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Heated	and	cooled	from	the	Thames	by	water	source	centrifugal	heat	pumps		
Capacity	7600	kW	-	powered	by	two	Rolls-Royce	Merlin	engines	run	on	coal	gas	
Intended	prototype		
of	UK	export	
innovation.	

REMOVED	1952:	
WHY?	
• Oversized:		
Too	much	heat,		
far	too	much	cooling.		
• Politics:	The	Tories	razed	the	Festival	
site	in	1952,	apart	from	the	RFH.	

Festival	of	Britain	1951	– Royal	Festival	Hall	
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they’re	called	refrigerators.	
	
Why	do	they	work	so	well?	
•  Sealed	
• Packaged	
• Mass	produced	

•  Single	purpose	
•  Limited	range	of	operational	conditions.	

Why	have	systems	for	buildings	been	troublesome?	

We	all	have	efficient	reliable	heat	pumps	at	home	…	
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• PUBS:	From	cellar	(beer)	cooling	to	domestic	hot	water.		Simple	systems,	
Institutional	problems:	crossed	line	between	the	brewery	and	the	landlord.	
• MOTORWAY	SERVICES:	From	kitchen	extract	to	domestic	hot	water:	
Fouling,	Lockout	and	Maintenance	problems,	Management	responsibilities.	
• DEHUMIDIFIED	WAREHOUSES:	Worked	well,	if	buildings	were	airtight.	

• HOTELS,	SWIMMING	POOLS:	Could	work	well,		but	maintenance	was	often	
too	expensive,	so	systems	were	often	abandoned,	particularly	under	30kW.	

Oversizing	common:	energy	requirements	often	overestimated	–	poor	data	on	
“before”.	Potential	for	other	energy	saving	measures	not	accounted	for.	

Legionnaires	Disease	scare	caused	many	DHW	systems	to	be	abandoned.	

1980s:	Energy	Efficiency	Demonstration	Scheme	
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1987:	NMB	Bank,	Amsterdam	

•  Low-energy	credentials	depended	on	heat	export	from	very	large	
computer	suite	to	adjacent	housing	and	commercial	buildings.	
•  In	practice,	the	adjoining	owners	regarded	such	integration	as	too	risky,		
so	the	export	never	happened	as	far	as	I	know.	
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• Packaged	reversible	air-to-water	heat	
pump	+	thermosyphon	“free	cooling”.	
•  Integrated	with	gas-fired	LTHW	system.	
Also	provided	chilled	water.	

I	suggested	turning	the	heat	pump	
off	in	winter;	and	…	
• … 	gas	and	electricity	use		
and	costs	dropped	significantly.	
•  	Why?	Problems	with	packaged	unit	
design,	control,	system	integration.	

1993:	Western	Morning	News,	Plymouth	
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•  Large	sewage	heat	pumps:	2	x	30	MW,	2	x	40	MW,	part	of	much	larger	system.	

•  Users	pay	for	water,	not	heat,	assuming	they	return	it	at	30	C:	Incentive!	

•  Standard	heat	transfer	stations	cascade	five	levels	of	∆T.	

1998:	Gothenburg	District	Heating	visit	
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•  Heat	pump	from	exhaust	air	to	
swimming	pool	and	hot	water.	
•  Backup	from	gas	boiler.	
•  Nearest	accredited	maintenance	
contractor	in	Liverpool.		
•  Heat	pump	abandoned	owing	to	
maintenance	difficulty	and	costs.	
•  Electricity	quite	expensive	here	too	–	
little	economic	incentive	to	use	HP.	

DESIGN	FOR	USABILITY	AND	
MANAGEABILITY.	CHECK	TARIFFS.	

2000:	McLaren	Sports	Centre,	Callander,	Trossachs	

38Building Services Journal August 2000

Extract to plant
Air -  water
heat pump

Cold air dumped Hot water to pool

28oC -30oC
Pool hall Underfloor heating
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Viewing gallery

Air handling unit

Insulated roof

Dynamically 
insulated ceiling

3420 - 8820 m3/h
Velocity = 10 - 25 m/h                 

10 -15oC

+10 - 25 Pa

30oC

ward distribution: together with partial extrac-
tion at low level this may also reduce humidity
levels and ventilation requirements in the pool
area
M low air velocities, which are particularly
important for badminton in the sports hall
M stratification reduced or eliminated, as the
warm air that tends to accumulate under a ceil-
ing is diluted by cooler incoming air
M a dry roofspace particularly over the swim-
ming pool) owing to the pressurised ventilation
M capital cost savings by eliminating supply air
ductwork

Pore ventilation might also give health bene-
fits in particular from more uniform air distri-
bution. Deposits are also less likely to building
up in ductwork systems.

At drift velocities in excess of 3 m/h, nearly all
the conduction heat loss from 100 mm of insu-
lation can be recovered (figure 1). Most of this
heat transfer occurs near the bottom of the
insulation layer.

Where air change rates are relatively low – as
in the dry sports areas – this passive preheating
is sufficient to eliminate the need for heater bat-
teries. This saves money, maintenance and fan
power. At higher velocities (as in the swimming
pool during the day) the heat loss saving is small
in relation to the air preheating load (the
straight line rising steeply from the bottom left
in figure 2 opposite) However, indirect benefits
are also possible, such as mixing the incoming
air with room air at high level can help to avoid
stratification and associated additional heat
loss.The system can be cost effective for two reasons. 

The improved filtration of air which comes
from the permeable insulation acting as an
enormous terminal feature, can be very effec-
tive for fine particulates2. Research in Sweden
suggests that clogging should not be a concern,
at least for thirty years or more. Further
research is underway at Robert Gordon
University in Aberdeen.

Lighting issues

While daylight is relied upon extensively on the
upper floors, the nature of the site, the deep
plan and the roof construction provide less
opportunity on the ground floor. The windows
to the swimming pool and the sports hall are at
the corners and give good outside awareness,
but they only displace electric lighting in bright
conditions.

The electric lighting is generally of compact
fluorescent fittings in the circulation areas,
while the pool hall has metal halide. High-pres-
sure sodium is used in the sports hall, and con-
ventional tubular fluorescent fittings used else-
where.

Occupancy sensors work well in the sports
hall, squash courts and changing rooms, while
the smaller rooms make do with simple switch-
es. Otherwise lighting in the main public areas
is controlled from the reception desk.

Ongoing performance and PROBE investigation

The building is being monitored as a DETR
Partners In Innovation project, with the assis-
tance of SportScotland and Sport England.
Preliminary results indicate that the dynamic
insulation is acting very much as predicted. The
heat recovery has worked well, with the air sup-
plied to the swimming pool typically picking up
some 8°C in the dynamic insulation.
Stratification has also been minimised.

Moisture levels seem to be under control.
Indeed, moisture levels in the insulation, tim-
bers and ceilings are unusually low, particularly
over the swimming pool where the ventilation
operates constantly. 

There has been no evidence of moisture accu-
mulation in the roofspaces,  which was feared
by some people. The ventilation appears suffi-
cient to overcome any back-diffusion of water
vapour, and the moisture buffering capacity of
the insulation stopped it getting significantly
damper during periods of plant failure.

Even when the swimming pool was operated
to give a higher relative humidity than intend-
ed, there was less condensation than one may
have anticipated. This is because the down-
draughts, which fell over the cooler parts of the
fabric, were fed by drier air from ceiling level.

About 25% of the air supplied leaks out of the
roof spaces through cracks without passing
through the dynamic insulation. While the engi-
neers had conservatively assumed up to 50%
leakage, a future design should seek much bet-
ter fabric airtightness.

Solar heat gains, via the uninsulated roof cov-
erings over the dry sports areas, (the swimming
pool roof is insulated) has provided useful air
preheating. On occasional hot sunny days this
can be too much, and the areas are then natu-
rally ventilated.

Experience with highly or unusually serviced

The swimming pool enjoys lower levels of condensation than usual. FIGURE 1: The design intentions of the McLaren Community Leisure Centre.

ABOVE: The toplit street on the first floor, with
BELOW, the sports hall. The latter benefits from
low air velocities courtesy of the pore ventilation.
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The	late	David	McKay,	then	Chief	Scientist	at	DECC,	advocated	all-electric	economy	
with	heat	pumps	for	their	theoretical	benefits,	but	this	ignored	practical	difficulties.	
Energy	Saving	Trust	field	trials	Part	1	found	performance	of	domestic	heat	pumps	
disappoints.	But	recent	studies	by	EST	and	UCL	find	improvements,	though	still	with	
some	old	problems,	e.g.	integration,	control,	sizing,	lack	of	fine	tuning.	Maturing?	
Initial	findings	report	from	the	Technology	Strategy	Board	/	Innovate	UK’s	
Building	Performance	Evaluation	programme	in	non-domestic	buildings:	
•  Bluebell	Health	Centre:	ASHP	struggled	in	winter	so	gas	took	over.	HP	not	linked	to	
BMS,	not	even	mentioned	in	the	Log	Book!	Integration	problems.	
•  Loxford	School:	Leaky	building	shifted	more	load	onto	the	gas	boilers.	GSHP	not	
metered,	so	impossible	to	tell	its	contribution.	Integration	problems.	
•  Stockport	Academy:	GSHP	intended	to	lead,	but	installed	to	follow	the	gas	boiler,	so	
only	half	the	anticipated	annual	contribution.	Integration	problems.	

2010s:	System	integration	often	trips	things	up	
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•  POLICY:	Why	do	policymakers	see	heat	pumps	as	renewable,	rather	than	efficient	
electricity	users?	Were	their	effects	on	electricity	network	properly	understood?	

•  BRIEFING:	Will	a	heat	pump	suit	the	building,	its	location	&	management?	

•  SYSTEM:	Is	it	the	right	size	and	type?	Is	the	∆T	kept	low?	Are	parasitic	losses	
minimised?	Will	the	controls	be	intelligible?	Will	it	cross	management	divides?	

•  PROCUREMENT:	Will	there	be	sufficient	attention	to	detail?	Will	it	be	properly	
tuned-up?	Will	your	experiences	be	shared?	

•  CONTROL	and	OPERATION:	Will	people	understand	it?	Is	the	design	intent	clear?	

•  SUPPORT:	Will	the	system	be	reliable,	with	low	need	for	vigilance	and	maintenance?		

•  KISS:	Simple	and	standard	is	best.	Integration	can	be	highly	problematic.	

Conclusions	1	:		It’s	the	context,	stupid	…	
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Conclusions	2	:		Scale	of	heat	pump	installations	
SCALE	 EXAMPLE	 Seasonal	

Performance	
Factor	SPF	

COMMENTS	

Sub-system	 Exhaust	air	
To	Domestic	
Hot	Water	

3	to	5	 Simple,	packaged,	standardised.	Potentially	reliable,	if	filters	and	heat	
recovery	coils	are	kept	clean.	Need	to	alert	management	to	lockouts,	or	
system	failures	can	persist	for	long	periods	unless	service	is	mission-critical.	

Building	 ASHP,	GSHP	or	
Heat	recovery	

2	to	4	 Integration	can	be	problematic,	even	adding	immersion	heaters!		
Keep	systems	separated	where	possible	(e.g.	top-up	woodstove).	

Group	of	
buildings	

Group	heating/
cooling/trigen	

2	to	5	 Larger	systems	perhaps	easier	to	manage	effectively.	Keep	flow	and	return	
temperatures	low.	Beware	institutional	problems,	high	standing	charges.	

City	scale	 District	heating	
and	cooling	

3	to	5	 Major	opportunities	if	return	temperatures	are	kept	low.	Work	best	as	local	
monopolies,	but	EU	competition	law	no	longer	allows	this.	

Centralised	 Thermal	power	
station	

6	at	100°C	
12	at	70°C	

CHP	can	be	regarded	as	a	Virtual	Heat	Pump	with	a	high	CoP.		
[R	Lowe,	CHP	…	as	a	virtual	heat	pump,	Energy	Policy,	9	May	2011].	
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