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Pref ace 

International Energy Agency 

The International Energy Agency ( I EA) was estab­
l ished in 1 97 4 within the framework of the Organisation 
for Economic Co-operation and Development (OECD) 
to implement an International Energy Programme. A 
basic aim of the IEA is to foster co-operation among the 
twenty-one IEA Participating Countries to increase en­
ergy security through energy conservation, development 
of alternative energy sources and energy research de­
velopment and demonstration (RD&D). 

Energy Conservation in Buildings and 
Community Systems (ECBCS) 

The IEA sponsors research and development in a 
number of areas related to energy. In one of these 
areas, energy conservation in bui ldings, the IEA is 
sponsoring various exercises to predict more accu­
rately the energy use of bui ldings, including compari­
son of existing computer programs, bu i lding monitor­
ing, comparison of calcu lation methods, as wel l  as air 
quality and studies of occupancy. 

The Executive Committee 

Overall control of the programme is maintained by 
an Executive Committee, which not only monitors ex­
isting projects but also identifies new areas where col­
laborative effort may be beneficia l .  To date the Execu­
tive Committee has initiated the following (completed 
projects are identified by *): 

Load Energy Determination of Buildings• 
2 Ekistics and Advanced Community Energy Systems* 
3 Energy Conservation in Residential Buildings• 
4 Glasgow Commercial Building Monitoring* 
5 Air Infiltration and Ventilation Centre 
6 Energy Systems and Design of Communities• 
7 Local Government Energy Planning• 

8 Inhabitant Behaviour with Regard to Ventilation• 
9 Minimum Ventilation Rates* 
1 O Building HVAC Systems Simulation* 
11 Energy Auditing • 
12 Windows and Fenestration * 
13 Energy Management in Hospitals * 
14 Condensation • 
15 Energy Efficiency in Schools * 
16 BEMS - 1 : Energy Management Procedures * 
17 BEMS - 2: Evaluation and Emulation Techniques• 
18 Demand Controlled Ventilating Systems• 
19 Low Slope Roof Systems • 
20 Air Flow Patterns within Buildings* 
21 T hermal Modelling • 
22 Energy Efficient Communities• 
23 Multi-zone Air Flow Modelling (COMIS) * 
24 Heat Air and Moisture Transfer in Envelopes* 
25 Real Time HEVAC Simulation* 
26 Energy Efficient Ventilation of Large Enclosures• 
27 Evaluation and Demonstration of Domestic Ventilation Systems • 

Annex 28 Low Energy Cool ing 

28 Low Energy Cooling Systems • 
29 Daylight in Buildings * 
30 Bringing Simulation to Application • 
31 Energy Related Environmental Impact of Buildings• 
32 Integral Building Envelope Performance Assessment* 
33 Advanced Local Energy Planning• 

34 Computer-aided Evaluation of HVAC System Performance 
35 Design of Energy Efficient Hybrid Ventilation (HYBVENT ) 
36 Retrofitting in Educational 
37 Low Exergy Systems for Heating and Cooling of Buildings 

Annex 28 Low Energy Cooling 

S u m m a ry 

The aims of Annex 28 are to investigate the feasi­
bi l ity and provide design tools/guidance on the appli­
cation of alternative cool ing strategies to bui ldings.  Out­
puts of the Annex include a review of the technolo­
gies, detailed design tools and case study descriptions. 
The scope is l im ited to the technologies i ncluded in 
the Annex. The information provided reflects the state 
of technologies in a country or countries participating 
in the Annex and should not be taken as representa­
tive of the situation on a worldwide basis. 

S c o p e  

This report contains a summary o f  ECBCS Annex 
28 Low Energy Cool ing. It is primarily aimed at bui ld­
ing services practit ioners, designers and pol icy mak­
ers who require background knowledge of practical low 
energy cool ing approaches. It is designed to be ac­
cessible to the non-expert and to give an introduction 
to the benefits of low energy cool ing. Other key Annex 
Reports are : 

Review of Low Energy Cooling Technologies 
Selection and Guidance for Low Energy Cool i ng  
Technologies; 
Early Design Guidance for Low Energy Cool ing 
Technologies; 
Detai led Design Tools for Low Energy Cool ing 
Technologies; 
Case Studies of Low Energy Cooling Technologies. 

Pa rt ic i pating Cou ntries 

The part ic i pat ing countr ies in th is task were : 
Canada, Germany, Fin land, France, Netherlands, Por­
tugal ,  Sweden ,  Switzerland , Un ited Kingdom,  and 
United States of America. 

Operating Agent 

The Operating Agent was shared between the UK 
Department o f  Environment, Transport and the Regions 
(DETR) and Oscar Faber Group Ltd (UK) .  
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Low Energy Cooling 

1. Annex 28 Technical Synthesis Report 

Introduct i o n  

The refrigerative cool ing of bui ldings contributes 
significantly to energy demand, and hence greenhouse 
gas emissions, of non-domestic buildings. In addition, 
demand for good thermal comfort is resulting in the 
wider use of air conditioning. In response to concern 
over  the resu l tant  i mp act on g reenhouse  gas 
emissions, the IEA's Future Bui lding Forum held a 
workshop on Innovative Cooling in 1 993. This identified 
a number of technologies with the potential to reduce 
the need for conventional cool ing. As a follow-up, Annex 
28 (Low Energy Cool ing) was established. 

Objectives 

The primary objectives of this Annex were to iden­
tify cool ing approaches and to demonstrate their per­
formance. The emphasis was on 'passive' and 'hybrid' 
cooling strateg ies. Primary considerations included 
ensuring that: 
• The l ife cycle costs ( including energy and mainte­

nance etc.) were less than conventional systems; 
• The level of thermal comfort is comparable with con­

ventional systems ; 
• The technologies are sufficiently robust to changes 

in building occupancy and use; 
• The design concepts of such systems are wel l  de­

fined and that good gu idel ines are avai lable for all 
stages; 

• The necessary design tools are avai lable in a form 
which designers can use in practice ; 

• The cool ing system is shown to integrate with the 
other systems (e.g. with heating and ventilation) as 
well as with the building and control strategy. 

Sublasks c.:uvered: 
• DAsr.ription of Cool ing Methods; 
• Development of Design Tools; 

- Selection Guidance; 
- Early Design Guidance; 
- Detai led Design Tools: 

• Case Studies. 
Fundamental to this activity was an evaluation by 

demonstration. The evaluation of case studies presents 
a un ique opportunity to exchange and gain experience 
from technolog ies tested under scientific conditions. 
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The aim was to select prestige buildings in which sub­
stantial energy savings had been made over conven­
tional technology and in which good thermal comfort 
was secured. These case study buildings are located 
in various countries representing a very diverse range 
of cl imatic conditions from hot and humid to dry and 
cool .  The various cl imate conditions g ive markedly dif­
ferent prerequisites for the studied technologies. The 
suitabi l ity of a technical alternative is thus often de­
pendent on the location of the bui lding.  

Activiti es and Products 

The project was divided into three subtasks relat­
ing to the three phases of researching and document­
ing the various cool ing strategies; these are : 

Subtask 1: Description of Cooling 
Strategies 

The aim of this subtask was to establish the cur­
rent state of the technologies in the participating coun­
tries. These detai ls are reported in:  

Review of Low Energy Cooling Technologies 

This report also contains national data for cl imate, 
bui lding standards, heat gains, comfort criteria, energy 
and water costs for each participating country. 

Subtask 2: Development of Design 
Tools 

Different complexities of numerical tools are re­
quired throughout the design process. To reflect these 
requirements, three different levels of tools have been 
developed as described in the following reports: 

1 . Selection and Guidance for Low Energy Cooling 
Technologies; 

2. Early Design Guidance for Low Energy Cooling 
Technologies; 

3. Detailed Design Tools for Low Energy Cooling 
Technologies. 

Copies of source codes executable f i les (where ap­
propriate) are provided on d isk. 



Subtask 3: Case Studies 

The third element of this work was to i l lustrate the 
various cool ing technologies through demonstrated 
case studies. Eighteen such case studies are docu­
mented and are reported in :  

Case Studies o f  Low Energy Cooling Technologies. 

Annex 28 Low Energy Cooling 

These case studies g ive feedback on performance 
and operation in  practice and include design details 
and monitored performance data. 

2. Low Energy Cooling Technologies 

The fol lowing low energy cool ing strategies have been evaluated in  this study: 

• Night Cool ing by Natural Venti lation ;  
• Night Cooling by Mechanical Venti lation; 
• Slab (Foundation) Cool ing by Air and Water ;  
• Evaporative Cool ing; 
• Desiccant Cool ing; 
• Chi l led Ceil ings and Beams; 
• Displacement Ventilation; 

Technology 

Night Cooling (natural venti lation) 

Night Cooling (mechanical venti lation) 

Slab cool ing (air) 

Slab cooling (water) 

Evaporative cool ing 

Desiccant + evaporative cool ing 

Chilled cei l ings and beams 

Displacement ventilation 

Ground cooling (air) 

Aquifer 

Sea/river/lake water cool ing 

Subtask 1 

Review of 
Technology 

. 

. 

. 

. 

. 

. 

. 

• 

. 

. 

• Ground Cooling (Ai r) ; 
• Aquifer Cool ing ;  
• Ground Cooling (Water) ; 
• Sea/River/Lake Cool ing.  

An overview of these technologies and their application 
in this programme is presented in Table 1 .  

Subtask 2 Subtask 3 

Selection Early Detai led Case 
Guidance Design Design Studies 

Guidance Tools 

. . . . 

. . . . 

. . 

. • . . 

. • . 

. . . 

. . 

. . 

. . . . 

. . . 

. . . 

Table 1 An Overview of Technologies and their Applications 

2.1 Night Cool ing by Natural Venti lation and/or Mechan ical Venti lation 

'Night' cool ing by ventilation is used to lower the 
temperature of the thermal mass of the building at n ight 
when the outdoor air temperature is substantially be­
low that of the midday air temperature. When correctly 
designed and controlled, this enables the daytime peak 
(dry bulb) temperature to be reduced. Latent cool ing 
(dehumidification) does not take place therefore indoor 
moisture loads should be min im ised . Also, as cool ing 
occurs the relative humidity of the air wi l l  r ise. It is 

important that this rise should not result in  discomfort 
( i .e .  the relative humidity should be maintained at less 
than - 60%). 

To accompl ish n ight coo l ing effectively several 
measures must be i ntroduced ; these i nclude: 
• Preventing solar heat gain by incorporating exter­

nal solar shading over windows; 
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Min imising i nternal heat gains (e.g.  by using low 
energy appl iances, switch ing off any electrical 
equipment which is not i n  use and taking advan­
tage of natural dayl ighti ng ;  
Ensuring that venti lat ion a ir  is i n  d irect contact with 
the thermal mass of the bui lding ( i .e .  there should 
be no insulated coverings, false ceil ings or sus­
pended floors etc.) ; 
Ensuring that the mean of the dai ly maximum and 
minimum outdoor air temperature is at or below ac­
ceptable comfort temperature; 
Providing good thermal insu lation to the building 
envelope; 

• Avoiding anyth ing above the basic venti lation rate 
needed for air quality requ i rements dur ing any part 
of the day when the outdoor air temperature is 
g reater than that of the surface temperature of the 
thermal mass ; 
Plan a control measure to prevent excessive cool­
ing at start of day. 

These condit ions and requ i rements m:::ike n ight 
cool ing appropriate for moderate conditions i n  which 
h iqh midday dry bu lb temperature is not common (e.g.  
usual ly < 31°C and where h igh outdoor relative hu­
mid ity is not common ( i .e. where d ry bulb rather than 
latent cool ing is the pr imary issue) . The key to n ight 
cool ing is the thermal mass of the bui lding s ince it sta­
bi l ises d iurnal variations in temperature. Essentially two 
mechanisms are i nvolved. Fi rst there is the daily iner-

Ventilation Air 

Night: Heal lra11sfe11et.I �/.": 
from thermal building 
mass to cold "night" air 

--

A 

Day: Heat transferred 
lrom hot "day" air to 
thermal building mass 

VentilBlion Air 

Figure 1 Principles of Night Cooling 
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t ia of the bui ld ing which provides dayt ime cool ing 
(based on the night cool ing of the thermal mass that 
was achieved during the previous n ight) . Secondly is 
sequential inertia in wh ich the bui lding structure gradu­
ally warms up (or cools down) over a period of several 
days (e.g.  two weeks). To take fu l l  advantage of the 
dai ly i ne rtia, the thermal mass must be in d i rect con­
tact with the indoor air. Thermal insu lation such as 
carpeting and false cei l i ngs and false floors substan­
tially reduces the effectiveness of the thermal mass i n  
provid ing the desired daily cool ing cycle. 

Natural Ventilation 

Both residential and non-residential bui ldings can 
be cooled by this approach although needs vary ac­
cording to type. Office buildings, for example are largely 
unoccupied at n ight so that relatively h igh rates of ven­
ti lation, draughts and, hence, d iscomfort can be cre­
ated. !n residential bui ldings, cross flow between om'! 
side of the building and the other should be promoted 
and windows should have fixed opening positions. In­
truder protection such as louvre systems should also 
be considered. Typical night air change rates needed 
for cool ing are between 5-20 air changes/hour (ach). 
In non-residential buildings, similar concepts may be 
applicable. Other solutions i nclude wind-towers, pas­
sive stack venti lation , and venti lation through atria and 
solar chimneys. 

A' Thermal 
/ 7 Mass 

/I 
/ I 

I I I I I I I I I I II( I 

( Thermal 
/ Mass 

/I 
/ / 

................. lllllml l( I 



Mechanical Ventilation 

Night cool ing by mechanical ventilation fol lows the 
same principles as that for natural venti lation except 
that mechan ical venti lation is used to provide all or 

Night Cooling by Ventilation Check-List 

Favo u rable Facto rs: 

• Cool climate; 
• Average between Summer day and night dry bulb tem­

perature falls within acceptable 'comfort' temperature; 
• Periodic heat loads. 

D es i g n  Aims: 

Cross ventilation and/or stack driven air flow; 
• Control strategy to avoid over-cooling; 

High efficiency fans and low-pressure drop needed for 
mechanical systems otherwise primary energy consump­
tion could exceed cooling performance. 

Coo l i ng Pe rfo rma nce: 

Annex 28 Low Energy Cool ing 

part of the 'n ight' cool ing air. This provides for improved 
control and relatively smal ler (and secure) air intakes 
but cool ing benefits must be balanced against the use 
of fan energy. 

Unfa vo u rabl e Facto rs: 

Hot/humid Climate; 
External noise and/or air pollution; 
Limited floor/ceiling height (e.g. <2.75m); 
Deep plan/cellular space (e.g. >2.5 times ceiling height); 
High heat gains; 
A requirement for precision; temperature and humidity con­
ditions. 

D es i g n  Requ i rements: 

• Good thermal contact between ventilation air and thermal 
mass; 
Solar shading; 
Reduced internal heat loads; 
Openable windows or equivalent; 
Security and privacy. 

Night cooling for heavyweight construction will offset -20-30W/m2 of heat gain; 
Internal peak spaced (dry bulb) temperature is reduced by 2-3K; 

• There must be good air contact with the thermal mass, flow paths must be unobstructed. 

2.2 Sl ab (High Thermal Mass) Coo l i ng (Air) 

As with the above night cooling approach, 'slab' cool­
ing takes advantage of the thermal mass of a bui ld ing. 
However, wal l  and floor sections have a honeycomb of 
ducts cast into the slab material or prefabricated i n  
false floors through which venti lat ion air is passed. In 
summer, the principles of night cool ing are applied by 

venti lating the slab with cool outdoor air to reduce fab­
ric temperature. During the daytime, advantage is then 
taken of the depressed thermal mass temperature to 
pre-cool the supply air. If necessary, addit ional condi­
t ioning can take place at the supply air d iffusers. 

Supply air passed through embedded channels 

Supply air temperature modrtied by heat transfer to I from thermal mass 

Constructional ceiling, floor, 
or wall element of high 
thermal mass containing 
embedded air channels 

Figure 2 Principles of Slab Cooling (Air) 
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Slab Cooling Check-List 

Favourab l e  Factors: Unfavourable Fa ctors: 

• Cool climate; • Hot/humid climate; 
• Periodic heat loads. • High heat gains; 

• A requirement for precision temperature and humidity con-

ditions (see control strategy). 

D e s i g n  Ai ms: Des i g n  Requ ireme nts: 

• Minimise pressure drop; • Good thermal contact between ventilation air and thermal 
• Control strategy to avoid over-cooling; mass; 

• Use slab for I real slur ayl:l i11wi11le1. • Solar sl1ading; 
• Reduced internal heat loads; 
• Access for the cleaning and maintenance of Airways; 
• Space for ventilation system. 

Cool i n g  Perfor m a n ce: 

• 40 W/m2 without exposed lower slab surface; 
• 60 W/m2 with an exposed lower slab surface; 
• Could be combined with displacement ventilation to reduce temperature in occupied zone; 
• 'Top-up' mechanical cooling to meet peak loads. 

-- ----- - -

A Control Strategy 

A carefu l control strategy is needed to optimise cool­
ing and to avoid other problems such as overcooling 
and condensation .  In the Annex 28 study the fol lowing 
cooling strategy was applied: 
Maxi mum (night) venti lation rate when indoor - out­
door temp > 4K; 

2.3 Slab Cooling (Water) 

Floor/cei l ing sections are cast with water piping em­
bedded into the concrete. Cooling and heating sources 
are then used to mai nta in the temperature of the slab 
and hence optimise comfort temperature with in  the 
bui ld ing .  By applying substantial thermal mass com­
bined with a comprehensive p ip ing network, very sta­
ble indoor air temperatures can be ach ieved . Further­
more h igh heat gains from one room or one side of the 
bui lding can automatically be sh ifted to cooler areas. 
A wel l-designed systems can work in a w�1olly self­
regulating mode. 

Water Cooling Strategies 

Methods of cool ing the water vary but can include : 

Air to writer herit pump with reversing cycle ; 
Water to water heat pump with reversing cycle; 
Evaporative cool ing (adiabatic tower) ; 
Aqu ifer (groundwater table) or lake/sea cool ing with 
heat exchanger; 
Refrigerative coo l ing. 
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Min imum (n ight) venti lat ion rate when indoor - out­
door temp < 1 K; 

To avoid condensation ,  the slab temperature must 
not be cooled to less than 1 K above the lowest dew 
point temperature expected during the day. 

Cooling 
source 

Slab with embedded 
Wdlt::ll d lcU U tt:I 

Figure 3 Principles of Slab (Water) Cooling 
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Slab Cooling (Water) Check-List 

Favo u ra b l e  Facto rs: 

Low energy/quality source of cooling; 
• Ability to use system for heating in winter. 

Unfavo u rabl e  F a cto rs: 

Hot/humid climate; 
High heat gains; 
A requirement for precision temperature and humidity con­
ditions. 

D e s i g n  Ai ms: D e s i g n  Requ i re m e nts: 

Avoidance of condensation problems (slab temperature> 
room air saturation temperature); 

Good thermal contact between ventilation air and thermal 
mass; 

Surface/air temperature, 4K. 

Cool i n g  Performa nce: 

Solar shading; 
Reduced internal heat loads; 
Pipe-work connections accessible; 
Space for central cooling and distribution system. 

• Cooled Floors: 30 to 40 W/m2 with cooling water at 22°C, occupied space at 26°C; 
Cooled Ceilings: 40 to 50 W/m2 with cooling water at 22°C, occupied space at 26°C; 

Could be combined with displacement ventilation to reduce temperature in occupied zone. 

2.4 Evaporative Cooling 

Energy is 'taken' from the air to evaporate water, 
which is provided as a spray or sometimes as a wet, 
porous media. This results in a depression in dry bulb 
temperature and a rise in humidity. Avai lable modes 
are : 

Direct: The venti lation supply air is passed directly 
through the water spray and then enters into the space 
to be cooled ; 

Indirect: The venti lation supply air is passed through 
a heat exchanger, which, itself has been cooled by 
being located in the path of d irect cool ing.  The advan­
tage is that cool ing of the supply air takes place with­
out the air absorbing any of the extra humid ity. Unfor­
tunately, though,  the efficiency of cool ing is much re­
duced. 

Direct Evaporative Cooling 

Col�ply -::: Cold water spray 

--- I""" I ---
Supply air Supply air temperature reduced by 

.. 
evaporation but water content increases 

Indirect Evaporative Cooling 

Conventional 'direct' 
cooling 

/ 
Cooled supply air: water 
content is not increased 
(although the relative 
humidity rises by virtue of 
the fall in temperature of the 
air) 

Figure 4 Principles of Evaporative Cooling 

Supply air 
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Two Stage Indirect/Direct: direct cool ing follows in­
d i rect cool ing .  The i ntention is to maxim ise cool ing po­
tential while min im is ing the i ncrease in moisture ab­
sorption of the supply air. 

Allowing for the need for fan and water pump en­
ergy, typical coeffic ients of performance (COP's) are : 

COP = 4 for d i rect/indirect coolers 
COP = 6-7 for d i rect coolers. 

Evaporative Cooling Check-List 

Favo u rable F a cto rs: 

• Dry (not humid) climate. 

Design Aims: 

Heat recovery using heat exchanger to preheat outdoor air 

in winter. 

Coo l i ng Performa nce: 

Direct Systems: 
Ratio of cooling delivered to energy for generation and dis­
tribution ·- 7; 
Water consumption - 1.3 litres/MJ of cooling. 

Indirect/Direct systems: 
Ratio of cooling delivered to energy for generation and dis­
tribution - 4; 

Water consumption - 1.5 litres/MJ of cooling. 

2. 5 Desiccant Cooling 

Desiccant cool ing endeavours to extend the appl i ­
cabil ity of evaporative cool ing to more humid condi ­
tions by us ing a desiccant to extract moisture from the 

They can only be used where the resulting rise in rela­
tive humidity (due to both dry bulb temperature depression 
and increase in moisture content arising from direct evapo­
ration) does not exceed comfort level (e.g. 60%) or any re­
quirement that may otherwise be specified for the space to 
be cooled. Evaporative cooling only works efficiently when 
the air to be cooled is relatively dry (i.e. substantially less 
than the dew-point temperature) , and there can be consid­
erable water consumption etc. 

Unfavou rab l e  Facto rs: 

Humid climate; 
High heat gains; 
Specification of close temperature/humidity control; 
Possible Legionella concern although the risk is limited by 
low waler lerr1µeralure�. 

D esign Requireme nts: 

• Space for ventilation system. 

Combination with other technologies: 
• Night cooling; 

Displacement ventilation; 
'Top-up' mechanical cooling to meet peak loads. 

supply air prior to evaporative cool ing.  A typical cool­
ing cycle is i l lustrated in Figure 5. In this example the 
i ncoming a ir  stream, ( 1  ) , is fi rst dried by passing it 

Thermal wheel with 
latent heat recovery 

I hermal Optional 
wheel evaporative cooler 

(t) I I (2) 

Room 

(8) (� (0) (6) 

Dehumidrtiar Heat Exchanger 

Figure 5 Principles of Desiccant Heat Recovery (with Optional Evaporative Cooler) 
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through a latent heat recovery wheel. The action of 
dehumidification raises the dry bulb temperature of the 
supply a ir  and therefore it must be passed through 
various stages of cool ing.  Firstly it is passed through a 
conventional thermal wheel heat exchanger, (2) , (which 
has been pre-cooled) and then it is passed through a 
direct evaporative cooler, (3) , where it loses tempera­
ture but gains humidity. From here it enters the space 
that needs to be cooled. The outgoing (heated exhaust 
air stream) is evaporatively cooled , (4) , and then 
passed through heat exchanger, (5) , to assist cooling 
of the supply air stream. The resultant air is further 
heated and used to dry the latent heat recovery wheel 
to prepare it for drying the supply ai r. 

A by-pass is placed at the heater stage and further 
controls are needed to ensure that the system does 

Desiccant Cooling Check-List 

Favou rable Factors: 

• Waste heat or cheap thermal source available. 

Desi g n  A i m s: 

• Air filters to increase life span of dehumidifier. 

Coo l i n g  P e rfo r m a n ce 

• Ratio of cooling output to energy input -1 at present. Antici-
pated improvements should give ratio of> 1. 7; 

• Examples of delivered cooling performance are: 
Gas: CoP 2.6 
Electrical: CoP 11.6 

2.6 Chilled Ceilings and Beams 

Cold water is run through coils i n  cei l ing panel un its 
or along beams located just beneath the cei l ing.  This 

Chilled Celling Pipes contain circulating 

chilled water 

���"®''®' 

' 
Heat transfer 1s System 

primarily by integrated into 

radiation false ceiling 

Figure 6 Principles of Chilled Ceilings and Beams 

Annex 28 Low Energy Cool ing  

not function in reverse mode except in  winter when 
both heat wheels are used for di rect heat recovery 
from the exhaust air for pre-heating the supply air. 

Two types of desiccant exist: solid and l iquid based. 

Desiccant cool ing systems have the following benefits : 

Improvement to i ndoor air qual ity - in  addition to 
desiccant cleaning the air as it dehumid ifies it, some 
desiccants also act as bactericides ; 
Capabi l ity of producing very low humidity levels;  
Abil ity to use alternate energy sources and waste 
heat; 
Minimal electrical consumption ; 
Capacity for demand side management by sh ifting 
electrical consumption to a thermal source; 
Separate control of humidity and temperature. 

Unfavo u rable F a ctors: 

• A requirement for precision temperature and humidity con-
ditions; 

• Dry Climate. 

Desi g n  Requ i re m e nts: 

• Space for ventilation system; 
• Supply and extract airstreams normally adjacent. 

Combination with other technologies: 
• Night cooling; 
• Displacement ventilation; 
• Evaporative cooling. 

water is suppl ied at an in let temperature of between 
approximately 1 6°C - 18°C. To avoid condensation the 

Chilled Beams Cooling pipes form "beams" 

beneath the ceilinl,J 

/") LJ /") 
Heat t ransfe r is 

primarily by 
convective air 

movement 
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water temperature should not fall to less than 1 .5K 
above the dew temperature of the room air. 

Chi l led cei l i ngs provide 'sensible' (dry bulb) cool­
ing. Typical ly, they are used in conjunction with dis­
placement venti lation systems, i n  wh ich case any la­
tent cool ing (and fu rther dry bulb cooling) is achieved 
by dehumidifying the venti lation supply air. Because 
large temperature reduction is not needed, low 'qual-

Chilled Ceilings/Beams Check-List 

Favo u ra b l e  Facto rs: 

• Low energy/quality source of cooling. 

Design Ai ms: 

• Avoidance of condensation problems. 

Coo l i ng Perfor m a nce: 

ity' cool ing sources such as the outdoor air, aquifer 
sources or heat pumps can be used, thus reducing 
the need for conventional refrigerative cool ing.  

Chi l led ceil ings l1ave a construction of flat panel 
units that primarily transfer cool ing to the space by 
radiat ion. Chi l led beams have a more open structure 
and tend to rely on convective transfer (air movement) 
as the principle mechanism of heat transfer. 

Unfavo u rable Factors: 

A requirement for precision te111pemtun3 and humidity con­
ditions. 

Design Requ i re m e n ts: 

Space for cooling elements; 
• Space for central cooling and distribution system. 

Up to 1 OO W/m2of sensible cooling. Further sensible (dry bulb) and latent cooling can be obtained from the displacement system (see 
displacement ventilation). 

2. 7 Displacement Ventilation 

Conditioned air at approximately 2K below ambi­
ent room temperature is emitted at low level and at 
very low velocity (0.1 - 0.3m/s) into the spRce The ::i.ir 

gradually spreads close to floor level until it reaches a 
thermal source such as an occupant or electrical equ ip­
ment. It then plumes around the source, r ising to cei l­
ing level where it is captured and extracted. Unl ike more 
conventional mixing ventilation systems, this approach 
is, designed to avoid the mix ing of air supply a i r  with 
room air. Instead it 'displaces' the room air. Displace-

Displacement Ventilation Check-List 

Favo u rable Facto rs: 

• Surface temperature of heat sources> 35°C. 

Design Ai m s: 

• Supply air temperature= 18°C; 
• Vertical temperature gradient< 1.5K. 

Coo l i ng Perfo r m a n ce: 

• 30-40 W/m2• 

Page 1 O 

ment ventilation,  therefore, provides a precision means 
for effectively meeting the air qual ity needs of occu­
pRnts Furthermore emissions from heat sources are 
rapidly carried away from the occupied zone. For these 
reasons, efficient cool ing can be introduced. In a con­
ventional office bu i ld ing, cool ing capacity is restricted 
to approx imately 30-40W/m2 by the temperature at 
which a ir  must be introduced and the volume flow rate 
of the venti lation air. 

Unfavo u rable Factors: 

A requirement for precision temperature and humidity con­
ditions; 
Strong disturbances to a ir flow (e.g. movements or 
downdraughts). 

Des ign Requ i reme n ts: 

Ceiling to floor height of >2.7m needed; 
• Space for large low velocity terminals at low level. 

I 



Annex 28 Low Energy Cooling 

2.8 Ground Coupling (Air Cooling and Heating) 

A matrix of piping is placed under the foundations of 
the bu ilding (typically at a depth of 6m where the tem­
perature of the ground is essentially uniform throughout 
the year) . This network is connected to an outdoor air 
intake at one end and to the building ventilation system 
at the other. Ventilation air is drawn through the matrix 
for pre-cool ing in the summer and preheating in the win­
ter. In cool ing mode, it wil l usually be used to supple­
ment another technology (typically night cool ing) and 
will therefore not operate until needed. 

Summer (Cooling) 

2a·c 
17'C 2o·c 

Ground Coupling Pipe Room 

Figure 7 Principles of Ground Cooling and Heating 

Ground Coupling Check-List 

Favou rable Facto rs: 

Ground temperature at 12°C or below; 
Located in sand or gravel and below water table; 
Flowing groundwater. 

D e s i g n  A i ms: 

• Protect the building from heat gains (solar, internal etc.); 
• Minimise piping system pressure drop. 

Coo l i ng P e rfo rma nce: 

• 45W/m2 of ground coupling area. 

This system is su ited to al l mechanically venti lated 
bui ld ings provided the instal lation of the piping system 
is feasible. Normally it is most applicable to the non 
residential sector and where there is a moderate cool­
ing demand ( i .e. the system has good peak perform­
ance but l imited seasonal performance because the 
ground source wi l l  gradual ly heat up) .  

Winter (Prewarming o f  Air) 

5'C 

Ground Coupling Pipe 

Unfavo u rab l e  Factors: 

Hot climate; 
Solid (rock) ground; 
Ground pollution (e.g. radon); 
High heat gains; 

�c 11a·c 

Need for close temperature/humidity control. 

Des i g n  Req u i reme nts: 

• Space requirement for piping system; 
• Access requirements for maintenance; 
• Effective sealing in wet ground). 

I 
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2.9 Aquifer (Groundwater) Cooling 

Groundwater (aquifer) systems can be used in both 
heating and cool ing modes. During the summer, cold 
water is abstracted from one part of the aquifer sys­
tem (the 'cold' wel l )  (typically at 2°C-1 2°C but depend­
ing on the aqu ifer and location) and is used via a heat 
exchanger (Figure 8) for cool ing the bui lding . The re­
su ltant heated water is then recharged into the aqu ifer 
at a different location (the 'hot' wel l ) .  In winter, the proc­
ess is reversed with 'warm' water (typically at 8°C-1 5°C) 
being taken from the 'hot' well and used to preheat the 
venti lation air. The resu ltant cooled water is returned 

Heat Exchanger 

SUMMER 

Figure 8 Using Aquifer for Cooling and Pre-Heating 

Aquifer Check-List 

Favo u rable  Facto rs: 

• Sand or limestone aquifer, bounded by clay or similar im-
permeable boundary; 

• Climates with balanced heatin!=J and coolin!=J season for in-
tar-seasonal storage. 

.. 

Des i g n  Aims: 

• Balance between heat and cool extraction. 

Coo l i n g  P e rforma nce: 

to the 'cold' well. The output from the heat exchanger 
may be connected to a heat pump to extend the con­
ditioning capabi l ity of the system .  

Although the basic principle o f  energy storage is 
simple, it is necessary to perform accurate and spe­
cial ised investigations of the aquifer and of the intended 
performance of the store before starting to design the 
bui lding. To avoid progressive heating or cooling of the 
aquifer, it is important that the energy input and ab­
straction are approximately in balance. 

Heat Exchanger 

WINTER 

Unfavou rabl e Facto rs: 

• Hot climate (e.g. cooling only) ; 
• Restrictions or costs on groundwater uses; 
• Movinq qroundwater compromisinq seasonal storaqe. 

Des i g n  Requ i reme nts: 

• Cold and warm wells should be spaced 1 00 - 150m apart: 
• Space for heat exchanger. 

• Tyrir.;il rlP.sign r.rmling lo;irl 'iO -100 W/m2 (P. CJ h;isP.rl on [JP.Ak of '100 kW r.ooling fQr ?'ills WAier ;ibstr;iction/rer.h;:irge) 
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2.10 Sea/River/Lake Cooling (Water) 

Based on simi lar pr inciples to groundwater cool­
ing, water is taken from a lake or from the sea. The 
closed loop can either be used to provide di rect cool­
ing or indirectly as a condenser. Seawater is corro­
sive, therefore the sea water loop may require special 
protection such as a titanium heat exchanger. 

Figure 9 Lake or Sea Water Cooling 

Sea/River/Lake Cooling Check-List 

Favo u rabl e Factors: 

• Proximity to water source. 

Des i g n  Aims: 

• Minimise cold water source pumping costs; 
• Eliminate corrosion and fouling pcssibilities. If brackish or sea 

water is used a titanium heat exchanger may be necessary; 
• Compatibility with mechanical cooling. 

Coo l i n g  P e rforma nce 

. 

Unfavo u rable F a ct o rs: 

• Hot climate; 
• Great depth required to reach cold water; 
• Salinity in sea water encouraging corrosion. 

D e s i g n  Req u i reme nts: 

• Space for heat exchanger, pumps etc. 

• Intake temperature should be below 10°C; Indirect cooling of condensers in conjunction with mechanical cooling can be effective with 
intake temperatures up to 13°C. Fortunately large water bodies do not reach maximum temperature until after the Summer. 

2.11 Sea/River/Lake Cooling 

Water is abstracted from a local water source and 
circulated through a heat exchanger before being re­
turned in an 'open' loop. A closed loop branch from the 

Sea/River/Lake Cooling Check-List 

Favo u rabl e F a cto rs: 

• Proximity to cold water sources. 

Des i g n  Aims: 

• Minimise cold water pumping costs; 
• Eliminate corrosion and fouling possibilities; 
• Compatibility with mechanical refrigerative cooling. 

Coolin g P e rforma nce: 

• - 80W/m2 (combined direct and indirect). 

heat exchanger is then used to provide either di rect 
cool ing or indirectly as a condenser for a heat pump. 

Unfavo u rable Factors: 

Hot climate; 
Great depth may be required to reach cold water; 
Salinity in seawater may cause corrosion. 

Desig n Requirements: 

• Water temperature <13°C (indirect condenser cooling); 
<10°C for direct cooling; 

• Space for heat exchanger and associated plant. 
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3 .  The N u merical Design Tools 

While general guidel ines can be g iven on the ap­
propriateness of a particular strategy, the applicabil ity 
of a low energy cool ing to a specific building is uniquely 
dependent on the circumstances of the building in ques­
tion. To be certain that a low energy solution wil l  be 
obtained it is essential that a full energy analysis is 
undertaken. To achieve this, tools of varying complex­
ity are needed throughout the design process. To re-

fleet these needs, three different levels of tools have 
been developed by the Annex. These are : 

• Select ion G u idance fo r Low Energy Coo l i ng  
Technologies; 
Early Design G uidance for Low Energy Cooling 
Technologies ; 
Detailed Design Tools  for Low Energy Cool ing 
Technologies. 

3 . 1 Se l ect ion Guidance for Low E nergy Coo l i n g  Tech n o l ogies 

Figure 10: Selection Chart (Template) 

Steps : 

1 . Delete non-applicable parameters. 

2. Determine rating of each technology: "' 
QJ 

negative F= low feasibility C1 
0 
0 no F, negative S = low suitability c 

no F, zero I no S = medium suitability .s:::. u QI 
no F, positive S = high su itability I-

Cl c 
'.µ "' 

I nput parameters a:: 
II\ 

(see notes opposite) -
LL 

Temperature Hot 
-

Warm 

Cool 

Humidity Humid 

Semi-humid 

Dry 

Noisy I Polluted air 

Ground Pollution 

Residential 
-

Retrofit 

Limited floor-cei l ing height 

Deep Plan I Cellular Space 

Heavyweight 
-

Limited Solar Protection I High Solar Gains 

H igh I nternal Gains 

Close Temperature Control 
-

Close Humidity Control 
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The objective of this task was to produce a simple 
selection guide that would be suitable at the pre-de­
sign stage in identifying the most promising cool ing 
technologies for a particular type of bui lding and cl i­
mate zone. The aim was to filter out unsuitable choices 
at an early stage, thus preventing costly mistakes or 
unnecessary design calculations at a later stage. 

El iminate from a particular design ,  technologies that 
are un l ikely to be su itable ( i .e .  those with a '-F' 
rating) ; 

Selection gu idance is presented in the form of the 
chart i l lustrated in  Figure 1 0. It is based on a 'Feasibi l­
ity' (F) and 'Suitability' (S) rating which reflects the im­
pact of key bui ld ing parameters on each of the tech­
nologies. The intention of the selection chart is to : 

Add the su itabil ity ratings (+S,-S) for the remaining 
technolog ies to give an overall rating. A positive rat­
ing is favourable whereas a negative rating is unfa­
vourable. A net 'zero' rating impl ies that the tech­
nology has no significant impact. Hence a positive 
'S' rating indicates the potential su itability of a tech­
nology to a particular application, whereas a nega­
tive value indicates low suitability. 

H ighl ight the parameters and associated ratings; 

Daytime natural and mechan ical ventilation options 
are included in the chart to represent the lower bound­
ary of the selection process, in which no need for cool­
ing is impl ied. Mechan ical (refrigerative) cool ing is 
placed at the upper boundary. 

Notes for Input Parameters 

I n p u t  P a r a m eters 

Temperature Hot STD 9 > 28°C and SNT 1 0  > 20°c 

Warm STD 9 > 28°C and SNT 10  < 20°c 

Cool STD 9 < 28°C and SNT 10 < 20°c (e.g. UK) 
Humidity H u mid MC 1 1 > 0 .0 14  kg I kg 

Semi -humid MC 1 1  < 0 .0 1 4  kg I kg and WBD 12 <8 K (e.g. U K) 

Dry MC 11  < 0 .01 4 kg I kg and WBD 12  >8 K 
Noisy I Polluted air Relative to desired internal environment 

Ground pollution e.g. Radon 

-

Residential Less stringent comfort criteria likely to apply, smaller scale of development 

Retrofit Space restrictions probable 

Limited floor I ceil ing height Reduces effectiveness of natural ventilation and displacement ventilation (-2. 7m 

minimum) 

Deep plan I cel lu lar space Depth reduces effectiveness of natural ventilation (maximum -7.5m for single sided 

ventilat ion,  - 1 5m for cross ventilation). Cel lu lar arrangement impedes air move-

ment. 

Heavyweight e.g. exposed soffit or floor 

Limited solar protection I Window solar factor x window area I floor area > 0. 1 5  (typical 

High solar gains solar factors; clear glazing -0.8; solar control glass -0.5; external shading -0.2) 

H igh internal gains Internal design gains from occupants + equipment + l ighting > 30 W/m2 

Close temperature control e.g. design criteria 22 +/- 2°C 

Close humidity control e.g. design criteria 40-70 %RH 

Note 1 :  Applications limited by availability of low cost heat source. 

Note 2: Geographic restrictions regarding presence of aquifer. 

Note 3: Geographic restrictions regarding location near sea I river I lake. 

Note 4: Natural ventilation is particularly suited to residential applications due to low cost. 

Note 5: Applies to hollow core systems. Other approaches suitable for retrofitting are under development. 

Note 6: Applies to ground cooling systems installed under buildings. In some applications it may be possible to install the system beneath 
adjacent ground. 

Note 7: Not applicable if system already installed for heating. 

Note 8: Use of slab cooling - water requires exposure of the slab and so the space will be heavyweight. 

Note 9: SOT is the summer peak design temperature (°C). · 

Note 1 O: SNT is the summer night minimum design temperature corresponding to summer peak design temperature (°C). 
Note 1 1 :  MC is the summer design moisture content (kg I kg dry air). 

Note 12: WBD is the wet bulb depression, the difference between the summer design ambient dry and wet bulb temperatures. 
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3 .2 Early Design Guidance for Low Energy Cooling Technofogies 

The report on early design guidance provides a com­
pilation of guidance for low energy cool ing technolo­
gies intended for use during early design. Guidance is 

Early Design G uidance Summary 

presented in terms of design charts, tables and prac­
tical information. Details included in the main report 
are summarised in the Table below: 

A. The appl i cab i l i ty of evaporative Tabulated maximum temperatures, percentage hours under-cooled and 
coo l i ng  i n  c o mm erc ia l  offic e  electrical consumption (fans and cooling).  Information i s  generated from 
buildings DOE software. 

8. Evaporat ive c o o l i n g  i n  off ice Tabulated peak temperatures/cooling coil loads under Summer design 
buildings conditions plus annual energy (heating, cooling and fan) and water con-

sumption per annum for French cl imates of Trappes, Carpentras and 
Nice. I nformation generated by COMET thermal software. 

C. Slab cool ing system with water Charts for estimating the cooling provided in combination with a cool ing 
tower based on indoor plus outdoor dry and wet bulb temperatures. 

D. Nigh t  coo l i ng  vent i lat ion i n  U K  Design temperatures to predict peak temperatures, free cooling pro-
commercial buildings vided and fan energy consumption for south-east UK cl imate. lnforma-

tion generated using FACET software. 

E. Night cool ing in residential buildings Tabulated data to establ ish min imum solar protection required to l imit 
peak temperatures for four French cl imates. I nformation generated us-
ing COMET thermal software. 

F. Ground coupled air systems Design curves for capacity and sizing of simple systems based on the 
detai led design tools contained in the Annex 28 detailed design report. 

3 . 3  Deta i led Design Tools for Low Energy Cool i ng Technologies 

This part of the study focused on developing a set of 
design tools. Where possible they are based on a com­
mon structure fol lowing the ASHRAE toolkit format, 
i .e . : 

1 .  Tech nology Area : Specification of the area to 
which the tools relate ; 

2. Developer: Contact address etc . ;  

3 .  General Description: An explanation o f  the pur­
pose of the tool ,  typically incorporating a schematic 
showing the system elements and their interaction 
plus an information flow diagram with algorithm in­
puts, outputs and parameters; 

4. Nomenclature: Definition of the mathematicai vari­
ables used in the mathematical description and the 
code variables used in the source code ; 

5. Mathematical Description: Base equations for the 
algorithm describing the relationships between the 
variables; 

6 .  References: The source of empirical or non-stand­
ard mathematical equations and other data used ; 
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7.  Algorithm: Definition of the structure of the algo­
rithm as a step by step procedure detai l ing the or­
der in which these base equations are calculated ; 

8. Flow Chart: Flow charts i llustrating the calculation 
procedures are presented ; 

9. Source Code: This is provided for most tools. Soft­
ware versions of the source code and executable 
files are presented on a disk enclosed in the de­
tailed design tools report; 

1 a . Sample Results: Input and output data are pro­
vided to g ive users an i l lustration of how each tool 
is intended to be used and what resL1 lts to expect. 

A list of the detailed design tools is presented below. 

1 .  N ight Cool ing (Natural Ventilation) ;  
2. Night Cool ing (Mechanical venti lation) ;  
3 .  S lab Cool ing (Air) ; 
4. Slab Cool ing (Water) ; 
5. Evaporative Cooling (Direct and Indirect) ; 
6. Desiccant + Evaporative Cool ing;  
7 .  Displacement Ventilation ;  
8 .  Ground Cool ing (Air) ; 
9. Ground Cool ing (Water) . 
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4 .  The Case Stu dy B uil dings 

Fundamental to this Annex was an evaluation by dem­
onstration. The purpose was to take advantage of a 
unique opportun ity to exchange and gain experience from 
technologies tested under scientific conditions. Above 
all, these buildings were selected because they demon­
strated substantial energy savings over conventional 
technology while securing good thermal comfort was 

,, ' 

1 Vila Nova de Gaia, Porto, Portugal 

2 The OU Design Studio, Mi lton Keynes, UK 

3 The IONICA Office Building, Cambridge, UK 

4 The Dow Building, Horgen, Switzerland 

5 Sarinaport Office Bui ld ing, Fribourg , Switzerland 

6 The ACT2 Stanford Ranch House, Rockl in, California, US 

7 The One Utah Center Bui lding, Salt Lake City, US 

8 Gaz de France Research Centre, Paris, France 

9 Intracity Commercial Centre, Stockholm, Sweden 

1 O The Nestle-France Head Office, Noisiel , France 

1 1  Hamburg Regional Bank, Hamburg , Germany 

1 2  The Granlund Office Building, Helsinki, Finland 

1 3  The Wartsi la Diesel Bui lding, Vaasa, Fin land 

1 4  The Schwerzenbacherhof, Zurich, Switzerland 

1 5  SAS Frosundavic, Stockholm , Sweden 

1 6  The Groeene Hart Hospital, Gouda, Netherlands 

1 7  The Advanced House, Laval ,  Canada 

1 8  The Purdy's Wharf, Hal ifax, Canada 

Table 2: Location of Buildings and the Applied Technology 

These case studies offer guidance based on expe­
rience but do not give any guarantee for the suitabil ity 
of a technology. The particular aspects analysed in the 
case studies i ncluded : 

Energy: In most cases, energy consumption is re­
duced when compared to a conventional refrigerative 
cooling system.  The studied technologies can either 
be used solely or as a first step in combination with 
convent ional coo l ing strategies (e .g .  to red uce 
refrigerative cooling load and plant size) . 

secured. A total of eighteen buildings were analysed, 
their location and the applied technology are summa­
rised in Table 2 below. The various climate conditions 
give markedly different pre-requisites for the studied tech­
nologies and hence the suitabil ity of a technical alterna­
tive must be considered in relation to the location of the 
building.  
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• Cost: The i ntention is that total ( l ife cycle cost) 
should be lower than with conventional methods. 
Costs vary from country to country, therefore this 
must be taken into account. Nevertheless, each 
case study is supported with a comparative cost 
analysis. 

Performance: U lti mately performance in  terms of 
occupant wel l-being and thermal comfort must be 
satisfactory. The studies have therefore made an 
evaluation of conditions and occupant reactions. 
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4.1 Night Cooling with Natural Ventilation 

Vila Nova de Gaia, Single Family Dwelling, Portugal 

Proj ect D ata 

This bui ld ing is an example of how to obtai n  com­
fortable indoor conditions in a moderately mild cl imate 
based on natural venti lation for night cool ing combi ned 
with good thermal insulation to min imise winter heat­
ing needs. The principle bui lding details and perform­
ance results are summarised i n  the fol lowing text and 
tables. Construction costs at US$ 560 or 505 ECU per 
m2 were no d ifferent to comparable construction tech­
n iques of s imi lar qual ity. 

The cl imate in this reg ion is mi ld ,  both in winter 
(average temperature of 8°C ) and in summer (aver­
age temperature of 1 2°C) . Cool ing has been ai med , 
therefore, at m in im is ing i nternal and solar gains and 
maximising the uce of thermal mass. The main design 
pri nciples are : 
• High level of insulation (U-values, W/m2K are: exter­

nal walls 0.65, floor 0 .5, windows 3.9, roof 0.5-0 .7) ; 
• Solar protection (external shades, overhangs and 

external and internal bl inds) ; 
• H igh thermal mass; 
• Airtight design (0.3 air changes/hour at 50Pa) ; 
• Natural n ight cool ing venti lat ion using cross flow 

by window opening at n ight; 
• Hestricted ventilation in the day time when the out­

door air is  holler than the i ndoor a ir ;  
• Gas central heat ing ;  

Location: . . . . . . . . . . . . . . . . . .  Vila Nova de Gaia, Portugal 
Altitude · · · -· · · · · · ·· · · · · · · · · · · · · · · · · · · ··· · · · · · · · · · · · · · ·· · · · · · · · " ' ·  200m 
Year of Construction . . . . . . . . . . . . . . . . . . . . .. . . . . . .  1 991/1 992 
Heated Floor Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 1 6m2 
Unheated Floor Area . . . ... . . . . . . . . . . . . . . . . .. . . . . . .. . . . . .  �6m2 
Number of Floors . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . 4 
Total Volume . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  920m3 
Cooling Degree Days . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .  1 1 8 Kd 
Heating Degree Days . . . . . . . . . . . . . . . . . . . .. . . . . . .. . .  1 979 Kd 
Heating Load . . . . . ... , .... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2.3 kW 
Cooling Load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7. 7kW 

• No mechanical cool ing.  

Dur ing summer monitoring the maximum dry bulb 
temperatu re (measured upstairs) d id not exceed 
27.5°C with a corresponding blncl< bulb temperature 
maintained between 24°C - 26°C. The ground floor was 
generally 1 -2 K cooler than the upstairs temperature. 

Winter heating consumption is summarised below: 

Monitoring period . . . . . . . . . . . . . . . . . . . . . . . .  Winter 96/97 

Gas (propane) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 1 5  kg 

Electricity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  450 kWh 

V'Jood (fi replace) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2000 kg 
Specific heatir1g rnrn:;urnplion . . . . . 1 60 MJ/ m2a 

Table 3 Winter Heat Consumption 

Practica l Expe r i e nce 

Experience over five years of occupancy has dem­
onstrated good summer cooling performance. This ex­
ample has been used as an argument to improve Pur lu­

guese Bui lding Regulations as well as European CEN 
Standardisation .  The underlying design principles are 
firmly accepted as the most adequate for Portuguese 
buildings and the regulations will be revised acwrdingly. 

The Open University Design Studio, Milton Keynes, U K  

This case study has focused o n  retrofit to improVE� 
comfort and reduce energy demand. The main design 
features are : 
• Reducing summer over-heating that results from 

thermal emission from electronic drawing equip­
ment; 

• Heturbishment to reduce heat gains and to enhance 
natural cool ing (no mechan ical cool ing) ; 
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• Night cool ing by opening upper windows close to 
cei l i ng level (ie .  the thermal mass) . This is h�sed 
on i ndividual user judgement combined with secu­
rity guarding and manual closing of windows by se­
curity guards in adverse weather conditions ; 

• Upgrading thermal i nsulation ,  especially of g lazing 
(from single to triple glaz ing) ; 

• Use of mid-pane blinds to replace internal blinds. 
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Proj ect Data 

Location :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  M ilton Keynes, UK 
Altitude . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50m 
Year of Construction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 970 
Refurbished . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 993 
Conditioned Floor Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  400 m2 

• Exposing the thermal mass of the cei l ing by re­
moving cei l ing tiles and replacing with acoustic plas­
ter ;  

• Instal l ing controls and low energy l ighting. 

The combination of effective techniques to reduce 
internal heat gains combined with the selection of an 
appropriate wi ndow system al lowing effective n ight 
cooling has produced a comfortable and well l i ked 
working environment. During mon itoring, over an ex­
ceptionally hot period, reduced indoor air and black 
bulb temperatures were maintained. This has been 
achieved at a comparable cost to instal l ing a mechani­
cal cool ing system but has the benefit of reduced main­
tenance and operating costs. 

Conditioned Volume . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . .  1 080 m3 
Heating Degree Days . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2478 Kd 

Pract i c a l  Expe r i e n ce s  

External pol lution and security are important ur­
ban issues. There was evidence of the ingress of 
particulate matter entering the bui lding and causing 
staining. Some occupants experienced draughts in the 
middle of the space when windows were open. The 
control of l ighting and blinds was not always at an op­
timum . It was important for the occupants, security 
guards and cleaning staff to have train ing in the op­
eration of the bui lding. 

4.2 Night Cooling (Mechanical and Natural Ventilation) 

The IONICA Office Building, Cambridge U K  

Project D ata 

This bui lding has incorporated a wide range of low 
energy options. The main design features include: 
• Natural ventilation by window opening, atrium and 

wind towers ; 
• Night cool ing;  
• Maxi mising use of natural daylighting ;  
• Ind ividual user control of perimeter windows com­

bined with automated n ight control ;  

Location :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cambridge, UK 
Altitude . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 Om 
Year of Construction . . . . . . . . . . . . . .. . . . . . . . . . . . . .  1 993/1 994 
Conditioned Floor Area . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4000m2 
Number of Floors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
Cooling Degree Days ( 1 8°C) . . . . . . . . . . . . . . . . . . . . . .  1 04Kd 

• Hollow slabs to enhance thermal storage capacity ; 
• Top-up mechan ica l  coo l i ng ut i l i s i ng i n d i rect 

evaporative cool ing and heat pump cool ing;  
• Thermal wheel heat recovery. 

The bui lding incorporates a comprehensive control 
strategy based on the procedure outl ined in the table 
below. This strategy is subject to fine tun ing and over­
ride is also possible. 
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Conditions Time Operation 

Zone temperature < 1 9°C at night Any Time All heating plant ful l on unless cool ing has been i n  operation .  

External air temperature < 1 4°C Day AHU runs with all plant enabled to supply air into slab at 2 1 °C. -
External air temperature < 1 4°C, Day Natural ventilation in southern zones, mechan ical 
zone temperature < 26°C ventilation (21 °C) in northern zones. 

External air temperature < 1 4°C, Day AHU runs with al l plant enabled to supply ai r into 
zone temperature > 26°C slab at 21 °C. 

Min imum zone temperature <20°C Night AHU runs with the thermal wheel only (to redistribute heat in 
the slab) . 

Minimum zone temperature > 1 9uc at Night All plant off. 
n ight and <24°C the previous day 

Minimum zone temperature > 1 9°C at Night Night cool ing with natural ventilation in southern 
night and > 24°C the previous day zones, mechanical 'free' cool ing in northern zones. 

Table 4 Control Modes of Ventilation System 

Pract ica l Expe r i e n ces 
• Although the south side of the bui lding was largely 

natural ly cooled, monitoring showed that the indoor 
temperature could be maintained below peal� out 
door temperatures. For the indoor temperature to 
exceed a threshold level of 27.5°C, the outdoor tem­
perature needed to peak at above 30°C ; 

• Draughts sometimes occurred due to high veloci­
iie::; crealed by tile wind tov11ers ; 

• Late night and 24 hour use of some parts of the 
bui lding restricted night cool ing potential ; 

• Insect ingress occurred during passive night cool­
ing ; 

• Occupants tended to allow overheating before open­
ing windows. It would be preferable for occupant 
windows to be opened before becoming to warm. 

4.3 Slab Cooling (Water) 

The DOW Building Headquarters, DOW Europe, Horgen, Switzerland 

P roject Data 

Basic Des i g n  Featu res 

Design and construction of this bui ld ing followed 
Swiss Energy Regulations that permits active cool ing 
only in exceptional cases . The bui lding takes advan­
tage of h igh thermal mass combined with embedded 
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Location :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Horgen, Switzerland 
Altitude . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  437m 
Year of Construction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 99 1 /92 
No of Working Spaces . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .  300 
Heated Floor Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 4400m2 
Slab Cooling Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7500m2 
Number of Floors . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . . . . . . . . . . . .  5 
Cooling Degree Days . . . . . . . . . . . . . . . . . . . . . .  1 98Kd ( 1 8°C ) 

Heating IYe�;free·oays : . . . . . . . . . . . . . .  361oKd c2011 2°c) 
Heating Load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1 :3MJ/m2 
Coollng Load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7MJ/m2 
Heating Capacity . . . . . . . . . . . . . . . . . . . .  ,. . . . . . . . . . . . . . . . . .  51 0kW 
Cooling Capacity . . . . . . . . .  ., . . . . ... , . . . . . . . . . . . . . . . . . . . . .  400kW 
Ventilation . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .  1 20kW 
Ventilation Rate . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3m3/m2 

water channels to provide effective cool ing and heat­
ing. By uti l ising 'free' cool ing for two thirds of the time, 
the bui lding is very energy efficient when compared to 
a conventional fully mechanically cooled building.  Prin­
cipal design features i nclude:  



• Concrete slabs stores heat gain from day to night 
when it is removed via air coolers connected to 
water loops in  the slab; 

• Mechanical ventilation provides displacement ven­
ti lation through supply air in lets integrated into sus­
pended lamp support frames in the rooms. This re­
sults in cool air descending to the floor with low 
turbulence; 

• Solar protection by automatic (and occupant) con­
trolled independent external solar shading for each 
facade ;  

• Heat recovery; 
• High thermal insulation (walls 0 .3W/m2K, g lazing 

1 .7 W/m2K) ; 
• No increase in investment (capital) costs; 
• Openable windows for optional use; 
• Daylighting and energy efficient l ighting .  

Control  Strategy 

A simple control strategy has been implemented in 
which supply a ir  is kept at 1 9°C (thus avoiding conden­
sation) all the year round. The ventilation flow rate is 
reduced to 50% at night. Cool ing water flow is also set 
at 1 9°C. Water circulation starts at midnight and is con-
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tinued until the temperature difference on the water side 
of the cooler is less than 1 K. Circulation is then shut 
down for an hour before the process is restarted . This 
cycle continues until the temperature of the water re­
turning from the cold slab falls below a set value. This 
method enables cooling water circulation to match the 
slow rate of heat discharge from the concrete slab. 

Pract i c a l  Expe r i e n ce s  
• Very efficient energy savings were demonstrated 

while good thermal comfort conditions were main­
tained ; 

• A lengthy control optimisation period was needed 
(two years) to establish a good control mechanism; 

• Mass storage technology gives excel lent perform­
ance; 

• 'Free' cool ing was most effective at an average night 
outdoor temperature of between 1 5°C - 1 8°C. At 
higher temperatures cool ing potential reduces rap­
idly and falls to zero at 20°C. At lower temperatures 
cool ing demand is lower and usual ly fal ls to zero at 
1 3°C. The maximum night free cooling capacity was 
1 00Wh/m2 and has approximately the same mag­
n itude as the thermal load during the day. 

The Sarinaport Office Building, Fribourg, Switzerland 

Proj ect Data 

B a s i c  D e s i g n  Features 

This building is designed to min imise daily changes 
in the energy flow through the building. This is achieved 
by ensuring that only a small variation of energy flow 
can pass through the bu i ld ing envelope. Advantage is 
then taken of the very high thermal capacity but low 
transfer rate of the thermal mass. Daily compensa­
tions in energy flow are compensated by storing or 
releasing energy from the thermal mass by circulating 
water through the embedded channels. 

The design is based on three mutually dependent 
principles ; these being : 

• Airtight, highly insulated bui lding envelope; 
• Thermoactive cei l ing for heating and cool ing ; 
• Displacement venti lation .  

Location : . . . . . . . . ... . . . . . . . . . . . . . . . . . . .  Fribourg, Switzerland 
Altitude . . . . . . • . . . . . . . . . . . . . . . . . . .  _ .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .  677m 
Year of Construction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 993/94 
No. of Working Spaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  380 
Heated Floor Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9500m2 
Number of Floors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
Heated Volume . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27000m3 
Cooling Degree Days . . . . . . . . . .. . . . . . . . . . . .  1 98Kd ( 1 8°C) 
Heating Degree Days . . . . . . . . . . . . . . .  361 6Kd (20/1 2°C) 
Installed Heat Capacity . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 50kW 

The main design concepts incorporate: 
• Heavy concrete/cei l ing mass contain ing embedded 

water channels;  
• No thermal bridging across envelope insu lation ;  
• Openable but high U value windows ; 
• Automatically control led external sun shading with 

occupant override; 
• Sound insulated floor/cei l ings with perimeter air 

ducting and air gri l les for displacement venti lation ;  

• Optional solar heating ;  
• Gas boi ler although an i ntermittent heat pump 

should be considered ; 

• Evaporative cool ing. 
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Contro l Strategy 

A water temperature of 26°C maintains a cei l ing sur­
face temperature of 22°C. For cool ing, a temperature of 
20°C is maintained. Because of the very high thermal 
mass and measures to restrict daily variations in energy 
flow, the system is largely self-regulating and contains 
heating and cool ing in a single circulation system.  The 
temperature of the cei l ing is kept at 22°C all the year 
round. Should the room temperature fall to 2 1 °C, the 
cei l ing automatically transfers heat to the space. Above 
22°C, the cei l ing takes heat from the space. This is largely 
self-regulr:iting and also distributes heat from rooms with 
h igh loads to adjacent cooler rooms. 

4.4 Evaporative Cooling 

Pract i c a l  E x p e r i e nces 
• Summer mon itoring demonstrates that an essen­

tially uniform temperature is maintained, reaching 
no more than 24°C, even when the outdoor tem­
perature peaks at 34°C ; 

• Cooling performance is 1 5-20 W/m2 with a maxi­
mum of 30W/m2. For small areas (one to two rooms, 
a peak of 50 W/m2 is acceptable) ; 

• Capital i nvestment cost is about 1 0% less than a 
comparable bui lding of conventional design .  Energy 
consumption is about half; 

• Occupant satisfaction is very h igh.  

The ACT2 Stanford Ranch House, Single Family Dwelling, Rocklin, California, USA 

P roject Data 

Basic Desi g n  Featu res 

The building slab is night cooled direct evaporation 
using embedded plastic coi ls (350m in length and 
50mm in d iameter) . The bu i ld ing is also cooled by 
evaporative pre-cool ing of room air dur ing the n ight. 
Other features i nclude high thermal mass, good ther­
mal insulation (windows 2. 1 W/m2) , low emissivity glaz­
ing and energy efficient appl iances. At n ight the bui ld­
ing is s imu ltaneously pre-cooled whi le providing 1 5°C 
chi l led water to the plastic coi ls for thermal storage. 
On average summer days the rad iant cool ing provided 
by the floor slab provides sufficient cool ing .  However, 
on peak summer days, additional cool ing is obtained 
hy r.i rr. 1 1 lrit ing writer from below the slab to a fan coi l 
unit. 

Control  Strategy 

The evaporative cooler is controlled by a time clock 
to operate at n ight during the cool ing system .  Occu­
pants open windows to remove any excess moisture. 
The fan coil un its for cool ing (and heating) are control­
led by a proportional thermostat. That senses the dif-
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Location: . . . . . . . . . . . . . . . . . . . . . . . .  Rockl in ,  California, USA 
Altitude . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  73m 
Year of Construction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 994 
Conditioned Floor Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 53m2 
Number of Floors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
Cool ing Degree Days . . . . . . . . . . . . . . . . . . . .  ( 1 8°C) 1 746Kd 
Heating Degree Days . . . . . . . . . . . . . . . . . . . . . .  ( 1 8°C) 648Kd 
Cooling Load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ?kW 

ference between the zone temperature and thermo­
stat sett ing and adjusts the fan speed accordingly. In 
the heating season the load is sufficiently small to meet 
space heating and domestic hot water needs by moans 
of a single, high efficiency, hot water heater of 29.3kW. 
A condensing gas system is used with an efficiency of 
94°/o . 

Pract i c a l  E x p e r i e n ces 

The system could maintain comfort conditions de­
spite outside temperatures reaching up to 40°C for 
three consecutive days. It is estimriterl thrit 81 % of the 
cool ing need was del ivered d i rectly by the evaporative 
cool ing unit ,  f irst by flushing and pre-cooling the house 
from I Opm - 7am and 1 t ie 1 1 uy µassive cool ing through 
the f loor slab. In it ial ly there was some problem with 
r ising humidity but this was solved by shutting off the 
water supply to evaporative cooler th irty minutes be­
fore shut off and al lowing the fan to flush moist air out 
of the house. 
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The 'One Utah Center' Building, Salt Lake City, USA 

Proj ect Data 

Basic Des i g n  Featu res 

Utah has very dry and hot summer conditions which 
is very su ited to evaporative cool ing .  In  Utah, the de­
sign condition is  35°C at 1 5% relative humidity r is ing 
to 35%. Under these conditions, dry bulb evaporative 
cool ing down 1 5°C is possible. The main design fea­
tures include : 
• Single pass ( 1 00% air  supply) ventilation system;  
• 3-stage chil ler and direct evaporative cooling system;  
• Identical supply air conditions as would be provided 

by a conventional HVAC system;  
• Good i ndoor air qual ity ; 
• Heat recovery i n  winter. 

Cooling is achieved by means of a 3-staged sys­
tem consisting of an i nd i rect evaporative cooler, con­
ventional chi l led water coi ls and a d i rect evaporative 
cooler. By putting the chi l led water coils before the di­
rect evaporative allows the chi l ler to provide only sen­
sible cooling without competing with the humidity added 
by the evaporative coo ler. On an annual basis, the 
evaporative coolers provide 80% of the total cool ing 
load . The two chi l lers (880kW and 1 936kW) are used 
on the few days when the outdoor wet bulb tempera­
ture reaches 20°C or more. 

Location : . . . . . . . . . . . . . . . . . . . . .  ; . . . . . . . . .  Salt Lake City, USA 
Altitude . . . . . . . . . . . . . . . . . . . . . . . . ! .;  . . . . . .. . . . . . . . . . . . . . . . . . . . . . 1 768m 
Year of Construction . . . . .  , • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 991 
Conditioned Floor Area . . . . . . . . . . . . . . . . . . . . . . . . . .  38925m2 
Number of Floors . . . . . . . . . . . . . .. . . . . . . . . . . . . .. . . . . .. . . .... . . . . .  24 

Conditioned Volume . . . .  , . . . . . . . . . . . . . . . . . . . . . . . .  1 48000m3 
Cooling Degree Days .. , . . . . . . . .. . . . . . . . .  ( 1 8°C) 3409Kd 
Heating Degree Days . . . . .  , . . . . .. . . . . . . . . . .  ( 1 8°C) 550Kd 
Cooling Capacity . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . .  28 1 6kW 

Co ntrol Strategy 

1 00% outdoor a ir  is suppl ied whenever the outdoor 
temperature is above 1 2°C. Outdoor air is fi rst indirect 
evaporatively cooled . If needed , the mechan ical cool­
i ng is used to bring the wet bulb temperature to 1 2°C. 
Di rect evaporative cool ing is then used ad iabatically 
to cool the air to the supply temperature. Si nce the 
discharge air temperature is always maintained at 1 2°C, 
the absolute humidity of the supply a ir  is identical to a 
convent i ona l ch i l l ed water system .  The i nd i rect 
evaporative cooler sensibly cools the supply air to with in  
4K of the outdoor wet bu lb temperatu re. When the wet 
bu lb temperature exceeds 20°C the chi l ler is requ i red 
to lower the temperature of the supply air a few de­
grees before it enters the d i rect evaporative cooler. 

Pract i c a l  Exper ie nces 

The system has operated successfu l ly si nce instal­
lation .  From practical experience, payback for this type 
of system is estimated at 3-4 years for a 25,000 1/s 
system down to 2 years for a 500001/s or larger sys­
tem.  During 1 994, a record hot summer for Salt Lake 
City, the ch i l ler load did not exceed 1 478 kW despite 
the outside temperature reaching 4 1 °C on several days. 
During the period of use, the chi l lers have averaged 
only 450 hours/year (not at fu l l  load) compared to 1 500 
hours for a typical mechan ical cool ing system in a com­
mercial office in  the same area. S imi larly, electricity 
use is reduced by typically a third to 5 .98 kWh/m2 per 
year. Total annual savings are $5 1 000 (pay back < 4 
years) . 
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The ' Industry Division Office' Gaz de France Research Centre, Paris, France. 

Proj ect Data 

B a s i c  D es i g n  Featu res 

Main design features include:  
• High level of i nsulation (0.7W/m2K) ; 
• 25% fac;:ade area glazed ; 
• I nternal shading (mainly north facing) ; 
• Central dayl ighti ng;  
• Electrical heat gains < 20W/rn2 or less ; 
• Hot water (radiator) heating ; 
• Balanced venti lation with rotary (thermal wheel) 

heat recovery and indirect evaporative cool ing to 
pre-cool/heat supply air ;  

• Forced mechanical n ight cool ing i n  summer. 

C o n t r o l  Strategy 

An automated BEMS approach is used with four 
operating modes, i .e .  winter/summer, occupied/unoc­
cupied . Indoor temperature is measured in two rooms 
located on the north and south sides. Sensors in and 
around the air hand l ing un its mon itor the outside, sup­
ply and exhaust air characteristics. The control condi­
tions are : 

4. 5 Desiccant Cooling 

Altitude . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70m 
Year of Construction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 99 1  /92 
Number of Working Spaces . . . . • . . . . . . . . . . . . . . . . . . . . . . . . .  35 
Heated Floor Area . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . .  1 OOOm2 
Number of Floors . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
Total Volume . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3000m� 
Cooling Degree Days . . . . . . . . . . . . . . . . . . . . . .  ( 1 8°C) 1 44Kd 
Heating Degree Days . . . . . . . . . . . . . . . . . . . .  ( 1 8°C) 2600Kd 
Heating Capacity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  BO kW 

• When di rect outside air is sufficient (no heating/ 
cool ing needed) ,  the heat exchanger is bypassed; 

• I nd i rect coo l i ng when estimated humid ified tem­
perature is less that the outdoor air temperature 
(with a two hour ' run on' ) ; 

• Night cool ing in summer when the outside tempera­
ture is less than the i ns ide temperatu re (4 a i r  
changes/hour) ;  

• No heating and venti lation when the bui lding is un­
occupied (except for n ight cool ing) ; 

• Steam humidifier to maintain RH above 30%. 

Pract i c a l  E x p e r i e nces 

Experiences included the following :  
• Summer electricity consumption was 1 1  kWh/m2 

( 1 0% tor hot water) ; 
• Acceptable payback period;  
• 4K reduction in peak outdoor temperature ;  
• No mechanical cool ing ; 
• I nsuff icient solar protection of south facing and 

dayl ight ing g lazing.  

The 'lnfraCity' Com mercial Centre, Stockholm, Sweden 

Proj ect Data 

Location :  . . . . . . 30 km North of Stockholm, Sweden 
Year of Construction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 972 
Year of Renovation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 994 
Number of Office Rooms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  250 
Heated Floor Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70001112 
Heated Volume . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8900m3 
Cool ing Degree Days . . . . . . . . . . . . . . . . . . . . . . . .  ( 1 8°C) 42Kd 
Heating Degree Days . . . . . . . . . . . . . . .  (20/1 2°C) 5480Kd 
Heating Capacity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  300kW 
Cooling Capacity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 30kW 
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B a s i c  D e s i g n  Featu res 

I n  Sweden, many bui ldings have to be renovated 
to incorporate cool ing to respond to i ncreased ther­
mal gains and comfort expectations. During the reno­
vation of this bui lding, desiccant cooling combined with 
evaporative cooling was i ntroduced as an alternative 
to conventional refrigeration. The main design and con­
ceptual features i nclude: 
• Desiccant combined with evaporative cool ing;  

Single pass (no return) airflow; 
• Simple venti lation system ;  
• High peak load performance ; 
• Low operational cost; 
• Cool ing and heating combined i n  a single unit ; 
• Existing ductwork i ncorporated into the design ;  
• Heat recovery; 
• No refrigeration. 

4 . 6  Ventilated Chilled Beams 

Annex 28 Low Energy Cool ing 

C o n t r o l  Strategy 
• By using a desiccant wheel i n  conjunction with en­

ergy recovery and evaporative humidif iers, a sup­
ply temperature of 1 2°C - 1 9°C (depending on cl i ­
mate) and a supply moisture content close to am­
bient conditions is maintained ; 

• Basic min imum ventilation for the whole bui lding is 
5m3/s. This  is i ncreased up to 1 Om3/s in  cool ing 
mode ; 
I n  winter the system operates in heat recovery mode 
at 86% efficiency and 5m3/s single pass venti lation .  

Pract i c a l  E x p e r i e n ces 
• During monitor ing ,  despite day temperatu res at 

30°C - 35°C and warm n ights, the supply a ir  tem­
perature remained fairly constant at 1 5°C - 1 8°C, 
whi le the extract temperature remained at 24°C -
25°C ; 

• Power supplied to the driving fans varied according 
to load between 5kW - 35kW; 

• The system provided good comfort to occupants 
and more are being i nstal led. 

The 'Granlund' Office Building, Helsinki, Finland 

P roject Data 

B a s i c  Desi g n  Featu res 

For this bui lding, calcu lations showed that cool ing 
would be needed for long periods throughout the year. 
This need was provided by extending, for as long as 
possible, periods of 'free' cool ing combi ned with top 
up cooling by means of ch i l led beams. Essential fea­
tures i ncluded : 
• Efficient mechan ical chi l led beam cool ing ; 
• High thermal insulat ion (U-value of 0 .28 W/m2K) 

combined with h igh thermal mass (concrete) ; 
• Triple glazed windows (U value of 1 .8 W/m2K) ; 

Location : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Helsinki, Finland 
Altitude . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  46m 
Year of Construction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 989/91 
Number of Working Spaces . . . . . . . . . . . . . . . . . . . . . . . . . . . .  300 
Heated Floor Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6998m2 
Number of Floors . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .  4/5 
Heated Volume . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35850m3 
Heating Degree Days . . . . . . . . . . . . . . .  ( 1 7/1 2°C) 4366Kd 
Heating Capacity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 370 kW 
Cooling Capacity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  400kW 

Electrical load of no more than 28W/m2 ( l ight ing, 
computing etc.) ; 

• Single coi l for heating, cool ing and heat exchange ; 
High design operating temperature of cool ing coi l 
( 1 4°C - 1 8°C) to i ncrease scope for free cool ing 
t ime; 
I ndividual room thermal and air contro l ;  

• Venti lat ion capacity designed to meet a i r  quality 
needs; 

• Existing radiators but the heating system is only 
used in  very cold weather. 
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Control  Strategy 

There are three different control modes ; these are: 
• Summer (260 hours/year) : Cooling energy is pro­

duced mechan ically using a chi l ler ;  
• Free cool ing ( 1 , 1 80 hours/year) : Outside air is used 

for cool ing via the cool ing coils, there is no need for 
mechan ical cool ing ;  
Winter (650 hours/year) : No cooling required. 

Practica l E x p e r i e nces 
• Free cool ing could be used up to an outside tem­

perature of 1 5°C . this is 83% of the total annual 
hours; 

• Condition ing energy demand was measured to be 
21 kWh/m2. This is about half the average for an 
equ ivalent conventional building ; 

• This approach is adaptable for both new and exist­
i ng bui ldings. 

The Wartsila Diesel Building Vaasa, Finland 

Project Data 

B a s i c  Des i g n  Featu res 

Part of the bu i ld ing was renovated with low energy 
chi l led beam cool ing in place of conventional cool ing .  
The main design features were : 
• Chi l led beams with i nlet temperature of between 

1 4nc and 1 0nc ; 
• High thermal insu lation combined with triple glaz­

ing ;  
• Radiator heating ; 
• Cool ing and heat exchanger i ntegrated i nto a sin­

gle un it ;  

Ind ividual room temperatu re and air control .  

Control  Strategy 

Operation is divided i nto three modes ; these are: 
• Summer :  cool ing energy is produced mechan ically 

us ing a chi l ler ;  
• Free cooi ing :  outside air is used to ch i i i  the water 

(outside air temperatu re at 1 4°C or below) ; 
• Winter :  no cool i ng is requ ired. 

Mechanical cool ing and free cool ing are used i n  
paral lel s o  that the chi l ler wi l l  be used below the sum­
mer set-poi nt ( 1 4°C) when necessary. In  the free cool­
ing mode, water flow rate will be at its max imum.  
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Location :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . ,  . . . . . . . .  Vaasa, Finland 
Altitude . .. . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . .. . . . .. . . . . . . . . . . . . . . . . . . .  6m 
Year of Construction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 950 
Year of Renovation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 996 
Number of Working Spaces . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .  60 
Heated Floor Area . .  . . . .. . . .  .. .. .. ... . . . .. .  .. . .. ... . . 1 020m2 
Unheated Floor Area . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .  3672m2 
Heated Volume . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3672m3 
Heating Degree Days . . . . . . . . . . . . . . .  ( 1 7  /1 2°C) 4 730Kd 
Cooling Capacity (Beams) . . . . . . . . . . . . . . . . . . . . . . .  32.7kW 
Cooling Capacity (A/C) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 .6kW 

Pract i ca l E x p e r i e n ces 
• I n  free cool ing mode the coefficient of performance 

(COP) is 29 compared to a conventional system 
performance of 7 - 21 ; 

• The total cool ing capacity of 64.3 kW is 29% lower 
than would be needed of a conventional approach ; 

• Average free cool ing was 60% based on a 1 4°C 
outdoor air temperature threshold. Further savings 
were made by setting the cool ing water set point to 
1 7°C before mechanical cool ing started (previously 
it was set at 1 6°C). Nu detrimen tal c l imate effects 
were observed ; 

• The annual cool i ng consumption was estimated at 
62.2 kWh/m2 of which 29.6kWh/m2 can be produced 
by free cool ing ;  

• Cool ing energy is requi red throughout the whole 
year because of high indoor gains. 60% of the maxi­
mum cool ing power is needed when tile outside 
temperature is 0°C and even at an outside tem­
perature of -26°C, 20% of the cool ing capacity is 
needed ; 

• Monitored i ndoor air temperature varied predomi­
nantly between 22°C and 24°C during working hours 
in Spring and 21 °C - 23°C i n  Autumn .  The tem­
perature only exceeded 25°C rarely. Average air 
velocity was < 0 .2m/s and no draught problems 
were experienced. 



4 .  7 Displacement Ventilation 

The Nestle - France Head Office 

P roject Data 

B a s i c  D e s i g n  Featu res 

This is a building renovation in  which a chi l led ceil­
ing approach is combined with a displacement venti la­
t ion system .  The main features include: 
• Chi l led cei l i ng using plastic capil lary tubes i nte­

grated into metall ic panels; 
• Cold water supply and temperatures are 1 5.5°C and 

1 8 .5°C respectively ; 
Same system used for heat ing and cool ing ;  
H igh thermal insulation (0.5W/m2K) ; 
East, south and west facing windows fitted with au­
tomatic solar shading of factor 0 .2 ;  
Displacement venti lat ion system in wh ich outside 
air is pre-cooled by an air handl ing un it before sup­
plying a ir  to offices using low outlet gri l les and low 
velocity. Extract air is taken at h igh leve l .  

Co ntrol  Strategy 

The main components of the control strategy in­
corporate : 

Room temperature contro l :  The water flow in each 
panel loop is control led by an on-off slow-action 

Annex 28 Low Energy Cool ing 

Location : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .  Paris, France 
Altitude . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 30m 
Year of Renovation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 994 
Number of Working Spaces . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 42 
Heated Floor Area . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .  6936m2 
Cooled Floor Area . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .  3856m2 
Cooling Degree Days . . . . . . . . . . . . . . . . . . . . . .  ( 1 8°C) 1 44Kd 
Heating Degree Days . . . . . . . . . . . . . . .  (20/1 2°C) 2600Kd 

valve operated by an ambient air thermostat fitted 
in the office desks ; 

• Fresh air contro l :  The temperature of the air sup­
pl ied to the offices is control led by a sensor fitted 
to the air-hand l ing un it .  Pre-cool ing with reheat for 
dehumidif ication of the fresh air is requ i red to pre­
vent the risk of condensation  on the surface of the 
chi l led cei l i ng panels; 

• Anti-condensation contro l :  A water sensor, fitted on 
the cei l ings of the of the offices shuts off the cold 
water supply if room dew point temperatu re ap­
proaches the panel surface temperature. 

Pract ica l E x p e r i e nces 

Operational experience demonstrated the fol lowing:  
• Cool ing for the summer cool ing period (4 months) 

was 37kWh/m2; 
• Good comfort levels were experienced ; 
• Design temperature and cl imate condit ions were 

satisfied. 
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The Hamburg Regional Bank, Hamburg, Germany 

P roj ect Data 

B a s i c  D es i g n  Featu res 

This bui ld ing fo l lows the principles of the previous 
two case studies in combin ing a chi l led cei l i ng design 
with d isplacement venti lation . The basic design fea­
tures include: 
• Displacement venti lat ion at 6m3/h .m2 of floor area; 
• Single pass airflow with heat recovery; 
• Static heating in perimeter zone to offset transmis­

sion loss ; 
• Good acoustic performance; 
• .Li. ! !  f !oors connected to a centra! e.tri u m .  

C o ntro l Strateg y  

The main controls strategy include: 

Location :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Hamburg, Germany 
Altitude . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 Om 
Year of Construction . . .. . . . . . . . . . . . .. . . . . . . . . . . ... . . . . . .. 1 97 4 
Year of Refurbishment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 994/96 
Heated Floor Area . .  . .  . . .  . .  . . . .  . .  . . . . . . . .  . . .  . . .  ... 1 2000 m2 
Number of Floors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 
Cooling Degree Days . . . . . . . . . . . . . . . . . . . . . .  ( 1 8°C) 21 SKd 
Cooling Capacity . . . . . . . . . . . . . . . . . ... .  1 300kW (80W/m2) 

• Room condit ions: Summer 26°C, 50% RH,  Winter 
22°C, 50%RH,  windows not openable;  

• Ventilation:  central processing of heating , cool ing, 
humidifying and dehumidifying combined with 1 0  in­
dividual room circuits and 35 zone control circuits; 

• Cool ing water regulation : the minimum inlet tempera­
ture is dew point + 1 .5K. Flow is controlled by R coun­
ter flow heat exchanger and a straight through valve; 

• Dew point monitoring . 

Pract i c a l  E x p e r i e n ces 

Considerable benefits were achieved i ncluding : 
• Substantial energy benefit including very much re­

duced fan/pump energy ; 
• User acceptabi l ity and comfort; 
• Good cool ing performance. 

4.8 Ground Coupled Reversible Heat Pump 

The Advanced House in Laval, Canada 

P roj ect Data 
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Location :  . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .  Laval , Quebec 
Altitude . . . . . . . . . . . . . . . . . . . . .  _ . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .  I 7m 
Year of Construction . . . . ... . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . 1 993 
Heated Floor Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 32m2 
Number of Floors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Total Volume . . . . . . . . . . . . . . . .. . . . � . . . . . . . . . . . . . . . . . . . . . . . . . .  t1 1 2m3 

Cooling Degree Days . . . . . . . . . . . . . . . . . . . . . .  ( 1 8°C) 250Kd 
Heating Degree Days . . . . . . . . . . . . . . . . . . . .  ( 1 8°C) 4540Kd 
Energy Use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6000kWh/a 



B a s i c  Desi g n  Featu res 

This bui lding incorporates a range of innovative fea­
tures aimed at providing energy and cost efficient year 
round comfort. Design features i nclude: 
• Rainwater storage and groundwater wells with re­

versible heat pump for cool ing and heating;  
• Heat recovery ventilation system ;  
• Fenestration to optimise solar gain ( including poly­

ester f i lm and selective coatings according to ori­
entation,  to maximise solar penetration and mini­
mise winter heat loss) ;  

• Solar (hot water) col lectors ; 
• Very h igh thermal insulation (walls 0 . 1 75W/m2K, 

roof 0 .095 W/m2K) . 

Control  Strategy 

A phased cool ing strategy is appl ied as below: 
• When the room air temperature exceeds its set point 

value, rainwater storage is fi rst pumped round a 
closed loop system through a heat exchanger which 
cools the ventilation ai r ;  

• If the indoor air temperature exceeds 25°C and rain­
water is still below 20°C the rainwater tanks operate 
with groundwater pumping to continue providing cool­
ing water through the heat exchanger; 

4.9 Ground Cooling 

Annex 28 Low Energy Cool ing 

• I f  ground and wel l  water sources are unable to pro­
vide sufficient cool ing and the inside temperature 
reaches 27°C the free cool ing mode stops and cool­
ing is achieved by operating the heat pump i n  re­
verse mode;  

• The heat pump (using the wel l  and rainwater tanks 
as thermal sources) is also used to provide most 
of the heat ing. When no longer adequate, electri­
cal backup is used. 

P ra ctica l Exper i e n ces 

Operational experience ind icated that: 
• The system functioned correctly and was capable 

of providing useful cool ing and heating ; 
• Occupants did not l ike a set-point of 27°C for heat 

pump cooling and changed it to 23°C; 
• Capital costs were relatively h igh but this was attrib­

uted to the house being a demonstration project in­
corporating many featu res and the latest technology. 
The most cost effective process was the coupling of 
the groundwater wells to the heat pump; 

• Heating and cool ing energy consumption was con­
siderably reduced (less than 1 /3rd) when compared 
with conventional property. 

The 'Schwerzenbacherof' Office and Industrial Building, Schwerzenbach, 
Switzerland 

P roj ect Data 

B a s i c  Des i g n  Featu res 

To follow Swiss requirements that active cooling be 
used only in  exceptional cases, it has become neces­
sary to develop alternative technologies. This large 
complex therefore i ncorporates a range of features in­
clud ing :  
• Airtight construct ion; 

Location :  . . . . . . . . . . . . . . . . .  Schwerzenbach, Switzerland 
Altitude . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  440m 
Year of Construction . . . . . . . . . . . . . . . . . . . . . .  ;· : . . . . . . . .  1 989/90 
Number of Working Spaces . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 90 
Heated Floor Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8050m2 
N u mber of Floors . . . . . . . . . . . . . . . . . . . . . . . . 5 +2 basements 
Heated Volume . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27060m3 
Cooling Degree Days . . . . . . . . . . . . . . . . . . . . . .  ( 1 8°C) 1 98Kd 
Heating Degree Days . . . . . . . . . . . . . . .  (20/1 2°C) 361 6Kd 
Heating Capacity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  240kW 

• Good thermal i nsu lation (walls 0.3W/m2K, windows 
1 .3W/m2K) ; 

• Automatic external solar shading,  separately (and 
occupant) controllable for each fagade. This is com­
bined with f ixed horizontal shading to g ive basic 
default shading ; 
Light interior colours to improve dayl ighting ;  
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• Direct interaction between indoor air and the thermal 
mass of the building, combined with night cooling ; 

• Ground coupling of the ventilation system (tor cool­
ing and heating) through an extensive parallel pipe 
network (titted with bypass) buried 6m beneath the 
bui lding and below the groundwater table. A total of 
1 OOOm of pipes are used constructed of high-den­
sity polyethylene of diameter 230mm, each having 
a length of 23m; 

• Heat recovery (titted with bypass) . 

C o n t r o l  Strategy 

Separate strategies are used tor Summer cooling 
and Winter preheat as outl ined below:  
• The ground-coupled system is activated in Summer 

when the outdoor air temperature exceeds 22°C and 
in Winter when the temperature falls to below 7°C; 

• Ground coupling provides about 1 /3rd of total cool­
ing ,  the rest being provided by n ight cool ing of the 
thermal mass. Thus ground cool ing is only used as 
a supplement (mainiy during the daytime) when 
n ight cool ing is insufficient; 

• I n  Winter, the grounrl systP.m rroviriP.s pre-heat tor 
the incoming ventilation air. This also helps to cool 

4. 1 0  Aquifer Cooling and Heating 

the ground space tor the Summer and prevent freez­
i ng of the rotary heat exchanger. 

Pract i c a l  Expe r i e nces 

The measured heating demand is 1 50kW at -S°C. 
Without ground coupl ing, the calcu lated need would 
be 240kW. The ground coupl ing itself can meet a 
peak demand of 60kW; 
The measured heating energy consumption was 
1 44 MJ/m2a which is wel l  below the Swiss Stand­
ard ,  at the time, of 240 MJ/m2a; 
The measured electrical current to operate the ven­
t i lation system was 23MJ/m2a which, again ,  was 
well below a conventional requirement of 90MJ/m2a. 
The maximum cool ing rate was 54kW at an out­
door supply temperature of 32°C; 
Comfort cool ing was achieved at al l  times ; 
Lighting energy was sl ightly higher than expected 
at 1 60 MJ/m2a, it was sti l l  with in the range of con­
ventional bui ldings; 
All fitti ngs must be made watertight. To accou nt for 
expansion and shr inkage in the plastic p ip ing ,  
caused by seasonal temperature variations, spe­
cial seals have to be used. 

The SAS Frosundavik Office Building, Stockholm, Sweden 

Project Data 

B a s i c  D e s i g n  Featu res  

The cool ing and heating approach is based on 
pumping through a closed system ,  aquifer water into 
a heat exchanger. For heating,  the output is extended 
by using a heat pump. The main features arc : 
• 'Cold' Wells at 2°C to 1 2°C tor cool ing ventilation 

air and use in cool ing convectors; 
• 'Warm' wells at S°C to 1 5°C tor heating ventilation 

ai r ;  
• Sing le  pass vent i lat ion ( i . e .  no rec i rculation) at 

1 900000m3/h ; 
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Location: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Stockholm, Sweden 
Altitude . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30m 
Year of Construction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 985/88 
Number of Office Rooms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 450 
Heated Floor Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  64000m2 
Number of Floors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4/5 
Heated Volume . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .  21 7600m3 
Cooling Degree Days . . . . . . . . . . . . . . . . . . . . . . . .  ( 1 8°C) 42Kd 
Heating Degree Days . . . . . . . . .. . . . . .  (20/1 2°C) 5480Kd 
Heating Capacity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3700kW 
Cooling Capacity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3300kW 

• Supplemental heating by background heat gains 
and , when necessary, electrical heating (radiators) . 

C o n t r o l  Strategy 

Tile ful luw i r 1g control strategy is appl ied : 

During the Summer, cool ing is maintained by cool­
ing convectors at high level. These are water cooled 
and mai ntained at a temperature of 1 4°C. This is 
served entirely by the aquifer system.  Water is ex­
tracted from the 'cold' wel l  and recharged (via tho 



bui lding heat exchanger) into the 'warm' wel l  (for 
Winter use) . The aquifer system also cools the ven­
t i lation air to 1 8°C ; 

• I n  Winter the aquifer provides preheat to the venti­
lation air. Final heating of the venti lation air and the 
heating of domestic hot water is undertaken by three 
electrically driven heat pumps having a combined 
thermal power of 1 , 1 OOkW. 

Annex 28 Low Energy Cool ing 

Pract i ca l  E x p e r i e nces 

The aqu ifer satisfies a Summer cool ing load of 
300MWh/month and, in  Winter, 1 80MWh/month. To­
tal capacity is 2900MWh/a; 
Max imum heat energy productio n  is 400MWh/ 
month . Electrical standby is 400kW; 
Annual operating costs are substantially below that 
of equ ivalent conventional bui ldings (purchased en­
ergy reduction reduced by 65%) ; 
I n  a year the system replaced 2750 MWh of d istrict 
heating and 260MWh of electricity consumption .  

The Groene Hart Hospital, Gouda, The Netherlands 

Project Data 

B a s i c  Desi g n  Featu res 

This is a retrofit and extension bui lding which re­
qu ired upgrad ing for heating and cool ing .  Design and 
conceptual features include : 
• Seasonal storage for heating and cool ing ; 
• Separate heating and cooling wells;  
• Same system for heating and cool ing ; 
• Simple integration with in existing system; 
• For cool ing, water is circulated via a heat exchanger 

from the 'cold' wel l  to the 'hot' wel l .  For heat ing, the 
flow path is reversed. 

Control Strategy 
• The aqu ifer system is used i n  conjunction with 

refrigerative chi l lers for Summer cool ing.  When cool­
ing is needed, groundwater is pumped from the cold 
wel l .  Supply temperature for air cool ing is main­
tained at 1 0°C. If this cannot be satisfied from the 
groundwater system then conventional cool ing is 
appl ied ; 

Location : . . . . . . . . . . . . . . . . . . . . . . .  Gouda, The Netherlands 
Altitude . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2m 
Year of Construction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 992 
Number of Beds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  450 
Heated Floor Area . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . .  5200m2 
Heating Degree Days . . . . . . . . . . . . . . .  (20/1 5°C) 3000Kd 
Heating Load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  900MJ/m2a 
Cooling Load . 35MJ/m2a (23MJ/m2a from aquifer) 

• I n  Winter, heat is taken from the hot well to preheat 
the venti lation air. The cooled water is returned to 
the 'cold' a ir ;  

• Short term cool ing is stored (e.g.  at the end of the 
Summer but when cool ing is sti l l  needed) by pump­
ing cold water into the aquifer at n ight for use the 
fol lowing day. 

Pract ica l Exper i e n ces 
• I n  one year of mon itor ing about 2 1 0 MWh of cool­

i ng was 'stored' by the groundwater system ;  
• I n  the f irst Summer of operation about 350 MWh of 

cool ing was taken from the aquifer ;  
• The overall COP for cool ing was approximately 1 3.5; 
• For coo l ing and heating,  the COP was 8 .6 ;  
• Good performance and comfort conditions were 

maintained. 
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4.1 1 Sea Water Coo l i ng 

The Purdy's Wharf, Halifax, Canada 

Project Data 

Basic  Design Features 

The Purdy's Wharf project has developed a scheme 
of providing cooling to buildings by using cold seawater 
from the harbour. The main details are: 
• High thermal insulation (walls 0 .34W/m2K, windows 

2.44W/m2K) ; 
• An open loop system water extraction from 1 8m depth 

through two titanium heat exchangers in series; 
• Daylighting ; 
• Coated glazing (solar energy transmittance 8% and 

reflectance 25%) ; 
• Zoned heating and cooling in which inner zone al­

ways needs cooling while outer zone needs Winter 
heating ; 

• C02 r.nntrnllAci VAntilrition for good indoor air quality; 
• Building slightly pressurised to reduce draught and 

to prevent the ingress of 1mc:onditioned air. 

C ontrol  Strategy 
• The ocean water is driven through the two heat 

exchangers; 
• Both heat exchangers exchange heat from inde­

pendent closed loop water circuits; 
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Locati0n:  . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . .  Halifax, Canada 
Altitude . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .  Sea Level 
Year of Constructian . .  . . .  . . .  . . . . .  . • .  . .  . . . . . . . . .  . .  . . 1 983-89 
Conditioned Floor Area . . . . . . . . . . .. . . . .. . . . . .. . . . 65000m2 
Number of Floors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4/' 1 8122 
Conditioned VoltJme . . .  . • .  . . . .  . . .  . . . .  . . . . . . . . . . .  . 1 67(\)00rri3 
Cooling D�gree Days . . . . . . . . . . . . . . . . . . . . . . . .  (, 1' 8°C) 59Kd 
Heating Degre� Days . . . . . . . . . . . . . . .  �(20/1 2°C) 4254Kd 
Annual Energy Use . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 31 20rnwh 
Installed Cnollno �Rf!)RC1ily . J  . . . . . . . . . . . . . .. . .. . .. . .  4.9MW 

• Chilled water from the first exchanger goes directly 
to air handling units to reduce the temperature of 
ventilation air; 

• The resultant heated water is returned to the heat 
exchanger for a further cycle of cooling ; 

• Chilled water from the second exchanger is used 
to cool condensers of mechanical compression chill­
ers used by occupants for cooling specific rooms 
or the building as a whole when sea water cooling 
is insufficient on its own. 

Pract i c a l  Experiences 
• To be effective, the cooling water must be below 

1 0°C. At a depth of 1 8m,  this condttion is satisfied 
for 1 0.5 months of the year. During this time the 
COP is 40; 

• It is only after the Summer (in September and Oc­
tober) that cooling water cannot be used. In this 
period chil lers of 2 . 1  MW in one tower and 2.8MW 
in the taller tower meets the additional cooling need; 

• Some additional chilling is also needed in August, 
even although seawater temperature is 5°C-7°C. 




