

Mean temperature [°(

HEEP survey 17.9 21.8
Totara Bank Model 21.1 23.5
0 bis 20.7 22.7
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Scenario 0 leads to an average of 5.5 hours pealaye 25°C in summer (note
that the month of Mars is not included in summed dras an average of 12.5
hours/day), and in winter, 11.7 hours per day urd@8C and 7.1 hours per day under
16°C.

c. About the optimized shading angles

In order to evaluate how the optimized shading esmgimproved the
performance of the building, three cases were coatpane without any eaves, one
with traditional ones and the last one with therent optimized ones. The interior
temperature in scenario O was chosen as the digtptite comparison.

Looking at Figure 23, one can notice the advantdggsing site-adapted eaves
angles rather than traditional ones, particulanysummer. In that case, the interior
temperature in February is in average 1.2°C loweind the afternoon (12 pm to 5 pm)
and 0.8°C over 24 h. But as it had been foresegraiagrapHhll.3.h.iv), the benefit is
less visible in winter, when;f is in average only 0.2°C greater over 24 h and®.3
during the evening, which is not really significant

x-axis: Time of day [NZST];

—o— Without  —#— Traditional - : o
y-axis: Interior temperature [°]

34 1 26 -

32 /’\ 24 1 /(' \QQ(
] , Y,
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] " 7
i 2 4
24 | 16 Loy
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Figure 23: Effect of overhang design over the evalion of interior temperature — selected day-
month profiles for scenario 0

4. Effect of heating level

Continuous heating scenarios without night sethaete used to appreciate the
influence of heating level on the annual heatingrgn (scenario 1 to 3 with adapted
with other intermediate heating levels.

A polynomial regression was made with the datawamg that @ was linked to Tin
by: Q, =1359" T2 - 37674 T, +26460 (Eq. 20)
with Tnyin expressed in °C and ,Qin kWh/year. The correlation coefficient is
R® = 0.9999.

It can then be found that a decrease of the heédveg of 1°C in scenario 1
(from 20 to 19°C) reduces the heating energy frafa0sto 3920 kWh/year, either an
economy of more than 30 %. With another 1°C deereesming back to scenario 2,
Qn = 2700 kWhlyear, so this is again less 30 % irtinga&nergy.
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Counting up economies, reducing the temperaturegngetrom 20 to 18°C
(difference between scenarios 1 and 2) leads t0 % Blecrease in heating energy, as
illustrated below.

Contrary to changes in thermal mass which wouldiffiecult to undertake once
the building finished, changes in behaviour are least theoretically — easier. It could
therefore be quite straightforward to reduce theuahheating energy just by lowering
the setting temperature even only for half a deghekling some clothes to offset for
the cooler sensation that could income would be BE®ergy consumer but as much
efficient. NZ already has cold houses, which isnmeaily healthy, so there is no need to
go towards low temperatures beyond safety. Buthenother hand, occupants of such
well performing new houses will need to take caveto get used to temperatures too
high, above all in a period when energy reductondgeded everywhere.

120%
90%

60% 4 5 X )/K

30% x X %~ Ref18 T
0% ¢ x—o—;P‘/( ¢ —%—Ref 20 T
-30%

7
X
60% | | w7 X
-90%

Change in annual heating
energy in comparison with
the reference temperature

15 16 17 18 19 20 21 22 23

Interior minimum temperature [C]

Figure 24: 24h schedule without night setback: inflence of the heating level

5. Discussion on heating systems

Then, another variable comes in, which is the igfficy of the heating
appliance, depending on what kind of heating systemstalled. In fact, the calculated
energy through the model is the required net hgatimergy, also called theutput
heating energy (f). Depending on the heating system, tigut heating energy (£’
will therefore be different, whether greater (in sh@ases), or lesser (in case of heat

Q

pumpsj’. The relation between them is given by: Q¢ = p

(Eq. 21)

Different values for the heating system efficiencgre given iMAppendix C.

Given the maximal and minimal outputs of a paracuieater, it could then be
possible to adjust the heating power calculateth wie model to fit with the practical
feasibility. For example, if within a certain sceonal2 kWh are needed during one
specific hour (typically early in the morning), atite heater maximal output is 4 kW,
then it will be necessary to heat the house befeseneeded in order to achieve such an

%" This remark from Energy Saving Trust (2006) [8pkgs to all system and in particular heat pumps:
Figures for heating efficiency are often quotedt doy meaningful comparison between fuels
must take account of the whole energy supply chpmogressing through primary energy,
delivered energy and useful energy. Simply stated:

Primary energy is that required at source before conweysistribution and delivery.
Delivered energy is that supplied to the home, on which pays based.
Useful energy is that required to warm the home or heatdter.
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energy output, say at 4 kW during 3 hours instéad. in doing so, the temperature
difference between interior and exterior would beager, and so would be the losses.
Therefore heating would have to be performed not earlier but also at a higher level
to compensate for extra losses. One can then dhatst goes into a vicious circle
(greater T, more losses, more heating...), but preliminargltmodel showed little
variation in heating energy level and hourly disition would it be only after one
iteration. For a particular day, Figure 25 illustsathat a 2 kW heater would be enough
for scenario 2 but not for scenario 6.

6 I I
o= 5 f\ —o—Scenar!oZ
§§ 4 —8—Scenario 6
2= 3
232
(<} ’qj 1
3 o 0 ‘ \\I—I—I—I+I—I—I—I—I—I—I—H

12 16 20
Time of day [NZST]

Figure 25: Daily profiles of average useful heatingnergy during heating months (April to October)

o
~
(0]

Here we can see that the choice of the heatercleglrly influence the occupant
behaviour. A wood burner needs to be filled manalihereas an electrical heater can
be programmed. Therefore, some heating scenarrowtée fulfiled by some heaters
(or at least not in the same stringent narrow vedneduled by the model).

Furthermore, the responsiveness of the heater bmusaken into account too.
Effectively, though wood burners can provide gaeabunts of power output (as high as
20 kW for some), they need some time to reachrttisd power. And if as observed
both for scenario 9 and 11 this power is neededktyuin the morning, people working
during the day will not have time to take careld wood burner after getting up.

6. Discussion on the site thermal self-sufficiency

In order to assess the thermal heating self-seficy of TB, the following
approach was undertaken: firstly the demand wamatsd, using the model results,
and secondly the resource, bearing in mind thechiéeacteristics; then an analysis was
performed according to different parameters.

Heating demand
The annuabutputheating energy Q can be calculated from the model for each
building i. Subsequently, given its heating sysedficiency ;, the annuainput heating
_Qu
h

energy for the building i () is found by: Q¢ (Eq. 22)

Then the whole site annual input heating ene@gyis the sum of each building’s one:

Q= Qf (Eq. 23)
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Wood resource

The site resource has already been definé@ia.Wood properties of the Silver
Wattle and the Shining Gum were retrieved fromNesv Zealand Energy Information
Handbook(2008) [10]. As all the species were planted mmshme proportion, and were
supposed to have the same annual wood productig¥iPjAan average between this
two species was made for densities, bark volumet@tatiheat content per cubic metre.
Values are given in Table 8.

Next the total density is calculated as follow:

Total density= Wooddensity (1- Bark proportion)

- : (Eq. 24)
+ Bark proportion” Bark density

The total heat content per tonne (or wood enerdiyeydq, is then easily drawn from:

_ Total heatcontent( per cubicmetre

E :
Total density

cop

(Eq. 25)

In that case, &p= 18.5 GJ/.
At least the annual energy production capacity (BEHRs obtained by

multiplying the heat content by the AWP and thepioing area cop
AEPC=E.,,~ AWP" (Eq. 26)

Table 8: Wood properties
Wood | Bark Total

: . Total heat . Total heat
Species denS|t3y denS|t3y Bark [% content [MJ/n den5|t3y content (Bop)
[kg/m® | [kg/m® |volume?] air-dry? [kg/m [MJ/t air-dry]

basi¢] | basi¢ basic]
A.dealbata 468 110 9.4 8330 434 19178
E.nitens 414 380 18.7 7290 408 17883
Average| 441 245 14.1 7810 421 18531

Self-sufficiency level

Finally, the degree of self-sufficiendy is determined by dividing the resource

by the demand: n= AEPC (Eq. 27)

Qx

For the following analysis, it was assumed that ¢mght houses would be
identical, for the heating needs as well as foritbating system (this point has already
been discussed ih1l). Also the common house has not been incluilﬂaetrefore,(jh IS
simply equal to eight time QQFive heating scenarios were retained here (&, 9,and
11). In particular scenario 1 was added to fill thek of other (future) dwelling
characteristics because of its greater energy copon, in order not to play down (too
much?) the potential heating needs.

Mass of oven-dry wood .
Volumeof green wood

29 Bark volume as a percentage of stem wood.
% Total heat content is the heat content of the wis@m including bark.

100

28 ) 3
*Basicdensity =
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The second parameter studied was the heater efficie According to
Santamouris (2005) [19], wood catalytic stoves heaffeciencies ranging from 65 to
75 %, with an average of 70 %. HEEP [14] reporigicdyl enclosed wood burner
efficiencies of 60 %4. Pellet burners were not considered here, because if they
have greater efficiencies (79 % in average accgrttinthe Housing and Heath Research
Programme, 2005 [11], and up to a range of 85-%c&ording to Santamouris), there
was no certainty about whether the site coppicesdcoe turned into pellet or used in
such burners.

Lastly different figures were observed concernihg tAWP. According to
Ramage and Scurlock (1996) [17], short rotationpomg can give “annual yields in
excess of 10 tonnes per hectare”, and 20 t/ha dicgpto Sims (1996, cited in Duncan,
2005 [6]). Therefore, three cases have been caesid®r the AWP: pessimistic,
conservative and optimistic, with AWP of respediyd0, 15 and 20 t/ha/year.

Results are quite encouraging: with the assumptmade, Totara Bank would
be more than self-sufficien#?(= 150 %) for the base case (scenario 2 with a burne
efficiency of 70 % and an AWP of 15 t/ha/year), ann just self-sufficient in the
conservative case. However, results show a larggeraf figures for level of self-
sufficiency (Figure 26). Obviously, the large rangé AWP variation is one
explanation, as it doubles between the pessimasiicthe optimistic case — and so does
1. Nevertheless, a great variation in sufficiencyele appears depending on the
heating scenario. Indeed, as @r scenario 1 is twice the one of scenario 2, the
sufficiency is halved. This highlights the high dedency of the site thermal self-
sufficiency level with respect to the annual hegtenergy of the buildings. In other
terms, assessing the whole site sufficiency atdtage goes with great uncertainties as
for future dwelling characteristics and above altupant behaviours.

x-axis: Wood-burner efficiency [%];

Scenario; |—e—1-=-2 6 9 —x—11 ~: YV L
- y-axis: Site self-sufficiency level.
250% 250% 250% = Aé)r
X
200% 200% —X | 1200% - T
° ° —X 1 _m

|

150% 150% L =—T| |150%
100% ey —immeZ' | 100% 100% ;7—d

50% - 50% 50%
0% 0% 0%
60 65 70 75 60 65 70 75 60 65 70 75
Pessimistic case: Conservative case: Optimistic case:
AWP = 10 t/halyear AWP = 15 t/halyear AWP = 20 t/halyear

Figure 26: Estimates of the site thermal sufficieng according to the heating scenario, the wood
burner efficiency and the site annual wood productin (AWP)

31 HEEP recorded figures faxistingwood burners whereas those on Totara Bank willtrikely be
new ones. Regulation 24 of the Resource ManageRemlations 2004 [16] requires since 1 September
2005 a wood burner thermal efficiency standardtdéast 65 %. Yet the figure of 60 % was included i
the study.
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V. Hot water heating

A really simplified approach was used here in ordediscuss the issue of hot
water heating, taking the following steps:

Needs were calculated on a daily basis, for theesdwelling than previously.
According to Williamson and Clark (2001) [23], “oshould expect a total of about 40-
60 litres of hot water (60°C) per person per daipie figure of 50 L was used here,
with a storage temperature assumed to he=T65°C> It was supposed that water
would be heated from ground temperalti(@,) to T, Therefore, the temperature rise

Tiise Was calculated for each day of the year:  Tiise= Thw - Ty (Eq. 28)

Useful water heating energy ¢Q'is then given by:

Q¢ =7 uwer HW C,..D T

water rise

(Eq. 29)

with: HW the hot water use for 2 persons, HW = L{fay;
water the water density, assumed constant,at,= 1.000 kg/L;
Cuwaterthe specific heat of water, assumed constan{,at,€ 4.18 kJ/kg/°C

From this stage, a constant value of 2.2 kWhitiayas added to account for
standing losses (SL): HR= Qhw + SL (Eg. 30)

with Qny the total hot water load. It is now useful to quagain the covenant
[Duncan, personal communication, April 2008], whsthpulate that:
At least 60 % of the energy requirement for supggdlrot water shall be provided
by a renewable energy source for every buildings Bnvisaged that solar water
heaters will be used as the dominant method ofniegating.
It is therefore possible to calculate the load ¢éoshtisfied by solar hot water

heating (Qw,9: Quus =0.6" Q,, (Eq. 31)

From here, it is possible to define the final eyengeded from solar energy

- Qhws

input: (Qiw,9 knowing the collector efficiency: Qs =

(Eq. 32)

S
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Energy [kWh/day]
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Figure 27: Final energy from solar collector requied by the covenant for hot water heating needs

According to Williamson and Clark (2001) [23], “tleerall daily effectiveness
is usually about 30 — 40 % of the total solar ifipdthough “this can vary greatly

%2 Clause G12.3.7 of the NZBC impose the systemite raver 60 °C on a daily basis (to kill Legionella
bacteria), but the value of 65 °C assure more wafet

% Daily values for T at 30 cm depth were downloaded from NIWA's Clikkeb system [3] for
Masterton Te Ore Ore and averaged for the peri@%-P®07.

34 National records from HEEP report (year 9) [14]dal80 L A grade cylinder.
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according to the way the system is set up and fitaynto day”, the figure of 35 % was
used. Requirements obtained this way for the wilyelar are displayed above, with
greater needs observed in winter:

It is now possible to come back at the solar resmavailable on-site, given by
meteorological records. Using once again the egusitdeveloped ill.3 and some
more geometrical thoughts, it is possible to evaluhe intercepted horizontal area
sinb
tana,

by square metre of collector: @=cosb + (Eg. 33)

with the slope of the collector [°]

Finally, the power received by the collector isidedl multiplying the hourly
global solar radiation by . This can be done for different collector slopespresented
below:

6,

= ]

© ]
5(\‘347 o Lat
e E ] mLat + 10°
W< 2

= OLat + 20°

=,

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 28: Radiation received by square metre of diector for different slopes

A collector slope of 20° seems to fit more with themand profile. Indeed in
winter, though it performs less than in summestiit performs better than those with
lower slopes. On the other hand, Figure 29 empbeasin optimum for the annual yields
of the collector, found for a slope equal to th@ude plus ten degrees. Consequently it
might be better to use such a slope instead of 61°.

5.30
5.25 /"""""‘T\
5.20

y = -0.0008x? + 0.0824x + 3.1635
5.15 R2=1
5.10 ‘ ‘ 1 1 T

35 40 45 50 55 60 65 70
Collector tilt [q

[kWh/m2/day]

Yearly average
daily irradiation

Figure 29: Yearly average daily irradiation versuscollector tilt

The question is to know on which basis the requis®d must be reached
(annual, monthly or else). Supposing that an anbaals will do, a slope of 51° is
suggested and used subsequently.

Moreover, one square metre is apparently not enaagtover the hot water
load. Two square meters would be enough in sumimgrnot in winter. Four square
metres would be more than sufficient to provide @€ required in winter, and even
almost provide the totality of the needs. Howevkeat would be too much in summer
even for the whole hot water demand. Thereforegetlsquare metres seem a good
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compromisé&. Effectively, as shown in Figure 30, this choiceesl not conduce to
excess of energy and at the same time is stillcsefit to fulfil the solar requirement
during a great part of the year. On an annual baslar hot water heating would cover
68 % of the demand, leaving 950 kWh/year to be ipiexi’by another source.

‘ICovenant solar needs ETotal solar needs @ 3 m2 collector (Lat + 109 ‘

30
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Figure 30: Comparison between required and receivednergy for a 3 nf collector®®

From there, coming back at the site thermal sdfiesency, it is possible to see if
the part of energy required for hot water whichl wdt be provided by solar collectors
can come from a wetback. Scenario 2 and an appliafficiency of 70 % have been
used to display, once again assuming that the bgides were the same with identical
hot water needs.

Table 9 emphasizes once again the great potemtiaesite, showing that for a
combination between solar hot water heating andbaoit as developed previously, the
site would be thermally self-sufficient for an AW 15 t/ha/year. However, research
should be conducted further playing with other scies and refining the calculations
for hot water.

Table 9: Site resource self-sufficiency

AWP [t/halyear] 10 15 20

Space heating 100%| 150% |200%
Thermal (32 % from wetback) | 74% | 111% |148%
Thermal (100 % from wetback)| 48% 71% 95%

% That is not too far from the value of Z given by the Brisbane Institute of TAFE [18] fop2rsons
with a 180 L storage capacity.

% “Total solar needs” are those required to provi@é % of the total hot water load; “covenants solar
needs” those for 60 %.

37 'Space heating’ reports the values calculatedVir§, without any wetback for hot water heating;
‘Thermal — 32 %’ assumes 68 % of energy for hotewgirovided by a solar collector as calculated in
example; and ‘Thermal — 100 %’ would be with hotevaotally provided using a wetback.
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VI. Conclusions

Through this research project, several points wieeussed. A model specific to
TB was developed to determine the heating requingsnef buildings on-site. In
particular, the previous work concerning the whsite solar planning access and the
optimal eaves angles was taken into account. Thdehueveloped here was based on a
dwelling currently in construction, but is adaptabd future houses to be constructed.

An important point highlighted through the resufishe high interdependency
between the occupant behaviour and the net heameygy. Other aspects were
considered for possible improvements, in partictdawindows as they account for one
third of the losses. The passiveness of the hoaseewaluated by comparing evolution
of interior temperature if no heating was perforngth NZ averages, showing great
performances (but in part due to the national tr@incbld houses). This model was then
used to assess the site self-sufficiency, with \ergouraging results. However, this
assessment will take more sense when TB house wsiiticke getting on. It has also
been shown that the heating system had its impoettoo; the model can be of help in
choosing an adapted heating system in accordangectgant behaviour expectations.
Finally, simple calculation for hot water heatingsmundertaken, showing that a target
of 60 % of hot water energy supplied by a solatectdr could easily be achieved. A
possibility to provide the remnant would be usingthacks as far as the site resource is
sufficient, which could be found out given the firssults in annual wood production
for TB.

It could also be interesting to follow some of ttiacks listed below for a
deepened research:

Differentiate between direct and diffuse solar atidn;

Differentiate between air and ground temperatweéliculation of the losses;
Take into account the responsiveness of the headenell as its maximum and
minimum output;

Define a comfortable temperature rather than wath dry bulb temperatures.
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Appendix A BPI definition

Compliance Document for New Zealand Building CodauSe H1 Energy
Efficiency — Second Edition (prepared by the Daparit of Building and Housing) of
the 29 December 2000

Building performance index (BPI), in relation to a building, means the energy
from a network utility operator or a depletableowse (measured in kilowatt-
hours per square metre of floor area and per detageand calculated using the
Building Research Association of New Zealand's Aainuoss Factor Design
Manual 1990 or some other method that can be ebecklwith that manual)
needed to maintain the building at a constant maletremperature for the period
from 1 May to the close of 31 August under thedwilhg standard conditions:

a) A continuous temperature of 20°C

b) An air change rate of 1 change per hour or theahetu leakage rate if greater.
c) A heat emission contribution arising from interhalat sources for the period
being considered of 1000 kWh for the first 50 m2flobr area and 10 kWh for
every additional square metre of floor area.

d) No allowance for carpets, neither for blinds, cindaor drapes on windows.

e) Windows to have a shading coefficient of 0.6 (magef 0.8 for windows and
recesses and 0.75 for site shading).

Degree-dayin relation to any location on any day, —

a) If a base temperature of 15 °C is greater thanmean of the maximum and
minimum outdoor temperatures at that location @t ttay, means the number of
degrees Celsius by which that base temperature#eay than that mean.

b) If a base temperature of 15 °C is not greatan the mean of the maximum and
minimum outdoors temperatures at that locationham day, means zero.

Degree-day totalin relation to any location, means the sum of degree-days

for that location for the period of 1 May to 31 Awgg, as derived from Average
Degree-day Tables — Selected NZ Stations (Miscetlas Publication 159, 1978
of the New Zealand Meteorological Service).

! There is actually a third edition since the 31dber 2007, but as both the covenant and ALF3 soétwa
are still based on the second one, it was reptweg rather than the new one.



Appendix B Software review: ALF3

Annual Loss Factor, 3 edition (ALF3) is a software developed by the
Building Research Association of New Zealand (BRANEis a design tool for energy
efficient houses, mostly to evaluate the annualihg&nergy required, though it will be
used differently in this case.

Modelling capabilities

ALF3 calculates the annual home heating energy ddmanly for single units,
that means it takes into account only one therroakzNeither space cooling, hot water
heating nor ventilation is assessed. Use of apgdisuns not taken into account precisely,
and more detailed occupancy is not available.

ALF3 gives the Building Performance Index (BPI)rifyeng the compliance
with Energy Efficiency Clause H1 of the New Zeald@uilding Code (NZBC) ALF3
also determines whether the dwelling complies hign Schedule and the Calculation
Method in NZS 4218:1996, ‘Energy Efficiency - Haugi and Small Building
Envelope'.

As far as 30 different configurations can be maaklfor the same project,
which can be useful to compare different featuteshsas different insulation materials
or thickness.

ALF3 is a tool for designers, builders, buildingnt@actors and others involved
in the planning of residential buildings. The teah also be applied to evaluate energy
efficiency retrofits for existing buildings. The A3 calculation method allows
designers to:

- estimate the annual heating energy requiremera gven house design and
construction, including the effect of thermal mass

determine the Building Performance Index (BPI), elthis one of the compliance

options with the Energy Efficiency Clause H1 of téBC Approved

Documents

estimate what impact heating habits have on thertgeanergy

Inputs requirements

Occupancy characteristics

Number of occupants

Heating level (temperature required), which can be set at 1&r2®°C, and needs to
be interpolated or extrapolated if different;

Heating schedule which is the way the house is heated throughwatiay, either
continuously, diurnally, in the evening only or aurgg and morning.

2 |n fact, the used 3.1.1 version of ALF3 calculates BPI according to the old definition (former3a
October 2007) REFREFREF. Nonetheless, this “oldl B&h then be used to determine the new one
through a few calculation steps.



Geographical data

The climate zonecan be chosen among 86 locations throughout Neala#d.
The location determines therefore tAkF-values giving the coldness of the climate
and the length of the heating season,Ald--values(Annual Gain Factor), giving the
hours of sunshine, thair Leakage Zone Factqgrwhich gives the windiness of the
climate, and th€limate Zoneaccording to NZS 4218.

Dwelling physical characteristics

Total floor area andaverage room height

Floor characteristics, such as floor type (suspendesladx on ground), floor area and
perimeter length, construction type and insulatbmalues, and if it is slab on ground,
soil conductivity, in W/m/°C;

Walls dimensions, orientation, construction type and letson R-values, with their
window characteristics (dimensions, glass and frame tgpdsshading);

Roof dimensions, with the construction type and insoleR-values with theiskylight
characteristics (dimensions, glass and frame tgpdsshading);

Air leakage characteristics, such as taatightness based on a basic scale of four
values between draughty and airtight, site exposurealso based on a basic scale of
four values between exposed and sheltered, the euaitopen fires and of solid fuel
heaters with flue restrictors, the area of largpsgée.g. gap under door), and the
eventual presence of passive vents;

Thermal masscharacteristics, determined with theeaand thetype of coveringf the
floor (timber or concrete) and of the walls (intgrand exterior).

Concerning theinsulation R-values ALF3 proposes a list with R-values
depending on thickness of selected insulation nas$erYou can however set your own
R-value if you know it.

Economic analysis:

In order to conduct an economic analysis, somenpeters are required, such as
thelength of the analysis period theaverage mortgage rate the modification cost,
which is the cost of the modification between twesigns, and thenarginal energy
cost, which depends on the power supplier, the indivigquaing options and the fuel

type.

As a general assessment concerning all the inpegscan say that the more
precise the data are, the better the modelling is.

Outputs
Energy:

Annual heating energyrequired is given in kWh/year. More detailed résake
available; they are the intermediate results witiehducted to the final annual heating
energy demand value. On the one hand, floor, watidow and roof losses are given in
kWh/year, as well as load due to air leakage andnag. The total load is therefore
available. On the other hand, solar and internaisgare given, in kWh/year, and so are
the total gains. From here and using the usefuloégsin calculated, the useful gains
are deducted from the total load to give the remliveating energy. These calculations



have been developed using the SUNCODE thermal atioual program, but sometimes
with more simplicity.

The heating energy is only given annually and isavailable monthly, daily or
hourly.

Graphs are provided, recapitulating the resultthefstudy, with an overview of
all the heat flows in and out of the designed bndd

NZ Building Code Compliance:

BPI value (old definition) is given in kWh/m?/Degreeay®, and compliance
with the NZBC (as said before, the new BPI value loa calculated from it).

The verdict is given about the compliance with Mi#&S4218 Calculated and
Scheduled Details are available concerning the H1 Compkargiving the minimum
R-values for the floor, wall and roof, and thoséiiaged, as well as the maximum
acceptable heat loss (in W/°C) and the one actieve

Economic analysis:

ALF3 shows the results of the comparison betwetgaared design and a base
one. It tells you how many kWh/year of heating gyethe selected design uses less
than the base one and how much you can save aéfetime considered.

Report:

All the results (about Energy, NZ Building Code Gurance and Economic
Analysis) are summarized in a report.

Additional tools:

ALF3 offers the possibility of optimising some cghlues, giving an optimum
value for the lowest energy consumption and on¢hi@dowest price.

ALF3 proposes a heater sizer tool, in order tordetee approximately the size
of a heater required to heat a specific room.



Appendix C  Dwelling characteristics in ALF3 model

Project Description

Project: Lot 2 Totarabank Address:

Current Design: Owner Name: A&M Duncan
M.N & A.J Duncan Street: Totarabank, 84F, RD4
Proposed dwelling, Lot 2, Totarabank  City: Masterton

Date: 17/3/06 Lot No.: 2

Designed by: AGD Calculation Date: 12 June 2008, 2:22 PM

Modelling Assumptions — Building Design

General:

Total Floor Area: 102 m? Number of Occupants: 2

Floor:

Slab Floor:

Floor Area: 102 m2

Perimeter Length: 42 m

External Wall Thickness: 0.14 m

Soil Conductivity: 1.2 W/m°C

Under Floor R-value: 1.2 m2°C/W

Edge Insulation Width: 0 m

Slab and Ground R-value: 2.594038 m2°C/W
Floor Covering R-value: 0.2 m2°C/W

Total Slab Floor R-value: 2.79 m2°C/W

Walls:

Timber Framed Wall, Rusticated or Shiplap Weatharti®, Insulation Within Framing
- 150 mm Framing

2 Dwangs, Studs 600 mm ctr., Blanket and Segmeanidnts

Insulation R-value: 2.48 m2°C/W

Construction R-value: 2.38 m2°C/W

Table 10: Wall characteristics

Name | Orientation Length [m]| Height [m] | Net Area [m?]| Window Area [m?]

Wall A North 13.2 3.000 26.9 12.72

Wall B East 7.8 2.500 13.7 5.76

Wall C South 13.2 2.375 27.8 3.60

Wall D West 7.8 2.500 15.1 4.40
Roofs:

Pitched Timber Framed Roof, Metal Clad, Flat Cegili@eiling Dwangs, 144 mm Joists

Joist 144x47 600ctr., Dwangs 69x47 900ctr, Blamsket Segment Insulants
Insulation R-value: 2.9 m2°C/W
Construction R-value: 2.525 m2°C/W




Table 11: Roof characteristics

Name

Length [m]

Width [m]

Net Area [m?

Window Area [m?]

Roof A

13.2 7.8

103

.0

0

Windows and Skylights:

Glass: Double, clear

Frame: Wood

or uPVC frame

R-value: 0.37 m2°C/W
Solar Heat Gain Coefficient: 58 %

Table 12: Window characteristics

NumbefWall/Roo|OrientationWidth [m]Height [m]|Net Area [m?|Shading [%0]
wind. 1 Wall A North 2.4 2.1 5.04 0
Wind. 2 Wall A North 2.4 2.1 5.04 0
Wind. 3 Wall A North 2.4 1.1 2.64 0
Wwind. 1 Wall B East 1.2 1.0 1.20 75
Wind. 2 Wall B East 1.2 1.0 1.20 75
Wind. 3 Wall B East 1.6 2.1 3.36 50
Wind. 1] Wall C South 0.9 2.0 1.80 0
wind. 2 Wall C South 1.2 1.0 1.20 0
Wind. 3 Wall C South 0.6 1.0 0.60 0
Wind. 1] Wall D West 1.6 2.0 3.20 0
wind. 2 Wall D West 1.2 1.0 1.20 0
Air Leakage:

Basic Airtightness: airtight
No. of Open Fires without Flue Restrictors: O
No. of Open Fires with Flue Restrictors: 1
Area of Large Gaps: 0 mm?2

The house has no passive vents.
The location-independent Air Leakage Rate is @@5.
Site Exposure: medium exposed
Wind Zone Factor: 0.95
Local Air Leakage Rate: 0.50 ac/h

House

Volume: 263 m3

Thermal Mass:

Timber Floor: .0 m2, Exposed timber (10 Wh/m2°C)
Thermal Mass: 0 kWh/°C
Concrete Floor: 30.0 m2, 100mm slab with full ila¢ion (56 Wh/m2°C)
Thermal Mass: 1680 kwWh/°C
External Walls: 83.0 m2, Any internally lined comgtion (9 Wh/m2°C)
Thermal Mass: 747 kWh/°C
Internal Walls: 55.0 m2, Timber or steel frame {¥6/m2°C)
Thermal Mass: 495 kWh/°C

Total Floor Area (used for Furniture and Ceilingp2.0 m2 (4.5 Wh/m2°C +

2.5 Wh/m2°C)

Vi

Thermal Mass: 714 kWh/°C
Total Thermal Mass: 3636 kWh/°C
Effective Thermal Mass: 294.1 W/°C



Appendix D Sun angle calculation

First of all, all sun-related calculations are maéng solar time, related with
standard time by:

Solar time - standard time = 4i{{- L) + E (Eq. 34)

where L is the longitude of the locationglthe longitude of the meridian on which
local standard time is based (in degrees eastlaadhe equation of time:

E=229.2 [0.0000075- 0.00186&0sB- 0.032075inB

- 0.01461%092B)- 0.0408%in(2B)] (Fa-35)
with B found from: B =(n- 1)22? (Eq. 36)
where n is the Julian day number.
The declination is then calculated by:
d=2345" sin 360% (Eq. 37)

Relations between sun angles are governed by Hlogving equation:

cos =sinasinF cosb - sina cosF sin b cosg + cosa cosF cosb cosw (Eq. 38)
. . . . . g
+ cosd'sinF sin b cosgcosw+ cosd'sin b singsinw

where s the latitude, the declination, the slope, the surface azimuth angle the
hour angle and the angle of incidence.

Applied to a horizontal surface with= 0, the previous equation becomes:
COS =sin .sin + C0S.COS .COS (Eq. 39)

The sun azimuth angle is then given by:

1- .
.=CC, ¢+C, C.C, 180 (Eq. 40)
with §found from: sin $=M (Eq. 41)
sin
and G, G, and G defined as follow:
Ci=1if < epor-1otherwise
C=1if ( - ) Oor-1otherwise
Ce=1if 0 or -1 otherwise
with ¢, obtained from: cos ., :ta_n. (Eq. 42)
tan/

Solving these equations with a spreadsheet angesifped to obtain the sun
path for TB.

Vi



Appendix E  Efficiency of common heating appliances

Table 13: Heating system efficiencies

Type Heating equipment efficiency [%]

Min | Max | Avg

Coal (bituminous) central heating, hand-fire - 45

Central heating, stoker-fired - 60

Oil high-efficiency central heating - 89

Gas high-efficiency central heating - 92

Room heater, unvented - 91

Room heater, vented - 78

Electricity central heating, resistance - 97
Central heating, heat pump 200 + -
Ground-source heat pump 300 + -

Wood and pellet Franklin stoves 30 40 35

Stoves with circulating fans 40 70 55

Catalytic stoves 65 75 70

Pellet stoves 85 95 90

Source: Energy Performance of Residential Buildings, actical guide for enerc
rating and efficiency [19]

Open Fire - 15
Pot Belly - 35
Enclosed Burner - 60

Source:HEEP report Year 9 [14]

Pellet Fire - 79
Flued Natural Gas Heater - 78
Heat pump - 300

Source: Heater Analysis — University of Otago [11]

VIl



