
·"· 

INTRODUCTION 

FIEtD AND LABORATORY EVALUATION OF 
NEW DEVELOPMENTS IN GAS FIRED APPLIANCES 

TO PREVENT CONDENSATION IN DWELLINGS 

S.L. Pim.bert, D.J. Nevrala, 
British Gas Plc, Watson House Research Station, 

Fulham, London SW6 3HN 

I 25 

Moisture is emitted into the atmosphere during cooking, clothes washing, 
personal hygiene and by breathing. A four person household produces 
between 5 and 10 litres of water vapour per( day, rising to 12 litres 
where clothes drying indoors takes place l). This moisture can 
condense out onto cold surfaces within the dwelling, producing (~~itable 
conditions for mould . spores to germinate. It is estimated that 
of the UK housing stock of 17.5 million dwellings, 8.5 million are 
affected by some form of condensation with 2. 8 million having serious 
problems, often accompanied by mould growth. Although condensation is 
more common in older, less well insulated dwellings, it can also occur in 
new dwellingsc~iving reduced ventilation heat losses to save energy. A 
recent survey by BRE of 385 new small homes showed that 50% had 
pools of water on the window sills due to condensation. 

To investigate the interaction between condensation, occupancy patterns 
and moisture production in well insulated dwellings,. computer studies 
have been carried out for a two bedroom flat with walls having a 'U' 
value of 0.5 W/m2°c and a heat loss of 2.6kW. The results for a two 
person household show that even where the moisture production is low (3.6 
litres per day) condensation occurs when the house is unheated for long 
periods and relative humidities above 70%, the critical lave! for mould 
growth, will persist for over 5 hours per day. Where moisture emissions 
are greater, the periods of high humidity persist longer. These computer 
studies demonstrate that where houses are heated intermittently 
condensation can occur even though moisture emissions are low. 

The mechanism of mould growth is well documented( 4) as are the 
cures. These include decreasing the amount of water vapour being 

. released into the house, increasing . the fresh air ventilation rate, 
increasing the internal air temperature or removing water vapour either 
at source or with a dehumidifier. British Gas are investigating a range 
of novel approaches to the problem of condensation, especially in new 
well insulated dwellings. 

COMBINED HEATING AND FRESH AIR SUPPLY 

For anti-condensation measures to be effective and acceptable to the 
householders, it is essential that they do not adversely affect: the 
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thermal environment by, for example, promoting, draughts. Consequently, 
where outside air is introduced mechanically it must first be heated 
before being distributed into the living space. This can be achieved in 
a i:umber of ~ys..! -·- - --- · 

-; "· ' 
Modular Approach~ .. . 

A nov;e,l .-appreach is to USL~ ~pecially deva~pp_ed watM"""E6 air heat 
exchanger module supplied by hot water from a thermal store (that ~lso 
provides domestic hot wat~r) __ cha~ged by_ a gas boiler. -The- -Warm ..cAir 

"Mocfole - provldes --not only conditi0ned fresh air but also the heating 
requirements of the dwelling. It f!s specifically designed to be quiet, 
to ensure that it is used when required and is not turned off by the 
occupants because of noise. Extensive work in a reverberation chamber 
has confirmed that its noise ~~veL is Je.r,_s than .. 38dBA. The __ ou~put· is 
2. 75kW with a boost facility of over 3'kt.f. The module can be supplied 
either as a basic unit or as a free standing cased room heater. ~ l; . - ,, ·. . . . ~ 

• 1 ~ ?:i . ,;. J i.i'..· . 
,; The Warm=' :U r Module~has been evaluated _in a 3 b~dr99med Q.ewly constructed 

end of · terrace house having a .... ; heat loss of_ .4. 7kw. consequently two 
uni ts, fed from ·;the·· same th1!rtiial '· store, were· insta,lled. A . schematic 
diagram of the instai.;Lahon· is sho~ irt'figure 1. . The upstafr~ ' u~it was 
installed in ~a cupboard on the land'ing and supplied 'warm air to all three 
bedrooms through ducts laid in the loft. Fresh air was ducted into the 
return air inlet. Downstairs, the free_ standing room heater . was 
installed in the 'IDain living room. It··· also supplied heat to · the 
adjoining kitchen through a stub duct. The bathroom was heated by a 
radiator/towel rail~' cortrtected directly to the thermal store. <Ane 
advantage of using two modules·was that it allowed independent control -0f 
the temperature upstairs ind downstairs.~ The test house measurements,, see .... .. - . ~ 
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FIGURE 1. Installation of warm air module in test house 
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figure 2; · showed that· the 'module provides a rapid warm up with a good 
distr~~.utio'?_ of .~arm .air resulting in ~P· ev~n . temperatut~ throµghout the 
room.~'· ' ·Even'lfi frqnt of the window the temp~f~t~r.,e was within 0.3°C of 
that ·· in the m.tddle ·of the room •.. · Tfie . ~-a.~_isf actory<- t.hermal :and acoustic 
environments produced ·guarantE!e( th.at· suf'f'fcJ.en.t fr~es·h., p.r.e-heated air is 
introduced, '. espeetal,ly tO the SenSi.tiVe areas Of: 

1

the house, I tO · prevent 
condensation. -

Mechanical Ventilation with·i 1ieat Recovery ~ 
J. 

~ ... ..: 
A more energy efficient method is to incorpor.a:te heat recovery with full 

ci .m~echanical ventilation. For highly insul~ted dwellings where the, heating 
' !requirement is small, a water to air h~at exchanger can be incorpot'at;-ed 
into :the supply duct of a full mechanical ventilation with heat recovery 
system. This novel approa~h was used in a demonstration project funded 
by the European Community~S). Four superinsulated . houses with heat 
recovery, and eight control houses without any form of mechanical 
ventilation, were built from components imported from Finland. The three 
bedroomed houses are identical except for the standard of insulation. 
The control houses have a heat loss of A~SkW compared to only 2kW for the 
superiJtsulated 9nes. 
r>1.r .· ~ ' '·' 
The ventilati~n system is powered by a heat recovery and ventilation unit 
situatep in the kitchen (Figure 3). The temperature of th~ t\!'esh outside 
air, pre-heated in the heat recovery unit, is further raised by the water 
to air heat exchanger to compensate for the dwe.+.ling tfeat losses. With 
the average useful miscellaneous heat gains being of the order of 700W, 

'9'-

there will be little heat demand for significant parts of the heating 
season. Consequently a crucial part of the design is '''1the method of 
controlling the heat supplied by the water to air heat exchanger, as 
failure to control the small fluctuating heat1 

:, requirements would 
inevitably result in wide fluctuations in supply <air temperae"Qre. To 
ensure good control of the thermal environment, without excessiv~ boiler 
cycling, the heat exchanger is fed from a thermal store, charged by a gas 
boiler. The temperature of the water flowing to the unit is then 
continuously modulated by a room thermostat operating o.n a 3-port valve 
in the water supply to provide the exact heat requirel!lent. ·, 
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FIGURE 3. Hea~ recovery: system for superinsula~ed homes 

The performa~ce of the ft'6uses has been extensively monito.red. On 
average, the cort'trol houses0 rU'.sed 56."iGJ per annum,, for heating- ancl hot 
water ·l:ompar:ed to only_ 33 .4GJ for the superinsulated . homes. Of the 
energy savings approx:i:miitely 8GJ could be attributed to the heat rec;ve;-y 
system.· No·t only were. f,uel bills lower, but .t;he occupapts of th• 
superinstilated houses had ... an enhanced thermal environment~ 6 ). None 
6f the superinsulated 'lio,fs~s suffered from any form of condensatio~ 
anywhere in the '·house. By· contrast, all eight control houses suffer~d 
condensat'fQn on the windows even af ~~r slot ventilators had been added to 

. .· " 
the window frames. ' · .: 

. ~. 

~eat Recovery from Flue Products 

British Gas are · ·further inctea~ing energy efficiency by '. de(1yoping,, , ~ 
system that incorporates heat recovery from flue products '.' • The 
flue from a conventional gas boiler or air heater i~' connected .. into the 
e'Xtract' system and the flue products pass througq. ·i:he heat recovery unit, 
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FIGURE 4. Warm air heating with heat recovery from flue products 

\ 



~l.S 
~ 

~ ... 
ID 
~ T.O 
~ ... 
c 
~ 0.5 

TOTAL 

.. LATENT· Flow .. rate 

t=========---41--
-2 0 2 4 6 . : 8 1 0 12 14. w 

External temperature (0 C) 
.... 1 .,, 

)1,,1 I t~ 

FIGURE 5. Variation of heat rec9vered with exter~al tempe~ature .. 

so that the .heat . in the flue products as :f,~11 as that . in the extract 
ventilation air can be used to ~reheat the .. incoming fresh air. . This 
heated air can either be used to provide background heating .. where ~ 
radiator system is installed or fed to the inlf!t duc.t, of. a warm air 
heater as shown in figure 4. The warm air version was ,tested, in the,. same 
l\ouse used for the t~sts on the Warm Air Modul.~.- and some of' j t~e result~ 
are shown in figure 5. The total heat recovery rate rises as the 
external temperature falls, reaching 1. SkW at ~·0°c. Since the ,latent hea.t 
of- the water vapour in the flue products is also reclaimed, "'the heater 
becomes, in essence, a condensing applianc~. aeat is also reclaimed fi9m 
domestic activities with l .2kW of the 3kW released by the cooker being 
recoverable. 

A number of field installations are being monitored. Seven installations 
have a warm air heating system whilst two are based on radiator heating. 
I'nitial cus"tomer response has been very encouraging. The provision of a 
controlled supply of thermally conditioned air has almost completel.,Y.: 
eliminated condensation on even single glazed windows and there have been 
no adverse co1111Dents on draughts or of poor ai~-~~~~~~bution. 

BACKGROUND HEATING 
._~,. ,,. _ 'F 

' Local authority blocks of apartments are prorie to condensation because 
they have inefficient heating systems which are'not "reg\iiarly used by the 
occupants. Consequently, the dwellings are cold and damp, a condition 
aggravated by the frequent use of unflued bottle gas heaters. Field 
trials carried out by the Building Research EstablishmentC4), have 
shown that installing a gas central heating system. can, _.by providing a 
warmer internal environment, completely 'eliminate condensation problems. 
However, it is not always possible to install individual gas heating 
systems in high rise blocks of apartments. In these cases, communal 
systems can be installed whereby one central boiler supplies heat to each 
individual apartment. To meet this demand a new gas fired group heating 
system based on integrated thermal storage units that incorporates an 
element of continuous background heating under the control of the 



landlord has been developed(S). The c:.ombinatiou ot landlord 
controlled background heating and a metered heating circuit •nsures that 
heat is always available to combat condensation, but because the tenant 
pays directly for most of his energy, waste is minimised. 

DEHUMIDIFIERS 

An alternative method of reducing condensation is to remove the water 
vapour by a dehumidifer. Dehumidifiers are. suitable fQr use where 
structural upgrading is not possible, increased heating is not economic 
and incr~ased ventilation would be wasteful or difficult to achieve. 

To date, all domestic dehumidifiers are electric, however a ias fired 
unit based on the absorption cycle, offers a number of advantages. A gas 
dehumidifier has no moving parts and therefore is quieter in operation 
and more reliable. It does not use CFC refrigerants and has lower 
running costs. Additionally, a gas dehumidifier pro.vides background 
heating which helps to alleviate the problem. Watson ~ouse are currently 
carrying out feasibility studies on gas dehumidifiers. 

CONCLUSIONS 

Condensation and mould growth is a serious problem in 2.8 million homes 
in the United Kingdom. British Gas are actively pursuing energy 
efficient methods of combating it. The methods include mechanical 
ventilation with or without heat recovery, warm air ventilation modules 
supplied from thermal stores and communal heating syst~s with landlord 
controlled background heating. The development of a gas fired 
dehumidifier based on the gas absorption cycle is being considered. 
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