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HEATING LOh/ HEAT LO55 BUILDINGS DO THE OLD RULES SÎILL APPLY ¿

A. HlJdon' MA' PhD, cErrg, MrnstE, McrBgE, J. palmer, MSc, MSc, cEng, MrnstE

for debate and further research and.is a reflectlve ratherthan a defj.nftlve contrlbution to the discipline. Thenumerlcal analysis 1s unsophisticated but, based as it is on
measured data, it serves to illustrate the main parameters
of the arguments.

BACKGROUND

A subst tic buildings in the UK are naturallyventilat Their thlrmal performance is largelydetermin ternal fabric, and the design of the 
"f,""äheating used for space heating, w-ill U. 

"nrråfop"and not

Current. good practice (asslsted by product developments such as 1ow emissivityglazing) is leadlng to better insulated building fabrics with 
" "or,""qrr.rrireductlon in envelope heat loss. Concurrent with this trend has been the steadyincrease in the use of electrical equipment wlthin the workplace and hencéincreased internal heat gains. Additionally, the utillsation óf passive soLarheating further increases the heat gains tb be set against the recluced heatfosses.

reater than heat gain rates then the
eatj-ng services has been to ignore thean meet the heat demand in the absenceied bullding before sunrise). Gains ata mixture of thermostatlc controls,

ventilation (1.e. increased heat 1oss).This is acceptable when gains are small relative to losses.
This paper addresses those naturalJ,y heat lossesand lncidental heat gains are, under avrhe errects o¡ inis ãre co,póunded by t:"ä"Ëlilåîi;
use whlch means that at some timesincidentar gains wil r exceed the co o"ttï"*rnllå
buildings, ng system to deal with the fow or zeroheat galn (ã.g. preheating) the argument that it
9an, by def nea-t gãrn condltion may weLl be invalld.Data from
pr1nc1p1es, ldings are used to illustrate the key

* Walmley Schools, Birmingham
+ JEL Factory, Stoekport
* south staffordshlre water company, t{èacl of,fi.ce, walsàlr.

I



i

E

I
I
F

CIBSE TECHNICAL CONFERENCE 1987

THREE BUILDINGS

Of the 3 examples, fulI and measured data are available for the lda1m1ey Schools
by vlrtue of a 2 year 20O channeL monitorlng exercise. For the other 2 buildings
only limited measured data is avail-able from meter readings and from their energy
management systems together wlth some early monitoring results under the Dept.
of Energy's Energy Performance Assessment project - EPA (10, 11).

b/a1m1ey Schools (Fisure 1)

Two lj.nked schools for 5OO children aged 5 to 13, thls 22OQm2 building was
occupled in 1981 and intensively monitored under the Dept. of Energy's Energy
Efficiency Demonstrati.orr Scheme. The pr'oject has been widely reported (1, 2,
3, 4, 5, 6) and i.s a case study 1n the Design Guide to BS 8207 - Code of Practice
for Energy Efficiency i.n Bulldings (7). The fabric is highly insulated with
U-values of 0.26 to O.35/\l/n'?/oC for opaque el-ements, the small windows are
double glazed. The building has a hlgh thermal capacity - greatly assisted
by the heat sink effect of the ground floor in this single storey school.
Heating 1s by gas fired boiler plant and LPHI¡/ distribution to radiators.

Monitoring confirmed that the school-s cost no more than contemporaries but used
half as much gas although el-ectric lighting use was higher than average. The
pay back on the addj.tj-onal fabrlc j.nsulation was computed as less than I years,
by comparing the measured cost of the j-nsulation measures wlth the estimated
increase in measured heat loss that would have resulted from their omission.

JEL Factory (Figure 2)

An offi.ce facility and manufacturing base of 205Om2 , this 2 storey simple box
form includes a double height production space. The opaque efements are
insulated to O.3W/nz /oC and double glazing is used. The south facade is 1,OO%
glazed wlth a centrally placed boiler room in this elevation. Solar gain is
redistributed by a forced ventilation system from south facing rooms via the
boiler atrium and to the production space through its warm air heating system.
Spaces other than the production area are heated with LPHh/ radiators from the
gas boilers. The south facade is fitted with internal and external automated
solar control b1lnds. The buì-1ding is a BS 8207 case study (7) and has been
reported elsewhere (8, 9).

The building l¡/as monitored by JEL themselves in the first year using thei.r own
energy management systems. Currently, it is being evaluated under the EPA
Project (10, 11). Heating energy use is low (similar to that for the !ia1m1ey
Schools) and the building cost was descri-bed as'cheap for an office, expensi-ve
for a factory, but very good valuer .

South Staffordshire h/ater Comoanv- Head 0uar ters, (Fieure 3)

A new HQ offi.ce on an existing company site, this 3,5OOm2 building was occupied
in 1985 and was the overall- winner of the 1986 BuildÍng Services Energy Award(tZ). The opaque fabric is insulated to 0.3 W/m2 1oç. The windows are about
?O% of the perimeter wal-1 and use argon fil1ed 1ow emissivity glass in aninsulated frame (Uotn glass and frame have a U-va1ue of 1.6 W/mz/oC). The
window/wal1 incorporates internal- and external 'shelves' to provide protection
against summer solar gains and to r'bounce' daylight to the rear of the rooms.This redlstribution of Oayfight, in conjunctioñ witfr tfre light level controlled
automated control- of electric li.ghting, is intended to reduce electricity con-surnption. Heating is by gas boilers supplying heat to radiators via a LPHlrrr
system.

e (I2, 13) and is to be monitored under
aÌ data has been provided by the owner
ergy management system. ltlhilst energy
t is still low and this may well be a

I f irst year \^rhen energy management
lding cost is typical for this standard
ultants' analysis suggests that costs
hould be recovered within 10 years.
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Overview

""ä1" and with an envelope heat loss of
tion to minimum standards (i.e' building
ithin its own cost limits and as such
the overall cost. The evidence i's that
ts attributable to the extra insulation

similar examples seem to confirm that
1e glazing should be affordabl-e and cost
and nature.
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are
the

from whÍch the
function and formTable 1 presents the data expressed per Y".1t floor area'

simi]aritles are apparent. However, the buildings differ in
and this is reflected in the data. For example:-

DATA

*

* walmley schools are slngle storey with a relatively high surface area
but with small windows. occupancy gains are high but solar gains are
sma11. The occupied period is snort. tne building has a very long time
constant uy virtüe of the ground floor slab,'as well as the dense concrete
block partitions.

JEL factory is a compact 2 storeys but with a lightweight roof and passive
solar south facade. It has a double height production space, and occupancy
gains are small. It has a heat redistribution mechanism within its heating
System. Lighting energy is 1ow by design but other electrical use is
hl gh.

SSV,,C, HQ is atmost cubicle in form extending to 4 level s ' It has a high
glaz:-ngareaandisdeliberateJ-ydesignedfg.hlghdayli-ght.]eve]sbut
ñitn mlnimum impact on heat 1osé an< summer heat gain. The thermal mass

in concrete floors and concrete block partitions is high. The use of
office machines - vDU's, etc., is substantial. It has an Bm x 8m core
providing for emergency escape, services ducts, toilets, etc., which adds
to its dãpth and reduces the surface to volume ratio'

sufficjent Paral 1eÌs to reveal
conclusions. The main comments

summarised be1ow.

T 
^ccôc

*

Nevertheless, as the data reveals, there
the key, consistent principles which underpin
are

He at

the convention for naturally ventilated buildings is to take a figure for
ventilation of about I ac/ni. Measurement at walmley shows that despi tc: i ts
high surface area, the heating season average ventilatir¡n was onlY al¡out O'4
ac/hr. This equaiea to O.S acTnr during unoccupierl periocls and O-9 ac/hr rJur"ìn¡¡

occupied periods. In classrooms the vèntilatlon rate. was .typically about 1.3
ac/hr Our:-ng occupied periods. Reference to measuremenls orì mrrre t'ypical
buildj-ngs suggesteà that at Idalmley a conventional errvelc..rpe w<.¡uLrl have h¿r<j arl

average- ventilation rate of about O.7 ac/hr. Consequently, for the purpose
of ca-tculation in table 1 O.5 ac/hr has been taken as the ave.ag¿c vert Lil;¡l,ir-¡r¡
rate wlth 1.0 ac/hr during occupied periocls. For calculating the bt.:ilrJ-irtg
regulation equivalent O.7 ac/ht has been used'

The data show that heat ]oss 1s reduceci by about 40% relative Ltt Lhr'.: m j nimt.¡nt

standards.

Heat Inputs
anr) c<¡nsisL ortly
t.c¡ p) anl. 'lh i r;

heating services the fuel consuming, heating system

lightirrg and elecl;nicaì eclt-tì¡rntr;rtt. nr.:l ea""irtf, hc:al' irtl'rr1 ight and power
space

These are computed for a heating season of 0r:tober to May

'useful' heat i-nto spaces as rlistinct f rr¡m f uel srl¡rpl ierj
classified as:-

c'¡ ('

*

*

essentiallY f' r'c:r: l¡r:ttt'.* peopÌe and sun
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(Note: heating and electrical i.nputs are
and solar gain are estimated from measured
c1 imate . )

The data show that about 4O-5O% of the total
met from sources other than the heating system
heat, due to large numbers of occupants for
system for the latter.

Heat Balance

However, if we apply the same
the bulldingrs heat loss is
into a short period of time,
to 140C.

derived from measurements; peopJ.e
occupancy, bui.lding geometry and

Figure 4 ÍlLustrates an average heat balance for the 3 buildings from whichthe effect of the increased insulation (reduced heat loss) eating into theheatj.ng system contribution can be seen. This is, after all, the purpose ofthe insulation, but the dramatic effect on the make up of the heat inþuts isnot usually considered at the design stage.

Balance Temperatures

Applylng the conventionaL steady state analysis to the heat balance suggeststhat' on average, the heat gains, are worth about 4 to 7oQ temperature rise.This does not appear pr'oblematicaL wlth a winter average temperature of about
7oC and design exûerna1 temperature of -1oC.

heat input into the bullding is
l/almì.ey and JEL have high free

the former, and a passive solar

calculation to occupied perlods when etdmittedly,
slightly higher but when most gainsi are squeezed
then we see that the heat gai.ns are ncw worth 12

Since the external temperatures are higher during occupied perì.ods and sincethese figures are based on average and not sunny data, then it becomes clearthat for much cf the winter these buildings, theoretj.cally at 1east, require11tt1e or no heating during the occupied periods. Indeed there appears to bea risk of overheating as illustrated by the balance temperatures calculatedfor the main occupied or sunny spaces wher.e the heat gaj,ns áre worth 19 to ZZ|CIIn these cases, there is a need.for heat dumping anA/-or redlstribution to other
space s .

Thermal Mass

So why is 1t that for
cccupied periods ?

these buildings the heating system op,erates during the

The data for the Walmley Schools can be sp11t between occupied and unoccupiedperiods - Table 2 - from which lt 1s clear that the thermar mass of the builãi.ngis the effective heat sink lfor the excess heat fed into the building during
;hermostatlc control preventing the over-
e analysis. Figure 5 illustrates the
internal temperatures for the bu11dj.ng,
any obvious effect of heat i.nputs (from
on the i.nternal temperature conditions.

fuel is used for preheating at ÍIa1m1ey
l1ar (Figure 6 ) . In the casè of taralmtey
have been insufficient to provide for
ing has been repcrted by the consultants
whilst insulation can reduce the heat

educe the heating system size pro-rata
periods are required.

Heat Re di. s tribut ion

ed to redistribute heat from the passive
for a typì.ca1 day in May, the buildingpied period solar and other gains areernaÌ temperatures without the heating
evidence of relatively high internal

increase heat stored in the buiJ.ding's
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The examples as outlined above, togesuggest that the levels of j.nsulatio
desi.rable and cost effective in new naand type. What is less clear is whasystem designer when faced with suchis not clear what is the optimum role f

At the moment' it is unlikely that these 2 distinct regimes for, and requirenentsof ' the heating system 
"u"èi.re. to"u than passing atlention. -' 

s".,rur.r possibleresponses occur but which is better, and'unáer what circurnstances, wir. I needmore research.
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TABLE 1 COMPARATIVE DATA

(411 Energy data are expressed per unit of gross floor area)

WALMLEY JEL

*Enve f ope
-Floor Area
-Volume
-Surface anea ( inc

-Average U Value

c.f)
W/m2 ¡oç

*Heat Loss Per m2 floor areal
ldloC Temp. di.ff.

-Average alÌ times @O.Saclh
-Average occupied @1. Oac/h

-Brg regs standard @O.7ac/h

m'
m'
m'

SS\riC

3500
11000
4500

0.6

aa

49
60

1, .2
1, .7

*Annual Delivered Fuel
kw]n/m2 floor area pa

-Gas (space and water heating)
-Electriclty (1ight & other)

*Nett Heat to Spaces
kw]n/m2 floor area
per heating season

-Heating System
-Electrical equipment
-People and Sun

Total

*Balance Temperatures*average, all times, whole B'E
-heat loss tri//oC per m2

-heat gain watts per m'
-temp rise from gains oC

-balance T" (t, = 16oC)

*Average, occupied, whole
-heat loss W/oC per ma

-heat gain watts per m'
-temp rise from gaÍns oC

-balance Tu (t, = 2OoC)

ItAverage, occupied, part
-heat loss h/,/oC per m2

-heat gain watts per m'
-temp rise from gains oC

-balance T" (Ti = 2O"C)

¿.,7
33. O

t4
6

C1 assroom
2.5

47.O
1,9

1

14

30. oo
13

7

S.Offlce
2.9

70.o
24
-4

49
43

9

101

1.7
21,.O
L2
I

Offi c e
J..5

40.o
27
-7

1.2
8.6

9

L.6
8.4
4.O
t2

1.6
6.8
4.3
t2

B'g

B'g-

te

2200
7700
6000

o.4 0.6

2050
7 500
3500

2.7

1.6
,2.3

\) o

1.6
¿.3

100
31

85
48

b-L

2l
2I

103

b1
31
20

11,2
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Table 2 - Occupied v Unocc upi. ed Pe ri ods

Walmley Schools 82/83 Heating Season

Nett Heat to Spaces klWìn/m2

-heatlng system
-e1ect equip
-people + Sun

Total

-equlvalent watts/m2

Measured Heat Loss - l,r/atts/m2

U
1

-T oc

-heat loss 1¡i,/oC per m2

CIBSE TECHNICAL CONFERENCE 1987

All Times Occupied Periods Unocc. Periods

493Ohrs

42

I

36
.1

15

16.9
q,o

7.4

6O5Ohrs

62
2t
2t

17

T7

r.03

1,7.5

6.2
1.5

61

55

22

1,9 .7
o1

2.7

1 1 2Ohrs

25
18
18

15
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pitched rooÍ conslruciion,

sw. b¿llens sheathing fett
t00mm Jablite SD grade
ne between ¡afle¡s
rrier

75mm ¡einforced woodwool slabs
timber t¡usses at 2500 cenl¡es

exfernal wall:
100mm multi ¡ustic
facing bricks
'100 mm injecied
urea formaldehyde
tnsu lalion
100mm fortecrde
dense concrete
b lockwork

hat{ roof:
2 coat mastic asohalt
on b¡fumen sheaitring
telt
25mm i&g boarding
sw firring to 1:g0 fal{s
150 x 55 mnr s_w. joisl:
150mm JabtiteVisqueen
vapour barrier
600 x 150 mm
l¿minated timber be¿m

HaLl ? 
5rr plywood fixed

ro loisfs between
be¿ms

50 x 50 mm sw' baitens
at 750 mm ccs fixed at
right angles to josts
100 x 19 mm sw boardrng
lxed to battens wrth
10mm gap beiween
bo¿r-ds

FIG. 1

DEANERY FIRST AND MIDDLE SIHOOLS - \,VALMLEY BIRMINGHAM

L I BRARY
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s
i
Ìe

rcfraclable exie
btind

big six natural finish
asbestos cement
profiled sheeting

fibre insulation

glass fibre insulatim

100 mm thid< in
steet lining lrays
with white PVFo
coating

ctea¡ seated double

100 mm thick over 20mm
pmfited steet ceiting

rror finish
motorised louvtes

!tazing
to move

mirro¡ tinish tiltabte
& reìraclabte motorised

watm air to atrium
for distribution
to pcodiction zonebtinds

ctear sealed double
gtazed unik wilh
one frame toughened

perimeter LP
heatìng

FIG.2
J.EL. FACTORY - STOCKPORT
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white suspended tite ceAt

Pæcast cladding panet
faced w ith ctass A b
potyisocyanurate toam
insu lat ion

lighi refleciive soffit/

staintess sleel panet

on brackets - sun shade
& daylight æflector
angle gives opiimum light
disiribution and allows
ra in washing

low emissivity double glazinq
èt.gon filled kappafloat
by Pilk ington
V = 1.ó wlm2oc

coating on outside of
cavity ( south )

inside of cavity ( norih )

key operaied bottom hing
nwand opening window

internal I ighi ref lect¡n9
meta( canopy & shade
also supporis verticat
blinds

performance UpVC
windows with inert f itted
seclio ns

heavy concrefe cill with
ligh reflective linoleun
su rfa ce

wiring ducl

Hudeva¡d high performance
r¿diato¡s ( L.Pll.W )

precasi conoete cladding
pane( taced with class,A,

FIG.3

SOUTH STAFFORDSHIRE \,VATER TOMPANY HEAD OFFITE _ WALSALL
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