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SYNOPSIS

This report 1nvest1gates the cost effectiveness of various
combinations of foil and fibre glass insulation levels in the
walls and roof of residential- bulldlngs in Auckland, The report
is based on a standard 94 m2 llght—weight construction house
which is fully house heated with the thermostat set at 18° Ce The
annual dynamic heat load has been calculated by using the computer
program SUSTEP, The optimal insulation level and sensitivity has
been determined for present day electricity costs and future
energy costs which increase at 1% real rate of increase per annum,
The energy gaving role of insulation has been examined and

bagic recommendations of criteria for nation wide insulation
standards have been made based on findings in this report.
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INTRODUCTION

The Standards‘Association of New Zealand in the .documents

NZS 4218P:1977 and NZS 421411977 have set provisional thermal
insulation standards for residential buildings in New Zealand.
The ..." provisional standard states requirements for thermal
insulation of residential buildings that are believed to repre-
sent the best practicable means of reducing heat loss within
current building methods and technigques +.". L

Thes standafds'will_certainly_help‘to.reduce the energy loss
fromlresidential buildings but whether the energy demand for
,residentiél space heating will be reduced as a result remains

to be seen because higher insulation levels also offer the
potential for higher comfort levels for the same previous energy
cost., Studies by Cooke, Blakey, and Phillips indicate that there
is not a clear direétvrelationship between energy savings and
insulation levels because the consumers’ socio~economic level,
attitude, and user habits all play their part in determining

the degree of savings brought about by changes in the insulation
level, 152,10

1t is considered that insulation standards should be based on
economic criteria. rather than presumed energy savihgs criteria.
It is contended that reduction in energy consumption will be
effected by the relative increase in energy prices and that ‘high
insulation levels will allow higher comfort levels in the face
of certain increasing energy costs., This report investiga'.es the
 cost effectiveness of the two major forms of insulation in New
sealand- namely foil and fibre glass. The limitations of a study
such as this lies in the indeterminate nature of future energy
cost predictions. '



5. SUMMARY OF CONCLUSIONS

i, Steady state calculations of heat loads in a building is

not a valid method for measurement of energy use, Only
those computer programs that address the dynamic thermal
flow (eg: NBSLD, TEMPER, SUSTWP, HEAVEN) are accurate
enough to optimise energy conservation design. '

Any insulation standard based’on:total year degree days is
" also invalid because the temperature distribution profile
affects the energy savings. '

2.0ver a period of one year ‘there is a direct linear relation-
ship between the total U value of each part of the thermal:
envelope of the house and the annual heat load required to
maintain the house at or above an assumed temperature,

It is possible to express the dynamic monthly heat load in
‘the form of a steady state equation using the element U value,
the mean effective temperature which accounts for sol-air
températures and a constant which accounts for heat gain

and loss due to capacitance effects, ventilation, golar
insolation and fortuitous heat gains. o

In determining the optimal cost cffective level of insulation
for each part of the thermal envelope the above relationships

- can be utilized to reduce computer time and human effort,

The ratio of the summer to winter mean effective temperature
found from the above relationship can be used to compare
shape factors of different designs. '

3. EBach higher level of insulation in part of the thermal

envelope of a building results in a. smaller absolute heat
load and greater absolute savings. Fach additional unit of
insulation generates a diminishing unit of savings because
the annual heat load is directly proportional to the U value

Cont'd;.;.



or inversely proportional to the thermal re51stance of that’
part of the thermal enve10pe. '

At higher'total thermal envelope insulation levels the heat
load is less and continues to decrease at a slower rate as
the insulation level increases. ‘At higher total thermal
insulation levels each additional unit of insulation gener-
ates a further diminishing unit of savings until further
additions of insulation can no longer generate any further
units of savings. |

4.0nce a certain thermal comfort’level‘hae been accepted, any
energy savings depends upon reducing heat loss, increasing
solar gain in winter (but decreasing solar gain in summer
so0 that the cooling load is reduced) and maximising the
efficiency of the plant,

Heat loss savings cah be regarded as an additive process.
An increase in the insulation of any part of the thermal
envelope generates additional savings which-is_independent
of the level of insulation of the remainder of the thermal

\/ envelope, Once part of the thermal envelope has beeh insulat-
ed to a level of optimum cost effectiveness the most effic-
1ent and economical way to further increase savings is to
optlmise all remaining parts of the bulldlng on a cost
effectiveness basis.

On a limited budget the way to max1mlse sav1ngs 1e to reduce
heat loss (or increase solar gain) in: order of prlorlty

based on the rank ordering of cost in use or net present
value optimum for each part of the thermal envelope and
method of increasing solar gain,

5.Apart from residual heat load months occuring during the
change from summer to winter and vice versa, the energy
savings for all levels of insulation is dependent upon the U
values of the insulation and is not dependent upon the monthly
temperatures. '
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The annual savings generated by any level of insulation
depends upon the distribution profile of the mean monthly
temperatures. The potential energy saving for the residual
heat load months are affected by a change 1n the. temperature
proflle.

The seme level of insulation in a house in a colder zone
generates greater savings because the potential period for
energy savings 1is greater., This in turn makes higher levels
of insulation in colder zones more economically viable,
Although energy savings in colder zones is greater, so too
is the absolute heat load. ‘

Because both the consumer is interested in optlmum cost effect-
- iveness and the Power Boards are concerned with reducing

electricity demands there ig a strong case for zonal insulatlon
standards,.

6,The sensitivity of cost effectiveness is so .small that a range

of insulation combinations can be used to satisfy cost effect-
iveness at present day electricity costs and future energy
costs which may increase at the real rate of 1% per annum,
These ranges for Auckland are as follows:- |

Walls foil on gib board
or 50mm =~  75mm fibreglass

roof 75mm‘ - 100mm fibfeglass

At or below 1% réal rate of energy price increases, any higher
1evel of insulation outside these ranges would be unwarranted .
on a cost effectiveness basis,

NOTE These insulation standards recommended for Auckland

are based ont~-

a) The cost effectiveness of the insulation which takes into
| account the cost of the insulation as well as the savings
it produces., '



b)A mlnimum inside temperature of 18%¢C, A higher 1nside>

‘temperature of 20°C would invove greate energy costs even
if higher insulation standards were used, In raising a house
from 18 to 20°C there would be a greater absolute heat load
involved to maintain the house at this new higher thermal
comfort level, With the greater heat 1oss involved it would
be Justiflable to use a higher 1nsu1ation standard on a cost
effectiveness basis. But higher levels of insulation generate
diminishing energy savings., This rate of diminishing returns
becomes more predominant at higher insulation levels., As well
as involving extra 1nsulation to malntaln the house at 20 C
the heat load would not be reduced to the previous level by
using insulation at the new cost effectiveness level, So if
absolute energy savings were the criteria then a sub-optimum

insulation standard would then be requ1red to reduce the heat

load down to the previous heat load for the 18°C internal
temperature house, ”

7. An insulation standard which is based on economic criteria
takes into account the cost of the insulation, the cost of
energy, the cost of money or interest rate, and the energy
savings this standard can produce, The purpose of such an
1nsulation standard would be to save more for 1ess. Any. rise
in insulation standards results in greater savings of energy
for a set thermal comfort level, But to base insulation '
standards on absolute energy savings alone would be uneconomic
for the country and for the consumer, If insulation standards
use energy savings as a criterion then these savings should no
be greater than is economically viable to achieve so0 that the

- consumer can make adjustments and choose the approprlate
level of insulation himself,

8., In setting insulation standards it should not be assunmed
that there wili be a direct decrease in energy donsumption
‘because higher insulation standards allow a higher level of
comfort for the same previbus energy costs, The consumer may
prefer to enjoy a higher thermal comfort level as well as
reducihg his energy costs. |



3, HEAT LOAD CALCULATIONS

5.1 DYNAMIC v STEADY STATE IIEAT TOADS

Tests by Lthe tuilding Eavironment Division of the Tnstitute

for a:nlied Technology, U.5. ¥ational DBurecau of “tandards

have found that nGteady State! design is not o valid nethod

for measurement of energy use or for sizing of IIVAC equipment
in structures., In order to evaluate dynamic rather than steady
state thermal .behaviour ofba structure, the National Bureau

of Otandards employed e computer program known as NBSLD and
which, when used vith dynamic weslbher changes wvhich constantly
Lalie ;ldce in any glven area, will predict the heating »nd cool-
ing londs and the temperature changes that will occur within a
utructure;'To verify the results wredicted by the computer
agninst the sctual results the~structure.béing studied was
achunlly built in the environmental 1nboratorics where the
vrantiier conditions could he controlled..lt WoB foun& that the
compuber progran uéing dynani.c analysis predicted the masimum
heat flows within =zun averape of‘u.B% of the actual neasured‘
rotes, Dut coleculating the maximum heat flow rotes by steady
state methods, a variance of 29% to 69% resulted from the actual
measured rates ~ and all the steady state predictions were high-
er thon the measured heat flow rates. 7

The Fnergy Conservation Desipgn Guidelines for Office Buildings

by the General rervice Administrotion malkes this statement:-

"Only thosc computéf'programs that address tho-dynamic'therMQl
flow", (eg: NBSLD, SUSTRP, THNPER,'HEAVEN) Nare accurate enough
to oplimise energy conservation degipgn,' "A major advanbnge in
anch a progrom is the ability to analyize a lnr&e,numbef of
alternative weasures for the snwme building.™
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2 SUSTEP

The computer p?ugrﬁmv I”WFP‘Was developed by the Division
of Building Rescarch CoIn0 and ig based upon the res onse
factor tochinigue due to liuncey. It is cagable of colculat-
ing hour - by —'hour'tomporntures in unconditioned bhuild-~
ings or whole - house sensible heating or cooling loads to
naintain a given indoor tenperature srofile, It nay do tuis
fdr periocs.raaging'un-to several vours; Tt perforas this
task efficiently and in a uanner wiich ree 11.,L cally podels:

tho dynamic internctlon botween buildings and climate,

No thermal prograt ig "perfect?, Lxtreue speed of exccution
in SUSTEP 1s achieved - )erTV because there 1s no djff~r~nt—
iation between rooms (or gones) and cartly because sonme flex-

ibility hos been sacrificed,

Phere are three bagic assuaptions recarding the therm 1 and

chysical factors in SUSTEP.

1) The concuctxon uoqt transfer tnjoufh all bu11d1n~ moateri-ls

Iy

ig acsumed to be ong dimens fonalse

2) A11 bullding matoridlsiare-asgumed to be homdgeneous vith
constant thermal ond physical properties over the entilre temp-
erature range considered. ' ' '
3) ‘The curface filn resistance at the inslde and outside
gurface of the building heing oxanined is assuned Lo b
“ondtant Hote:- noat loss due to wind cffects. nle not t"bon

into cons Jdor Lion i@:‘convoctjon cooling.

In view of the 1imitations of SUSLEP Capreater attention'mhould

n compute

be piven to the reloative h@&t.lOidS the pro;rém o
Cfor different types of HL,Lbﬂ and congtruction, rathsr then

placing to auch value in 1b,o]uto hoLL load grcdicticnS.B
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3,3 'S”ANDA D nounu 21D THﬂﬁHiL CONDTTIONS

The purpose of this study is to investigate the dmplications
of different insnls u|un levels upon the heuwt load of houses in

Auckland, Tnere are wony various types of howses in Aucklend,

each with their own pequliarvmhape;.Qrientﬂtion and microe

climate, One cannot exarine all cases of housing, -Ingtesd the

standard housing described Jn table 3,3 -a.has been chosen s
being a house ty;ic&l to fuose llveu‘Ln.luckihnd, or'fop.that
matter, any rart of Hew'ﬂealéﬁd.jThrougu climate data files .
SUSTEP 1s able to Cﬁmnut“'hcat“IO”d” using nctual meteorologfeal
data., Mangere has a climate which is typical of the remainder

of Auckland cnd umay actually err on the colder side compured to
inner city areas. The standard house ic regarded a0 being sited
on an unobstructod level site. The housec iz orient-ted to the
South .oe wost hones are not maxiMally:oriontated for solor
ingolation duc either to ﬁito’consfrnints 01 1ncl of foracight

a2t the design stage.

The indoor tewmporsture was set at 18°C aud the herl source vis

decued to be via a 2kY electrical resistance nenting system at

floor 1cve1. Phere are wany arguments about wvhnt o ‘tensonable

[

1

Lhernal comfort level snould be and what type of neosting sy olten

should be used. flectrical registence neating has becn woninated
becouse it is 100% eificient at the supply cnd of tae Qeneratidn
line, (From genersticn to sﬁpply end there cre hent losses ~nd

T will wot _et involved at thiS_QLape in the efficloucy of‘the'
ceneration plant), Any olent which does not rodlfy the nolsture
content of the air would suffice sovldng 5 tie efficiency of

such a plont was known

e Lu.ncr'ture af 1o C liecs within Lae‘Ann ar thernol ,melt

mone, A porticular ASIHRAR traons action study pmn“1u~‘f that . under

no clircusstonces should comfort 1@V@1S Tall belovw QQ C. It is

this Kina of woolly roggdrch which helps to escalate our »lo:cnb

day enerpgy problens of sunply =2nd (*le'ma-.nd.l'L



Comaonsense should prevall, Sre body can adapt to U*wuou 1
changes in temperature, Tn this study Lho thermostat. controls
the miniwmum terpersture of 189¢, In this wey the effects of
different lovels.of ingul: tion can be compnred on o cost basis.
ovever in the months of no load the terperoture mdy,be vell
mboVe\ﬁ'OC for the sone ventilation rate of 1D AC/HR, People
sre creparcd to open wvindows. snd doors in suwmecr to allow the
excess heat from 111 designed homes to escape, (& rule of
thumb is the greater the cooling lond required in summef, the
gréater-is the heating load required in winter). By the sane
token they ¢ should be prepared to nut on a Jjersey in winter
rather then exnect shirt-cleeve confort 21l year around,

In using 18°C o8 the minimum ingide L0u>crpturo to woke o ¢ ost
comparison of different .ins uluulon 1uv913 in no vay . am I sccept=
ing that cven this tenpera ture should be o minimum st sndard,
Teperature profiles‘Show that the winimum texperatuire inglde a
hoite occurs during the sumall nours of the wmorning vhen the
‘majority of peoyle ore in bhed, It would be MOre scnaeible to
approach thermal comfort 1ovels from a zon=l cud ~netivity brsis
than on ahuolutou. ' | |

Table 3.3 ~b, C,‘d; and e give. the H'C‘ palrs for cnch component
of the building fed into AUSTEP, ”

PTable 3,3 ~f gives the rewaining building imout focteors while
trble 3.3 -g gilves the daily internal hest emission profile

contributed by metebolic heat loss and heat loss, from opplinnces,
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Table 3,3=a
Standard flouse Construction

Refer to " Building Economist M

Floor area -~ 94 ma _ _
Concrete pile basement/fibrolite lined . base
Weather-board cladding '
Corrugated iron . gable roof

Particle board floor'

Gib board walls and ceiling

Plan ratio  1:1.6

250 mm caves overhang i.e, 25% horizontal shading

»25 m2 of 3 mm glazing : 10 m;2 onkone long sidc, % m? on the
. ~other, and'G,ma on each of'both‘ends,' -

Orientated with long window to the South,
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Table 3, ;—f
uUuTmP Input Dﬂtu

'North st South Viest

Shading Coo 11c1onL' - 1 1 1
Horizontal sun break 25 5 °5 25
Outer skin absorbtivity ' S LT o7
Tow tempernture emissivity 09 .9 oY o9
Geographic Location Tatitude:-  =37.5

R | ongitude:- 175,
MANGERT: Long 1543

: 130.,0

Ref Long., -
. S . . - ‘ g D
Azimuth = 0° ( Tlouse 1s facing South ) —v%%‘%wﬂwVﬁAkw;//wwﬁfn

| Lo | _ _ . o
Driver temperature for the ground:- 15,5 C

“Adr changes per hourzm"1.5 AC/TR
Continuous Ileating to 129 C
Thermostat has 1 °¢ dwfferontl 21

Meating Plant hes maximum output of “:W’

( Mote:- Parallel Path Heat Tlow Type wag not avalloble

~for under the fioov heat loss considerations, MHowever this
does not afLeuL the study of the VWall end loof Tnﬁuletion TLevels
as section 5 outlines in detaill)

-

SUSTIP Outnut Data

Output was given in MJ for each month, this was & heating load
b [ : & .

only as SUSTEP does not. glve a cooling load simultaneously;
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Table 3.3~ | |
Deily Internal lleat IPmission Profile

HOUR TOTAT, COWPRIDULTON (1)  OCCUPANE CONTRIBUTION ()
0000 CLo00 | 400

0100 400 | 4,00

0200 | 1,00 : 1,00

0%00 : 100 koo

0400 LOO ) 400

0500 | 100 : 1,00

0600 . w00 ' 100

0700 100 - 300

0800 2000 - 600
- 0900 | 150 150

1000 150 . 150

1100 150 | . 150

1200 150 | 150 | N
1300 150 o 150 |
1400 150 | 150

1500 1so 150

1600 150 | 150

1700 : LoD .- 1150

1600 | 1000 g ele}
1900 1000 | | 600
S2000 1000 S 600

2100 1000 600

2200 1000 . 600

2300 1000 | ; 600

The fortuitous heat emitted by the occupants and appliances

are delivered over the previos hour toi.the time listed above,



3,0y HEAT LOAD RESULTS

ALl

Mo

heat lo&ds

0‘:;:‘." ' 1 ] Re]

VRW]

nave heen converted
colenlds

tions of elec tL

which orc requlred later,

,Uu1ua]

LRIRE

Jeating Too

ds and  Sovings

o kU

h

energy
CLW

Al

o)

'
P

units.

h(!LLnb coste

Fanoere.

Mable 3.0.1-a

ho

aifferent insulation regl

construction

gives

house in Maangere.,

the annual heal

of

o

[#5

mnes

Joads
astanda

he teumgerature

stotically contfoliﬁd not to fall below 1

average ulr change
Bach higher lovel
locd o

house.,

1 greater

However,

s dimdinishing unit of

will shov,

7 ke 2 Annual dlent

ez

=

5 oer hour 48 .

af caulls

insulation r

abgolute savings comp
d)1LlODql unit o{

Lo

wch

mavings as la

‘Toads Versus Chanses

AC/H

I

rd

80

in

arod

ins

secl

in

d

N

SaVINngs
shit

for

veight

~-~LJ
R . ,\"
Lherng=-

¢ and the vininaum

a .‘”chr neat
to
1lation

f

the uninculated

1ol

i

this

o
[AFE]

ions 0 re.ort

oof and Vall

Graph 3.h.2~-a
sulation. levels
volls

in

the i

5ell el

Gfanh g -b
insulotion level

in the roof i

On both~

shown for ench

graphs -

nsulation levels the added insulation U wv:

the total elenent

U

shows

\
51083

the U value of

chonging

TCTAL

! . i Inu

vlation,

the ¢ hx in he

o
uCu

in the roof wnile the

the changes in

in the wvalls while

the

level of dnsul:

QS‘

U volue
trncg

Hesiulbo

1/J\.

+ LCC

added

ing

ing

bl

of il

of

i1

at loa
held constant at SO0mm and Y5mz
hent load

the

5 neld constant at 150um of £

01

DI e -~
s

ﬂt

in

d for differc
ulstion level
of iLbreﬂWVQb.

for different
sulation Iovel

bre-lass

sulation is
Tor

\]“b 1@ wroximat

2150

L. higher
cs

[ oy e ey
u.’]_(:.LJ [}

emaining elemonts,




B17

As can be scen the U value v insulation thickness curvéa‘
closely -follow the annual neal load v insulation thickness
curves, Althoupgh there are seasonal and diurnal changes in-
bsplar insolation and’tomgerature; over o period of one yenr
thuls seens to even out so that & linear relationship between’
insuls tion. U values end the cbrrosponding heat load con be
"seen.To deterinine the degree of this relationghip the eat
loads for eoch corres onding total element U value heve been
plotted on a scutter diagram (see craph %.H.P—c) Th '
correlation co—off1c1@nt r has been calculated 1orvench Sroun

resents

of scatter slots sennrately because euch proup redn
the . hout load - insulation U values relationshiy Tor.different
total house insulstion conditionsg. Although only,fow?u,auter
plots nave heen SIcwn for each group this does not affect the
reliability ol such a cor:(WULlon test as internedite plots
c.n be intergulutéd with sufficient occuracy. to increase the
total number of dota points. 4 ' -

The results of the correlation test are as follovu:

(1) 50mm fibreé-slass insulabion in w&lls.Chunging lovels
of insulation in roof, ‘
Annuals D o ,
fTeat load kWh = 1286 (total roof "UM value) + 1660

r = 0,998

(11) 75mm fibre-glass insu1atiDn in walls. Changing levels
of Lngulation'in roof, | |
Anhualy e : : .
Meat load kh = 1265 (total rcof "uv value) + 1521
r = 0,998

(111) 150mm fibre-glass insulation in robf. Changing levels
’ of insulation in walls. | '

Annual heat load = 307 (total \gll ”U” value) + 1461
: klih

I

0.9298
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When r :-iTQ the cortol tion is said to_be exact, Yith
cofrelatiun of 0,998 this ghows.that ove a"erlod of one
year there 'is a direct relationship between ‘the annual heat
load and the total "UY value of the surface eleinent being |
examined in the building. (for a ot thermos Lat level)

e know that higher ifsulatioﬁ levels sult in lower heat
loads. The value of the above result is that one can opstimise .
the JHUUl tion levels for each element with less computer time
snd cost, As will be outlined more fully in the CPTTHMISATICN
socction, ench surface element can be studied separately and
optimised on o cog basis without the levels bf'ﬁnSUIHtioh

of the elements iantlpncing'iﬂle outcome, When we consider

the hest load equufwon. ’

Tleat load = m (total U Valpe) + c

The slope m for coges of wall insulation nt S50rin and 7%am
- {ibre~glass differ by '
1286~1265 = 1.6%

1286

The slope m is the sanre for both cascs vihen the wall is held

at 50mn end then 75mu fibre-glass insulstion,

The differences between the. constant "C" in each heat lood
equation (1660-1521 = 139 kWh) is the difference in the wall

insulation level inTluence upon the heat load,

The mean of the differcace in the heat loads of the "111” at
50mm and 75um over the range of roof insul:tion levels is
148.5 kilh with a standard deviation of 8.2 kih '

To make a study. of a dlffcrent house uuln CSUSTEP with the
thernostat set at a certain level one can generate the

following groups of study

AT, A12 to 15, A16 tO.A19,’AEO'£oAA235

by gro ronming oniy the following .

eg: A1, A12, A15 then one ffomveachsaroup‘fdllowing ie: A16, A20

That mesns sare job of 13 urubrru can be generated by 5

the
programs or 3 dnitial pro.reins and 1 from cach futUre croup to
be studied..c.... _
' Cont'd



For

(a)

(b)

()

S 228l = 1286 (0,244)

example.

CAST A1 nil .nil

to find load
CASES A12 nil
A15 nil

This gives the
of
Heat Tosd =

CASE A16 nil
This gives the

C, = 1970 kih

nil

of uninsulated house

50
50
1286

foil
heat:

150
50

heat load ecuation

(Total Roof) + 1660

HUN

150

load

K

+ C,

Value

To find any other- cane. u,o the Heat Toad cnnwt;on

I

for

This
usin
Lakd

tine

eat Toad = 1766 (Total

eg CASE 419 nil  fo

.nUn - 0'645

Calculated =
hieat load

i

H

cives a 0.25%

g oan extra prog

HU

ﬂv

11

oof) + 1970

Ju

50

difference

sroan 0

ng o matter of tens

can be of the

order

T 3UsT

of
of

S CONaA
helf

in

8P or.

S.

an’

1286 (0.6L5) +-1970
2799 kih
SUSTED LOAD = 2792 kWh -

~annual -heat load bhetveen .
doing a-21mple,0alculation

Comnuter turn-sround

computation cost with no better order of accuracy.

hour. and &t a much higher

B19
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Table3,l.1-a

Annual Heating Toads and Savings = Mangere

South facing light Weight standard house
Thermostat at 18°C 1.5 AC/IR.

CASE | INSULALTONM REGINE |  IEATING LOAD LAVTIG
FLOOR WALL ROOT | MJ  kVm ki
Cmeso a1 nil  nil * ail 20 166 © 5 602 0
f ﬁszE. A2 nil = mil  foil 15 267 L 241 1 36T
| A% | mil onil 25 13 927 -3 869 1 733
Awel | AL | mil mil 150 | 10 7242 979 ? 623
wogs | A5 | mil roil £eil | 13 735 3816 of 1 706
Ao gl A6 | nil foil 25 | 11 949 -3 310 2203
tey 9 A7 nil  foil 150 g oren 2204 3 318
 aoll A8 | mil o250 25 12 024 3340 - | 2 762
| Snil 25 150 8 213 2 281 3 321
A10 nil 100 150 6 2y 1 73h 3 869
A1 | foil  foil foil | 13631 36 | 1816 ¥
A0 A12 nil 50 150 7 038 1 969 3 633
A3 ] nin 50 100 7 663 2 179 30,73
ML | nil %0 75 8070 2 242 3 360
A5 nil 50 = 50 8 962 2 439 3113
o6 | A6 TY il foil 150 § 224 2 28 3218
| arr nil - foil 100 8.767  2.475 3 167
A18 | nil  foil 75 9230 2564 | 3 038
419 | mil C ogoil 50 . | 10051 2792 | 2 810
N A20 nil 75 150 6 580 1 820 3 07
A21 nil 75 100 7 099 1 ¢72 3 620
AR2 S nil i3 05 7 559. 2 100 3 502
A23 | nil 75 50 8 408 . 2 335 3267
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7,4J3»Monthiy Heat Loads. versus Mean Masimum Monthly Temperatures
_ B 0eo
Table F.ipe 3 =a gives the nonthly honL,loads for cascs Al
l\ (11.1(:1 _:L“ O .

e o " . - |
Poble Z.lted =b gives the mean maximum dry bhulb te..operature for

N7 ‘ .

o e - _ » : .

, &é each onti, baha_plcxcd up the moximum Ary bulb tenpersture
“QN” A for each day ond then colculsted the mean ovelr the month,

CThe avithactic mean of the diurnal swing over the period of the

month was aloo calculsted,

Gravh ).H.j -a shows tue, monthly heat loads for caﬁes Ay, Ak

and A10. in a ‘histogram forn against the nonth of the yealr.

The mean minimum cnd mean maximum tempera ature for ‘each month are a
plotted, Tuo healt load fur different insulation levels does

not reduce unifoiwly for euch month, There ¢« ve other climatic
variable 3t worlks vhich would show up more clonrly on a day €O

day nn'\'ly 3is.

Graph 3.3.4 -b shows © sesbter diagrem of monthly heat londs and
IRA]

meon maximoan wontnly teuperatures, aen the monthly*heat loads

under 100 kih are disrepssrded the uninsulated nouse CALE AT

shows o wore direct linear relotionship to tomygfkture’thfh the

otlher two higher levels of insulotion, A corrélhtion‘tost hns
beel made fur each cese epninst tne wean indimum osovell as

moan maximum tenperature.:

TAST AT - moean aoslmui tenperature

e samiranntenn

ot load = =152.4 (mean max) + 5277
Temp

Monthly

,._;

Ciok A1 -  rean minimun temperature

o

»Honthly heat lond = -15%,2 .(uean pin) o+ 2369
Teaar
. L)

r = 0,941




L 4

CASE Al = mean maxinum tempercture
“men low load wonths under 100 kih arc included, correlation
r o= 0,288 mnd the constont in the load equation is less than

the maxinum aonthly Load,

Treluding low load months

o]

Monthly heat load = 157,06 (mean may) o 29¢
temd -

~

[@h]
o ~3

r

H

0.909
CCASE Ay - nean winimum tewmperature

Fonthly heat load = =127.8 (menn min) + 1765
o temp o

r = 0.859

gArsh A10 = mean aximum tewperature.
| ————————— bt o4 . S .

Txcluding low load wonths

Fonthly hent lood = ~-135,2 (mean max) + 2418
temp

r = 0,777

by

CAui A10 - cean niindpmum Lenperature

tonthly heat load = ~86.9 (mean min) + 1101
- ' temp ‘
r = O.?BM

The correlation r ranging from -0,73l to ~-0,956 shows that there
is oo strong linecar rclationship b@tween the monthly heat lood
and the mean monthly temperature, Therefis o ligher correlnation
for the mean maximum rathor thon the mean minlmum ponthly
tenperature As can be secn from toble A3 =Db tho diurnal aving
varies frou gmonth to month and does not besr any ulqur'uelationé

ship to. the wean maximun tonperature,
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Ap the insulation level dincreases, the dependence of heat

load upon tempersature becones. less direct., The nunthlv haat

load dejends upon net hdut .].Oss. In the uninsulated house the
ratio of heat loss to head gainvwbuld be higher than for a'ﬁell
nsulsted house, As the insulotion level increnscs nett hest

loss reduces and so does this’he&t loss to hcgt'gain L\L _

The Vdrlmhlllhy of solar gain,whibh i indd’ondent of temvernture
would be mnsked to a lescer extent., Cavacitance cffects in the
wouse would even out this solav gain varl inbility over a dny,
howover nonthly Tluctuations of- solar gain Would be more opparent

in the well insulated house, The najor resson why the hoat load

becomes less devendeat vpon tempersture durdng the waruer nontno
ig becsuse this soler gain factor becomes the dominsat £ ct T,

and the heat loxd during the yarmer monthg does not reflect that
the internsl teuperatureu ;“v be wuch hicher than TBQC durlng

the d..'-‘xy.‘. This cxcess heat would be relecsed =t night thus roducingg
{he heat load regiiirenents to a gréator depree than- *“f]ch\d

by the mean outside tewperature for that month,

In graph 3.4..% -b 1t con be seen that the heot lond for coses of

no ingul ~tion end voxinum insulation follow o lincsr rels bumn ship

‘with the mecn maximum wonthly tonperature sicent £Or heat loads

under 100kWh, As the heat load aproaches zero thcré ie otill a
residual heat lbad for tiis interuedinte ceriod hotveen no hoat
load and ,winter hoat'laad. 100 kWh vould represent a 2kW heater
on for 1,5 hours each uight or the same heater on continuously
for 2 of th@'C01déﬁt daoys of that wonth, e

2

A correl VL1O test lins been w:d@ to- shov the varishility of

lood with tcayeriture._ﬁnother ey of sceing this variohi
is to consider the differences of'mwnthlj heat losds for dif fereni

jnoulstion regimes. This approach is mowre approximate but dnes

dllustrate the wmosking effect described corlier on,. Table Felie3 =

shows the heat load dirfereace between diiferent jnsul:tion-level:

4
!

Bach insul..tion case Al, Ah, and A10 expericnce the gome clinatic

conditions of ter perature and solor insol s bion,



The only‘Variable intrdduced into this stndybhus'bcon insulation

levels, If the hent Lo-d of each nunbh 1s ixofo Lional to the
insulution level ﬁﬂd wean uonthly’ LGMr erature o ghown then the

defPdeCOS ‘between two snoulation CASES . monthly hent load

should be the aone. Any voristion from t'ig would he due to

othor foctors independent of tewperature, The nmoesn of the

kdiffércnce between monthly hent loads for different insule Llon
regimes is glven. Honths yith heat loads under 100 kVh huve

been excluded, Using the uninsuloted house CASH Al an a4 refercnce
it can be secn that CASED Al sand A0 have a low atandard dcviationb

for the monthly hest loxd differences, jiovever when CYSRS Ab

and A10 are compnved for differences in heat load, the sbtond: ‘rd
Geviction of the heot 1oad dwfforonue bocomes quite significant,
Both GASES AL and A10 may have a VnchLton 1n heat load due to
foctors indeendent of tejburature, he 14r'o heot load difference
with rescct to the uningulsted house peahs thie veriasbility.,




Table 3.4, %=-a

Monthly Heating Load

CASE | FLOOR. WALT, ROOF
iy | hll mT ,bnilv
AL Conil nil 150
410: nil 100 150
CASE A AL A10
LONTH SRAT TOAD HEAT T.OAD IEAT TOAD
MJ 1Wh MJ 1ih ¥ 1:%h
MARCH 137 38 . 0 0 0
APRIL 756 218 187 52 51 1
LAY 2508 69" 1043 290 | 338 108
JUNH 1296 1193 2933 015 1977 LS
JULY .| 4000 1111 2608 72 1670 451
ave | w065 1129 2637 732 1862 . 517
STEPT 2L0l - 693 971 270 301 04
ooT 1604 170 35 96 26
MOV 127 52 ¢ 0 0 o 0
Table 3.0.3-b

Mean VonLd1v Tomnoraturov - Nanbore

nax1nun dry bulb torperafurc for “vc"v day .

ig picked and Luon the mean of the maxinum DBT over the month

in taken, J.hc ')J:Lihnctwc mean of the dlu.l.l'] 31 Nnu(, over Lhe‘

period of the month is also tﬂhon.

FONTH Mo AX TN DBT OC | ¢ DIURIAL u']lu.’J Wfﬁfﬁrrum’oc
: N A L ‘
15 ARCTT 22,7 6.5 15.7
APRIT, 19.0 5.5 15,5
12AY R L8 T2
JUME 15.2 5.9 0.3
JUTY 13,6 6.6 7.0 -
AUG RV 5.6 9.7

- SEPT 16,2, 5.6 10,6
ocT 17,8 6.2 11.6
HOV £1.0 6.3 7




Table ).h ZmC

Monthly Heat Load dlfferencos between different IP sulation 1evels

MONGTL | Al-Ah . A1-A10. AL=A10
| | wm | ki C kih
MARCH | 38 o 38 0
APRIL 166 20l at 35
way | w07 599 182
JuNE | 378 . ann ' 266
guLy | 387 660 | 273
ave | 397 612 215
SEPT - | k23 | 609 186
0CT B BT 90
wov 57 | 52 0
o }(\ Lo
M-A4  Hay to, September Mean Differcnce 308.4 lwn

Standard Dcvnatjon 17.)'1Jh or 1 Y

y - i
R Tt ¢ . . . : o
. . T . . . e :
A1-A10  May to Aubu%t' Mean Differcnce 626,35 kMh
' ' ' - Standaerd Deviation 31,9 kith or 5,1 % -
Ah~f10  Ma ay- to ﬁutuﬁL - Mean Differsnce ‘274 kth

standard Deviation 43 kWh or 18.4 %
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5.5, Monthly Distribution of Annual Heat Load

In ”vctlon Folie? Lt vag found that the AnnuLT heat locd is
d1f0<L1J nroportional to the total ‘U valuc of esch elenent
(Roof and HYolls) in the bu11d1nb with o correlation CoO- ~effic

of O. 998. ln section Jeled it UJJ'fOUﬂd‘tﬂﬁt tno.montﬂly heat
load is QlLCLLly sroportional to the Mean Haximum monthly
temperatule viith =z cmrrolatlun co=officient ransing from'—o;956
to ~0,777 for higher 1bvolu of 1n)u1<tion.

A correla ytion Lo t has beeun made fdr_the June month heat load
versus total U v-lue, June was chogen becnuse 1t is the highest
hent load month in this. poarticular atudy. THO'rcnn1+a of the
corrélatidn tont ~re no follows: o ( from table 3 L b4-a )

(i) 150mm fibreglass Lne UIJEWOH in roof cliianging lavels of

_Jnunl L1on in walls.,
June heat load = 166.5 (total wrll U value) + 50545
v, - T Ky

r = 0,006

(ii) 7%m “ibrog1a5m,insulution in wall chinnping levels of

ingulation in roof._

Sune heat load = 299 (total roof U value) +-508

Ik vh
r o= 0.999
(iii) S0mm- fibreglass ingulotion in walls changing Tovels of -

insulation in roof.

June heat load = 289 (total Roof “U! vilue) + 547

r o= 0,999

veriod of one nwonth there is a direct re elations HJU

Over a
{9

between the heat lond and the total U v:slue of the bu;ldwnb

oloment being considered, g relationshin is of the ford

Mort lond K = KU + €

&l ) b=

ont



This is a'sten

de. uU;L]dbud

Hent lond kWh

dy

B2

N o

abnte hest equation forw oo

n
KZ E‘i
i

will be

(T&imeeEB+ KC1

Where his s consbant of heat ]Ji:ul units
Ay ds arca of " the element
U; is U value of theelewent
Tai iu inside air tenperature
The - 1s wean coffuctive ten perature .
vhieh will be discussed more fully later,
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Thig mean offective temperature Tme tokes into account the
diurnel variation of the outside air teuwperature and als
toles into account the sol-alr tenperature, The gol-air

terperature would be different for the roof and walls, sO

there would be a different nean effective t@mp@rature‘for

each différﬁﬂt tyre Qf'elément The purpose of solar deslgn

is to raxifine Lao>c wenn effective temperatures during the
winter while winimising these durﬁnw-the’wummér through desipgn
of the Shane and orientation of the building. The ratio of the
winter/sunmer mesn e"fegtwvo Lemperature could serve as an index
of success for that carticular element of design with regard to
shape, orientation énd heat loss. (Winter to swmmer solar gain
throuph the windows 1s algo another index which enables compar-
inons). | ' '

To .caldéulate Tme roof element

Use Case A2 (ch(,nr‘lnu insulation in roof)

1}

a) June Heat Toad 289_(UE) + 547

b) June Heat Load = KAgUn (Tai-Tme) + C,

, /- - :
or Tme = Tai - 289/(K x Aﬁ)

18°¢
K = O, 7h
Ap = 9qm¢

3
3

’—Jo
e

i

Tme. = '15.750

Checl: using Case A15

Gaﬁﬁ:u]fated. _ - L

June leat Load = 0,72 x 9L x 0,645 x (18413;73)”
+  5L7 ‘

= 733.4 kWh
S Tap ILxD = 732 k¥h
'differeuce =

O. r..,’.) | o : - /



Check using Case A20

jo
..q
1Y
>
2
4
O
2

2ul x (18-13.73)

Junc Heat Load

SUSTEP LOAD

= 579
différqnce ’ = 0.01%

To colculate Te we 11 zlement

a) June Hest Tond = 166.5 (Up) +  505.5
h) JuneIHegt Load ‘: K AT1 i (qu Tne) + CE

C, = '505.5

2
similarly Twe = Tai - 166,5/(X x AE)'
Tai = 18°C
K o= 0,72
~
Ap = 72.6 m~
Tre = 1&,8100

Check using Case Al

June Heat Load = 0.72 92,6 % 1,807 x (18-14.81)
5

+ 505,
= 820,15 k¥l
SUS STEP TOAD :18i5 kWh :
differénce = O 6%
—To ummérj se so far 1t hos been found LH;L thﬂ'Jun hee 't load

has a direct rels ‘tionship with the U value of tho elemont being

consldered and thie mean effectlvo tewperature for thet element,

Tn other words heat loss throug sh an o?ewonL can be de seribed by’

a oteudy state form A g (Tai- Tiue )

b 4% 4
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The heat loa d for.all wonths could be descrl nod in lhe same
wvay using a differeut mean effective teumernuure for'thaﬁ
onth and a diffe rent constant which accounts for Ll\e dy meaitlc
‘heat ]oof and bﬁwn factors whiere solar goin, ven ]uL1on los

snd capacitance effects interact,
A general Tform of heat lond'fof'all pionths would bhe

MONTH I, HZAT LOAD = ‘K.z AU, (Tai-Tmeqr )
SRR N R A
’ + KC

L

Tt ‘was found that the monthly heat loads vere proortional to
the maan maxinur wonthly tewneraturces, It can be seen Trom the

ahove equuticn that any difference between the wmean effective
temperature 2nd nean waximum tbuﬂu 1bu19 could be 1ncornmLﬂt d

into a constant,

eg: yggggdHout = UT

T. is nesn pexinum

T ecuation i otdll of the some form ~s above. Tt hae boeon

oointed out wiy Lhis velotionshipy between hoat load ~nd taener-
UtuLe becores move diffuse becousme oo hc-L 17uu from olor
becoies leos 2s lanulstion lovels rise, . lthe conctent KC,

]

a crovortionally lerger foactor in the hert lood. Phie

SRR TN Lj{f<|LV@ temperature a nroscheos the
L T S

o~
AR

Liver m:ﬁp‘tjfr*il; contrallod dneldo e hcz“'irwcrwfur¢ﬁ1w Lo
11 . ‘
o] _ TS TGV ok Do R E VRO o R HE i
oo Tovalds IS PR I t. 4 ho ot or M R
Lot loes oo oo e Llloore Lian , 1
e T et ho ! Pt aloLhn nol, o 2
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ToLhough o ¢ T 1000 SR O
T P R SRS VRS PRl I oy Tt L 9 oo
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The diurnal temperature would be evened out and excess heat
stored during the day would be released at nlght This would
reduce any heat load required when the temperatures fall at
night. This aspect of allow1ng temperatures to free float will
be examlned in detail in a 1ater report,

Graph 3.4.4 -a shows  the cumulative heat 1oad over one

year for cases Al, A4, and AlO. Although SUSTEP computes

the total monthly heat loads, the heat loads have been shown

as a smooth line curve rather than in a histogram form because
‘the cumulative heat load is a continuous process. The graph
shows more clearly the effects of the residual heat load months,

Slopes o,,s, and ¥, compared to slopes o5, B, ,'and“ X,
‘show that the residual heat loads during the change over period
" from summer to winter approach theiraterof'the winter heat load
accumulation more rapidly than do the residual heat loads during
the change over period from winter to summer 1l.e.the change

over from summer (no heat load) to winter (heat load season)-is
more rapid than the change over from winter to summer,

The rate of heat load accumulation is less at higher levelstof
insulation than atvlower,levéls of insulation, Higher levels of
insulation reduce the rate of heat loss - this is reflected by
this graph. Over one yéar this means a lower annual heat load,

Higher levels of. insuiation in‘thelwalls or ceiling prbduoe
diminishing returns for each increment of insulation as Graph

-~ 3.4,2 -a and ~b show, The heat load produced by an add1t10nal

increment.ln the walls or roof is independent of the level of
insulation in the other element as graph 3.4.2 ~cC shows and the
.section on optlmlsation outlines more fully. And yet each increa-
sing level of insulation in the walls or roof result in a short-
er heating season, The 1mplicat10ns of thls is that higher levels
of insulation generate greater savings, So increasing insulation
levels generate diminishing savings per increment during the
colder part of winter and yet the annual savings are increas-
ing because of the shorter heating season. ‘

There comes a point where higher 1evels‘of insulation do not
generate any more savings than the previous level of insulation
because once the annual heat load is nil there are no further
savihgs to be made, | i | '
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: ' R38
- To see this plctorlally suppose “that Auckland's winter season

distribution were such that w1nter was extended, In comparing

graphs 3.b4.4 —b and graph 3. 4 4 -c the difference in the heat
.16ad savings A and ﬂ*would represent the dlfference in savings

generated by the same insulatlon regime because the heating

period ( and potential savings period ). is extended along with
the extended winter, '

Graph 3.4.2 -c shows the linear nature of the heat load versus

U value for a particular element of wall or roof, A comparison
of Graph 3eltely -d and graph 3,4,4 -e shows why the 1nterdepend-
ence of heat load and 1nsulat10n U value does not show up for
the order of U value in each separate. element of wall and roof,
The heat load when the element U value is 0.2 W/M

represents the heat loss due to ventilation and the other element
Should the U value for that element approach zero (ie: infinite
thermal resistance) there would still be a heat loss due to the
other elements. Heat savings is an additive process. When the
Total House U value is considered - that is the total heat loss
from walls, roof, w1ndows, floor and ventllatlon - the heat

lozd curve for iower Tocal house U values flrstly has nil heat
load then changes smoothly into a linear heat load relatlonshlp
with Total House U value, At the. hlgher levels of insulation
(lower U values) the heat load is less and continues to decrease
at a slower rate as the 1nsu1at10n level 1ncreases.( U value—a 0

Table 3.4.4 -a shows that the ratio of the June heat load to
annual heat load increases for increasing levels of insulation,

- This means that the ratio of the balance~months-heat -load to
annual heat load is decreasing or, that compared to the unlnsul-
ated house,the savings for higher levels of insulation are
decreasing at the same time as increasing levels ‘of insulation

-generate reducing savings for each additional increment of.
jnsulation, This serves as confirmat1on of the visual explanatlol

Should the seasonal temperature distribution of Auckland's
climate be such that the winters were more severe over a shorter
perlod of tlme with the same number of Degree-days as now then
the annual esavings generated.by higher levels of insulation

would not be the same as for our present'conditions_of climate,

and nor would the optimum cost effective level of insulation be
the same,
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Suppose the distribution of winter temperatures were such :
that the heat loads were the same, Because each level of
1nsu1ation generates the same savings for that partlcular
insulation level regardless of the temperature (the heat
load is dependent upon temperature, the heat savings is
not)and because the potential energy: savings period is
shorteg then each 1eve1 of insulation would generate small=-
er annual savings. ‘ '

The effect of increasing levels of insulation generating
increasing savings would not be a dominant factor because

a severe change from summer to winter temperatures would

not result in residual heat months. Each level of insulation
would generate less savings as compared to the existing sav-
ings. The cost effectlveness of each insulation regime depends
upon the energy savings and capital cost of the insulation
(Later sections on 1nvestment analysis will explain the inter-
relationshlp of cost effectiveness savings and capital cost).
The ordering of the cost effectiveness of each insulation
regime would change so0 that a lower level of insulation would"
be the optimal cost effective form of insulation as compared
.to optlmal insulatlon ‘form for the existing 51tuat10n.

Fortunately from an economic and thermal comfort p01nt of
view, New Zealand does not have regions of extreme distribut-
ions of climate where 1nsu1ation cannot produce savings over
a larger part of the year. It is not economic to use high
standards of insulation just to reduce heat loads during a
small part of the year. Also high peak loading is uneconomic
for-the electricity department. ' ' |

Lack of time has prevented a study of other centres in New
7ealand., However using the same line of reasoning, but
approaching from the opposite direction, most areas in New
- Zealand have climates which are colder than Aucklend and have
lower temperatures over a longer winter period., The same-
insulatlon levels as studied in Auckland will generate great-
er savings at colder locations therefore higher levels of
insulation would tend to be the optimum on a cost effective-
ness basis, Whether this is significant or not depends upon
the sensitivity of cost effectiveness of" insuldtlon and the
relative heat loads of other centres compared to Auckland.,
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Leslie -has found that the same house in each of the following
four centres have the relative heat load as listedi=’

Mangere -1

Kelburn = = 2,3
Christchurch - 2.9
'vInvercargill

i
s
w

This suggests that the potential for additional sav1ngs for

. each level of 1nsulat10n is substantial and that an insulation
: standard based on cost effectiveness should be made on a zonal
ba51s.5



Table 3,0.4h-a

- By

" June | Ieat Load June.Annual Heat Toad Ratio, TWemenL U VaTuo

ATHUAL

CRATTO

CASE | INSULATION REGINE JUNE ELEMTNT
FLOOR WALL ROOF| URBAT HRAT JUHE U VALUR
| . | 10aD 104D ], ko
, L ATITUAT, on
ki kVh - S LOAD Vi/m=C
I nil nil 150 | 2979 815 0,274 1,087
49 |nil 75150 | 2201 6ol 0,300 | 1.020
A2 nil 50 150 | 1969 615 0.212 | 0.6.5
A0 |nil 75 150 828 579 0,317 1 0.4
A0 |nil 100 150 | 1734 555 0.220 | o, 351
aZ3 |nil 75 50 | 2335 700 0.300 | 0.6h5
w2 lnin 75 75 | 2100 6115 0,307 | 9.455
Aot |mil 75 100 | 1972 617 0.%13 | 0.357
o |nil 75 150 | 1878 579 0.317 | 0.7ul
A5 lnil so B0 | oando |70 0.750 | G.640
Ath  fnil 50 - 75 JJadivel 679 0.30% 0,155
m3 fnil o 5o 100 | 2129 | 653 0.307 | 0.357
A12 {nil 50 150 | 1969 G15 0.312 0,25
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4,1 THS ULﬂ”]ON COSTINGS

Costing of insalition wes inac by'taking,thé meun;:rice ouotﬁd

by 6 rctallers and gl L1un fittérs in ‘uclland ~ten ot
randowm, Coating of . Jnm*’l abion ';;J:lié‘l nesses not LV ilable on

tod: yS narket was hag \u on prices of other t! Jv‘n“u?os;'
ThQJO-extrugolwted costs do not affect the wesults of this
re,ort-ac these levels of inmul'tion lie well mutr7‘e the ogtimum'
therinl level, | ‘ '

Sce Table 1 -a for a1l bu”[lng.‘

The dnctollation cost of foil oun the back of £ibh hoord is an

area of coaot benetTit Hlv1vr1u'whore the cost of dnatall Lion

b

is chared between the foil nd the gib boord, Foll ¢oa aloo

' 1

~double up oo oa vepour barrier and the copdtal cost g such rnd
a8 Insulation is o syared cost, In view of Lhe abzence of ony
differeatiation between the inst-1lstion costs of Sib borrd ond

il foil board auG because this study c

L)

plders inculwtion -« lthout

con
vepour barviers being o factor, I have chionen  to offset the above
cost benefit rueas cgoinst ecacly other where the dnst 110 ticn cost

of To1l is nil nud the cagital cost of £411 is fully an dnsulo tion

cost, This re ort conciders the conts of iasulation in the,wulls
and roof only, As section 5owill out11nu, 2 Cos st aunclysis of

double glazing -nd floor insulation con cach bheo ULudledriudepondn
Cntly of'each dthor AQd'of the walls or roof, S o study of inealot-
ion in floors wiich included Cmrpeting_wbuld requive a cost-bepefit

;u‘Tgn) 3 oapproach,

This report does not got dnvolved in the guestion of subsidics.
on Lngalation regeriaont as to do goe would oictort the Lrue

n

cosition of fapulution ond caerpgy costs. The DEF rofe of reoturn
of aevings produced by dnvesting din Insulation is se ooy tines

1

adgher than currvent leading interest vates that under woral

clroumstoices one wonld not subsidize o hiigh rate of return
inveatrent,
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L, 2 BLACERICET, TEATING SOSTLIG
e - ,

;
Mo cost 0f electricnl heating @ 2.33¢/kWh is boased on the
fuckland flectric Power Bosrd rate for dbmestic COnsUNers,

This re_ort is not invclved with vhether electricity should be
used for houe heﬁting nor with whether the nresent rate of
“electricity reprcients the true cost of electricity with res_ ect

to other encrgy sources such as oll and cost aud gas,

I jersonally foel ‘that homes should be using low grade soluar
ceunergy for home hesting purposes rether than high grade energy
gources such as electricity. '
m
|

fee Table L.2 -a for costings



CTADLES L,1 —a

COSTING OF TUSULATION

A1 matericls have 50 year life period and involve no
naintenance costs, ‘ , ‘
CObbu_fOl 2 5inm nnd )Omm fjbr951fqn are b\ ec on extrapolated

osts of current lereu]a“q prices,
) O ir

PHICKNESS ma ‘ PRICL/m”
150 | '  o 3=h>

1000 ﬁ 2-1,0
7R . 1=90

50 E - o 1=40
25 L : 0-90
LROOT
FTORTGLASS Coverage is 9hm>
1 5omlu
10 bales @ $30- 95 per bale - 309-50
‘Labour @ gc/ft ' o ' : ‘28509
o 337259
100mm | . |
7 bales @ $31-60 per bale - 221-20
Tabour R T SR 28-09

7 5mm |

5 bales @ §33-10 per bale 165-50
Labour : . | - 78-09

19359

50mm | e ‘ |
165-50 x 1.,40/1.90 o . 121-95
! o}

N
1

>
D

Labour

. 150-00
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25mm . . _ -
- 165-50 x-0.9/1.90 N - 78-39
Labour : 28-09

- 106=48

Poil over rafters
S Im ox 50m roll

2 rolls @ $30-53% per roll 61-06
> . '
Labour & 60¢/m™ ' _ - 56-40
S 117-46
FIBREGLASS Coverage is 72.6n°
100mm . , o
143~oo X 2,4@/1~9O | o 180-63
Labour @ 2’7c/m2 ‘ S 19-50
20053
7 51m : _ : ; o
- 5 bules @ $28-60 per bhale C 14300
- Labour : . ' - 19-90
162-60
-+ 50mm _ ce e
143-00 x 1.40/1.90 o 105«37
Labour : : 19-~90.
12527
25mm : o ‘ .
143-00 x 0,9/1.90 S - 67=73
Labour - R o - 19-90

87-63



Foil on tho badk of Gib Board

. ]
normal board $16-97/10m°
foil on board $21—6O/10m2

]
coverage 72.6m"

Fxtra cost of foil installed L 3361
. ' 3-36

TR,

36-97

10% wastage

NOTE: foil acts as a vapour barrier-on the varm side of the
wall as well,

FLOOR
FOTT UNDER JOISTS
5 polls @ $3%0-53 per roll . 61-06
per |
Labour @ $4-80/100ft° . SR 1,856

109-62

BL9



Table L, 2=

-

Comt of

]oct11c11 Hotthg

@ 2,33¢/kVh

PION

' L/("( m

AT

casE | INSULL REGTHY SAVLIIAS
FLOGR WALL RUOF 5 $
A1 nil  nil o nil 130-53 o .
A2 nil  nil  foil 90-82 31-71
A3 nil  nil 25 190-15 4O-38
Al nil  anil 150 69-441 61-12
A5 ‘nil  foil foil 28=91 41-61
26 nil  foil' 25 n_33 53-19
A7 nil foil 150 B3-r2 ./r~) ’
A8 nil o5 25 7-82 5270
A9 nil 25 150 53-15 7738
A10 nil 100 150 14,0=10 A0=-12
AT1 foil  foil foil 50=21 -3
a12 | nil 50 150 145-88 8465
A3 nil 50 . 100 1.9-61 80-92
AL | nil 50 75 5o.00, 7“ 29
A1S nil 50 50 579 5%
716 nil  foil 150 5%-20 "3
A nil foil 100 56 =74 75=79
A18 nil =~ foil 75 59-74, T3-10
M9 | mll o foil 50 65-05 65-17
ATO nil 75 150 [0=50 £7-9%
421 0l 75 100 15-95 Sl=58
AZZ il ey 75 L8=-G% 51-60
"B nil 75 50 Ity PE-12
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5. INVESTMENT ANALYSIS AND OPTIMISATION

5,1 EXPLANATION OF INVESTMENT ANALYSIS

When a consumer makes any'type of investment, including

an investment in Dnergy Cbnservation’Téchniques (ECT*'S) such
as insulation, there are six basic questions he should ask
himself in order to maximise profits, or utlllty -

1. How much will it cost?
2. When will the funds be spent?

3, How soon w111 income (sav1ngs) commence and how 1ong will
it last? o

L4, What will be the pattern of income (sav1ngs) during the
economic life of the project?

'5.'What will be the wvalue of the investment at the end of its
economic life?

6., What are the taxation effects?
Each of these factors:-

1. Total capital outlay

2. Incidence of expenditure

3, Total income (savings) generated

4, Incidence of income (saving) generation
5.‘ReSidual value of investment

. 6. Taxation effects

will be of vital importance;no matter what type of investment
is involved. -

The question of timing plays an important part in theseé basic
factors, Money has value over time, Money in the hardvtOday<is
more valuable to us than the same amount of money available

at some point in time in the future - even 1gnor1ng the effects
of inflation,

~Investment analysis involves thé-rate of return relationships |
between various investments and related profits or utility
through the use of a profitability yard stick - some stand-
ardised technigue for measuring rate of return on investment,
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Such a yardstick muétvbe capable of

1) Taking into account the time value of money

' 2) Reflecting the effects upon overall OrOfltablllt of
"~ variations in the basic factors of an 1nvestment

3) Indicating the absolute attractiveness of a project as
measured against the cost of capital

L) Being applied to all types of investments, thus: permlttlng
of comparioons between dlfferlno investment opportunltles.

The .Direct Cash Flow (DCF) method'of investment analysis meets
all of the above criteria, One disadvantage of the DCF method
is that the method is time consumlng and requires more work
than other methods, The addltlonal work is well worth the
trouble where the size of the 1nvestment and its complexity

is such that correct analysis must be made., This would be

true where the rate of return of an investment was of the

same order as the cost to borrow funds. However in the area
of thermal insulation ECT'S the DCF rate of return is as ,
high as 35% so that the absolute profitability factor is not
50 important as comparative ana1y51s of different types and
levels of insulation, :

The cost in the use and net present value methods meet the
essential requirements for ihveétment analysis. Comparisons
can be made.of different types and sizing of insulation and
the most cost effective form of insulation can be determined,
NOTE: One important factor should be remembered. when making
investmént‘analysesbin any area involving energy expendithre.-
the future costs of energy are indeterminate and investment
analyses can Only be based on present energy costs or'foreCaéts
of future energy costs., Any long term investment involVing :
energy can be fraught with unexpeCtéd and undesired complica-.
tions., For this reason it is wise.to be cautious, Fortunately,
in the area of thermal insulation, the sensitivity of the
optimum cost effective form.of insulation is not véry high

as 1ater sections will show.8
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5.2 OPTIMISATION

When using the Cost in Use method of investment analysis the
Energy Conservation Techniques (ECT) which offérs the lowest
Cost in Use is the Optlmum ECT, Conversely, when u51ng the Net
Present Value method the highest Net Present Value ECT is the
optimum,

Another cost effectiveness maximisation methodAiS'the Marginal
'Analysis.method which provides a systematic approach to'prbblems
which involve variable-sized investment opportunities, This
method has not been used in this study because foil insulation
U values are not variable, However the principles of Marginal
Analysis are of -particular use to us as shall be demonstrated,

The primary applidation of Marginal Analysis is to select the
optimal combination. of ECT's that will generate the greatest
dollar energy savings than any other combination of bCT'
involving the same or 1esser cost,

‘The basic criteria for the optimal combination is expréssed as
Condition I, namely, that for ‘each ECT considered, |

MS = MC

‘where MS = marginal'savings,or the savings geheratéd‘by the =
‘ last increment of an ECT
and MC = marginal costs, or the cost attrlbutable to that 1'

last 1ncrement

In selecting an economically balanced combination of ECT's for
any given investment size the equilibrium condition for the
balanced combination is expressed as Condition II

namely M, _ MS, _ oMs,

2 ) MCn

where 1 =1, 2, 3, ..een 'techniques.
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An important limiting assumption required of condition II

is that of independence of the various ECT'S included in the.
analysis, This meahs that the amount of energy savings‘gener—_
ated by one technique cannot be influenced directly or indirecté

1y by other ECT'S, The cost of insulating the walls, roof,

floor, and double glazing are independent of each other, 9

The heat load section shows that compared to the uninsulated

house the'monthly savings generated by insulation in,either

the walls or roof is relatively independent of the total insul-
ation level. (Fluctuations are in the order of 5%). The marginal
savings for an additional 1ncrement does fluctuate by a larger
percentage (18%) on a monthly basis, But on an annual basis
the heat load versus insulation U value of either. the wall or
roof follows a linear relationship (correlation 0,998) so

that the savings generated by each 1ncrement of 1nsu1at10n in
the walls or roof are 1ndependent of the 1nsulat10n value of

the other element,

The implications of the principles of marginal analySis eombinedx

- with the results found by this report are that the optimum

levels of insulation in any component of the’building envelope
can be studied 1ndependently. It may be more economically

" effective to use heavy. welght construction on one wall and

light weight 1nsulat10n on the other, Investlgatlons of heat

- loss from windows can be studled separately on an economic basis
- so long as the cost of using drapes or shutters as an .energy
‘conservation measure are combined in the study of the viability

of using double glazing of windows,

Another implication is that if one wishes to maximise energy
conservation then savings or heat load reduction is an additive

'process. Although not 1nc1uded in this report, extra heat load

savings of the samevmagnltude as insulation measures of the
walls and roof can be generated, To achieve the same savings by

further insulation of the walls and roof would require impract-

ical thicknesses of insulation and astronomical costs due to
the diminishing savings generated by each increment of insulat-
ion..
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 If energy savings is an absolute criterion, as well as
~utilising Energy Conservation Techniques (ECT'S) such as
insulation of the building envelepe,and,weather sealiﬁg,

one should also consider using passive Solar Energy Heatingd
Methods (SEHM) such as the Trombe wall. An investment analysis
of ECT'S and SEHM methods would rank them in order of priority.
(There would be some social constraints on some methods eg:
thermal comfort'levels, sizing of windows, ventilation.rates
and structural and planning limitations). So long aS‘the DCF
rate of return for each ECT and SEHM is above the cost of
borrowing then on a limited budget the economic ranking order-
- ing would be the priority. ordering of the method to use to
reduce energy consumptlon.

(Because the parallel path heat flow in SUSTEP was not |
available it was therefore necessary for the purpose of this

~ study to consider that the space under the suspended floor wae
unventilated, There is subsequently a more direct link between
the capacitance of the ground and the suspended floor above, ; ,
Extra foil insulation under the floor as in Case 11 has produced
little change in savings as compared to Case A5, Leslie has.
demonstrated that the capacitance effect of the ground dominates
over the-capacitance,effect of a eonerete floor.in intimate
contact with the ground, In viewfof the direct link between
the‘ground and the suspended floor, the floor could be regarded
as a. concrete floor in intimate cohtect‘with the ground, The
absolute heat load is less than there would be with a ventllated
sub floor space., This in no way detracts from the. flndlngs of
thls report for the reasons given above, This report has 1nvest—
igated the savings generated by insulation regimes in the walls
_and roof. The insulation level of the floor does not affect

this savings. SUSTEP‘does not easily allow the modelling of
drapes drawn over the windows at night‘time. In the same way
this factor does not affect the savings generated by the insul-
ation in the walls and roof),



6. . ANNUAL: COOT IN USE

6.1 ‘LhPInuJAPL i or I E"‘MJD

One nethod of CoMgnriﬁg tho‘u@gl.cozt-imglicmhion8 of WLvrx tive
desien decislons involving the.QXpOUUJLnr mTIerying_amQuntsn

of different ty.cs Of'moﬁoy ig the annual cost in ouse nethod,

The aylLul <0ut of inectalling the 1n:u1 fﬁdn'io convertod into -
an ‘Fllllnfl]. equi vn;W('rJL cnd. the svnilrha]_ PLU’T_ cCOo L LL) rr"Virrtftinf the

O . s
nouse at 1070 for this partlicular 1eve” of 1nna1 tion is added

o)

to this ;;m‘nua_l cquivalent, The annual equivaleat of the first:

costs depond upon the life of the insulation snd on the rate of

interest., The dinsulation is deemed to have the sane 50 year

life poridd of the bullulng. A distinction ﬁhould bhe notéﬂ hetween
the amortisution 3eriod‘for deriVing costs in nse ond the seriod
for mortgape lending, The winortisa tion period of 0 ydwrs Nng

beea chocen to aveid cu“ Jicotions of allowing for the regiduanl

value of the insulation at the end of the period, The cost in use

of each slteirnutive din based on . present clectricity Cog “.6

Prior to tho energy crisis the cost in use pethod vould neve

reflocted t
211 costs
1.

costs are riging at a faster rate than other costa, Thove ore

cum>arlson in the future‘u$‘“>nun;;cmlly

<._.

the same 1elative amount, But now energy

onergy coste in the >|oduuulon dimtribution ands inetallation of
insulation, It is_beyouu the ngo;o of this report to \1cu et
future cnergy costs and insul ation costs. '

The llet Proseat Worth section looks at the cost cow ari-on trend

of insuluwtion in view of dncreasing encrey cosls,
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6.2 RESULTS

Table 6,2 =a glves the capital cost and annual equlvalent
for each 1nsulatlon regime, The annual equivalent has been
calculated for three dlfferent canltallsatlon interest rates
over a 50 year perlod.

Table 4,2 -a gives the electrlclty cost @ 2 33 c/kWh to
maintain the house at 18°c for each different insulation
regime. This fuel cost is added to the annual eguivalent to
give the cost in use Table 6.2 -b, There are no maintenance
costs or residual value factors 1nvolved w1th the insulation, .
Although there are plant costs and runnlng costs assocmated
with the plant these factors are not taken into con51derat10n
because the economic comparisons of each regime of 1nsu1at1&n
depends upon the energy cost and not the mode of heatlng._

' Whether electricity rates are a true reflection of energy

costs 1is another story.

Tables 6 2 -c, d and e each give the rank ordering of the
lowest cost in use insulation regime for the capltalleatlon _
interest rate of 9%, 12%, and 15% respectively together w1th
~the rank Ordering of minimum capital cost for that‘particular
insulatlon reglme. | . '

A pr1n01p1e of mlnlmum cost in use comparlsons is that dearer
money tendsto favour proposals with lower capltal costs and,
conversely, cheaper money. tends to favour first cost
alternatives. This principle holds true for like products
when comparisons are made on a scale basis. In this study.
foil insulation is compared to fibreglass insulation and,
‘should one form of 1nsulatlon have a cost advantage over the
other, the above pr1n01p1e may not be consistent for all the
insulation regimes about to be. compared. 6

In Table 6,2 -e the hlgher interest rate of 15A favours the
lower capital cost insulation regime alternatlves. A rank
ordering correlation test gives a correlation co-efficient r
of 0,939, In tables 6,2 -C- ‘and 6,2 ~d the lower interest rate
of 9% and 12A do not favour the hlgher capltal cost forms of
insulation,
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In Table 6.2 -c instead of finding a correlation co-efficient
- close to ~1,000 the co—effidiént was found to be + 0.545.
ThesevresultSIShow that a comparison is being made of differ-
entiated products where one has a cost advantage. An economic
comparisoh of the insulation in the walls and roof can be made
separatelyi- . ' | | ‘

1. Insulation of the Walle

Foil in the walls rank 1st, Lth, 5th, and 10th at the 9%
interest rate. ' S ' - o
| - 1st, 2nd, Sth
and 8th at the 12% interest rate. '
| 1st, 2nd, 3rd,
5th and 10th at the 15% interest rate.

Even though the lower interest rates favour a-higher‘capital
cost of insulation in the walls foil insulation shows that
it is more cost effective than fibreglass insulation at the
energy cost of 2.3% c/kWh, '

‘When compared to the foil in the wall and same roof iQSulation
the difference in.cost-in use for 50mm fibreglass in the walls
is:_:;_ | _ _ . N

a) 0.7% at 9% interest rate

b) 3.6% at 12% interest rate

c) 6,5%_at 15% interest rate

and for 75mm fibreglass in the walls.

a) 0.8% at 9% interest rate -
b) 4.9% at 12% interest rate
_¢) 8.7% at 15% interest rate.

As can be seen the cost advantage of foil insulation in the
walls over fibreglass is not‘vefy.great at lower interest rates
~ but increaSes to a Significatn‘advantagelat higher interést
rates for the electrical energy cost at 2,33c/kWh. At below
12% interest rate 50mm or 75mm fibreglass could be substituted

 for foil insulation in the walls'without the difference in cost
in use being greater than 5%, - '
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'2, Insulation of the Roof

Foil insulation in the roof'does not enter into the first
ten rankings. Comparisons of the cost in use of insulation
in the roof therefore can be regarded as a-cdmparison of
economic scale. '

At 9% interest rate 75mm fibreglass‘ih the roof gives the
 lowest cost in use for all insulation regimes of the wall.,

At 12% interest rate 75mm fibreglass in the roof ranks 2nd,
6th, and 8th, o

. The higher interest rates favour the Jower capital costs of
insulation and yet 75mm fibreglass. ranks first for 9% 12% and
ranks gecond for 15% rate of interest with a 1;2% differehbe
in cost in use from the first ranked insulation regime. At
the 2.33%cc/kWh rate of olectrical energy 75mm of fibre glass
in the roof is the most cost effective order of inSulation

- in the roof. - '

When compared to 75mm fibreglass in the roof and same wall
insulation the difference in cost in use for 50mm fibreglass
in the roof is:i- |

a) 1.8% at 9% interest rate’
'b) 0.2% at 12% interest rate

Cc) -1.2% at 15% interest rate

~ ie lower cost in use.
and'fOr 100mm fibreglass in the roof

a) 2.6% at 9% interest rate
b) L4.2% at 12% :interest'rate
c) 5.7% at 15% interest rate:

and for 150mm fibreglass in the roof

a) 8,2% at 9% interect rate
p) 12.4% at 12% interest rate
c) 16.0% at 15% interest rate

Either 50mm or 100mm  fibreglass could be'substituted‘for 7 Smm
-,fibreglass in the roof without a significantly large difference
in cost in use especially at the lower interest rates,
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Tahle 6.2=b

Annual cost in use of Insulation Regimes

cash | IHOULATION RAGINE cosT I USE
FLOOR ~ %2TL ROOF % % 12% % 15% %
IN nil  nil o onil 120-53%  130-53 130-53
A2 nil  nil  foil 109-5  112-96 116115
A3 nil  nil 25 99-26 . 102-97 106=14
Al nil. nil 150 100-21 = 110-06 120-09
AS nil foil foil 10300 107-50 112-09
A6 nil  foil 25 50-1;2 911-60 98-8
A7 nil  foil 150 87-39 G8-32 - 109-145
A8 nil o5 25 95-5%  101=19 106-96
A9 nil 25 150 9191, 101=35 116=99
A10 nil 100 150 89-49 10519 - 121=19 -
AT foil  foil foil 112-30 120-00.  127-8L
a1z | nil S0 150 83-10 101-61  115-37
413 nil 50 100 83-78 =71 130-53
Al nil 50 75 81-35 90-063 100-11
A15 nil 50 50 83-10  91-1h 00-32
a6 | nil foil 150 87-39 98-32 109-145
a7 | nil foil 100 8235 91-21 99-77
A18 nil foil 75 80-77 5750 9=35
A19 nil  foil 50 0201 8767 %23
n20 | mil 75 150 882 107-67 117-63
021 nil 75 100 83-46 9516 107-65
AR2 nil 75 75 81=42 - 91=82 102-40
423 ail 75 . 50 97-05 101-35

82-95
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CPahle 6.0=e

- Annual Cost in Use 15% interest rate Rank Orderiog :
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7. NEL. PhuﬂﬂNT VALUJR

7.1 EPLANATION OF THE METHOD

Hlllu pethod dnvolvaes discomnting tu present v Juo at a

:ulbptud.lkfi‘the coosh Flovw of the various Energy C‘nnij tion

Techniques (LGT' 3) elterastives and picking tho;BCT vitln the
nighest nett brﬂfoat'va lue (th-t is the excess of rom<1t volue
of cash inflouws over cagh outflovws at this 3ivenvr@te of

of o ditel

or bhb-amuleaL]vo snvestuent rate (cometimes called opportunity

cont),

(_l‘

interest)., 'he rate of giscount used 1s the cogoi

'Bgécificmlly; ve are concerned wi CL'finding the rrecent v-lue
Cof a stresa of asnual ouergy savings valued ot (8). % today's'
'energy‘pricem, occuring over the lifetime (L) of the RCT,
These energy wavinis while constant in kKWh terins, are croving
in dollar torme becouse of Jrice vises ol sone averago cnnusl
(P), But st the-

to gicmouL v. lue using an appropriate digcount wule (])

1

time thesc ssovings wust be discounted

B

rate Ry

o

S0

«|l’|

W presént value con be (‘*:m ased in terns of mominal (Mciunl)

prrice increases end discount rates as

L | t. .
..P‘V" = Z . ( 1+P ) . S
- t=1 14D

4

However; both yfié@ riges ond discount rates ~re a function of
‘Lwo forces: o 1eal rate of chdnge (P and Df) rord the rate of
inflation (I), Rezl cnerpy vrice rises are due te those recources
‘becuning scnrcor relotive to other resources, not inflation,
vhileh ralses Lhoe nmminﬁl',fico of all rescurcos, Resd discount
‘rates Nhere roler to thot roate of roturn_reQuirodytm aitr;ct an
investient, apart from the need to rocover ;urchﬁmiﬁg rover lost;
by inflztion, Decause the I term apseors (dm licitly) in mobh

the uumorator and the denominator of the above equation its

)

effects cuucel out leaving only the real

to he crltimatoed,

ie: Uhen diccrete (vs. continuous) concounding e uded
' P=TI+Pr+ I,P' sndl D=T1+ D + I,D
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’Th]w Uould hWVb a dr{maLJc effect on tho real rate of“change
ofaoll brices qu-wuuld affect the prices of olhor enerss
sources as well, Sstimates vapfojected rates of energy prico*
increases for fosail fuels and clectricity are available from
several sources., lost of these arc buased on different sets of
aSsumptions; however, ond the estimatos'v&ry accordingly. While
it is improbable thnt natural gas, fuel, oil, and electricity
will all increase in price at the sonme rate it in difficult to
predict-relative chonges with any.accuracy. A real rate of
“increases (over and above the rate of ggner@l infla Llon) of

1% for all cunergy sources. is used in the NBS proposal for
"Design and Evaludtion Criteria for Imergy Conser ation in New:
Buildings". This iay be considered conservative by some because
of recent price increases many times this. rate in some cas eu;
This rate is meant -to be représentative of the long run rnt@ of
real prices for the next 20 years, however, snd in this res »oct
it reflects price increases determined by»long 1un'm-rloL forces,

2) Before estimating an "appropriate' discount rate for the

Mtypical? homeowner some insight into discount rates is needed,

In order that energy conservation investments be Considor@d in
their proper economic priority, they must be compared.with the

next most profiteble allternative investnment avallaole to nomee‘
own@rs'after adjusting for risk, tax,liabilities, and the pref-
erence for short - oveér 1Qng—térm investments, An appropriate

discount rahe will then reflect an "opportunity costh, ie, the
coist of fofegone profit from_tue,ﬁéxt best oltern-tive, In this
study the discount rate ey aleo be viewed ns the minlmum rote

of return to induce further investment in energy conservotion,

It is auite import nt tounote thet returns on investment in

ECT'S are not subjeét to income'taxation for - homeowne 2 as they
arise from red ed expenditure of after-tox dis UUSfble incone,
Thereforve, for homeotmers, alternatlve after tax Fut@m of return
~should be used in determining an'appropriatevdiscount rﬁte for

investments in energy cons 01vaL10n.
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At:the'p esunt rate of inflation it is quite difficult for the
avéragejhomeowner to realize a stitive rate of,roturh;aftér
taxes., Tt is for this reason thét a 1% réal rate of return on
investient may be suificient to induce fnrthorvhdmdownor invogt—
ment into encrgy conservation, Movevnr, oneg must clearly under-—
stand that this-is the potential rate of return to be realized
at the margin, ic, for the last increment of iuvegtubnt.The
average annual rote of return on the total investreat will be
considéfably hisher, Tor éxample, ﬁhe»addjtionvdf 75mmn of
fibreglass to the wall and roof may pay back its costs in Ly - 7

© years, but continues ¢ HOL ting 91V3nb over its entire lifetime

\)

~nd one can see thot thO'actual rate of return on the total invest-

itent 1g gquite high,

The warginel invpuimout (th’L for the lost incremcnt) niay le_

be viewed us requiring its full expected lifetime to be repaid
(including interest at the discount rate)., Hach .. revious increment
will tahe'losu and less time to be'repaid; however, andthe first
increment eg: a5mm'way be osaid back within o few nonths.,. ”he
average length of oayback will then be cong siderably shomtar than
the expected lifetime, |

Because the narginel investment does require the full erpected
lifetime to be repeid, this may be considered a rela LJVOWy long

~term and illiquid investment (unless the house is s0ld before

the last increment is scompletely ~awortined), For this rcason cuch

2 norginsl investnent wmay not be as attrictive to the homcowner

ws o ghort-term dnvestment yielding tie some vete of return,

“hile the additional rate of return nceded to induce such long

Lerin inves L“unbu oy bo someviat miWhér than for short-term
investment, Lnlu difference is oversgaaowed by other conegiderctions,
especis 11y the effect of high inflation rates on actusl investment
opoortunitics and the somevwnat éonservhtive ostinnte in embimating

the rate of fusl orice increase,

3) Since thoe rezl rate of fuel wrice increase hus been considered:
equivalent to the‘hom80wnor's discount rate of 17, the sresent
value of future cnergy & v1ng 10 ginply the sum of bthese sovings,
at current prices, over tic 1ife of the « nc,Lflc Lo, conslasred,
Teds of course lenves thc uttu.led lifetine as o oriticnl

) X 1,

variable in the assessnont of margingd sovings penrerated by the

variousn LCH'S,
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For this reason we must now consider the approjriacte

lifetime over wu1ch energy conservation methods mlght be
amortized, This ig egnacially relev;nt to homeowners or .
nrogpective homcormers who do not foresee oceupying thelr houses
long enough for the warginal investments (ie; the cost of

last dncrements of the various technicues) to be coir letely
poid boack in the form of energy savings, As encrgy cobts
increase relative to other cogteg, however, encrgy CONOumers
will become wore conscious of the cconomic @emirﬂbility of
energy conservotion and the n rket value. of burlanL Wil
bettef reflect their owerﬁy ugase (as reflected in fucl MLWTn)
In this res cct o well-ingsulated house will be wore likely to
sell cuickly snd commznd & price highcr'tnan that of & poorly
insulgﬁed home, baling it considerably casier for a homeowncer
to. recoup the unamortized portion of his investumont if he is
not intending to occupy the hou s throughout L] 10 ]_i;[‘c;'i;j_r.ﬂ.[e of”
the LCT'S, :

Jhile the oxJ ected useful lifetime of some BCT'S may extend to
the 1ife of the building, any lifetime assumption overiQO years
is likely to be unrealictic in view of liorge-sccle unuoftainties
as to economic'conﬂitions beyond that time ,erlou,lcs,eCjaliy for
nergy vrices., For tils resson EQ yeors heos been,chosen’as the
aporopriate time goriod‘fdr, ge in estinmsting the prescnt vslue

of future onergy havings.-6’9

This section 7.1 is a modified éxplanation of Net Present Value
taken from Stephen Peterson's " Retrofitting exiéting Housing
for Energy Conservation: An Economic Analysis ',



7.2 RESULLS

Table 7.2 -a gives the Net Present Value of the insulation
regimes with a 1% real rate. of energy price increase and
1% real discount rate taken over 20 years.

Table 7.2 -b gives, the rank orderings of net presenttﬁalue,
. the highest value being rankédvfipst. The capital cost of

~ each insulation_regime_isfranked in order of highest capital
cost while the energy savings is ranked in order of greatest
savings. ' | '

Increasing energy costs tend to favour the insulation alternat-

- ives which can produce'a greater savings_in energy. In the study,
using the sizings of fibreglass insulation available on the
market, there are few exceptions wheré a 1arger'capita1 out-
lay in fibreglass does not result in a larger energy savings.,
Because Case A22 has a more optimally balanced combination of
flbreglass insulation than Case Al13 this is one exception where

" a smaller capital outlay results in hlgher energy savings.

‘Foil insulation in the walls is a more cost efficient form of -
insulation than fibreglass because each dollar invested in
foil produces more savings than a dollar invested in fibreglass.

" However at highér energy. costs it is more preferable to invest
more to save more and existing methods of foil insulation .

~ prevent thls. So although foil is more cost efficient, it is

not necessarlly more cost effective at all energy cost levels.

'Case A18 which ranked first at the energy cost level. of

2 330/kWh now ranks 7th. '

' Case A22 and A18 are the exceptions that a larger capital
outlay in insulatibn pfoduces“greater savings. A correlation
test for the group of insnlation requires which produce the
ten highest net’present values chows that there is.a high
corrélation of 0,976 between capital expenditure and savings,

And yet a correlation test for savings versus net present
value gives a correlation co-efficient of 0.636. The highest
savings casesidp not rank'among the highést‘nett_présent value

cases. At the 1% real rate of energy price increases there is

still a balancing of capital costs.and'energy savings, .



At a hlgher real rate of energy prlce increases there would
be a one - one correspondence between nett present value and
energy savings or capital cost.

~ The difference between the first 5 ranked nett present value
and the first is 2.6%. Whether one combination of insulation
levels in the roof and walls is a closer optimum combination
than another is not significant at this order of difference,
Any higher level of insulation above 75mm fibreglass in the-
walls and 100mm fibreglass in the roof does not give any cost
advantage at 2.33c/kWh it was found that foil in the walls
and 75mm fibreglass in the roof was the optimum combination
and that 50mm or 75mm fibreglass could be substitued for foil
‘insulation-in the walls and that_either 50mm or 100mm fibre-
glass could be substituted for 75mm fibreglass in the roof
without too much loss in cost effectiveness._ '

A flnal conclusion is that the sen51t1v1ty of cost effectlveness
is so small that a range of 1nsu1at10n combinations can: be

used to satisfy cost effectiveness at present day electricity

" costs and future energy costs which may increase at the real
rate of 1% per annum, These ranges for Auckland are as follows;—

Walls foil on gib board
or 50mm - 75mm fibreglass

roof 75mm -~ 100mm fibreglass

At or below 1% real rate of energy price increases, any hlgher
level of insulation outside these ranges}would be unwarranted
on a cost effectiveness basis.

NOTE These insulation standardsrecdmmehded for Auckland
are based oni=-

a) The cost effectiveness of the 1nsulat10n whlch takes 1nto
account the cost of the insulatlon as well as the savings
1t_produces.'
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b) A minimum inside temperature of 18°c. A higher inside
temperature of 20°%¢ would involve greater energy costs
even if higher insulation standards were used. In rais-
ing a house from 18% to 20% there would be a greater
absolute heat load involved to maintain the house at this
new hlgher thermal comfort levels With the higher heat 1oss
involved it would be justifiable to use a higher 1nsulation
standard on a cost effectiveness basis.. But. higher levels
of insulation gives diminishing energy savings. This rate

“of. diminishing returns becomes more predominant at higher'
insulation levels. As well .as involving extra insulation
costs to maintain the house- at 20% the heat load would
not be reduced to the previous heat load level by using

" insulation at the new cost .effectiveness insulation level.
So if absolute energy savings were.-the criteria then a
sub-optimum insulation standard would be then required to
reduce’ the heat . load down to the previous heat 1oad for
the 18% internal temperature house.

An insulation standard which is based on economic criteria
‘takes into account the cost of the insulation, the cost of
energy, the cost .of money or interest rate, and the energy
savings this standard can produce, The purpose of such an
insulation standard would be to save more for. less, Any rise.
in insulation standards results in greater savings of energy.
But to base.insulation.standards on absolute energy savings‘
criteria alone would be uneconomic for the country and for
the consumer, If insulation standards use energy savings as

a criterion. then these savings should not be greater than
economically.Viable to achieve so. that the consumer can make.
adjustments and choose the appropriaﬁe . level of insul-
ation himself. - |
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7ol

Net

nresent Values

of Insulation Regimes

20 year

1% real

period

rwbo of onorb/ price increase

1% real discount rate

CANT LIAUTATTOT REGINT| CAPTITAL | A MU p“‘ﬂ‘Tw TET
FLOOR  UiATI,  ROOF|  COST SAVINGS| VALUE PIRSANT

:l; $ SJI\LVIl \ u) '\/”‘lLU 1"] f{; ‘
210 ail 100 150 | 538-12 | 90-12 | 1802-40 1264=20
82 nil 50 150 | 462-86 | 34-65 |1693-00 | {230-14
A3 nil 50 100 | 370L-56 | 60-97 | 1618-40 {1243-3k
AL nil 50 75 318-86 | 78-29 | 1565-00 | 1246-9
A5 ] nil 50 50 29531 | 72=55 .| 1150-60 | 1175-29
A6 nil foil 150 |- 37u-56 | 77-31 | 1546-20 117164
A7 nil foil 100 | 286-26 | 72-79 14,75-80 1159~r4
A% nil foil 75 230-56 | 73-12 | 1462-10 | 1231~
A19 ~nil  foil 50 187-01 | 65=17 | 1309-1.0 11“3 o)
A20 | mil 75 150 | 500-19 | 87-93 1750-60 | 1725841
A2 1 nil 75 100 | 411=-18 | 6458 [ 1691-00 | 1280-42
r22 nil 75 75 c6-19 | 81-60 | 1632-00 | 1275-31
A2 nil 75 5O 312-64 | 76-12 | 1577=40 | 1209-76




MTable 7."?*&) g

Het Present Value Renk .Ordering

B73

THSUTATTON
TTOOR "ALT)

Al akn
(A 0

R
RGN

ROOT

N

P RESKHT

VATLUR &

Y DIRT

No 1

L CADTTATL

Cosm
RANI

VTG
2T

@

A1 nil 75
AZ2 fnil o 75
A0 | nil 100
A2O nil e

50
AD | nil 50
nil  foil

1L 50

nil .

nil

nil 50

1200-42
1275-01

1250~h1

- [

1246-91;

t—

-
A ~3

e
2.0
e WS
e
} P
O
el
| [
e ()
Qat

N D

I~

N\ -

3 ~3

— 1 =3

oo

D

NN =

[

i~
g

'Q\J'\'\

[

Case 18 is the only

foll type insulation combination in the

first ten ranizings, .
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