
Bound by

Abbey
'. Bookbinding Co,

116 Cathays Terrace, Cardiff CFI4 4HY
South Wales, U.K. Tel: (029) 10» SI82

www.bookbindersuk.com



A STUDY OF THE DESIGN AND THERMAL

PERFORMANCE OF TWO-STOREY EARTH

SHELTERED HOUSES FOR THE UK CLIMATE

JOHN RICHARD LITTLEWOOD

A submission presented in partial fulfilment of the requirements of the 

University of Glamorgan for the Degree of Doctor of Philosophy

Funded in part by: The Ecology Building Society

Volume 2 

APRIL 2001



Table of Contents

TABLE OF CONTENTS

TABLE OF CONTENTS i 

LIST OF APPENDICES ii

A study of the design and thermal performance of two-storey earth sheltered houses for the UK climate



Table of Contents

LIST OF APPENDICES

APPENDIX 1 

APPENDIX 2

APPENDIX 3 

APPENDIX 4 

APPENDIX 5

APPENDIX 6 

APPENDIX 7

APPENDIX 8 

APPENDIX 9 

APPENDIX 10 

APPENDIX 11 

APPENDIX 12 

APPENDIX 13 

APPENDIX 14

BLANK SURVEY FORM 1

NO MANS LAND, CORNWALL, A HYBRID EXPOSED 
SOUTH WALL TYPE EARTH SHELTERED HOUSE 6

UNDERMILL, BUSHEY HEATH, A HYBRID TYPE 
EARTH SHELTERED HOUSE 9

AVONCLIFF, A SUNKEN COURTYARD TYPE
EARTH SHELTERED HOUSE 12

THE CAER LLAN BERM HOUSE, AN HYBRID
EXPOSED SOUTH WALL TYPE EARTH
SHELTERED HOUSE 14

AN ARTIST'S IMPRESSION OF THE GREENWAYS
DEVELOPMENT SITE IN ABERDARE,
SOUTH WALES 17

AN ARTIST'S IMPRESSION OF BEAZER'S THE 
LYNDHURST, TWO-STOREY, THREE BEDROOM, 
SEMI-DETACHED HOUSE 19

LAYOUT FOR PLOTS 25 AND 26 ON THE 
GREENWAYS DEVELOPMENT SITE 21

GWALIA HOMES EXPRESSING AN INTEREST IN 
DEVELOPING EARTH SHELTERED HOUSES 23

COMBINED GROUND FLOOR PLANS FOR A PAIR
OF THE AUTHOR'S EARTH SHELTERED HOUSES 25

COMBINED FIRST FLOOR PLANS FOR A PAIR OF 
THE AUTHOR'S EARTH SHELTERED HOUSES 27

SEVEN DAY-SCHEDULES SORTED
THROUGHOUT 1985 29

3D PERSPECTIVES FOR MODEL G ON DAY 79
AND DAY 206 AT 12.00 32

3D PERSPECTIVES FOR MODEL M ON DAY 79
AND DAY 206 AT 12.00 35

A study of the design and thermal performance of two-storey earth sheltered houses for the UK climate



Table of Contents

APPENDIX 15 

APPENDIX 16

APPENDIX 17 

APPENDIX 18 

APPENDIX 19

3D PERSPECTIVES FOR MODEL T ON DAY 79
AND DAY 206 38

CLIMATIC DATA FOR DAY 79 AND DAY 206 OF
1985 AT BRISTOL WEATHER STATION 41

SUMMARY OF RESULTS FOR MODELS J, K and L 43

SUMMARY OF RESULTS FOR MODELS P, Q AND R 52

PUBLICATIONS 61

A study of the design and thermal performance of two-storey earth sheltered houses for the UK climate in
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APPENDIX 1

BLANK SURVEY FORM
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Blank survey form Appendix 1

ES HOUSE SURVEY, MPhil RESEARCH SURVEY

SURVEY FORM No. ..........
DATE COMPLETED ......./....../......
COMPLETED BY ..................................

QUESTION
ES Name
Address

Owners
Architect
Dwelling use
Rooms

Space plan - open or closed
Floors
Existing site features

Unit size
Land size
Unique - single or multiple
Development strategy - self or 
purchased from developer
Construction completed
Occupation - years
Year of construction
Land price
Cost of construction & m2
Size of development
Position - rural/urban
Reasons for ES 

Construction R.External wall 

Conservatory wall 

Buffer wall 

Partitions

COMMENT
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Blank survey form Appendix 1

QUESTION
Side wall

Party walls

Roof

Floor

Finishes

Earth cover

Design temperature
Participation in design
Type of ES house
% of structure which is ES
How is daylighting provided

What is the back up lighting 
system
U values - Roof 

Side windows 
Upper windows 
External walls 
Internal walls

How is the dwelling ventilated
Are there measures adopted to 
prevent overheating/cooling
Does the dwelling incorporate 
any buffer areas, if so what are 
their uses
How is the main heating 
supplied, and what type of 
system is adopted
Is there any form of back up 
heating
Were there any measures 
adopted to reduce night time 
heat losses
Side wall

Party walls

Roof

COMMENT
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Blank survey form Appendix 1

QUESTION
Floor

Finishes

Earth cover

Design temperature
Participation in design
Type of ES house
% of structure which is ES
How is daylighting provided

What is the back up lighting 
system
U values - Roof 

Side windows 
Upper windows 
External walls 
Internal walls

How is the dwelling ventilated
Are there measures adopted to 
prevent overheating/cooling
Does the dwelling incorporate 
any buffer areas, if so what are 
their uses
How is the main heating 
supplied, and what type of 
system is adopted
Is there any form of back up 
heating
Were there any measures 
adopted to reduce night time 
heat losses
How is the water heated for 
consumption
Is any waste heat recycled
What is the source of water for 
Drinking 
Hygiene 
Gardening
Is the property connected to 
the mains sewage disposal
Are any techniques used to 
recycle solid waste
Is the waste water recycled

COMMENT
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QUESTION
Were any external landscaping 
techniques adopted to 
enhance/reduce the internal 
temperatures between seasons
Are the internal temperatures 
monitored on an annual basis. 
If so when are the peaks and 
troughs in temperatures
Do you expericen any 
problems related to internal 
temperatures
Cost of construction
Value -1997
Energy techniques 
Adopted - active and passive

Are there any internal features 
unique to your dwelling
Does you dwelling require any 
maintenance. If so when and 
what is the annual cost
What materials were specified 
for waterproofing
Have there been any problems 
with dampness
How do you dry your clothes 
in the dwelling
Are any techniques used to 
recover humid air
How many air changes per 
hour are there
Does the dwelling ever suffer 
from dry air. If so when, where 
and how often does it occur
If yes to the above have you 
tried any techniques to prevent 
or reduce dry air
What are your annual costs for 
Space heating 
Water heating 
Lighting 
Other

COMMENT

QUESTION COMMENT
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Blank survey form Appendix 1

Perceptions on occupation

Architects perceptions on 
occupation

Planning problems

Construction problems
Other problems

Neighbors attitude towards 
development
Communities attitude 
towards development
Other costs
Costs once occupied
Owners general feelings once 
occupied. To include attitude 
towards costs, environment 
etc.
Other comments
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APPENDIX 2

NO MANS LAND, CORNWALL, A HYBRID EXPOSED 

SOUTH WALL TYPE EARTH SHELTERED HOUSE
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No Mans Land, Cornwall, a hybrid exposed south wall type earth sheltered house Appendix 2

Plate 2.1: Southwest entrance

Plate 2.2: Entrance to passive solar conservatory
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No Mans Land, Cornwall, a hybrid exposed south wall type earth sheltered house Appendix 2

Plate 2.3: Plan of No Mans Land
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Plate 2.4: South Elevation of No Mans Land
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APPENDIX 3

UNDERMILL, BUSHEY HEATH, A HYBRID TYPE 

EARTH SHELTERED HOUSE
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Undermill, Bushey Heath, a hybrid rooflight type earth sheltered house Appendix 3

Plate 3.1: Aerial model of Undermill

Plate 3.2: Internal cut-out of Undermill
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Avoncliff, a sunken courtyard type earth sheltered house Appendix 4

APPENDIX 4

AVONCLIFF, A SUNKEN COURTYARD TYPE EARTH

SHELTERED HOUSE
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Avoncliff, a sunken courtyard type earth sheltered house Appendix 4

Plate 4.1: North Elevation of Avoncliff
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The Caer Llan Berm House, an hybrid exposed south wall type earth sheltered house__________Appendix 5

APPENDIX 5

THE CAER LLAN BERM HOUSE, AN HYBRID EXPOSED 

SOUTH WALL TYPE EARTH SHELTERED HOUSE
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The Caer Llan Bertn House, an hybrid exposed south wall type earth sheltered house Appendix 5

Plate 5.1: Southsouthwest Elevation of The Caer Llan Berm House

Plate 5.2: Internal Plan of The Caer Llan Berm House
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The Caer Llan Berm House, an hybrid exposed south wall type earth sheltered house Appendix 5

Plate 5.3: Internal Bedroom Temperature Compared with the External Temperature in 
1988/89 in the Caer Llan Berm House [Carpenter 1994]
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APPENDIX 6

AN ARTIST'S IMPRESSION OF THE GREENWAYS 

DEVELOPMENT SITE IN ABERDARE, SOUTH WALES
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An artist's impression of the Greenways development site in Aberdare, South Wales Appendix 6
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An artist's impression of Beazer's "The Lyndhurst' a two-storey, three bedroom, semi-detached house Appendix 7

APPENDIX 7

AN ARTIST'S IMPRESSION OF BEAZER'S THE
LYNDHURST, TWO-STOREY, THREE BEDROOM,

SEMI-DETACHED HOUSE
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An artist's impression of Beazer's 'The Lyndhurst' a two-storey, three bedroom, semi-detached house Appendix 7
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Layout for plots 25 and 26 on the Greenways development site Appendix 8

APPENDIX 8

LAYOUT FOR PLOTS 25 AND 26 ON THE GREENWAYS
DEVELOPMENT SITE

A study of the design and thermal performance of two-storey earth sheltered houses for the UK climate 21



Layout for plots 25 and 26 on the Greenways development site Appendix 8
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APPENDIX 9

GWALIA HOMES EXPRESSING AN INTEREST IN 

DEVELOPING EARTH SHELTERED HOUSES
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Gwalia Homes expressing an interest in developing earth sheltered houses Appendix 9

Curndcithas Tai Cartrefi Gwalia : ijfyngedig 
Gwalia Home*; Mousi'm; .'IsM.ic/u/iV.n r imf / <->!/
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Mr J Littlechild
School of the Built Environment
University of Glamorgan
PONTYPRIDD 13 October, 1999
CF37 1DL

Our Ref: RPR/ed

Deai' John

Re: Pilot Project - Earth Sheltered Housing

Thank you for your letter of 6 October 1999 regarding the above. I am 
looking forward to receiving futher details on your research and hope 
that we can discuss a pilot scheme at the appropriate time.

Please keep me informed of progress or if I can be of assistance.

Regards,

Yours sincerely

PHIL ROBERTS 
Director of Development
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Combined ground floor plans for a pair of the author's earth sheltered houses Appendix 10

APPENDIX 10

COMBINED GROUND FLOOR PLANS FOR A PAIR OF 

THE AUTHOR'S EARTH SHELTERED HOUSES
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Combined ground floor plans for a pair of the author's earth sheltered houses Appendix 10
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Combined first floor plans for a pair of the author's earth sheltered houses Appendix 11

APPENDIX 11

COMBINED FIRST FLOOR PLANS FOR A PAIR OF THE 

AUTHOR'S EARTH SHELTERED HOUSES
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APPENDIX 12

SEVEN DAY-SCHEDULES SORTED THROUGHOUT 1985
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Seven day-schedules sorted throughout 1985 __ Appendix 12

WEEK MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY SUNDAY

1 STAY HOLS WTWKDAY WTWKDAY WT WK DAY WT WK DAY WT WEEKEN WT WEEKEN

2 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WT WEEKEN WT WEEKEN

3 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WT WEEKEN WT WEEKEN

4 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WT WEEKEN WT WEEKEN

5 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WT WEEKEN WT WEEKEN

6 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WT WEEKEN WT WEEKEN

7 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WT WEEKEN WT WEEKEN

8 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WT WEEKEN WT WEEKEN

9 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WT WEEKEN WT WEEKEN

10 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WT WEEKEN WT WEEKEN

11 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WT WEEKEN WT WEEKEN

12 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WT WEEKEN WT WEEKEN

13 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WT WEEKEN WT WEEKEN

14 WTWKDAY WTWKDAY WTWKDAY WTWKDAY AWAY HOLS AWAY HOLS AWAY HOLS

15 A WAY HOLS AWAY HOLS AWAY HOLS AWAY HOLS AWAY HOLS WT WEEKEN WT WEEKEN

16 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WT WEEKEN WT WEEKEN

17 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WT WEEKEN WT WEEKEN

18 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WT WEEKEN WT WEEKEN

19 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WT WEEKEN WT WEEKEN

20 BANK HOLS SM WK DAY SM WK DAY SM WK DAY SM WK DAY SM WEEKE SM WEEKE

21 SMWKDAY SM WK DAY SM WK DAY SM WK DAY SM WK DAY SM WEEKE SM WEEKE

22 SMWKDAY SMWKDAY SMWKDAY SMWKDAY SMWKDAY SM WEEKE SM WEEKE

23 BANK HOLS SMWKDAY SMWKDAY SMWKDAY SMWKDAY SM WEEKE SM WEEKE

24 SMWKDAY SMWKDAY SMWKDAY SMWKDAY SMWKDAY SM WEEKE SM WEEKE

25 SMWKDAY SMWKDAY SMWKDAY SMWKDAY SMWKDAY SM WEEKE SM WEEKE

26 SMWKDAY SMWKDAY SMWKDAY SMWKDAY SMWKDAY SM WEEKE SM WEEKE

27 SMWKDAY SMWKDAY SMWKDAY SMWKDAY SMWKDAY SM WEEKE SM WEEKE

28 SMWKDAY SMWKDAY SMWKDAY SMWKDAY SMWKDAY SM WEEKE SM WEEKE

29 SMWKDAY SMWKDAY SMWKDAY SMWKDAY SMWKDAY SM WEEKE SM WEEKE

30 SMWKDAY SMWKDAY SMWKDAY SMWKDAY SMWKDAY SM WEEKE SM WEEKE

31 AWAY HOLS AWAY HOLS AWAY HOLS AWAY HOLS AWAY HOLS AWAY HOLS AWAY HOLS

32 AWAY HOLS AWAY HOLS AWAY HOLS AWAY HOLS AWAY HOLS AWAY HOLS AWAY HOLS

33 SMWKDAY SMWKDAY SMWKDAY SMWKDAY SMWKDAY SM WEEKE SM WEEKE

34 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WT WEEKEN WT WEEKEN

35 BANK HOLS WTWKDAY WTWKDAY WTWKDAY WTWKDAY WT WEEKEN WT WEEKEN

36 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WT WEEKEN WT WEEKEN
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Seven day-schedules sorted throughout 1985______________________________Appendix 12

WEEK MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY SUNDAY

37 WTWKDAY WTWKDAY WT WK DAY WT WK DAY WTWKDAY WTWEEKEN WTWEEKEN

38 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWEEKEN WTWEEKEN

39 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWEEKEN WTWEEKEN

40 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWEEKEN WTWEEKEN

41 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY AWAY HOLS AWAY HOLS

42 AW AY HOLS AWAY HOLS AWAY HOLS AWAY HOLS AWAY HOLS WTWEEKEN WTWEEKEN

43 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWEEKEN WTWEEKEN

44 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWEEKEN WTWEEKEN

45 WT WK DAY WT WK DAY WT WK DAY WT WK DAY WT WK DAY WT WEEKEN WT WEEKEN

46 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWEEKEN WTWEEKEN

47 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWEEKEN WTWEEKEN

48 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWEEKEN WTWEEKEN

49 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWEEKEN WTWEEKEN

50 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWEEKEN WTWEEKEN

51 WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWKDAY WTWEEKEN WTWEEKEN

52 STAY HOLS STAY HOLS STAY HOLS STAY HOLS STAY HOLS STAY HOLS STAY HOLS

53 STAY HOLS
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APPENDIX 13

3D PERSPECTIVES FOR MODEL G ON DAY 79 AND

DAY 206 AT 12.00
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3D perspectives for model G on day 79 and day 206 at 12.00 Appendix 13

Plate 13.1: 3D Perspective for Model M to R on Day 79 at 12.00
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3D perspectives for model G on day 79 and day 206 at 12.00 Appendix 13

Plate 13.2: 3D Perspective for Model M to R on Day 206 at 12.00
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APPENDIX 14

3D PERSPECTIVES FOR MODEL M ON DAY 79 AND

DAY 206 AT 12.00
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3D perspectives for model M on day 79 and day 206 at 12.00 Appendix 14

Plate 14.1: 3D Perspective for Model M to R on Day 79 at 12.00
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3D perspectives for model M on day 79 and day 206 at 12.00 Appendix 14

Plate 14.2: 3D Perspective for Model M to R on Day 206 at 12.00
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APPENDIX 15

3D PERSPECTIVES FOR MODEL T ON DAY 79 AND

DAY 206
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3D perspectives for model T on day 79 and day 206 at 12.00 Appendix 15

Plate 15.1: 3D Perspective for Model T on Day 79 at 12.00
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3D perspectives for model T on day 79 and day 206 at 12.00 Appendix 15

Plate 15.2: 3D Perspective for Model T on Day 206 at 12.00
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APPENDIX 16

CLIMATIC DATA FOR DAY 79 AND DAY 206 OF 1985 AT 

BRISTOL WEATHER STATION
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Climatic data for day 79 and day 206 of 1985 at Bristol weather station Appendix 16

Plate 16.1: Climatic Data for Day 79 of 1985
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Plate 16.2: Climatic Data for Day 206 of 1985

Vieuing Heather Data Day 206 
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APPENDIX 17

SUMMARY OF RESULTS FOR MODELS J, K and L
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Summary of results for models J, K and L on days 78 and 79 and on days 205 and 206 Appendix 17

DAYS 78 AND 79

Ground floor rooms

Graph 17.1 (insulation 300 mm); Resultant temperature in the lounge compared 
with the external temperarture on days 78 and 79 in models J to L

9 11 13 15 17 19 21-K23 25 27 29 31 33/35 37 39 41 43 45 47

- Zone 1 Model J

- Zone 1 Model L

- Zone 9 Model J

- Zone 9 Model L

Zone 1 Model K 

-Outside Temp

Zone 9 Model K

Table 17.1: Summary of the lounge temperature ranges in models J, K & L and the 
percentage increase in temperature from models G, H, & I on day 79

Model & 
Zone

J. 1
K. 1
L. 1
Range i G 1 ^ 1 )
Range ii (j\-\\)

L9
K. 9
L. 9
Range iv ()9-k9)
Range v 09-19)

Resultant Temperatures (°C) at specific hours during day 79 & % 
increase in temperature

7.00*

23.0
22.6
22.4

0.4

0.6

23.4
22.8
23.2

0.5
0.2

8.00 **

24.1
23.7
23.4

0.4
0.6

25.1
24.5
24.9

0.6
0.2

18.00 *

23.7
23.4
23.1

0.4
0.6

24.3
23.5
24.0

0.8
0.3

19.00**

24.5
24.1
23.9

0.4
0.6

24.6
24.0
24.4

0.7
0.2

21.00***

24.9
24.5
24.3

0.4
0.6

25.7
25.1
25.5

0.6
0.2

%

10.4
14.8
15.6

15.7
15.4
16.4

* occupancy commences; ** 1 hours occupancy; *** 3 hours occupancy
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Summary of results for models J, K and L on days 78 and 79 and on days 205 and 206 Appendix 17

Table 17.2: Summary of the kitchen temperature ranges in models J, K & L and the 
percentage increase in temperature from models G, H, & I on day 79

Model & 

Zone

J.5
K. 5
L.5
Range i 05-k5)
Range ii 05-15)

J. 13
K. 13
L. 13
Range iv013-k!3)
Range v 013-113)

Resultant Temperatures (°C) at specific hours 
during day 79 & % increase in temperature

19.00 *

22.1
21.8
21.5

0.4
0.6

23.1
23.0
23.0

0.0
0.0

20.00 **

25.6
25.2
25.0

0.4
0.6

33.7
33.7
33.7

0.1
0.1

21.00***

22.8
22.4
22.2

0.4
0.6

25.4
25.3
25.3

0.0
0.0

%

12.5
12.5
14.9

12.5
13.0
14.7

First floor rooms

Table 17.3 Summary of the bathroom temperature ranges in models J, K & L and the 
percentage increase in temperature from models G, H & I on day 79

Model & Zone

J. 17
K.17
L. 17
Range i 017*17)
Range ii 017-117)

J.23
K. 23
L.23
Range iv 023-k23)
Range v 023-123)

Resultant Temperatures (°C) at specific 
hours during day 79 & % increase in 

temperature
7.00*

21.1
20.5
20.1

0.6
1.0

22.5
22.5
22.1

0.0
0.4

8.00 **

22.8
22.1
21.7

0.6
1.0

28.1
28.1
27.7

0.0
0.4

9.00***

21.5
20.9
20.5

0.6
1.0

23.9
23.9
23.5

0.0
0.4

%

17.8
19.6
21.9

17.9
19.7
21.6

* Ocuupancy and shower begins; ** occupancy and shower finishes; *** temperature stabalises
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Table 17.4 Summary of the left bedroom temperature ranges in models J, K & L and the 
percentage increase in temperature from models G, H & I on day 79

Model & Zone

J. 19
K19
L. 19
Range! (j9-k!9)
Range ii (j 19-1 19)

J25
K25
L.25
Range iv G25-k25)
Range v G25-125)

Resultant Temperatures (°C) at specific 
hours during day 79 & % increase in 

temperature
7.00*

21.3
20.8
20.4

0.5
0.8

23.0
23.1
22.8
-0.1
0.2

22.00 **

22.0
21.4
21.1

0.5
0.8

23.0
23.1
22.9
-0.1
0.2

23.00***

21.9
21.3
21.0

0.5
0.8

23.3
23.1
23.1

0.2
0.2

%

17.2
17.8
19.4

18.0
18.5
19.2

: occupancy ends; ** occupancy commenses; *** 1 hours occupancy

Table 17.5 Summary of the middle bedroom temperature ranges in models J, K & L and 
the percentage increase in temperature from models G, H & I on day 79

Model & 
Zone

J.20
K. 20
L.20
Range i Q2Q-K2Q)
Range ii (J20-120)

J.26
K.26
L. 26
Range iv (J26-R26)
Range v Q26-126)

Resultant Temperatures (°C) at specific hours during day 79 & % 
increase in temperature

7.00*

20.7
20.0
19.7

0.7
1.0

22.7
22.5
22.2

0.2
0.5

20.00 **

21.2
20.5
20.2

0.7
1.0

22.5
22.3
22.1

0.2
0.4

21.00***

21.2
20.4
20.2

0.7
1.0

23.2
22.9
22.7

0.2
0.5

22.00****

21.1
20.4
20.1

0.7
1.0

23.3
23.1
22.8

0.2
0.5

23.00*****

21.1
20.4
20.1

0.7
1.0

23.1
22.8
22.6

0.2
0.5

%

18.0
17.5
18.9

19.4
18.7
19.6

* occupancy ends; ** occupancy commences; *** 1 hour occupancy **** 2 hours occuppancy

***** 3 hours occupancy
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30

25

Graph 17.2 (insulation 300 mm): Resultant temperature in the master bedroom 
compared with the extrenal temperature on days 78 and 79 in models J to L
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Table 17.6 Summary of the master bedroom temperature ranges in models J, K & L and 
the percentage increase in temperature from models G, H & I on day 79

Model & Zone

J.21.
K. 21
L. 21
Range i (J21-k21)
Range ii (j2 1-121)

J.27
K. 27
L. 27
Range iv G27-K27)
Range v Q27-127)

Resultant Temperatures (°C) at specific hours 
during day 79 & % increase in temperature
7.00*

21.3
20.8
20.5

0.6
0.9

23.4
23.1
22.8

0.3
0.6

22.00 **

21.1
20.5
20.2

0.6
0.8

22.6
22.3
22.0

0.3
0.5

23.00***

21.6
21.0
20.7

0.6
0.9

23.4
23.1
22.8

0.3
0.6

%

15.9
16.7
17.7

18.1
19.0
20.3

* occupancy ends; ** occupancy commenses; *** 1 hours occupancy
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DAYS 205 AND 206

Ground floor rooms

Hour 1

Graph 17.3 (insulation 300 mm): Resultant temperature in the lounge compared 
with the external temperature on days 205 and 206 in models J to L

9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47

-ZonelModelJ —•— Zone 9 ModelJ Zone 23 ModelJ Zone 25 ModelJ

— Zone 1 Model K —«—Zone 9 Model K —i—Outside Temp

Table 17.7: Summary of the lounge temperature ranges in models J, K & L and the 
percentage increase in temperature from models G, H, & I on day 206

Model & 
Zone

J. 1
K. 1
L. 1
Range! Ql-kl)
Range ii fll-ll)

J.9
K. 9
L. 9
Range iv (j9-k9)
Range v G9-19)

Resultant Temperatures (°C) at specific hours during day 206 & % 
increase in temperature

7.00*

22.7
22.8
22.8

0.0
-0.1

21.2
21.7
21.8
-0.5
-0.6

8.00 **

23.7
23.8
23.8

0.0
-0.1

22.7
22.9
23.0
-0.3
-0.3

18.00*

24.0
24.0
24.1

0.0
-0.1

22.4
22.5
22.6
-0.2
-0.2

19.00 **

23.8
23.8
23.9

0.0
-0.1

22.2
22.6
22.6
-0.3
-0.4

21.00***

24.4
24.4
24.5

0.0
-0.1

23.2
23.4
23.4
-0.2
-0.2

%

6.6
6.6
6.4

5.1
6.1
5.0

* occupancy commences; ** 1 hours occupancy; *** 3 hours occupancy
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Table 17.8: Summary of the kitchen temperature ranges in models J, K & L and the 
percentage increase in temperature from models G, H, & I on day 206

Model &

Zone

J.5
K. 5
L. 5
Range! (j5-k5)
Range ii Q5-15)

J. 13
K. 13
L. 13

Resultant Temperatures ( C) at specific hours 
during day 206 & % increase in temperature
19.00

23.6
23.7
23.7

0.0
-0.1

23.1
23.2
23.2

20.00** 21.00***

26.5
26.5
26.6

0.0
-0.1

29.6
29.7
29.7

24.0
24.0
24.0

0.0
-0.1

24.3
24.3
24.3

6.3
6.2
6.0

4.7
4.8
4.2

RangeivQ13-kl3) -0.1 -0.1 _____-0.1 __ 
Range v Q13-113) -0.1 -0.1 _____-0.1 __ 
* Cooking commences; ** cooking finishes; *** temperature stabilises

First floor rooms

Table 17.9 Summary of the bathroom temperature ranges in models J, K & L and the 
percentage increase in temperature from models G, H & I on day 206

Model & Zone

J. 17
K.17
L. 17
Range i G17-kl7)
Range ii 017-117)

J. 23
K. 23
L.23
Range iv G23-k23)
Range v 023-123)

Resultant Temperatures (°C) at specific 
hours during day 206 & % increase in 

temperature
7.00*

22.0
22.2
22.3
-0.1
-1.5

21.0
21.2
21.3
-0.2
-0.3

8.00 **

23.4
23.5
23.7
-0.1
-0.3

23.0
23.1
23.2
-0.1
-0.2

9.00 ***

22.5
22.6
22.7
-0.1
-1.8

21.5
21.7
21.8
-0.2
-0.3

%

8.7
8.5
8.6

5.3
5.2
4.8

* Ocuupancy and shower begins; ** occupancy and shower finishes; *** temperature stabalises
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Table 17.10 Summary of the left bedroom temperature ranges in models J, K & L and the 
percentage increase in temperature from models G, H & I on day 206

Model & Zone

J. 19
K 19
L. 19
Range! (j9-k\9)
Range ii (j 19-1 19)

J25
K25
L. 25
Range iv G25-k25)
Range v G25-125)

Resultant Temperatures (°C) at specific 
hours during day 79 & % increase in 

temperature
7.00*

23.2
23.4
23.5
-0.2
-0.3

21.2
21.2
21.3

0.0
-0.1

22.00 **

23.4
23.6
23.7
-0.2
-0.3

21.8
21.9
22.1
-0.2
-0.3

23.00 ***

23.4
23.6
23.7
-0.2
-0.3

21.8
22.0
22.1
-0.2
-0.3

%

5.8
7.6
7.0

2.1
1.8
1.6

: occupancy ends; ** occupancy commenses; *** 1 hours occupancy

Table 17.11 Summary of the middle bedroom temperature ranges in models J, K & L and 
the percentage increase in temperature from models G, H & I on day 206

Model & 
Zone

J.20
K. 20
L.20
Range! (J20-k20)
Range ii (J20-120)

J.26
K. 26
L. 26
Range iv (J26-R26)
Range v (J26-126)

Resultant Temperatures (°C) at specific hours during day 206 & % 
increase in temperature

7.00*

22.6
22.6
22.7

0.0
-0.1

21.1
21.2
21.3
-0.1
-0.1

20.00 **

23.7
23.0
23.1

0.7
0.6

22.1
22.2
22.2
-0.1
-0.1

21.00***

23.5
22.9
23.0

0.7
0.6

22.5
22.6
22.7
-0.1
-0.1

22.00 ****

23.4
22.8
22.9

0.6
0.5

22.4
22.5
22.6
-0.1
-0.1

23.00*****

23.4
22.8
22.9

0.6
0.5

22.1
22.2
22.2
-0.1
-0.1

%

10.3
7.1
6.6

4.7
4.4
4.1

* occupancy ends; ** occupancy commences; *** 1 hour occupancy **** 2 hours occuppancy

***** 3 hours occupancy
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30

Graph 17.4 (insulation 300 mm): Resultant temperature in the master bedroom 
compared with the external temperature on days 205 and 206
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Table 17.12: Summary of the master bedroom temperature ranges in models J, K & L and 
the percentage increase in temperature from models G, H & I on day 206

Model & 
Zone

J.21.
K. 21
L. 21
Range! 0'21-k21)
Range ii (j 2 1-121)

J. 27
K. 27
L.27
Range iv G27-k27)
Range v (J27-127)

Resultant Temperatures (°C) at spec 
during day 206 & % increase in tern
7.00*

21.5
21.5
21.6

0.0
-0.1

21.1
22.3
22.3
-1.2
-1.3

22.00 **

22.1
22.2
22.2

0.0
-0.1

21.0
22.2
22.3
-1.2
-1.3

23.00***

22.4
22.4
22.5

0.0
-0.1

21.6
22.8
22.9
-1.2
-1.3

ific hours 
perature
%

7.6
7.2
6.7

6.9
6.6
6.2

'occupancy
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APPENDIX 18

SUMMARY OF RESULTS FOR MODELS P, Q AND R
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DAYS 78 AND 79

Ground floor rooms
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Table 18.1: Summary of the lounge temperature ranges in models P, Q & R and the 

percentage increase in temperature from models M, N, & O on day 79

Model & 
Zone

P. 1
Q.I
R. 1
Range! (pl-ql)
Range ii (pl-rl)

P. 9
Q.9
R. 9
Range iv (p9-q9)
Range v (p9-r9)

Resultant Temperatures (°C) at specific hours during day 79 & % 
increase in temperature

7.00*

23.7
23.6
23.5

0.1
0.2

25.6
25.4
25.3

0.2
0.3

8.00 **

24.7
24.7
24.5

0.1
0.2

27.2
27.1
26.9

0.2
0.3

18.00*

24.4
24.3
24.2

0.1
0.2

26.3
26.2
26.0

0.2
0.3

19.00**

25.1
25.1
24.9

0.1
0.2

26.7
26.5
26.4

0.2
0.3

21.00***

25.5
25.4
25.2

0.1
0.3

27.8
27.6
27.5

0.2
0.3

%

13.4
15.0
15.7

15.3
16.2
16.8

* occupancy commences; ** 1 hours occupancy; *** 3 hours occupancy
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Table 18.2: Summary of the kitchen temperature ranges in models P, Q & R and the 
percentage increase in temperature from models M, N, & O on day 79

Model & 

Zone

P.5
Q.5
R5
Range i (p5-q5)
Range ii (p5-r5)

P. 13
Q. 13
R. 13
Range iv(p!3-q 13)
Range vjpl3-r!3)

Resultant Temperatures (°C) at specific hours 
during day 79 & % increase in temperature
19.00 * | 20.00 **

21.6
21.8
21.6
-0.2
0.0

23.3
23.1
23.0

0.2
0.3

25.0
25.2
25.0
-0.2
0.0

33.9
33.7
33.6

0.2
0.3

21.00***

22.2
22.4
22.3
-0.2
0.0

25.6
25.4
25.3

0.2
0.3

%

10.2
13.0
13.7

11.6
11.9
12.4

* Cooking commences; ** cooking finishes; *** temperature stablises

First floor rooms

Table 18.3 Summary of the bathroom temperature ranges in models P, Q & M and the 
percentage increase in temperature from models M, N & O on day 79

Model & Zone

P. 17
Q.17
R. 17
Range! (p!7-q!7)
Range ii (p!7-r!7)

P. 23
Q. 23
R.23
Range iv (p23-q23)
Range v (p23-r23)

Resultant Temperatures (°C) at specific 
hours during day 79 & % increase in 

temperature
7.00*

20.8
20.7
20.4

0.1
0.4

23.4
23.1
22.8

0.3
0.6

8.00 **

22.4
22.3
22.0

0.2
0.4

29.1
28.7
28.5

0.3
0.6

9.00 ***

21.2
21.0
20.8

0.1
0.4

24.8
24.4
24.2

0.3
0.6

%

15.6
17.1
21.3

17.3
17.2
19.8

* Ocuupancy and shower begins; ** occupancy and shower finishes; *** temperature stabalises
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Table 18.4 Summary of the left bedroom temperature ranges in models P, Q & R and the 
percentage increase in temperature from models M, N & O on day 79

Model & Zone

P. 19
Q19
R. 19
Range i (P9-Q19)
Range ii (P19-R19)

P25
Q25
R.25
Range iv (P25-Q25)
Range v (P25-R25)

Resultant Temperatures (°C) at specific 
hours during day 79 & % increase in 

temperature
7.00*

21.3
21.2
21.0

0.2
0.4

24.4
24.2
24.0

0.2
0.4

22.00 **

21.8
21.6
21.4

0.2
0.4

24.4
24.1
23.9

0.2
0.4

23.00 ***

21.8
21.6
21.4

0.2
0.4

24.7
24.4
24.3

0.2
0.4

%

15.8
16.2
19.7

18.6
19.7
21.5

* occupancy ends; ** occupancy commenses; *** 1 hours occupancy

Table 18.5 Summary of the middle bedroom temperature ranges in models P, Q & R and 
the percentage increase in temperature from models M, N & O on day 79

Model & 
Zone

P. 20
Q. 20
R. 20
Range! (p20-q20)
Range ii (p20-r20)

P. 26
Q.26
R. 26
Range iv (p26-q26)
Range v (p26-r26)

Resultant Temperatures (°C) at specific hours during day 79 & % 
increase in temperature

7.00*

19.8
19.7
19.5

0.1
0.3

22.7
22.5
22.3

0.2
0.4

20.00 **

20.0
20.0
19.9

0.0
0.2

22.5
22.3
22.1

0.2
0.4

21.00***

20.0
20.0
19.8

0.0
0.2

23.1
22.9
22.7

0.2
0.4

22.00****

20.0
20.0
19.8

0.0
0.2

23.2
23.0
22.8

0.2
0.4

23.00*****

20.0
20.0
19.8

0.0
0.2

23.0
22.8
22.6

0.2
0.4

%

10.6
13.6
14.3

12.6
13.8
14.8

* occupancy ends; ** occupancy commences; *** 1 hour occupancy **** 2 hours occuppancy

***** 3 hours occupancy
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compared with the external temperature on days 78 and 79 in models P to R
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Table 18.6 Summary of the master bedroom temperature ranges in models P, Q & R and 
the percentage increase in temperature from models M, N & O on day 79

Model & Zone

P. 21.
Q. 21
R. 21
Range i (p21-q21)
Range ii (p21-r21)

P. 27
Q.27
R.27
Range iv (p27-q27)
Range v (p27-r27)

Resultant Temperatures (°C) at specific hours 
during day 79 & % increase in temperature
7.00*

20.0
20.6
20.4
-0.6
-0.4

22.4
22.2
22.0

0.2
0.4

22.00 **

19.7
20.3
20.1
-0.6
-0.4

21.7
21.5
21.3

0.2
0.4

23.00 ***

20.2
20.8
20.6
-0.6
-0.4

22.5
22.3
22.1

0.2
0.4

%

10.4
17.1
18.9

12.6
14.2
15.3

* occupancy ends; ** occupancy commenses; *** 1 hours occupancy

A study of the design and thermal performance of two-storey earth sheltered houses for the UK climate 56



Summary of results for models P, Q and R Appendix 18

DAYS 205 AND 206

Ground floor rooms

Graph 18.3 (insulation 300 mm): Resultant temperature in the lounge compared 
with the external temperature on days 205 and 206 in models P to R
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Table 18.7: Summary of the lounge temperature ranges in models P, Q & R and the 
percentage increase in temperature from models M, N, & O on day 206

Model & 
Zone

P. 1
Q.I
R. 1
Range! (pl-ql)
Range ii (pl-rl)

P. 9
Q.9
R. 9
Range iv (p9-q9)
Range v (p9-r9)

Resultant Temperatures (°C) at specific hours during day 206 & % 
increase in temperature
7.00*

22.0
22.0
22.1

0.0
-0.1

22.1
22.1
22.2

0.0
-0.1

8.00 **

23.0
23.0
23.1

0.0
-0.1

23.6
23.6
23.7

0.0
-0.1

18.00*

23.3
23.4
23.3
-0.1

0.0

23.3
23.4
23.4
-0.1
-0.1

19.00 **

23.0
23.1
23.1
-0.1
-0.1

23.1
23.1
23.2

0.0
-0.1

21.00***

23.6
23.6
23.7

0.0
-0.1

23.9
23.9
24.0

0.0
-0.1

%

6.1
6.1
5.7

5.3
5.3
5.1

* occupancy commences; ** 1 hours occupancy; *** 3 hours occupancy
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Table 18.8: Summary of the kitchen temperature ranges in models P, Q & R and the 
percentage increase in temperature from models M, N, & O on day 206

Model & 

Zone

P.5
Q.5
R. 5
Range i (p5-q5)
Range ii (p5-r5)

P. 13
Q. 13
P. 13
Range iv (p!3-q!3)
Range v (p!3-r!3)

Resultant Temperatures (°C) at sp 
during day 206 & % increase in tern
19.00 *

23.2
23.2
23.3

0.0
-0.1

23.2
23.2
23.2

0.0
0.0

20.00 **

26.1
26.1
26.2

0.0
-0.1

29.6
29.6
29.6

0.0
0.0

21.00***

23.5
23.6
23.6
-0.1
-0.1

24.2
24.3
24.3
-0.1
-0.1

ecific hours 
perature
%

6.0
5.8
5.6

4.6
4.4
4.3

First floor rooms

Table 18.9: Summary of the bathroom temperature ranges in models P, Q & R and the 
percentage increase in temperature from models M, N & O on day 206

Model & Zone

P. 17
Q.17
R. 17
Range! (p!7-q!7)
Range ii (p!7-r!7)

P. 23
Q. 23
R. 23
Range iv (p23-q23)
Range v (p23-r23)

Resultant Temperatures (°C) at specific 
hours during day 206 & % increase in 

temperature
7.00 *

21.1
21.2
21.3
-0.1
-0.2

21.3
21.3
21.4

0.0
-0.1

8.00 **

22.4
22.4
22.5

0.0
-0.2

23.1
23.1
23.2

0.0
-0.1

9.00 ***

21.3
21.4
21.5
-0.1
-0.2

21.5
21.6
21.6
-0.1
-0.1

%

7.6
7.2
6.5

5.3
5.6
4.0
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Table 18.10: Summary of the left bedroom temperature ranges in models P, Q & R and the 
percentage increase in temperature from models M, N & O on day 206

Model & Zone

P. 19
Q 19
R. 19
Range i (p9-q!9)
Range ii (p!9-r!9)

P25
Q25
R. 25
Range iv (p25-q25)
Range v (p25-r25)

Resultant Temperatures (°C) at specific 
hours during day 79 & % increase in 

temperature
7.00*

21.4
21.4
21.5

0.0
-0.1

21.4
21.5
21.5
-0.1
-0.1

22.00 **

21.5
21.5
21.6

0.0
-0.1

22.3
22.3
22.4

0.0
-0.1

23.00 ***

21.5
21.6
21.6
-0.1
-0.1

22.0
22.1
22.1
-0.1
-0.1

%

7.3
6.7
6.1

4.2
3.9
3.6

* occupancy ends; ** occupancy commenses; *** 1 hours occupancy

Table 18.11: Summary of the middle bedroom temperature ranges in models P, Q & R and 
the percentage increase in temperature from models M, N & R on day 206

Model & 
Zone

P. 20
Q. 20
R.20
Range! (p20-q20)
Range ii (p20-r20)

P. 26
Q.26
R. 26
Range iv (p26-q26)
Range v (p26-r26)

Resultant Temperatures (°C) at specific hours during day 206 & % 
increase in temperature

7.00*

21.1
21.2
21.3
-0.1
-0.2

21.4
21.4
21.5

0.0
-0.1

20.00 **

21.3
21.3
21.4

0.0
-0.1

21.7
21.7
21.8

0.0
-0.1

21.00***

21.2
21.3
21.4
-0.1
-0.2

22.1
22.2
22.2
-0.1
-0.1

22.00 ****

21.2
21.3
21.3

0.0
-0.1

22.1
22.2
22.2
-0.1
-0.1

23.00*****

21.3
21.3
21.4

0.0
-0.1

21.9
21.9
22.0
-0.1
-0.1

%

6.1
5.3
5.2

9.0
3.5
3.3

* occupancy ends; ** occupancy commences; *** 1 hour occupancy **** 2 hours occuppancy
***** 3 hours occupancy
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Graph 18.4 (insulation 300 mm): Resultant temperature in the master bedroom 
compared with the external temperature on days 205 and 206 in models P to R
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Table 18.12: Summary of the master bedroom temperature ranges in models P, Q & R and 
the percentage increase in temperature from models M, N & O on day 206

Model & 
Zone

P. 21.
Q.21
R.21
Range i (p21-q21)
Range ii (p21-q21)

P. 27
Q. 27
R. 27
Range iv (p27-q27)
Range v (p27-r27)

Resultant Temperatures (°C) at spec 
during day 206 & % increase in tern
7.00*

21.8
21.8
21.8

0.0
0.0

22.0
22.0
22.1

0.0
-0.1

22.00 **

21.9
21.9
22.0

0.0
-0.1

21.6
21.7
21.8
-0.1
-0.2

23.00***

22.3
22.2
22.3

0.1
0.0

22.2
22.3
22.3
-0.1
-0.1

ific hours 
perature
%

5.5
5.3
4.9

4.7
4.3
4.0

* occupancy ends; ** occupancy commences; *** 1 hours occupancy
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APPENDIX 19
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Unpublished Conference Publication:

1. Littlewood J. R. Perm R. G. Wild S. Earth Sheltered Housing: A Sustainable Form 

of Housing for the UK. Presented at The European Network for Housing Research 

Conference, Cardiff, Wales, September 1998.

Refcreed Conference Publication:

1. Littlewood J. R. Perm R. G. Wild S. The Case for earth Sheltered Housing. 

Proceedings of the CIBSE National Conference on 'Harnessing technology for 

sustainable development', Bournemouth, Britain, October 1998.

2. Littlewood J. R. Butler T. J. A Building Services Engineers Role In the Millenium's 

New Homes. Proceedings of the CIBSE National Conference on 'Engineering in the 

21 st Century - the changing world', Harrogate, Britain, October 1999.

Refereed Journal Publications:

1. Littlewood J. R. Geens A. J. A New Multidisciplinary Team for the UK's 21 st 

Century Homes. International Journal of Environmental Technology and 

Management - Special Issue on Sustainable Development. Accepted for publication 

in 2001.
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EARTH SHELTERED HOUSING, A SUSTAINABLE FORM OF HOUSING FOR THE UK

Littlewood J. R. Penn R. G. Wild S. 

Abstract

Three major problems face the UK over the next two decades: the identified need for over 4.4 million 
homes, the changing customer demands, and the recognition that future development should be 
sustainable. A possible solution to these problems is the construction of earth sheltered housing, which is 
relatively common in the USA, but not in the UK. In this paper a working definition of sustainable 
development applicable to new housing is formulated, comprising six facets which are land sustainability, 
materials sustainability, autonomy, health, transport sustainability and affordability. Examples of earth 
sheltered houses within the UK are assessed against five of these six criteria. They are found to satisfy 
completely the criterion of land sustainability; they have the potential to satisfy materials sustainability to 
a large extent; they have proved to be affordable; and autonomy is found to be far easier to achieve with 
earth sheltered housing than with conventional housing. Three types of earth sheltered house are 
identified, these are termed the Exposed South Wall type, the Rooflight type and the Courtyard type. The 
Exposed South Wall type is found to have significant advantages. The greatest barrier, however, to the 
widespread adoption of earth sheltering for mass housing in the UK may be the perceived lack of comfort 
and adverse psychological effect of living partially or totally below ground. This is being evaluated in a 
research program which commenced at the University of Glamorgan at the end of 1996.

Introduction

The providers of new housing in the UK face three major problems over the next two decades. A need for 
4.4 million new homes by the year 2016 has been identified. There are increasing customer demands for 
more space and energy efficiency at an affordable price. There is also recognition that any new homes 
produced must be built in a sustainable way and in a way which allows them to be lived in on a 
sustainable basis. If these three problems can be solved, then sustainable development will become a 
reality in an area where currently, a significant contribution is being made to both global and local 
environmental problems.

The Need for New Homes

A recent paper (1) from the Department of the Environment, Transport and the Regions', entitled 
'Planning for the Communities of the Future' states that there is a requirement for 175,000 new houses 
each year until 2016. This figure comprises 46% from population growth, 21% from changes in age 
structure and 33% from changing social behaviour. When multiplied by twenty five years (from 1992), 
this figure is not dissimilar to the predicted requirement given in a previous government paper, 
'Household Growth: Where Shall We Live (1). Two leading independent experts have agreed that these 
figures are realistic and may even be an underestimate. Professor Alan Hooper, head of the Centre for 
Residential Development at Nottingham Trent University states that (2):

'All house-hold predictions made since 1977 had been underestimated and in the last five years 
150,000 homes have been built while new households had formed at the rate of 170,000 (per 
year)'

Professor Alan Holmans, presently of Cambridge University, and formally the Chief Economist of the 
former Department of the Environment is certain that the published figure is sound, but has identified a 
further complication to the prediction in that there is actually a reservoir of unmet need for 500,000 
houses in the social lettings sector, which has accumulated since 1993 (3).

The government wants at least 60% of new homes to be developed on brownfield sites. Therefore, the 
findings of Lord Rogers' new task force, which has the role of coming forward with ideas for making 
better use of recycled land, will be eagerly awaited by the house building industry (4). Hopefully, the 
question over what will happen in areas where there is high household growth and there are no suitable 
brownfield sites available, will be addressed. Perhaps in the worst case scenario, development upon 
greenfield sites, will be the only solution.
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The number of houses needed by the year 2016 and the location of these houses are not the only concerns 
facing the house-building industry. There is a the change in the type of people who want to buy these 
houses and what they actually desire from their housing. A number of specialists have been conducting 
research in this area.

Professor Alan Hooper has recently conducted a research study for the Housing Research Foundation, the 
aim of which was to establish what single person households really want in terms of housing. The study 
has identified that eighty percent of the projected requirements for new housing between 1991 and 2016 
will be for single people mainly aged between 35 and 54. Contrary to the belief of many house builders 
and politicians, this growing and financially capable sector of the market does not want to live in small 
flats or bedsits, and will only live on brownfield sites if the quality of the environment is right. They 
want to live in variety of locations, with spacious accommodation, good security and green open areas 
being important features in any housing they occupy (5)

These findings are confirmed by another independent research report, entitled 'Consumer Confidence, 
Product and Location Requirements', undertaken by Mulholland Research Associates which was also 
initiated to establish what potential house buyers want. The report discovered that single people 
(identified as an important market sector above) do not want small nouses with small bedrooms, which 
are built in high densities, with a lack of amenities and character. They desire houses which score highly 
in terms of energy efficiency, which incorporate a master and spare bedroom, which have a multi-purpose 
room which could be used as a study, hobby room or even a third bedroom, and which have plenty of 
storage areas and a large kitchen (6).

Whatever the rights and wrongs of the debate on the extent of current housing demand, it seems clear that 
the demand for new housing is generating increasing demand for available development land, and 
especially greenfield sites. This also generates demand for other limited resources, building materials and 
energy. Therefore, taking the advice of the Construction Minister, Nick Raynsford and the National 
House Building Council's (NHBC) director of technical services, Christopher Mills, the housing debate 
should move forward and concentrate on providing housing which incorporates sustainability and energy 
conservation, which takes into consideration climate change and the finite extent of natural resources and 
which attempts to minimise pollution (7).

Any housing which is provided must be environmentally and socially sustainable, locally acceptable and 
contextually compatible. This should apply, whether people live in the city or the country (8).

Sustainable Development of New Housing

Sustainability has been discussed widely by the media since the publication of the Brundtland Report in 
1987, and this report's definition of sustainable development, 'development which meets the needs of 
today without affecting the ability of future generations to meet their needs' is a useful definition, 
although it has been widely criticised.

Currently, Birkbeck (9) believes that 'sustainable development is merely a vague planning objective' in 
the sense that, following the UN Earth Summit in 1992 attended by many UK delegates, there is 
widespread enthusiasm for sustainable development but a lack of action. Certainly there is little evidence 
to suggest that this enthusiasm is leading to practical approaches by local authorities, housing associations 
or speculative house builders on a large scale. On a relatively small scale there have been some 
development during 1998, by speculative house developers working on small, one off, 'green' projects. 
For example, at the Millennium village site in London, Berkley Homes have teamed up with Northern 
Rock Building Society to develop a concept house known as an Integer home. This incorporates many 
features which could be considered to make it sustainable. However, most volume house builders are 
still cautious towards any form of sustainable development and do not believe homes with increased 
technology and green features are likely to be offered on a mass scale, and at this stage they still think that 
sustainable features do not add value to their properties (10)

Sustainable building development was described by Kibert et al (11) as:

'the creation and management of a healthy built environment based on resource efficient and 
ecological principles'
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Land and building materials, with their associated energy use, are the principal resources which are used 
in the construction of new housing. Also substantial energy and water consumption are associated with 
the occupation of most of the new housing currently being built. In addition, the potential for pollution 
from the use of fossil fuels and the disposal of sewage is likely to produce ecological problems.

Indeed, the director of technical services at NHBC, Christopher Mills argues that sustainable housing 
must fit the criteria of minimum use of land and non-renewable sources, maximum energy efficiency, re 
use and recycling of materials, minimum water and air pollution and waste production and the 
introduction of'lifetime homes' (12)

Thus, sustainability in new housing development can be characterised as land sustainability, materials 
sustainability and autonomy, where autonomy is the ability of new houses to be lived in without making 
any demands on mains services or non-renewable energy sources.

Recent work on environmental assessment of new housing, such as the Building Research Establishment 
publication 'The Environmental Standard' (13), has given special consideration to health, as have Kibert 
et al (11) in their definition of sustainable construction, and more recently Cave (14). According to Cave, 
the quality of the air we breathe, the water we drink and the buildings we inhabit, particularly in inner city 
areas is important if housing is to support healthy sustainable communities. Hence 'healthy environment' 
should be added to land sustainability, materials sustainability and autonomy as the fourth characteristic 
of sustainable housing development.

A fifth criterion of sustainable housing development is affordability. It is of little use to potential 
purchasers or developers if housing is built which meets the first four criteria of sustainability, but is so 
expensive to develop that house builders cannot afford to develop and buyers cannot afford to purchase 
the houses. Therefore, any houses which are built must be at similar prices to more conventional houses, 
and if they are more expensive initially, the sustainable features incorporated into the house must give the 
occupiers a reasonable short payback period in terms of, for example savings from utility bills. A further 
criterion of sustainability is that a range of employment, commercial and social facilities should be within 
a safe and convenient distance for walking or cycling, or there must be access to affordable and reliable 
public transport (14).

Thus, to be truly sustainable, housing would use no finite resources in terms of either land or materials, 
cause no pollution or environmental degradation in its use of land and materials, would make no demands 
on mains services or non-renewable resources, would provide a healthy environment, be competitively 
priced and would enable use of sustainable transport. In practice and reality such perfection is likely to 
prove impossible to achieve, and acceptable limits will need to be set for the use of abundant but finite 
resources and irreversible environmental degradation. Such limits could be said to have been set by the 
Building Research Establishment's 'Environmental Standard' (13) which requires the achievement of a 
given number of 'credits' for new homes seeking the Standard.

Nevertheless, the ultimate aim should always be maximum land sustainability and materials 
sustainability, as well as autonomy, a healthy internal environment for its occupants, affordability and 
transport sustainability.

Earth Sheltered Housing

Earth sheltered buildings may be considered as a relatively sustainable form of housing. Therefore, they 
are assessed below in terms of the sustainability criteria listed above. They are nothing new and have 
been used as a form of habitation for thousands of years by many civilisations including the Chinese, the 
Japanese, and more recently the Americans and the British (15). There are seventeen earth sheltered 
houses occupied currently in the UK with ten others at various stages of development: Table 1 lists these 
houses.

To construct an earth sheltered house (ESH) literally means to shelter the structure with earth taken from 
the excavation of the site upon which it is built. Three types of ESH can be identified.
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The first is the 'Exposed South Wall' type (see figure 1) which has an external wall facing within 30 
degrees either side of South. This wall is exposed to the outside air and contains all the windows and 
doors. The remainder of the building envelope is earth sheltered. The ESH is built on a sloping site or the 
land is sloped outside the sheltered external walls. A slight variation to this type would also allow the East 
and West elevations to have vertical windows, protruding through the earth sheltering (see Plate 1).

No
1
2
3
4
5
6
7
8
9
10
11

12
13-17

18
19
20
21
22
23
24

25

26

27

Location
Caer Llan, Monmouth
Maesycoed, Herefordshire
Stepaside, Pembrokeshire
Westonbirt, Gloucestershire
Wadebridge, Cornwall
Cheviot Hills, Northumbria
Holme, W. Yorkshire
Isleham, Cambridgeshire
Bushey Heath, Hertfordahire
Tunbridge Wells, Kent
Trelleck, Monmouthshire

Witney, Oxfordshire
Hockerton, Nottinghamshire

Portstewart, County Antrim
Wisbech, Cambridgeshire
Avoncliff, Avon
Fulbrook, Gloucestershire
Monmouth
Cambridge
Birmingham

Pembrokeshire

Central London

Devon

Development Process, As At April 1998
Occupied for 1 0 years
Occupied for 3.5 years
Partly occupied, with internal finishes still to complete
Occupied for 1 7 years
Occupied for 2.5 years
Occupied for 1 .5 year, still to be earth sheltered
Occupied for 24 years, (the first in the UK)
Occupied for 2.5 years
Occupied for 2 years
Occupied for 2.5 years
Planning permission received August 1997. Construction to 
commence Spring 1998
Outline planning permission granted with conditions.
The biggest development of earth sheltered houses within 
the UK. Five houses, one is to be complete for December 
1998, for one family.
Occupied for 2 years
Outline planning permission received
Occupied for 8 months
Planning permission has been granted.
Detailed design stage
Outline planning permission received
Full planning permission received, detailed designs 
commencing
Full planning permission received, detailed designs 
complete, Construction in progress
Occupied 4 years

Occupied for 8 months

Table 1: Earth Sheltered Houses Within the UK

The Exposed South Wall type is by far the most common type of ESH in Britain (seventeen of the above 
twenty seven houses are of this type) primarily because the houses can look similar to conventional forms 
of housing in terms of external appearance, except for the earth covering to the roof and some walls. 
Consequently, their appearance does not suggest to prospective occupiers or future purchasers that the 
houses will be 'for troglodytes', or are 'dark, damp and cold', and their occupiers can still enjoy distant 
views, whilst benefiting from all the advantages of earth sheltering. More importantly though, these ESHs 
tend to capture more winter passive solar gain than other forms of ESH, which helps to reduce or even 
eliminate the requirement for active space heating. Also the potential for summer overheating is 
minimised.
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Existing slope level

Patio 
Earth Bund garden

Figure 1: Typical cross section of a 'Exposed South Wall' type Earth Sheltered House

The second type can be termed the 'Rooflighf type ESH (see Figure 2) where the house is built 
completely below ground level and daylighting is provided via roof lights surmounting shafts which 
penetrate the earth cover. On a flat site, steps or ramps are required to allow access to external doors. For 
the reasons discussed above there is only one such house within the UK, 'Undermill', which is situated in 
Bushey Heath, Hertfordshire, North west london (see Plate 2).

The third type can be termed as the 'Sunken Courtyard' type ESH and is a slight variation of the Rooflight 
type ESH. The main difference is that instead of domes the house incorporates sunken courtyards, with 
conventional vertical windows positioned in front of internal corridors. These courtyards allow daylight 
into the internal spaces and allow private external movement (see Figure 3). There is only one such house 
in the UK and this is near Bradford Upon Avon, where the house is built around a disused sunken 
reservoir (see Plate 3).
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KEY
Daylight path

Figure 2: Rooflight Type Earth Sheltered House
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Figure 3: Sunken Courtyard Type Earth Sheltered House

Earth Sheltered Dwellings and Land Sustainability

Constructing a house as an ESH almost invariably reduces the visual impact of the house upon its 
immediate environment. All the Exposed South Wall ESHs which have been built and are now occupied 
in the UK have at least a 75% earth covering and the 'Rooflight1 ESH in Bushey Heath has an 85% 
(allowing for the protruding domes) covering of earth. Unlike in more conventional forms of houses with 
their four exposed facades and pitched roofs, in ESHs the excavated earth and topsoil which has been 
removed during construction, is replaced in its previous position on completion, and therefore natural 
landscapes and habitats, although temporarily damaged are subsequently reinstated. By sheltering the 
roof of an ESH it provides an amenity for all the occupants, in the form of a natural garden. A garden on 
the roof of an ESH in addition to a conventional garden at the rear of the house, provides a larger garden 
and amenity space compared with a conventional above ground house using the same land area.

To further reduce the visual impact of the house and the garden upon the immediate environment and 
provide the occupants with private views of the landscape (excluding the Rooflight type ESH), careful 
planting of indigenous species in hedgerows and/or landscaping of earth bunds and hedgebanks could be 
undertaken (see Figure 1). Additionally, excavated earth could be landscaped into earth bunds and
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hedgebanks to reduce the visual appearance of access roads (see Figure 4). This would contribute to 
combating typical Local Authority Planners objections to the trappings of habitation, such as garden 
furniture, washing lines and parked cars.

Earth 
bunds

Earth 
bunds

Option 1-Earth bunds to car height

Hedge 
banks

Hedge 
banks

Option 2-Hedgebanks to car height

Figure 4: Reducing the visual impact of roads on an ESH development

One owner of an Exposed South Wall type ESH, "No Mans Land' in Wadebridge, Cornwall (see Plate 1), 
uses his roof garden as a vegetable patch, whereas the owner of another Exposed South Wall type ESH 
Caer Llan, in Monmouth (see Plate 4 for a brief summary of this building) has planted his roof garden 
with a variety of alpine plants and grass. It is also used as a seating area for barbecues in the summer, as 
it has extensive views over a rural valley in South East Wales.

This limited impact on both natural habitats and the landscape as an amenity could be one answer to the 
concerns over the expansion of greenfield and countryside development; with careful orientation, the 
inclusion of native species in hedgerows and other planting, and landscaping with earth bunds to the front 
of the ESHs, can be said to almost eliminate such impact (see figure 1). Certainly it can be said that ESHs 
do not sterilise the land upon which they are built, in contrast with conventional housing developments.

This advantage of the ESHs has already been accepted by a number of Local Planning Authorities in 
England and Wales. For example, the Hockerton project of five 'Exposed South Wall' type ESHs has been 
given Planning Permission and is being built on Green Belt land in Nottinghamshire. Also 
Monmouthshire County Council recently amended its Local Plan to allow the possibility of Planning 
Permission being granted for earth sheltered dwellings on 'white land' where it would not be granted for 
conventional dwellings (16). It is reasonable to expect that these and other cases will provide a precedent 
for other Local Planning Authorities to follow.

Earth Sheltered Dwellings and Autonomy 

Reduction In Space heating requirements

There are a number of principles which should be used, if an ESH is to have a reduced or zero active 
space heating requirement. They are:

{ an optimum thickness of earth cover,
{ a massive envelope,
{ Windows orientated towards South or 30 degrees either side of

South, 
{ appropriately positioned insulation,
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{ appropriately positioned water proof membrane, 
{ built in ventilation heat recovery system.

The first principle to adopt when constructing an earth sheltered building is to use an optimum thickness 

of earth to cover the structure. Wherever an ESH is located in the UK, the optimum thickness is 1.5 

metre. The temperature at the outside of the structure (i.e. at the wall-earth interface) will depend upon 

the location within the UK. For example, if the ESH is located in South Wales (or South West England) 

the temperature at the outside of the structure will remain very close to 11 degrees Celsius, (see figure 5), 

with only a 1 degree fluctuation above and below this temperature (17), whereas, in Scotland this figure 
could be nearer 9 °C.

This has important implications: firstly, it means that the rate of heat loss through the parts of the 

envelope sheltered by earth will be slower in cold weather than through similar exposed parts because 

there will never be a large temperature difference between inside and outside. Therefore reduced cooling 

will be achieved in the winter. This means that the internal spaces are less susceptible to seasonal 

variations in temperature, weather changes, and the changes in temperature between night and day.

If a thinner earth cover than the optimum is used, then soil temperatures will be less stable and 

fluctuations in the soil temperature will be greater (18). For example, Underbill, the first ESH which was 

built in the UK has only 300 mm of earth cover and therefore includes a central heating system in its 

design. According to Carpenter, this leads to annual heating costs of £500.00, which, with the levels of 

thermal insulation required by current Building Regulations is no better than a conventional above ground 

house of the same size and location.

Ground level

Temperature °C 

-25 -20 -15 -10 -505 10 15 20 25 30 35 o.O
i r i i i xi i i y i i r

Temperature fluctuating between 10/12 °C 1.5 metres to roof

covering

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

metres

Figure 5: Temperature Gradient Through Different Depths of Soil

The second principle for maximum energy efficiency, in building an ESH, is to specify a massive 

envelope construction, typically between 300 mm to 600 mm thick. This is so that heat from passive 

solar gain or other sources, will be stored in the same way as it is in storage heaters.

At Caer Llan the external walls and roof are 1 metre thick concrete blockwork, except for the exposed 

front wall, which is just over 500 mm thick. The partition walls separating the study rooms from one 

another and the wall between the solar corridor and the study rooms are 225 mm thick masonry.
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Whilst at No Mans Land, all the external walls and roof are 300 mm thick reinforced concrete. The 
partition walls between all the rooms are 150 mm concrete blockwork, except for the wall between the 
living areas and solar corridor, which is 650 mm thick lean mix concrete, faced with local stone.

The third principle to adopt when constructing an ESH is to ensure that where there is wall exposed to 
the air, it faces within 30 degrees of South and there is a large area of glazing to capture passive solar 
gain. Passive solar gain is one of the most important sources of heat gain in an ESH, if it is to achieve a 
zero active space heating requirement. Maximum passive solar gain in the 'heating season', without 
summer overheating, is most easily achieved in 'Exposed South Wall' type ESHs, which is probably why 
they are the most popular design for ESHs in Britain and America. In the Southern hemisphere of course, 
including Australia where there are many of this type, instead effacing South the exposed wall must face 
in a Northerly direction.

To contribute to reducing over-heating in the summer without reducing solar gain in winter, there are a 
number of alternatives which can be included in the design: deciduous trees and climbing plants 
positioned in front of or around these windows, overhangs, deep reveals, brises soleil, and pergolas. In 
the summer any of these features would reduce the amount of passive solar gain which actually enters an 
ESH, and therefore reduce over-heating, whilst in the winter, passive solar gain would occur in the ESH 
as the above features would not prevent low angle solar radiation from penetrating the internal spaces. 
Hence, in the winter, passive solar gain would make an important contribution to space heating.

At Caer Llan, the total area of the glazing, which faces 30 degrees West off South, is 38 m2, which can 
produce between 2.5 and 5.5 kW of solar heat gain (17). As these windows are vertical the solar gain is 
greatest during the spring and Autumn, when the sun is lower in the sky than in summer and shines longer 
than it does during winter. Unfortunately, early spring sun has caused problems of over-heating at Caer 
Llan (seep 15).

In contrast the ESH 'No Mans Land' has a total area of glazing, facing due South and due West, of 23 m2, 
which can produce between 2.2 and 4.8 kW. Less solar gain penetrates in summer when the sun is higher 
in the sky, so the risk of summer overheating with a much smaller floor area is reduced. The windows at 
T^o Mans Land' are a combination of vertical windows and roofing to the solar conservatory, and 
therefore the solar gain is maximised year round. According to its owner, No Mans Land does not suffer 
from overheating in the summer, as a result of excessive passive solar gain penetrating the conservatory 
roof, even though the sun is at a higher angle in the sky and there are more hours of sunshine during the 
day, than in the winter. This is due to the massive wall between the conservatory and the living areas (see 
page 12).

In comparison to Caer Llan and No Mans Land where the orientation of these ESHs is used to its best 
advantage, Undermill in Bushey Heath, North West London does not share the benefits of passive solar 
gain to the same extent. This house (as discussed previously, and highlighted in plate 3) is an 'Rooflight' 
type ESH and can only capture passive solar gain through its pyramid roof lights and two West facing 
'patio doors' (access to two bedrooms). The total glazing is only 10 m2 (6 m2 of this faces West and is 
shaded by a four metre high bank) and as such only provides 1 kW of heat, according to its owner. The 
inclusion of rooflights at Undermill contributes to over-heating in the summer, and excessive heat losses 
in the winter, and year round during the night.
The over-heating in the summer is caused because the owners of Undermill do not use any shading 
system with their rooflights and therefore on days when there is sun, excessive passive solar gain is able 
to penetrate the internal spaces of this ESH. When this heat gain is combined with daily use of the central 
heating system, taking account the thin external walls (200 mm), the accommodation often overheats 
even though the thermal insulation is on the outside of the structure (insulation is discussed on p. 13). 
The excessive heat losses in the winter and during the night can also be attributed in part to the absence of 
moveable insulation for the rooflights. In the Northern hemisphere all rooflights, and windows which 
face North and have no insulation during the night, lose more heat than they gain (17).

These combined factors are probably the reasons why this type of ESH is unpopular with both would be 
occupiers and designers of ESHs.

The fourth principle for maximum energy efficiency is that earth sheltering should provide an addition to 
the thermal insulation of the envelope, not a substitute for it. Malcolm Wells, one of the American
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pioneers who in the 1970s started modern development of earth sheltered houses, soon discovered that 
without insulation an earth sheltered house could be uncomfortably cold even in hot weather (17). Such a 
house still loses heat at a relatively high rate to the surrounding earth and the heat input from occupants, 
lighting, electrical appliances and passive solar gain is not sufficient to maintain a comfortable 
temperature. In addition, the actual positioning of the insulation can affect the rate at which the ESH 
loses heat. Insulation can either be positioned at the internal wall-room interface, or the external wall- 
earth interface. For example, when Carpenter built his Berm house in 1988, where the internal rooms 
(study bedrooms) are only occupied intermittently, he wanted internal spaces which would respond very 
quickly to heat gains. He discovered that by placing insulation just inside the internal face of the external 
wall (behind a 100 mm leaf of masonry) the internal rooms responded very quickly to passive solar gain, 
occupancy, lighting and electrical appliances.

In placing the insulation on the inside of the structure any heat gains will quickly raise the internal 
temperature. As the air temperature rises so does the temperature of the internal leaf of masonry. This is 
because the thermal capacity of air is very low and it dissipates part of any substantial heat gains into the 
masonry. There is no rapid heat loss from the internal area into the main structural envelope (behind the 
insulation) as the insulation provides a barrier to this heat transfer. As the internal layer of masonry has a 
higher thermal capacity than the air, it holds the heat for a longer period than the air (19). Nevertheless, 
there is some heat loss, albeit at a reduced rate into the structure, behind the insulation, and this heat is 
stored at a temperature only just above that of the soil. By raising the outer structure temperature it 
reduces the heat loss through the insulation and is a slight benefit (see figure 6).
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Figure 6: Insulation On The Inside of The Mass Envelope: typical temperature gradient

However, there is a slight problem with positioning insulation towards the inside of the massive envelope 
structure, in terms of over-heating. As the rooms were designed to be occupied mainly at night, after 
evening activities in the main house, it was anticipated that heat gains associated with occupancy would 
only be present for short periods. It was also presumed that the sun, (during the winter when it was at low 
angles in the sky and not too powerful in its intensity), would provide one of the main sources of heat. 
However, it was discovered during a study visit to Caer Llan, by students from the University of 
Glamorgan that this is not always the situation.

In late Spring when hours of sunshine are fairly long, but the sun is still fairly low in the sky and can 
therefore still penetrate the internal spaces, it can contribute to overheating in the internal rooms (there is 
nothing except heat loss to the earth to prevent overheating from the sun in the summer, as Caer Llan 
does not incorporate any summer shading devices except deciduous trees, which do not come into leaf
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until May). The student visit to Caer Llan was in April 1997, and there had been clear cloudless days for 
over a week. Inside the buffer corridor (Figure 7 depicts a section through Caer Llan), the temperature 
was 26 °C (6 °C higher than the design temperature). In the study bedrooms the temperature was 22 °C (it 
was cooler due to the buffering effect of the partitions, which are 225 mm thick masonry panels between 
the solar corridor and the bedrooms, and the heat loss to the earth). However, after ten minutes 
occupation of a bedroom by twelve students, the temperature had risen to 27 °C, and was still rising as the 
students left the room ten minutes later.
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garden
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Overburden of earth

Bathroom Study bedrooms

South 
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Figure 7: Section Through Caer Llan Berm House

It may also be the case that the positioning of the insulation towards the inside of the building envelope at 
Caer Llan, reduces the capacity of the building and the structure to store heat at a relatively high 
temperature and over a medium term. Thus, allowing the accommodation to become cooler than it 
otherwise would, during periods of cold weather where there are no solar or occupancy heat gains. Under 
such conditions the temperature has fallen to as low as 16 °C; this is only slightly below comfort level, 
but the temperature rises within minutes as soon as heat gains, including those from occupancy are 
introduced. Nevertheless, it might be considered unsatisfactory by some householders.

A possible solution to these problems is to position the insulation outside the structure, but inside the 
waterproof membrane. The internal spaces and structure would then act in a completely different way 
from the above, (see Figure 8). This method has been adopted by many architects and designers in the 
UK, America and Australia (20). The ESHs which have positioned their insulation in this way benefit 
not once, but twice from the heat which is lost from internal spaces.

In placing the insulation on the outside of the mass structure, any heat gains raise the air temperature of 
the accommodation fairly slowly, because the greater proportion of any potential heat gain is stored in the 
massive structure and only a minority in the air, compared with a more equal distribution at Caer Llan. 
The storage of heat inside the massive structure is the first 'heat advantage'. This heat would be stored at 
a temperature 18-20 °C if the internal air temperature is 20 °C. The second 'heat advantage' relates to the 
influence of the heat lost from the structure, through the insulation and into the soil. Once in the soil the 
heat will then be stored in the long term, at a low temperature. It has been shown that it takes heat 
between three and five and half months to travel six metres through the earth (20).
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Figure 8: Conjectural temperature gradient with insulation on the outside of the structure

In the UK most of the earth sheltered houses which have been built have their insulation on the outside of 
the structure. Unfortunately, most of these houses do not incorporate all the principles of earth sheltering 
and consequently have to use forms of active space heating to maintain comfortable internal temperatures, 
and therefore do not provide good examples to compare with Caer Llan.

However, there is one exception, 'No Mans Land', discussed earlier. According to its owner this ESH has 
maintained a constant internal temperature of 19/20 °C during the two years of its occupation. In 
comparison to Caer Llan, No Mans Land is said to have a more static internal temperature year round, 
which its owners believe provides a very comfortable internal environment. Responses to heat gains or 
absence of heat gains are quite slow, which some people may view as a disadvantage, but provided the 
internal temperature is always close to the comfort level of its occupants, such views are difficult to 
justify.

The insulation at No Mans Land is near the outside of the structure, with a 300 mm thickness of concrete 
inside it. Because of this, more heat will be stored inside the insulation during periods of heat gain than at 
Caer Llan. As there is more heat the temperature of the concrete will fall more slowly when the source of 
heat gain is removed, and the air temperature in the accommodation will also fall more slowly, because 
the air will lose heat to the concrete more slowly. This should give the structure at No Mans Land the 
ability to store heat effectively and maintain comfortable temperatures, even for periods of several days 
when there is no sunshine, and no other forms of heat gain.

A compromise between these two earlier suggestions would be to split the layers of insulation, with one 
layer near the inside of the structure and a second layer positioned near the external surface of the 
structure (see Figure 9). This would probably result in a temperature of about 15 °C in the intermediate 
masonry or earth core, compared with perhaps 17/18 °C in No Mans Land and 12/13 °C at Caer Llan. 
These temperature values however, are only assumptions
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(17).
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Figure 9: Split Insulation (17)

However, this proposal has never been used in practice in the UK, and very little research has been 
undertaken to measure the actual thermal behaviour of ESHs and the earth surrounding them.

The fifth principle for maximum energy efficiency in building an ESH is the reduction of ventilation heat 
loss. An earth sheltered building is more airtight than a conventional house because of the earth covering, 
can result in a reduction of the 35% of the total heat loss attributed to air infiltration (21). Ventilation is of 
course as necessary in an ESH as in a conventional dwelling, to prevent the build up of indoor air 
pollutants and condensation, and to maintain a healthy internal environment.

Caer Llan incorporates a 'sleeved' mechanical ventilation system with heat recovery. By drawing the 
incoming air through ducting at ceiling level along the solar corridor (thirty five metres in length), heat 
exchange is facilitated. The air warmed by the sun in the solar corridor rises to the ceiling and passes 
through openable vents into a duct taking it to the accommodation. In addition to solar heat, the air intake 
duct in the solar corridor absorbs 'waste' heat from the exhaust duct, which is the 'arm' inside the 'sleeve' 
of the intake duct. During the summer this heat transfer from the solar corridor is prevented by closing the 
ceiling level vents, but a reverse transfer is now permitted between incoming and extract air. There is 
also a facility for 'dumping' heat via earth pipes above the roof. Earth pipes are an additional ducting 
attachment to the ventilation system and are buried in the earth, which is on top of the roof. It has been 
shown that such a sleeved system with the operation of two low wattage fans to circulate air from one 
source to another is more energy efficient than other devices, such as heat wheels or corrugated plates 

(17).

There are two ways in which this system could be improved. Firstly, it is envisaged that most occupants 
of housing within the UK would like to be able to open windows when the outside and inside air 
temperatures are close to each other, in order that they may enjoy the natural sounds and scents present 

during these periods, such as birdsong and garden flowers. However, it is important to limit the opening 
of windows when the outside temperature is significantly above or below comfort level. Secondly, a step 

towards a completely zero energy requirement would be to design a passive stack ventilation system, 

which to date has never been incorporated into an ESH in the UK.
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The sixth and final principle of ESH design is to ensure that a suitable water-proofing membrane covers 
the entire external envelope, on the outside rather than on the inside of the envelope core.. If this is not 
achieved then the structure will become wet. There are two major problems with this. Firstly, the 
durability of the structure will be reduced; secondly, its thermal conductivity will be increased and 
therefore its heat capacity and retention will be reduced asheat energy will be dissipated in evaporation 
causing cooloing (22). This can cause significant reductions in the thermal performance of an ESH.

An example of an ESH which has its waterproof membrane positioned on the inside of its structural 
envelope, rather than other outside is Undermill in Bushey Heath (discussed earlier, and highlighted in 
Plate 3). Consequently, the thermal behaviour and energy efficiency of this ESH is relatively poor (it also 
has other disadvantages to consider, discussed earlier) compared with Caer Llan and No Mans Land, 
where the water proof membrane is on the outside of the structure. Thus, Undermill incorporates a 
central heating system, which is in operation year round, for at least five hours each day in the winter, and 
four hours each day in the summer.

Consequently, the owners of this house have an annual heating bill of £260.00. This is however much 
lower than the heating bill (£500.00) at Underhill in Huddersfield which is an ESH with a similar earth 
cover to Undermill (300 mm), and a comparable floor area of 200 m2 . This difference in heating 
requirement may be due to two factors.
Firstly, the weather is far harsher in Huddersfield than in Bushey Heath, due to its height above sea level 
(400 metres compared with 75 metres) and its greater latitude; and secondly, the technology of insulation 
has improved greatly between the construction of Underhill (built in 1970) and Undermill (built in 1992).

Earth Sheltered Dwellings and Materials Sustainability

Materials sustainability can be measured in terms of energy use in materials production and transport to 
the site, sustainability of raw material extraction, the durability of the materials in service and the 
potential for recycling or preferably, reusing the materials. According to these criteria some of the most 
sustainable building materials are unbaked earth and timber, the latter especially if it is obtained from 
near the building site, and especially if it is used green or air-dried. Energy intensive products, such as 
fired clay bricks which are used extensively in conventional forms of housing can often be avoided in 
ESHs by finishing the very limited exposed external surfaces with stone excavated from the construction 
site. Fired clay tiles are also avoided of course as the roof is earth sheltered.

Unbaked earth or timber have yet to be used to a significant extent in earth sheltered buildings in the UK, 
where typically walls are built in concrete blockwork, roofs are pre-cast concrete and floors are in situ 
concrete. However, the owner and self builder of one Exposed South Wall type ESH, in Wadebridge, 
Cornwall, (visited during research currently being undertaken at the University of Glamorgan) does use 
timber in its construction (see plate 1). The timber is not from a virgin source, but is discarded beams 
(300 mm deep, by 125 mm wide) reused from a Plymouth dock yard. The owner used the timber as the 
main structural support to the roof construction, in both his solar conservatory, supporting glazed roofing 
panels and also in the main house, supporting a 300 mm thick, reinforced concrete roof deck, 100 mm of 
insulation and 900 mm of compacted earth. The only cost of this timber to the owner, was the 
transportation from the dock yard to his house, whilst payment was made by exchanging produce from his 
small holding. Other materials which the owner has reused are the double glazed UPvC windows given 
to him from a local builders demolition's; the concrete paving slabs, glazed roof covering in his solar 
conservatory, a solar panel which powers his electrical needs, and waste diesel from a neighbouring farm, 
which the owner uses to power his back-up electrical generator. Hence, with earth sheltered homes, as 
with above ground houses, there are many opportunities for re-using materials.

As stated previously, it is common practice to specify various types of concrete construction, for the 
envelope of an ESH. Typically, quantities used are greater than in above ground housing. This creates 
two significant problems in terms of materials sustainability. Firstly, concrete has a moderately high 
embodied energy and secondly there are environmental pollution and health hazards associated with 
manufacturing cement (23).

One solution to these problems could be to use earth excavated during the construction of an ESH, as an 
infill in concrete blockwork retaining walls, with the addition of one part in seven of lime activated 
ground granulated blast furnace slag (ggbs is a low cost waste product) as a stabiliser (24). The ggbs
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hydration would absorb the water from the earth, the lime could increase its efficiency as a heat store and 
as thermal insulation by reducing its dry density and would make the soil a more workable material for 
site operatives. This method would also reduce the need for quarried material, and the cost of disposing 
all waste earth to landfill sites. This method of using excavated earth as a construction material has never 
been used in the UK to date. However, similar construction methods have been adopted in North 
America, with the exception that cement was used instead of lime stabilised ggbs, but with little success 
(17).

It has been shown by Higgins et al (25) that when ggbs is activated by a small amount of added lime 
which is mixed with excavated earth, it will cure in a similar manner to concrete. Twenty eight day 
strengths in excess of 3 N/mm2 can be achieved with relatively small binder contents (up to 10%) and 
ninety day strengths are in excess of 7 N/mm2 . The finished material also offers substantially greater 
resistance to chemical and sulphate attack, than does standard concrete. There is clearly potential for use 
of this material in the construction of the envelope in ESHs. In this way the need for concrete blockwork 
in retaining walls could be reduced to two 100 mm thick leaves, with strengthening provided by cross 
slabs of concrete and metal ties to prevent the two leaves from moving apart or together (17). However, 
if the plan form of the walls were designed to reduce tension to a minimum it may be possible to 
completely eliminate the need for concrete blockwork in retaining walls, and re-use timber to 
manufacture formwork. Once the earth and ggbs mixture has cured, the formwork could be removed. 
Taking this method one step further, earth and the ggbs mixture could be used for the roof structure. On a 
site where a large quantity of soil is excavated it would limit the amount which is disposed of. It would 
also contribute significantly to lowering the construction costs and embodied energy of an ESH.

Thus, excavated earth can be used in several ways in ESHs, contributing to land and materials 
sustainability, and autonomy.

{ the sheltering of the structure (to meet the principle of an optimum earth covering, discussed 
under Autonomy),
{the construction of earth bunds to limit the visual impact of access roads (see Figure 4). 
{the use of stabilised earth in the construction of the envelope

Additionally, provided it is kept dry, the fabric of the earth sheltered parts of the building will be more 
durable because there will only be very minor dimensional variations due to thermal expansion and 
contraction;

Use Of Renewable Energy For Water Heating

To date there has been only one method adopted in all types of ESHs to use renewable energy, to heat 
water. This involves installing solar water heaters. A variant of this system, which is proposed by an 
Jerry Harrall, an Architect in Cambridgeshire is to split the pipe which brings fresh water to his house, 
into two branches. The first branch will supply cold water for drinking, and will, therefore be buried 
below the surface of the earth and floor. At its draw off points, the water will always be cool and fresh to 
drink.
The second branch will be fixed at ceiling level through the length of a solar corridor, where it is 
envisaged it will be exposed to passive solar gain and rising, warm air currents. It is estimated that at all 
hot water taps, the temperature of the water will be pre-warmed to 18 °C. Therefore, less energy will be 
required to heat the water to normal residential temperatures of 65 °C, and in the summer there will be no 
requirement at all to heat the water for personal washing and showering. However, there is one 
disadvantage with this proposal, which is the constant presence of condensation. Any cold water branch 
which is fixed in an area where there is a relatively high temperature could cause condensation to occur 
around the circumference of the branch. The condensation will then drip from the underside of the 
branch onto materials below, which could cause structural decay.

Alternative Sources Of Energy For Electrical Requirements

Whilst photovoltaic cells are still relatively expensive additions in ESHs in the UK, many of the ESHs in 
America include photovoltaic cells in their design, because they are at least 25% cheaper in America (26). 
This is why of all the UK ESHs, only No Mans Land, with a recycled photovoltaic panel includes this
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feature in its design. Photovoltaic cells can be installed into ESHs as into any other conventional above 
ground house to reduce the reliance on the National Grid. If there is more electricity generated than can 
be used then it is sold back to the National Grid, or if not enough electricity is generated through 
photovoltaic cells then electricity is bought from the National Grid in the conventional manner.

There is however, one problem with installing photovoltaic cells onto ESHs, and that is that there are 
fewer surfaces upon which they can be fixed, and therefore fewer photovoltaic cells may be fitted than 
with a conventional house. With a Rooflight type ESHs there are no suitable surfaces at all to fix 
photovoltaic cells. With the Exposed South wall type, however the surfaces which are exposed are the 
surfaces which are best suited to year round electricity generation. It should also be remembered that the 
typical Exposed South Wall ESH will have a high parapet wall above ceiling level retaining the earth on 
the roof, or as at Caer Llan, fronting the air collection and duct space above the solar corridor. Such a 
high parapet wall is eminently suitable for installation of photovoltaic cells, as it will be facing within 30 
degree of South and unshaded. It should also be borne in mind that in order to maximise daylighting and 
solar gain, Exposed South Wall ESHs are usually long and narrow in plan with a longer South wall in 
proportion to floor area than typical above ground houses. This means that a relatively large area will 
typically be available for the installation of photovoltaic cells. As in above ground buildings, these can be 
installed at the optimum angle for maximising incidence of radiation (about 60° to the horizontal in the 
UK). This means that they will also act as summer shading devices to the windows below (27).

Other features which have been proposed in ESHs to reduce the reliance upon the National Grid and 
generate clean sources of electrical power, are wind turbines, such as the one planned for the Hockerton 
development, in Nottinghamshire. This project which has recently been completed consists of five earth 
sheltered three-bedroom houses of the Exposed South Wall type. Technically there is no reason why 
wind turbines should not be installed to supply ESHs with electricity, in the same way as for general 
electricity supplies. However, in locations where reduction of visual intrusion is seen as a significant 
advantage of ESHs over above ground houses, the installation of wind turbines near ESHs could be seen 
as negating this advantage.

Reduction In Water and Sewerage requirements

It has been demonstrated that autonomy in terms of water supply and sewage disposal can be achieved in 
both above ground houses and ESHs (28). However in the latter, rainwater can only be collected from the 
area occupied by the house if there is either an exposed roof, such as a conservatory roof, or from the 
sheltered roof, where the earth cover is much less than the optimum thickness and run-off can be 
collected At Undermill, where this is the case, rainwater is collected into a tank and used to flush the 
toilets inside the house.
Carpenter (17) has found the water absorption capacity of a 1.5 metre thick earth cover to be such that the 
run off is far less than that required for a water supply. Therefore, the inability to collect rainwater for 
domestic use can be seen as one disadvantage to specifying the optimum earth thickness.

Earth Sheltered Dwellings and Health

A possible major obstacle to the use of earth sheltering for mass housing in the UK is that housing 
consumers may perceive earth sheltered dwellings as cold, damp, dark and claustrophobic. However, as 
yet no research has been undertaken on the attitudes of either potential purchasers of houses from 
speculative house-builders, potential tenants of social housing, or potential self builders in the UK. There 
is a need for evaluation of these attitudes and accordingly, such research is being undertaken at the 
University of Glamorgan.

The same precautions can be taken as with conventional dwellings in avoiding materials or systems with 
proven or suspected adverse effects on health. Radon is never a problem for occupiers of earth sheltered 
dwellings compared to conventional dwellings. This is because the entire envelope of an earth sheltered 
house needs to be completely protected with a waterproof membrane, and this prevents the ingress of 
radon into the dwelling.

Baggs (20) has documented evidence which suggests that health problems associated with living in 
conventional houses, such as dust allergies, asthma and breathing difficulties are eliminated in an ESH, 
with a suitably designed ventilation system.
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He believes it is possible to remove dust from the air before it enters an ESH (except for dust in clothing 
and soft furnishings). Almost all of the pathways by which dust enters a building are eliminated in a well 
sealed ESH. For the same reasons, rodents, spiders and other crawling insects would find it difficult to 
enter an ESH. However, Baggs' (20) theory assumes sealed windows and total reliance on mechanical 
ventilation. As stated previously, most people in the UK probably prefer to be able to open windows. 
Hence, it is debatable whether there will be any significant advantage for the typical ESH, in terms of 
internal air quality. Moreover, one of the main problems affecting internal air quality in housing is the 
accumulation of human skin in carpets, leading to infestation by carpet mites, and no amount of filtering 
of incoming air will prevent this, as long as carpets are used.

Another health problem which is reduced in ESHs is stress due to unwanted noise, such as from 
neighbours, traffic and the general surrounding noise associated with living in towns and cities. The earth 

sheltering and massive structure is very effective in providing a high level of sound insulation. As a 
result, the interior of an ESH provides an increased sense of privacy compared to an above ground house. 
According to Baggs (20), there is even a reduction in noise transmission between individual rooms in an 
ESH, so bedrooms can be positioned next to music rooms, with no problems of the sound causing a 
disturbance to the occupants of the bedroom. For example, Malcom Wells built his office only six metres 
from a six lane freeway in North America, and he could not even hear the traffic noise or feel any 
vibration at any time of the day (20). Other examples include an area of Minneapolis's city centre, where 
there was a high level of demand for housing, but a problem with high levels of traffic noise. A solution, 
twelve earth sheltered town houses were built, with their backs against the freeway. The residents have 
never expressed any problems with interior noise levels (18). However, there is one problem which has to 
be carefully designed out of ESHs, in relation to noise and this is structure-borne impact noise, such as 
someone tapping a hammer against a wall, which will travel long distances underground. According to 
Baggs (20) this problem can be resolved using readily available materials and by not positioning rooms 
next to each other in such a way that impact sound would be a problem; for example a workshop should 
not be placed next to a bedroom.

It is evident, then, that ESHs have proven advantages over above ground houses in terms of sound 
insulation.

Earth Sheltered Dwellings and Affordability

In considering the affordability of ESHs it is not sufficient only to analyse purchase or construction costs, 
but it is also necessary to consider lifecycle costs, such as running costs in terms of energy, maintenance, 

mortgage and interest payments.

As discussed in earlier sections of this paper, a correctly designed ESH can eliminate or considerably 
reduce the requirement for space and water heating. These combined features can lead to considerable 
cost savings each year. For example, the owner of No Mans Land has estimated savings of £1000.00 a 
year in the last two years of his occupation. The only maintenance costs at No Mans Land are the vets 
bills for a goat which eats the grass on top of the roof. At Caer Llan, Carpenter (17) estimates that he has 

saved £2000.00 per annum on space heating alone.

In terms of comparability with above ground houses, both Baggs (20) and Williams (20) from the Georgia 
Institute of Technology, have calculated that the lifecycle costs of an ESH will be 40 to 70 percent less 
over a fifty year period, than those of a conventional above ground house. Furthermore, if concrete or 
earth mixed with ggbs were used for the construction materials then the life expectancy of a typical ESH 
will be well in excess of 100 years, and therefore savings will continue to accrue.

It is difficult to make comparisons in the UK, because other than the Hockerton development there are no 
mass developments of ESHs, and the costs incurred at Hockerton are not yet in the public domain. 
However, it is possible to compare single purpose designed houses. David Woods, an Architect who has 
designed ten ESHs (four have been built) and a considerable number of conventional above ground 
houses finds that the construction costs work out at about £600.00 per m2 , for both types of houses. He 

has discovered that this figure can decrease or increase by 10 percent depending on ground conditions for 
either an ESH or a conventional above ground house, and can increase by as much as 100 percent in 

either case for luxurious specifications.
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Conclusion

The available evidence strongly suggests that earth sheltered houses satisfies completely the criterion of 
land sustainability; it has the potential to satisfy materials sustainability to a large extent; it can provide a 
healthier internal environment in both urban and rural areas, it has proved to be affordable; and autonomy 
is found to be far easier to achieve with earth sheltered housing than with conventional housing. 
Seventeen of the twenty earth sheltered houses so far completed in the UK are the Exposed South Wall 
type, which has significant advantages over the Rooflight type. It is far easier to maximise autumn, 
spring and winter solar gain, but to exclude or limit summer solar gain with the former type. It can take 
advantage of distant views, it allows for conventional openable windows, it allows for installation of large 
areas of photovoltaic panels and it lends itself to construction on sloping sites. If a conservatory is 
incorporated, then rainwater can be collected from its roof, increasing the degree of autonomy possible. It 
appears, therefore that it will be the most appropriate type for most mass housing developments in the 
UK. The greatest barrier, however, to the widespread adoption of earth sheltering for mass housing in the 
UK may be the perceived reduced comfort and adverse psychological effect of living partially or totally 
below ground. This and other possible obstacles are being evaluated in a research programme which 
commenced at the University of Glamorgan at the end of 1996.
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The case for earth sheltered housing

J.RXittlewood, R.G.Penn, S.Wild
University of Glamorgan, School of the Built Enviornment, Pontypridd, CF37 1DL

This paper discusses two major problems facing the UK over the next two decades: the identified need for 
over 4.4 million homes, and the recognition that future development should be sustainable. The 
reasoning behind the figure of 4.4 million is considered along with the quantity and location of available 
brownfield sites, and the need for some house building on greenfield sites.
A working definition of sustainable development applicable to new housing is developed, comprising 
three facets which are land sustainability, materials sustainability and autonomy. British and North 
American examples of earth sheltered buildings are assessed against these three criteria. They are found 
to have significant advantages in terms of the criterion land sustainability; autonomy is found to be far 
easier to achieve with earth sheltered housing than with conventional housing and materials sustainability 
is found to be a complex issue requiring further research.
The greatest barrier, however, to the widespread adoption of earth sheltering for mass housing in the UK 
may be the perceived adverse psychological effect of living partially or totally below ground. This and 
other possible obstacles are to be evaluated in a research programme which has already commenced at the 
University of Glamorgan. A further aim of the research is to determine which type of earth sheltered 
dwelling is most appropriate for mass housing in the UK.

Introduction

The providers of new housing in the UK face two major problems over the next two decades. A need for 
4.4 million new homes by the year 2016 has been identified, and it is widely recognised that these new 
homes must be built in a sustainable way and a way which allows them to be lived in on a sustainable 
basis. If these two problems can be solved, then sustainable development will become a reality in an area 
where currently, a significant contribution is being made to both global and local environmental 
problems.

The Need for New Homes

The present Department of the Environment Transport and the Region's paper; 'Planning for the 
Communities of the Future' states that there is a requirement for 175,000 new houses each year until 
2016, made up of 46% from population growth, 21% from changes in age structure and 33% from 
changing social behaviour. When multiplied by twenty five years (from 1992), this figure is not 
dissimilar to the predicted requirement of the previous governments paper, 'Household Growth: Where 
Shall We Live (1). Two leading independent experts have agreed that these figures are correct or are even 
an underestimate. Professor Alan Hooper, head of the Centre for Residential Development at Nottingham 
Trent University states that (2):

'All house-hold predictions made since 1977 had been underestimated and in the last five years 
150,000 homes have been built while new households had formed at the rate of 170,000 (per 
year)'

Professor Alan Holmans, presently of Cambridge University, and formally the Chief Economist of the 
late Department of the Environment is certain the published figure is sound, but has identified a further 
complication to the prediction in that there is actually a reservoir of unmet need for 500,000 houses in the 
social lettings sector, which has accumulated since 1993 (3).

The speculation over the percentage of new dwellings which will be required to be built in brownfield 
locations has been confirmed (in the above consultation paper) to be 60 %. However, John Prescott has 
not ruled out this percentage rising to 75% subject to the findings of the new task force headed by Lord 
Rogers. This task force has the role of coming forward with ideas for making better use of recycled land
(4). Although emphasis is on brownfield development some forms of greenfield development will be 
permitted and inevitable, such as extensions to urban areas where good transport systems are available
(5). However, there is a question which still remains to be addressed, namely what will happen in areas 
where there is high household growth and there are no suitable brownfield sites available? Will
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greenfield sites be used, or perhaps in the worst case scenario, will development within the countryside 
be the only solution.

Whatever the rights and wrongs of this debate, it seems clear that a limited resource, which is increasing 
in demand for new housing, is land. Other such limited resources are building materials and energy. 
Therefore, taking the advice of the Construction Minister, Nick Raynsford the housing debate should 
move forward and concentrate on providing a good quality of life and high quality surroundings for all 
the citizens of Britain. This should apply, whether they live in the city or the country, and any housing 
which is provided must be environmentally and socially sustainable, locally acceptable and contextually 
compatible (6).

Sustainable Development of New Housing

Sustainability has been discussed widely by the media since the publication of the Brundtland Report in 
1987, and this report's definition of sustainable development:

'development which meets the needs of today without affecting the ability of future generations 
to meet their needs'

is a useful definition, although it has been widely criticised. To be truly sustainable, housing would use 
no finite resources in terms of either land or materials, cause no pollution or environmental degradation in 
its use of land and materials, would make no demands on mains services or non-renewable resources and 
would provide a healthy environment. In practice such perfection is likely to prove impossible to achieve, 
and acceptable limits will need to be set for the use of abundant but finite resources and irreversible 
environmental degradation. Such limits could be said to have been set by the Building Research 
Establishment's 'Environmental Standard' (1996) which requires the achievement of a given number of 
'credits' for new homes seeking the Standard. Nevertheless, the ultimate aim should always be maximum 
land sustainabiliry and materials sustainabiliry, as well as autonomy and a healthy environment for 
occupants.

Earth Sheltered Housing

Earth sheltered buildings are nothing new and have been used as a form of habitation for thousands of 
years by many civilisations including the Chinese , the Japanese, the Americans and more recently the 
British (7). There are seventeen earth sheltered houses occupied currently in the UK with ten others at 
various stages of development: Table 1 lists these houses.

To construct an earth sheltered house (discussed as ESH hereafter) literally means to shelter the structure 
with earth. Three types of ESHs can be identified. The first is the 'Exposed South Wall' type (see Figure 
1) which has an external wall facing within 30 degrees either side of South, which is exposed to the 
outside air and contains all the windows and doors. The remainder of the building envelope is earth 
sheltered. The ESH is built on a sloping site or the land is sloped outside the sheltered external walls. A 
slight variation to this type would also allow the East and West elevations to have vertical windows, 
protruding through the earth sheltering (see Plate 1).

This is by far the most common type of ESH within the UK (seventeen of the above twenty eight houses 
are of this type) primarily because the houses can look similar to conventional forms of housing in terms 
of external appearance, except for the earth covering to the roof and some walls. Consequently, their 
appearance does not suggest to prospective occupiers or future purchasers that the houses will be 'for 
troglodytes, or are dark, damp and cold' and their occupiers can still enjoy distant views, whilst benefiting 
from all the advantages of earth sheltering. More importantly though, these ESHs tend to capture more 
passive solar gain than other forms of ESH, which helps to reduce or even eliminate the requirement for 
active space heating.
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Figure 1: Typical cross section of a 'Exposed South Wall' type Earth Sheltered House

No
1
2
3

4
5
6
7
8
9
10
11

12
13-17

18
19
20
21
22
23
24

25

26
27
28

Location
Caer Llan, Monmouth
Maesycoed, Herefordshire
Stepaside, Pembrokeshire

Westonbirt, Gloucestershire
Wadebridge, Cornwall
Cheviot Hills, Northumbria
Holme, W. Yorkshire
Isleham, Cambridgeshire
Bushey Heath, Hertfordahire
Tunbridge Wells, Kent
Trelleck, Monmouthshire

Witney, Oxfordshire
Hockerton, Nottinghamshire

Portstewart, County Antrim
Wisbech, Cambridgeshire
Avoncliff, Avon
Fulbrook, Gloucestershire
Monmouth
Cambridge
Birmingham

Pembrokeshire

Central London
Devon
Malvern

Development Process, As At April 1998
Occupied for 10 years
Occupied for 3.5 years
Partly occupied, with internal finishes still to 
complete
Occupied for 1 7 years
Occupied for 2.5 years
Occupied for 1 .5 year, still to be earth sheltered
Occupied for 24 years, (the first in the UK)
Occupied for 2.5 years
Occupied for 2 years
Occupied for 2.5 years
Planning permission received August 1997. 
Construction to commence Spring 1998
Outline planning permission granted with conditions.
The biggest development of earth sheltered houses 
within the UK. Five houses, one is to be complete 
for December 1998, for one family.
Occupied for 2 years
Outline planning permission received
Occupied for 8 months
Planning permission has been granted.
Detailed design stage
Outline planning permission received
Full planning permission received, detailed designs 
commencing
Full planning permission received, detailed designs 
complete, Construction in progress
Occupied 4 years
Occupied for 8 months
Outline planning permission received

Table 1: Earth Sheltered Houses Within the UK
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The second type is known as the 'Rooflight' type ESH (see Figure 2) where the house is built completely 
below ground level and day-lighting is provided via rooflights surmounting shafts which penetrate the 
earth cover. On a flat site, steps or ramps are required to allow access to external doors. For the reasons 
discussed above there is only one such house within the UK, situated in Bushey Heath, Hertfordshire (see 
Plate 2).

The third type can be termed as the 'Sunken Courtyard' type ESH and is a slight variation of the Rooflight 
type ESH. The main difference is that instead of domes the house incorporates sunken courtyards, with 
conventional vertical windows positioned in front of internal corridors. These courtyards allow daylight 
into the internal spaces and allow private external movement (see Figure 3).
There is only one such type house in the UK and this is near Bradford Upon Avon, where the house is 
built around a disused sunken reservoir (see Plate 3).

KEY
Daylight path

Figure 2: Rooflight Type Earth Sheltered House

Ground level

KEY
 ^  Daylight path

Figure 3: Sunken Courtyard Type Earth Sheltered House

Earth Sheltered Dwellings and Land Sustainabilitv

Constructing a house as an ESH almost invariably reduces the visual impact of the house upon its 
immediate environment. All the Exposed South Wall ESHs which have been built and are now occupied
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in the UK have at least a 75% earth covering and the atrium ESH in Bushey Heath has an 85% (allowing 
for the protruding domes) covering of earth. Unlike more conventional forms of houses with their four 
exposed facades and pitched roofs, in ESHs the topsoil which has been removed during construction, is 
replaced in its previous position on completion, and therefore damage to natural environments is limited 
and natural habitats are preserved. This limited impact on both the habitats and the landscape as an 
amenity could be one answer to the concerns over the expansion of greenfield and countryside 
development because with careful orientation, the inclusion of native species in hedgerows, and 
landscaping with earth bunds to the front of the ESHs virtually eliminates such impact (see Figure 1). 
Thus, it can be said that ESHs do not sterilise the land upon which they are built, in contrast with 
conventional housing developments.

This advantage of ESH has already been accepted by a number of Local Planning Authorities in England 
and Wales. For example, the Hockerton project of five 'Exposed South Wall' type ESHs has been 
given Planning Permission and has been built on 'White Land' in Nottinghamshire (8); Monmouthshire 
County Borough Council recently amended their Local Plan to allow the possibility of Planning 
Permission being granted for earth sheltered dwellings on 'White Land' where it would not be granted for 
conventional dwellings (8), and Cherwel District Council in North Oxfordshire are in the process of 
amending their local plan to encourage the design of earth sheltered buildings as a first design choice (9). 
It can reasonably be expected that these and other cases will provide a precedent for other Local Planning 
Authorities to follow.

Earth Sheltered Dwellings and Materials Sustainability

Materials sustainability can be measured in terms of energy use in materials production and transport to 
the site, sustainability of raw material extraction, the durability of the materials in service and the 
potential for recycling or preferably, reusing the materials. According to these criteria some of the most 
sustainable building materials are unbaked earth and timber, the latter especially if it is obtained from 
near the building site, and especially if it is used green or air-dried.

Energy intensive products, such as fired clay bricks which are used extensively in conventional forms of 
housing can often be avoided in ESHs by finishing the very limited exposed external surfaces with stone 
excavated from the construction site. Fired clay roof tiles are also avoided of course as the roof is earth 
sheltered. However, the use of plastic membranes, which require a significant amount of energy to 
produce, cannot be avoided in ESHs, because the entire earth sheltered part of the envelope needs to be 
waterproof to prevent the ingress of water through the earth covering. This is significantly more than in 
an conventional above ground house where only certain elements need waterproofing, such as the roof, 
walls, at dpc level, around openings, and ground floors.

Unbaked earth or timber have yet to be used to a significant extent in earth sheltered buildings in the UK, 
where typically walls are built in concrete blockwork, roofs are pre-cast concrete and floors are in situ 
concrete. However, the owner and self builder of one Exposed South Wall type ESH, in Wadebridge, 
Cornwall, (visited during research currently being undertaken at the University of Glamorgan) has used 
timber in its construction (see Plate 1). The timber is not from a virgin source, but is discarded beams 
(300 mm deep, by 125 mm wide) reused from a Plymouth dock yard. The owner used the timber as the 
main structural support to the roof construction, in both his solar conservatory, supporting glazed roofing 
panels and also in the main house, supporting a 300 mm thick, reinforced concrete roof deck, 100 mm of 
insulation and 900 mm of compacted earth. The only cost of this timber to the owner, was the 
transportation from the dock yard to his house, whilst payment was made by exchanging produce from his 
small holding. Other materials which the owner has reused are the double glazed PVCu windows given 
to him from a local builder's demolitions; the concrete paving slabs, glazed roof covering in his solar 
conservatory, a photovoltaic panel which contributes to his electrical needs, and waste diesel from a 
neighbouring farm, which the owner uses to power his back-up electrical generator. Hence, with earth 
sheltered homes, as with above ground houses, there are many opportunities for re-using materials.

As stated previously, it is common practice to specify various types of concrete construction, for the 
envelope of an ESH. Typically, quantities used are greater than in above ground housing. This creates 
two significant problems in terms of materials sustainability. Firstly, concrete has a moderately high 
embodied energy and secondly there are environmental pollution and health hazards associated with 
manufacturing cement (10).
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One solution to these problems could be to use earth excavated during the construction of an ESH, as an 
infill in concrete blockwork retaining walls, with the addition of one part in seven of lime activated 
ground granulated blast furnace slag (ggbs is a low cost waste product) as a stabiliser (11 ). Wild (12) has 
proved that such a mixture will cure in a similar manner to concrete. Twenty eight day strengths in 
excess of 3 N/mm2 can be achieved with relatively small binder contents (up to 10%) and ninety day 
strengths are in excess of 7 N/mm2 . As the ggbs hydration would absorb the water from the earth, the lime 
could increase its efficiency as a heat store and as thermal insulation by reducing its dry density and 
would make the soil a more workable material for site operatives. The finished material also offers 
substantially greater resistance to chemical and sulphate attack, than does standard concrete, reduces 
the need for quarried material, and the financial and environmental cost of disposing waste earth to 
landfill sites.

This method of using excavated earth as a construction material has never been used in the UK to date. 
However, similar construction methods have been adopted in North America, with the exception that 
cement was used instead of lime stabilised ggbs, but with little success (13).

There is clearly potential for use of this material in the construction of the envelope in ESHs. In this 
way the need for concrete blockwork in retaining walls could be reduced to two 100 mm thick leaves, 
with strengthening provided by cross slabs of concrete and metal ties to prevent the two leaves from 
moving apart or together (13). However, if the plan form of the walls were designed to reduce tension to 
a minimum it may be possible to completely eliminate the need for concrete blockwork in retaining walls, 
and re-use timber to manufacture formwork. Once the earth and ggbs mixture has cured, the formwork 
could be removed. On a site where a large quantity of soil is excavated it would limit the amount which 
is disposed of. It would also contribute significantly to lowering the construction costs and embodied 
energy of an ESH.

Thus, excavated earth can be used in several ways in ESHs, contributing to land and materials 
sustainability, and autonomy, for.

{the sheltering of the structure (to meet the principle of an optimum earth
covering, discussed under Autonomy),
{the construction of earth bunds to limit the visual impact of access roads (see
Figure 1).
{the use of stabilised earth in the construction of the envelope

Additionally, provided it is kept dry, the fabric of the earth sheltered parts of the building will be more 
durable because there will only be very minor dimensional variations due to thermal expansion and 
contraction., and no frost damage or exposure to potentially damaging ultra violet radiation.

One complex issue which requires further work is to establish the total energy required to construct an 
earth sheltered house compared with a conventional above ground house of the same floor area and value. 
There will be difficulties in undertaking this research, as there is a wide range of figures quoted for 
embodied energy by various writers. For example, Thomas (14) lists Aluminium requiring between 200 
and 250 GJ/tonne of primary energy to manufacture. However, the research will be attempted at the 
University of Glamorgan, later this year.

Earth Sheltered Dwellings and Autonomy

As defined above, an autonomous dwelling is one which makes no demands on mains services or non- 
renewable resources in it occupation. Thus, there are several facets to autonomy, but the one with 
possibly the greatest benefit to the environment is space heating. In most above ground dwellings, even 
those recently constructed, space heating is a major contributor of carbon dioxide emissions.

It has been shown that a combination of earth sheltering, passive solar design, appropriately positioned 
super-insulation and ventilation heat recovery can eliminate the need for active space heating of a 
residential building. At a field study centre near Monmouth an earth sheltered residential accommodation 
block known as the 'Caer Llan Berm House' was built in 1987 with the above features and without active 
space heating. Internal and external temperatures were monitored over a period of two years in 1988 and 
1989 and were found never to fall below 16.5 °C or rise above 22 °C (13).
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The absence of space heating in earth sheltered buildings such as Caer Llan is partly due to the greater 
annual stability of earth temperatures in comparison with air temperatures. Figure 4 shows how the 
annual temperature range in the earth in the South West of England decreases with depth.

Ground level

Temperature °C 
-25 -20 -15 -10 -50 5 10 15 20 25 30 35 0.0

I I I I I I

Temperature fluctuating between 10/12 °C 1.5 metres to roof

1.0
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4.0
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6.0

7.0

8.0
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Figure 4: Temperature Gradient Through Different Depths of Soil
On the surface, as might be expected, the range is close to the annual air temperature range. At a depth of 
about 600 mm the annual range of earth temperatures is from about 5 °C to 16 °C, close to the range 
between the lowest and highest mean monthly air temperatures. At a depth of 1500 mm the range of 
earth temperatures is 2 °K, between 10 ° and 12 °C, and at this depth there is a pronounced change from a 
rapid decrease in annual earth temperature range with depth to a very slow decrease.

These characteristics of earth temperature have important implications for the design of earth sheltered 
buildings. Firstly, it will be seen that an earth cover of less than 600 mm will have no effect in 
moderating seasonal temperature variations, although it will have some effect in moderating daily 
temperature variations and short term variations associated with changes in the weather. Secondly, there 
is clearly little advantage in increasing the earth cover beyond 1500 mm, as a annual temperature 
variation of 2 °K is insignificant in human comfort terms. Any increase in depth of earth cover between 
600 mm and 1500 mm will clearly give significant benefit in terms of reducing the annual temperature 
range at the earth-wall-interface, but it will also constitute an additional environmental cost in terms of 
the extra structure needed to support the additional weight of earth. The 'trade off between the space 
heating advantage and the environmental cost of the extra structure would only be possible to calculate 
for individual cases, as it will vary according to the structural materials used, the design life of the 
building, the thermal transmitance coefficient (U value) of the envelope, the quantity of heat gains to the 
building and other factors. No examples of such a 'trade off calculation have been found in the literature 
reviewed to date.

However, some conclusions can be drawn from the thickness' of earth cover to the various built examples 
of ESHs in the UK and their thermal performance. The built ESH in the UK with the greatest thickness 
of earth cover to its roof, and the only one with no active space heating installation, is the Caer Llan Berm 
House with a 1500 mm thick earth cover. It must be remembered, however that this example has a 
number of other energy saving features, some of them unique among ESHs in the UK including:

w double glazed sealed windows with low emissitivity glass,
w a mechanical ventilation/heat recovery system (with a relatively low rate of air change at 0.5
hour for all internal rooms except the bathrooms, which have a rate of 3 air changes an hour),
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w a buffer space, solar collection corridor between the accommodation and the exposed South
wall,
w lobbies separating either end of the solar collection corridor from the outside,
w super-insulation to all parts of the envelope.

Another ESH with a relatively thick earth cover to the roof and according to the owner, a very modest 
space heating requirement is No Mans Land in Cornwall (see plans in Plate 1). This has an earth cover on 
the roof of 900 mm and according to its owner and self builder, the temperature of its accommodation is 
static throughout the year at 19° to 20 °C. The only form of active space heating is from a wood burning 
stove in the kitchen, the primary function of which is for cooking. The owner uses the stove throughout 
the year for no more than two hours each night. Hence, the heat input from the stove can be considered 
not to differ significantly from that of any domestic cooker, and the house can be considered to have no 
dedicated active space heating. The owner claims that the temperatures of all the rooms within the house 
never fall below 19 °C, throughout the year, even when the stove is not on. However, according to the 
owner the temperature of the main bedroom, with a South facing window does rise to 22 oC during 
periods of prolonged sunshine. Like Caer Llan, No Mans Land has a number of other energy saving 
features, including:

w double glazed sealed windows,
w a buffer space between, which is a solar collection conservatory between the main living
rooms and the exposed South wall. The wall between the living rooms and the solar
conservatory is 600 mm thick concrete,
w super-insulation to the rear wall and the roof.

All the other built ESHs in the UK have thickness' of earth cover of between 300 mm and 600 mm on 
their roofs, and all but five have active space heating systems which are used regularly. These five are the 
houses at Hockerton in Nottinghamshire, which were first occupied in February this year. Although 
active space heating was needed during the first few months of their occupation, according to the builder 
of the houses, thermal modelling has been undertaken and it is predicted that it will not be required from 
now on, even though the thickness of the earth cover to the roofs is only 300 mm.

Like the Caer Llan Berm House and No Mans Land the Hockerton houses have or will have a range of 
other energy saving features including:

w Three times the thickness of super-insulation (Polystyrene) as at No Mans Land,
w Solar conservatory buffer space along the South wall,
w double glazed, sealed windows with low emissitivity glass externally,
w triple glazed windows between the living quarters and solar conservatory,
w mechanical ventilation heat recovery system,
w lobbies separating all entrances from the outside,
w all the houses are built in a terrace.

It may be that this range of energy efficient features will indeed prove to have removed the need for 
active space heating from the Hockerton Houses; however, in the absence of either published calculations 
predicting the thermal behaviour of the houses, or long term monitoring of the internal temperature during 
occupation without active space heating, it is impossible to be certain. Most writers on earth sheltered 
buildings (13, 15, 16) assume that the earth outside the building remains at its natural temperature.

An important point for maximum energy efficiency is that earth sheltering should be an addition to 
thermal insulation of the envelope, not a substitute for it. Malcolm Wells, one of the American pioneers 
who in the 1970s started modern development of earth sheltered houses, soon discovered that without 
insulation an earth sheltered house could be uncomfortably cold even in hot weather (13). Such a house 
still loses heat at a relatively high rate to the surrounding earth and the heat input from occupants, 
lighting, electrical appliances and solar gain is not sufficient to maintain a comfortable temperature.

Opinions differ fundamentally however, as to the best position for insulation in an earth sheltered 
building. Many writers, such as Carpenter (13) and Sterling (15), assume that heat lost from the building 
through the earth sheltered parts of the envelope cannot raise the temperature of the surrounding earth
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enough above its natural level to reduce significantly the rate of heat loss through the envelope. These 
writers therefore argue that all parts of the envelope should be insulated, but their options differ as to 
whether the insulation should be near the inside or near the outside of the envelope.

In contrast, Fulcrum Consulting (17) argue that provided the heat lost from the building is kept within the 
surrounding earth and not allowed to escape to the air, it will remain in the earth throughout the year and 
maintain a comfortable temperature in the building by reducing heat loss. In buildings and projects 
designed by Fulcrum, escape of heat from the surrounding earth to the air is largely prevented by placing 
an 'umbrella' of insulation close to the ground surface around the perimeter of the building, and extending 
six metres outside the perimeter (see Figure 5).

-6000-

Earth-heat sink

Insulation

Internal rooms

South

-6000-

Figure 5: Cross section of an Exposed South Wall type earth sheltered building utilising 'Umbrella' 
insulation.

Sterling's and Carpenter's options have been tested by built examples of ESHs, and Fulcrum's by thermal 
modelling. Most built examples of ESHs in the UK incorporate insulation on the outside of the earth 
sheltered envelope structure, usually protected by tanking and a further leaf of blockwork outside the 
walls, and by tanking and a protective screed on the roof. The effect of this insulation will clearly be to 
enable the heat to be stored in the envelope structure at a temperature close to that of the accommodation. 
This facility will clearly help to moderate the temperature of the accommodation in the short to medium 
term, by absorbing heat when the air temperature in the accommodation rises, and releasing heat when the 
air temperature in the accommodation falls. In the long term, the heat stored in the envelope structure 
will inevitably be slowly transferred through the insulation to the earth outside. Here it will be stored at a 
low temperature, probably only 1 ° or 2 K above the natural earth temperature, and therefore it will be 
stored for a long time. By slightly raising the temperature of the earth it will slightly reduce the rate of 
heat loss through the insulation, and thereby increase the thermal efficiency of the building. Figure 6 is a 
conjectural diagram showing a temperature gradient which could reasonably be expected in this situation.
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Figure 6: Conjectural temperature gradient with insulation on the outside of the structure
One of the best examples of an ESH with insulation at the outside of the envelope is No Mans Land 
(mentioned on page 18). In comparison to Caer Llan, No Mans Land is claimed to maintain a more static 
internal temperature year round, which its owners believe provides a very comfortable internal 
environment. Responses to heat gains or absence of heat gains are quite slow, which some people may 
view as a disadvantage, but provided the internal temperature is always close to the comfort level of its 
occupants, such views are difficult to justify.

In contrast, Carpenter (13) argues that the insulation should be placed on the inside of the envelope 
structure, to enable a very rapid thermal response to heat gains associated with occupation of the 
accommodation. In this situation there is little thermal capacity inside the insulation, therefore heat from 
the accommodation will be lost rather more rapidly through the insulation to the structure outside. Here it 
is stored at a relatively low temperature. Figure 7 is a diagram based on Carpenter's showing this 
situation. Carpenter has put this theory into practice at the Caer LLan Berm house.
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Figure 7: Insulation On The Inside of The Mass Envelope: typical temperature gradient

On numerous occasions students from the University of Glamorgan have visited this building, and from a 
thermometer in one of the rooms, they have observed a temperature rise of 2 ° or 3 °K within ten or 
fifteen minutes due to heat gains associated with occupation. Normally this has raised the temperature in 
the accommodation from a rather low 18 °C or so to a comfortable 21 °C or so. However, on one occasion 
in April 1997, twelve students visited Caer Llan at the end of a week of continuously sunny days. In the 
solar corridor (Figure 8 depicts a section through Caer Llan, see also Plate 5 and 6), the temperature was 
26 °C (5 °C higher than the design temperature). In the study bedrooms the temperature was 22 °C (it was 
cooler due to the buffering effect of the partitions, which are 225 mm thick masonry panels between the 
solar corridor and the bedrooms, and the heat loss to the earth). However, after ten minutes occupation of 
a bedroom by twelve students, the temperature had risen to 27 °C, and was still rising as the students left 
the room.

Insulation 

Overburden of earth

Figure 8: Section through the Caer Llan Berm House
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It is also suggested that the positioning of the insulation towards the inside of the building envelope at 
Caer Llan, reduces the capacity of the building and the structure to store heat at a relatively high 
temperature and over a protracted period, thus, the accommodation will become cooler during periods of 
cold weather where there are no solar or occupancy heat gains, than it otherwise would of the insulation 
was on the outside of the structure. Under existing conditions the temperature has fallen to as low as 16.5 
°C; this is only slightly below comfort level, the temperature does rise rapidly as soon as heat gains, 
including those from occupancy, are introduced. Nevertheless, it might be considered unsatisfactory by 
some householders.

Although all the other earth sheltered houses in the UK have their insulation outside the envelope 
structure, all except six have active space heating installations, and so monitoring of their passive thermal 
behaviour is not possible. However, the five houses recently completed at Hockerton (mentioned 
previously) are intended in the long term to be occupied without active space heating, and also No Mans 
Land (mentioned previously) is occupied with no dedicated active space heating, and therefore, it may 
soon be possible to monitor the passive thermal behaviour at Hockerton and at No Mans Land's.

Fulcrum Consulting's theories, based on the research by the Rocky Mountain Research Centre have been 
put into practice in the Archaeolink Centre in Scotland (18). This was completed in 1997, and according 
to Fulcrum's theory, two years will be needed from the commencement of occupation before sufficient 
heat loss has been stored in the surrounding earth to maintain a relatively stable and comfortable 
temperature in the accommodation throughout the year. Meanwhile temporary active space heating has 
been used. Hence as yet, no monitoring of the passive thermal behaviour of the building has been 
undertaken. However, the thermal modelling which has been undertaken, strongly suggests that 
comfortable temperatures will eventually be monitored in the building throughout the year with little or 
no active space heating input. The modelling shows a rise in temperatures up to 6 metres away from the 
building in the earth surrounding the perimeter, during the summer and autumn. During the winter and 
spring, as the temperature in the accommodation begins to fall, heat is transferred from the earth back into 
the accommodation, and this continues until there is sufficient solar gain in the accommodation to reverse 
the process again. Interestingly, the earth cover to the roof of the Archaeolink building is only 200 mm 
thick, and yet the building is expected to require no active space heating other than heat recovery. 
Possibly a thicker earth cover would reduce or eliminate the dependence on heat recovery, which after all 
does actively use energy.

Another important factor in saving energy through building an ESH is the reduction of ventilation heat 
loss. An ESH is typically more airtight than a conventional above ground house because of the 
waterproof membrane, which surrounds the entire envelope (to prevent the ingress of water from the earth 
cover). This can result in a substantial reduction in the heat loss attributed to air infiltration, and as the 
latter is 35% of the total heat loss and reduction in air filtration heat loss will be significant (16).

It could be argued that the increased thermal efficiency of earth sheltered dwellings compared with above 
ground dwellings may be sue solely to the reduced air infiltration. However, this would be to ignore the 
demonstrable advantage of the higher winter temperatures and lower summer temperatures at the 
enevlope-earth-interface in an earth sheltered dwelling, compared with the envelope-air-interface in an 
above ground dwelling.

Ventilation is of course as necessary in an ESH as in a conventional dwelling, to prevent the build up of 
indoor air pollutants and condensation, and to maintain a healthy internal environment. Caer Llan 
incorporates a 'sleeved' mechanical ventilation system with heat recovery. By drawing the incoming air 
through ducting at ceiling level along the solar corridor (thirty five metres in length), heat exchange is 
facilitated. The air warmed by the sun in the solar corridor rises to the ceiling and passes through 
openable vents into a duct taking it to the accommodation. In addition to solar heat, the air intake duct in 
the solar corridor absorbs 'waste1 heat from the exhaust duct, which is the 'arm' inside the 'sleeve' of the 
intake duct. During the summer the heat transfer from the solar corridor is prevented by closing the 
ceiling level vents, but a reverse transfer is now permitted between incoming and extract air. There is 
also a facility for 'dumping' heat via clay pipes, known as 'earth pipes', incorporated in the earth above the 
roof, and connected to the ventilation system. A sleeved mechanical heat recovery system may be more 
energy efficient, in terms of the heat recovered in proportion to the energy expended, than other devices, 
such as heat wheels or corrugated plates (19). This is because less air resistance can be expected in two 
concentric tubes than in other systems, and also no energy is expended in turning a wheel.
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There are two ways in which this system could be improved. Firstly, it is envisaged that most occupants 
of housing within the UK would like to be able to open windows when the outside and inside air 
temperatures are close to each other, in order that they may enjoy the natural sounds and scents present 
during these periods, such as birdsong and garden flowers. However, it is important to limit the opening 
of windows when the outside temperature is significantly above or below comfort level. Secondly, a 
step towards a completely zero energy requirement would be to design a passive stack ventilation system, 
incorporating heat recovery from the exhaust air to the incoming air . To date such a system has never 
been incorporated into an ESH unit in the UK, and it is possible that the force generated by the stack 
effect would be insufficient under some conditions to overcome the air resistance in, for example, a 
suitable sleeved heat recovery system.

Unfortunately, none of the earth sheltered houses which have been constructed to date, within the UK, 
have had any systematic temperature monitoring undertaken, other than the Caer Llan Berm House, and 
most of them use active space heating. Carpenter monitored the internal and external temperatures at the 
Caer Llan Berm House, for two years between 1988 and 1989. He produced a number of graphs to 
illustrate his findings (see Plate 5). The above ground house is known as the 'Fox House' and was 
constructed in Bristol in 1995 (see Plate 6). It is acknowledged that the Caer Llan Berm House is much 
larger in floor area than Fox House and does not incorporate the same rooms as a dwelling (other than the 
self contained flat at the western end), but there is nevertheless some value in the comparison.

Criteria

1. Monitoring Period
2. Dwelling Type

3. Location
4. Exposure
5. Fenestral positioning

6. Floor area
7. Design temperature
8. Coolest internal 
temperature

9. Warmest internal 
temperature
10. Space heating cost

1 1. Heating unit

12. Ventilation

13. Insulation-Walls 
Roof 
Floor

14. Average internal 
temperature un-occuppied
15. Average internal 
temperature occupied

Caer Llan Berm House

October 1988 to October 1989
Exposed South Wall type ESH unit, 
built with a high thermal mass.

Lydart, Monmouth
Moderate
All windows face 30° West of South.

363m2
21 °C
16.5 °C, during two weeks when 
external temperature did not rise above 
-4 °C, and there was no occupation or 
passive solar gain.

26 °C, (see text on page 24), when the 
external temperature was 22 °C.
none except cost of electricity to drive 
meachnical ventilation heat recovery 
system
none

a sleeved system with 2 concentric 
tubes, providing 0.5 air change per 
hour in each study room and 3 air 
changes/hour in the bathrooms.
lOOmmpolyurethane 
lOOmmpolyurethane 
50 mm polyurethane
18 °C

21 °C

Fox House

October 1995 to February 1996
A super-insulated above ground house 
with two-storeys, built with a high 
internal thermal mass.
Frampton Cotterell, Bristol
Moderate
Windows in lounge and 2 bedrooms 
face South
150m2
21 °C
19 °C, during 4 weeks where the 
external temperature fluctuated 
between 0 °C and -4 °C. The 
condensing boiler was switched on 
throughout this period.
27 °C when the external temperature 
was 30 °C.
£95.00 per annum

Gas condensing boiler, operating at 65 
°C from September through to the end 
of April.
Passive stack ventilation to the kitchen, 
bathroom, w.c. and dining area.

1 50 mm mineral wool 
1 75 mm recycled cellulose 
1 00 mm polystyrene
20 °C with active space heating

2 1 °C with active space heating

Table 2: Comparison Of An ESH With A Conventional Above Ground Super-insulated House
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Table 2 and the supporting data graphs in Plate 5 and 6 show similar internal and external temperatures 
for both case studies, which raises a number of important points in the favour of the Caer Llan Berm 
House. Firstly, the Caer Llan Berm House does not require any form of heating except a mechanical 
ventilation heat recovery system to maintain an internal temperature of at least 16.5 ° C, when 
unoccupied or 22 ° C when occupied. Secondly, the space heating at the Fox House costs £95.00 each 
year, which although it is a fairly low cost nevertheless represents significant Carbon Dioxide emissions 
into the atmosphere. In contrast, the space heating costs nothing at the Berm House, and emits no Carbon 
Dioxide into the atmosphere, other than that attribution to the electric fans which power the mechanical 
ventilation heat recovery system. Thirdly, the Fox House has similar insulation efficiencies in its 
envelope as at the Caer Llan Berm House, suggesting that an earth cover with moderate thickness' of 
insulation is more efficient than insulation alone.

Earth Sheltered Dwellings and Health

A possible major obstacle to the use of earth sheltering for mass housing in the UK is that housing 
consumers may perceive earth sheltered dwellings as cold, damp, dark and claustrophobic. There is no 
evidence of any such perceptions on the part of the self builders of the existing earth sheltered houses in 
the UK, but this is hardly surprising; they would not have built their earth sheltered houses if they were 
not convinced of their advantages. Currently 20,000 people every year organise the building of their own 
more or less conventional houses, which represents a third of the total UK new housing turn-over (20).

This sector of the market may be the most promising for the growth of earth sheltering . However, the 
attitudes of potential purchasers of houses from speculative house-builders and of potential tenants of 
social housing, may be quite different from those of self builders. There is a need for evaluation of these 
attitudes.

Conclusions

Earth Sheltered Housing has clear advantages over conventional above ground houses in terms of land 
sustainability, but in relation to the other criteria of sustainability the position is less clear. Further 
research is needed to make a valid comparison between earth sheltered houses and conventional above 
ground dwellings in terms of materials sustainability. Even then it will be difficult to reach a definitive 
and widely applicable conclusion owing to the variation in data from different sources on the embodied 
energy in materials, and the possible variation in the types of materials which can be used for both earth 
sheltered and above ground dwellings. As far as autonomy is concerned, the built examples of Caer Llan 
Berm House and No Mans Land together with the published data available on soil temperatures at 
different depths in the UK appear to demonstrate that earth sheltered building unlike conventional above 
ground buildings, can be designed to eliminate or very nearly eliminate the requirement for active 
space heating. Further research is need to determine exactly what effect insulation position has o the 
thermal behaviour of earth sheltered buildings. This research should consider insulation on the inside and 
the outside of the earth sheltered parts of the envelope and 'umbrella' insulation. It should also assess the 
effect of different depth of earth cover on thermal behaviour, and ideally, the effect of different depths of 
earth cover on embodied energy in the structure should also be assessed and related to the effect on the 
thermal behaviour of the building, his research could also take the form of thermal modelling, 
monitoring of completed buildings or ideally both. Consumer attitudes and opinions are important as 
they will determine whether earth sheltered houses are marketable. Research in this area should 
consider the perceived or expected psychological effects of living below ground, as well as preferences in 
relation to such aspects of design as layout, view, the presence or absence of buffer spaces between 
windows and the outside, and the presence or absence of openable windows. Such research will shortly 
be undertaken at the University of Glamorgan.
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This paper discusses the reasoning behind the government's recent 
reduction in the projection for 4.4 million new homes to 3.8 million new 
homes by 2016. Two approaches by residential developers to improve the 
design of new homes are presented with three example projects. One 
project attempts to recreate village life, whilst the other two project's 
ethos is to provide working examples of energy efficient housing 
developments. These three projects highlight an increasing pattern by 
residential developers to employ external consultants. This and proposed 
amendments to Document L of the Building Regulations could mean 
Building Services Engineers could secure commissions in the new homes 
sector. Dynamic simulation is discussed as one tool, which could assist 
Building Services Engineers in this sector. A research project at the 
University of Glamorgan including the design of a two-storey earth 
sheltered house uses a dynamic simulation package in its analysis and 
evaluation of this house. The title Building Services Engineer may be 
perceived as a barrier to entering the new homes sector. This and other 
barriers will be evaluated.

1. Introduction

Building Services Engineers (discussed as BSEs hereafter) may well be on the brink of securing a large 
market segment of the residential development sector, if their professional services can be marketed 
adequately. This opportunity culminates a number of factors including, proposed revisions to Document 
L of the Building Regulations, the desire of single house purchasers for new housing to score highly in 
terms of energy efficiency and recent trends by residential developers to commission consultants to 
improve house designs and layouts. This paper therefore sets out to investigate the services which BSE 
could offer to residential developers of new homes, and the barriers that may prevent BSE proceeding 
with this challenge.

2. The Need For New Energy Efficient Housing

Since 1996, two successive UK governments have published various reports indicating the number of 
new homes which need to be built by 2016. The first in the series of papers on this issue was published in 
1996 by the previous government entitled 'Household Growth: Where Shall We Live', which concluded 
that 4.4 million new homes would have to be created (1). In 1998, after being in power for nearly one 
year, the current government published their own report entitled 'Planning For The Communities of the 
Future' (1). This report went one step further than the first, in that it identified 175,000 houses would 
need to be built on an annual basis from 1992 until 2016. This figure when multiplied by twenty-five 
years (from 1992 to 2016) is not dissimilar to the figure in the previous government's projections (2).

In 1998, these government reports were complemented by findings from two reports 'One person 
households: what they really want' (3) and 'Consumer confidence, product and location requirements' 
(4). The first report established that 80% of the new homes built by 2016 would be purchased by 
financially capable single people, aged between 35 and 54 (3). It was also concluded this growing market 
wanted to live in a variety of locations, with spacious accommodation, good security and green open 
areas. Many of these findings were contrary to the belief of many house builders and politicians at the 
time. The second report confirmed single people would be an important sector of the market, and added
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single people wanted larger houses than those currently on offer, with improved features including 
character, local amenities, and scoring highly in terms of energy efficiency (4).

In the early stages of 1999, as a direct response of these latter reports, the government reduced its 
projections for new housing by 0.6 million to 3.8 million new homes. (5). The Deputy Prime Minister, 
stated the government's figure had been revised to take into consideration single people who were 
cohabiting. The government's original projection underestimated the number of single people who were 
living in this manner. A more detailed analysis of the governments housing projections can be found in 
the paper: Earth sheltered housing (6)

Such opportunities for new housing requires strict planning of design solutions to prevent risks to public 
health and mounting demands on the environment and its finite resources (7). Therefore, residential 
developers and their design teams require an in depth understanding of a wide variety of principles and 
skills in order to develop new homes that meet the market demands expressed above, and reduce the 
energy usage of these dwellings both in their production and their occupation.

3. Residential Developers Response To Changing Market Needs

Until 1999, the response by UK residential developers to this changing market needs and responsibilities 
had been disappointing. There were very few examples of new homes built in a speculative manner, 
which have sympathetic designs to match local vernacular styling. Many residential developers' attempts 
at meeting local vernacular styling do so by altering their pattern book of designed housing to include 
features which do little to enhance the character of the finished house, such as UPVC porches, and 
coloured roof tiles to mimic slate (8), (9). This unsympathetic design approach has been repeated when it 
comes to providing energy efficient new homes.

Residential developers may argue the point that they did not need to go beyond the codes and practices 
laid out in the recently revised edition of Building Regulations, Part L (1995), since these revisions were 
made to promote more energy efficient practices. However, many developers in the residential and 
commercial sectors who have complied with Document L have discovered many methods to make trade 
offs in their design proposals (10). This has resulted in numerous buildings being built, which have 
significantly lower energy efficiency values than is expected when controlled by Part L. This is evident 
by the findings discussed in the report 'Consumer confidence, product and location requirements' (4) 
discussed above, where house purchasers are calling for more energy efficient homes. In addition, there 
is no evidence to date, which suggest changes to Part L have led to reductions in Carbon Dioxide (CO2) 
emissions from building occupation (11).

In the first six months of 1999 there has seen a slight improvement in the approach residential developers 
have taken towards the design of new homes, which is demonstrated by two distinct avenues of 
development. One is by returning to traditional housing styles and community layouts. Thereby creating 
villages for the 21 st century similar to those planned and built 100 hundred years ago, which are designed 
around peoples needs, such as employment facilities and local shops and not cars (12). This is an 
improvement on existing developments because, by providing employment and local shops within 
walking distance of new homes it should be an opportunity for people to mix more freely, when walking 
to work or local amenities. This will be reinforced by the measures adopted in the community to make 
cars less attractive to use, such as narrow streets with repetitive right angle bends. (12). Therefore, if cars 
are used less frequently then there will be a decrease in carbon dioxide (CO2) emissions, and ultimately a 
healthier environment for the community's occupants. The second, is by creating innovative and energy 
efficient homes of the future on a mass scale, which consume between 10% and 40% of the energy 
required for space heating, compared to existing dwellings (13).

The strategy behind the first approach, now being tested at Dickens Heath and Garden City 21, was 
initiated at Poundbury and aims to create village communities with newly designed house types including, 
cottages and town houses, which are appreciated as modern interpretations of pastiche (12). The houses 
at Dickens Heath include late 19th century features such as chimneys, asymmetric door and window 
openings, no front gardens or drives for parking and sash windows. These villages will also include all 
the facilities of a traditional community, such as employment opportunities, a high street with shops, a 
church and village green, all within the community boundaries. Garden City 21 goes some way between 
the first approach and the second approach in that it is designed around a traditional village structure and
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attempts to meet Agenda 21 targets. By moving away from housing estates of the past decade, which 
have been designed around car users with their sprawling cul-de-sacs, large front gardens to incorporate 
parking for two cars and non distinct housing, it seems residential developers are considering more 
carefully the environment and the desires of their potential purchasers.

The largest examples of the second approach to new residential settlements are the Millennium village 
scheme in Greenwich Southeast London and the Beddington zero energy development (BZED) to be built 
in Sutton. The Millennium village was proposed in February 1998 and is intended to be a showcase for 
1400 energy efficient homes, comprising of traditional housing and mid-rise apartment blocks (13). 
BZED is a scheme for 90 dwellings with a mixture of grass-roofed town houses, maisonettes, flats and 
workshops (13).

In the past few decades most of the UK low energy homes have either been the creation of private 
individuals and inspired designers, such as Lower Watts House in Oxfordshire (14), or government 
blessed concept houses, such as the Integer House. The Integer house is due to be dismantled in 1999 
having served its purpose (15). Therefore, If these latter examples are successful in being built to their 
proposed energy targets, and they attract enough tenants and purchasers, they will provide a good 
reference point for developers and consultants alike. Hopefully, encouraging similar developments to be 
built elsewhere in the UK. However, until all these new developments have been completed and 
occupied their success rate, in terms of meeting purchasers' changing needs and reducing energy usage 
cannot be gauged or compared against other new homes. Therefore, the most important issue worth 
further discussion, which has occurred in all the above residential development examples, is the 
increasing trend for residential developers to commission construction consultants in various guises to 
become actively involved in the design process. There is an indication here that speculative residential 
developers will need the help of suitably qualified and experienced consultants if they are to meet 
purchasers needs whilst still satisfying planning and building control requirements.

4. Involvement of Consultants In Residential Developments

At Garden City 21, the team of experts which has been commissioned includes an architect, landscape 
designer and a BSEs company, who market their services as Energy and Environmental Consultants (14). 
The role of the BSEs in this scheme involved advising both the residential developer and the district 
council on how best to meet the environmental expectations of Agenda 21. In the past eighteen months, 
the BSEs have found themselves increasingly called in by residential developers to provide similar advice 
to the above (13).

In a different role, the design team for the BZED residential project consisted of an architect and a 
Building Services Engineer (BSE). The BSEs role in this project was to work alongside the architect and 
create energy efficient design solutions for the houses. One of the design tools used by the BSE to assist 
in testing these design solutions was a dynamic thermal simulation package. As at Garden City 21 the 
BSE at BZED used a different title to market his services that of an environmental consultant as opposed 
to that of a BSE.

It is not certain to what extent the BSEs involved in the millennium project were actually able to 
participate in the design process. Perhaps some indication about their lack of involvement can be drawn 
from the criticisms already thrown at this project (14). All the proposed houses in the project were 
supposed to use 80% less energy than conventional dwellings. In fact it appears that only the dwellings 
near the end of the development will achieve this reduction, which some reports suggest is due to 
financial pressures from the developers (14). Moreover, the overall concept for the millennium village 
was drawn up by EEC master planners, who were not part of the design team. Therefore, they were not 
accountable for the method in which their green ideals were in incorporated into the design solutions. 
This is disappointing, but could well be a good indication that BSEs who are involved in new homes 
projects should be allowed to actively participate in the design team and are able to make 
recommendations for the selection of energy efficient design solutions. If BSEs cannot undertake this 
role, then like the Millennium village proposal these projects have a lesser chance of achieving a reduced 
environmental impact and energy usage.

The driving force which may well make it much easier for BSEs to secure more commissions from the 
new homes market is the fact that the DETR (formerly the DoE) is in consultation to improve the energy
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efficiency measures within Part L, of the Building Regulations (12). It is proposed that all development 
by residential developers (and other developers in the commercial sector) will be required to increase 
insulation levels, include double glazing, and for the first time undertake an air tightness test and utilise 
energy efficient lighting (12).

Therefore, in the very near future there is going to be a huge demand by many residential developers for 
professionals who can provide quick, reliable and cost effective advice on the selection of energy efficient 
design solutions. One method to ensure that BSE and other Engineering disciplines have the chance to 
integrate their technical design solutions into new home designs is for interdisciplinary design teams to 
operate (16). Each member of the team should have a broad appreciation of the others design skills. 
Architects should undertake two roles, one as the project manager of this design team and the second as 
the designer of the aesthetics and layout (16). In this second role the architect should take the 
responsibility for working alongside Engineering disciplines and incorporating their technical solutions 
into aesthetic and architectural detailing.

It is therefore clear from the above discussions that there are at least two types of service by which BSEs 
can secure commissions within the residential development sector, and these are as follow:

• providing advice on environmental legislation, including Agenda 21;
• taking an active part in the design team of projects to offer energy efficient solutions for 

proposed materials and design options, by utilising dynamic simulation.

There may well be other ways in which BSEs can offer their services to residential developers, such as 
providing advice on optimum SAP ratings and environmental audits (10). However, the remainder of this 
paper will focus on the method by which energy efficient design solutions can be provided by a BSE, as a 
member of the design team, and the market barriers.

5. BSE Provision of Energy Efficient Design Solutions

In order for a BSE to test different materials and energy efficient design solutions, there is an important 
tool, which has been used, increasingly in recent years, making this task much easier and more accurate 
(17). This tool is known as dynamic thermal simulation and design. Before a building design can be 
simulated, these computer packages require a building design to be translated (drawn) in 2D within the 
package itself. In addition, boundary conditions for the building design must be specified to include 
location within a particular country or known weather data files, material specifications, ventilation 
routes, casual heat gains, and internal room zones. Once this has been undertaken the simulation can 
begin. As these packages have developed over the years it is now possible for a BSE to extract results 
which match one day in a calendar year or for every day in that same year.

If a dynamic simulation package was used by a BSE commissioned by a residential developer it could be 
useful at all stages of the design process. For example, at the concept design stage feedback could be 
quickly provided on the architect's first sketch designs. This would allow inefficient design ideas to be 
eliminated or altered and efficient solutions to be taken a step further to the detailed design stage, by the 
architect. At the detailed design stage, simulation could be used to test a selection of design solutions, and 
also used to select and test the most efficient materials and design layouts of the chosen designs.

Although, a BSE would obviously charge fees to a residential developer for this service, it is quite 
possible that the developer could save money by the architect spending less time creating and developing 
design ideas that would not be successful. In addition, more energy efficient new homes could be built, 
which have lower CO2 emissions.

A current example, where dynamic simulation is being used to test the materials and variations in the 
design configuration of a new home is at the author's University. The aim of this research project is to 
establish the feasibility of building two-storey earth sheltered houses (esh units) in the UK. One part of 
this study has been to design a South Wall type esh unit, which is known to be highly energy efficient in a 
single storey configuration (18), as a two-storey house. There are no two-storey esh units within the UK 
and none of the North American examples of two-storey esh units were successful in terms of reducing 
the need for active space heating. Therefore, simulating the above design is the best method available to 
reduce the uncertainty of such an innovative design. In addition, because one of the main aims of the
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research project is to promote the development of esh units for the mass housing market, the esh unit has 
been designed to match the UK's most commonly built house size (19). This is a three bed, semi 
detached, two-storey house.

The dynamic simulation package used in the research project is Tas Lite, and the simulation period for the 
above testing is being undertaken for 365 days, to include 180 days for preconditioning. The reasoning 
behind 180 days for preconditioning is that an earth-sheltered building requires this period to reach its 
steady state, due to the heavy mass of its structure and the surrounding earth. This is particularly apparent 
when relying on passive means for heating and cooling. However, the duration of this period is strictly 
dependent upon which season the building is completed. According to Halt (20) when the preconditioning 
process commences in the autumn an earth sheltered building needs 365 days to reach its equilibrium. 
However, this preconditioning period is reduced to 180 days if its preconditioning process commences 
during the spring. The variations in design configuration which are currently being tested are summarised 
in Table 1 below:

Table 1: Variations in test design configurations
TEST

Al
A2
A3
A4
A5
A6
A7
A8

A9
A10
All
A12
A13
A14
A15
A16

EARTHCOVER, (mm)

1500
1500
1000
1000
500
500
250
250

1500
1500
1000
1000
500
500
250
250

INSULATION, (mm)

100
300
100
300
100
300
100
300

100
300
100
300
100
300
100
300

The tests Al to A8 relate to a new home design, which includes rooflights, and tests A9 to A16 relate to 
the same home design without rooflights.

The completed results to this research project will be made available with other research data to a 
Housing Association, who's aim is to develop a number of esh units, which can improve upon those 
completed at the Hockerton Housing project. The Hockerton Housing Project incorporates five single 
storey esh units which have been designed and built on a modular basis (21), (22).

It is evident from the arguments put forward, that dynamic simulation is a useful and necessary tool in the 
provision of energy efficient design solutions by BSE. However, the chance of being able to use this tool 
in the provision of energy efficient design solutions to residential developers will rest on overcoming any 
market barriers that exist.

6. Marketing BSE Provision of Energy Efficient Design Solutions

The aim of this final section is to give an overview of some of the preponderant market barriers or 
challenges.

The first market challenge is to create a title which prospective clients will recognise, and therefore are 
able to distinguish between the traditional BSE and the re-branded BSE. A good example of where re- 
branding of a BSE has occurred has already been described for the BZED project. There the BSE re- 
branded himself as an Environmental Engineer. At the author's Consulting Engineers in London some of
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the employees have been re-branded in a similar manner, and they are known as Construction Ecology 
Consultants (CEC). These CEC have created a separately funded business venture within the original 
partnership called the Construction Ecology Unit (CEU). The CEU offers a number of services geared 
towards the developers of environmentally friendly and low impact buildings, which has included 
residential developers. There are other titles, which BSE could consider, as summarised below:

• Residential Design Engineers;
• Ecological Design Engineers;
• Ecological Designers.

The second market challenge is to establish an effective method by which prospective clients (residential 
developers) are made aware of the existence of re-branded BSE, with services that can benefit themselves 
and their clients (purchasers of new homes). There are two possible options to consider, depending on 
whether the re-branded BSE market their services independently, or if they join with other consultants, 
including architects already offering their professional services to residential developers.

In the first option the simplest method would be to produce a marketing document summarising the new 
services on offer, and the anticipated benefits. This document should be sent to residential developers 
and research organisations such as The Housing Research Foundation. In assistance to the re-branded 
BSE, CIBSE could create an Internet site dedicated to housing issues, similar to that of the new RIBA 
Architects in Housing Group (23). The RIBA site launched in June 1999 provides an online forum for 
architects to answer any queries or questions on any housing issue or problem. It also advertises the 
services which architects can offer to residential developers, product manufactures, homebuyers and 
housing association tenants. The second option may be more difficult for re-branded BSE to achieve. 
Firstly, it will be necessary to locate the architects who are already working with residential developers, 
and secondly, it may be difficult to persuade these architects of the benefits in forming a working 
partnership. However, one possible solution to these difficulties could be to use the RIBA Internet site 
discussed above, to locate the particular architects and also create a discussion on the issue of re-branded 
BSE and their services in one of the on-line forums.

Finally, another issue worth discussion, which is also a challenge but nevertheless related to this section is 
how should new graduates be trained and existing BSEs undertake re-training to offer services in this 
field? For graduates of B.Eng. degrees the main areas of training is likely to be in understanding housing 
design, the development process and business development techniques. If these graduates were interested 
in the re-branded BSEs services or the residential development sector then choosing either a BEng degree 
or MEng degree with the above modular content would be wise. For existing BSEs there may be no need 
for further study, but there may be scope for CIBSE or a University to develop some CPD study courses 
in residential development. It is worth noting that CIBSE have already made some attempts to assist BSE 
who would like to specialise in this area by including a section on dynamic thermal simulation in their 
proposed revisions to Guide A (24). The sections in the new Guide, which include reference to dynamic 
thermal simulation, are A2: external design data, and A5: thermal properties of building structures. Table 
2 below, summarises the reference to dynamic thermal simulation these sections will provide.
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Table 2: CIBSE Guide A's recommendations For A Dynamic Simulation Program

A2 External Design Data AS thermal Properties of Building 
Structures

weather and solar data specifically for simulation A Simulation program should include:

• internal room surface heat balance;
• non-steady-state fabric conduction;
• characteristics of the emitter;
• internal solar distribution;
• temporal variation of the external 

	climate;
• external solar radiation
& A basic dynamic model should:

• correctly represent the proportions of 
radiant and convective heat from room 
emitters;

• correctly represent surface heat transfer 
coefficients;

• make realistic determination of the 
internal distribution of solar radiation

7. Conclusions

It is argued that the proposed revisions to the 1995 edition of Part L in the Building Regulations and the 
trend by residential developers to commission external consultants to improve their residential 
developments will lead to opportunities for Building Services Engineers in the new homes sector. These 
opportunities include providing advice on the implications of Agenda 21 to residential developers and 
their council partners, and participating on interdisciplinary design teams by providing advice on energy 
efficient materials and design solutions. Dynamic thermal simulation is introduced as an essential tool for 
the latter service. An example is discussed where such a package is being used in a current research 
project at the author's University. However, before these services can be provided a number of market 
challenges need overcoming. These market challenges include re-branding the title of Building Services 
Engineer, so that it is easy for potential clients to distinguish between the existing and new roles, and 
therefore, gives some indications as to the services on offer. One such tittle to consider is an Ecological 
Designer. Other market challenges are the choice of method to make potential clients aware of the 
existence of a re-branded Building Services Engineer, their services and whom these services will benefit. 
One solution would be to work in partnership with consultants already offering their professional services 
to residential developers, whilst the second option would be to rely independent introductions to 
residential developers and CIBSE creating an Internet site marketing the services of a re-branded 
Building Services Engineer.

The continued success of creating a Building Services Engineer who can offer the above services to 
residential developers relies on providing training to both new graduates and experienced Building 
Services Engineers. It is argued that for graduates, modules in housing design, the development process 
and business development techniques are included in both the BEng and MEng degree courses, and for 
experienced Building Services Engineers similar CPD courses are provided by Universities or CIBSE.
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Abstract

This paper discusses the reasoning behind the UK government's recent reduction in it's projection for 4.4 
million new homes to 3.8 million new homes to be built by 2016. Two distinct approaches by residential 
developers to improve the design of new homes are presented with four example projects. One project 
attempts to recreate village life, whilst the other three project's ethos is to provide working examples of 
energy efficient housing developments. These four projects highlight an increasing pattern by residential 
developers to employ external consultants. This and proposed amendments to Document L of the 
Building Regulations could mean an opening for a new professional partnership to secure commissions in 
the new homes sector. Dynamic simulation is discussed as one tool, not traditionally utilised in housing 
design. A research project at the University of Glamorgan including the design of a two-storey earth 
sheltered house uses a dynamic simulation package in it's evaluation of this house.
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1. Introduction

A number of factors are emerging which point towards a demand for construction professionals to offer a 
wider range of skills when seeking commissions in the residential sector. These can be summarised as:

• Proposed changes to Building Regulations aimed at improvements in energy performance.
• Increased emphasis on the desire for energy efficient houses from house buyers.
• Recent trends by residential developers to commission consultants to advise on matters relating 

to energy efficiency and overall environmental performance.

These demands may be beyond the ability of traditional design practices and may require the influx of 
new players or re-training/Continued Professional Development (CPD) for existing players, or in all 
likelihood a combination of the two. Alternatively, it may be that a new breed of construction 
professional is needed that combines the traditional design skills of an architect and the energy and
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environmental advisory skills of a building services engineer with a particular focus on housing. 
Traditionally the expertise of the building services engineer has been focused on all sectors apart from 
dwellings. In either case, from the perspective of the client there may be a need for this new service to be 
distinct and identifiable, some observed examples being environmental design practice or architectural 
engineering practice. This partnering arrangement will provide a more cost-effective service to 
residential developers, than if they were to commission two construction professionals with individual fee 
charges. With these combined services and skills a suitable title for such a construction professional 
would evolve from a number of possibilities. For simplicity and to foster discussion, Architectural 
Engineer (AE hereafter) will be used in this paper. Evidence that there is a need for AEs is the growing 
number of University courses called Architectural Engineering and Environmental Design, combining the 
content of architectural technology with general energy and environmental engineering. Universities are 
required to demonstrate industry demand before new courses are validated where the course has 
vocational implications, so these new courses are being created by industry demand. This paper therefore 
sets out to investigate the services that a multidisciplinary AE (practice) could offer, particularly to 
residential developers of new homes [1],

2. The Need For New Energy Efficient Housing

Since 1996, two successive British governments have published various reports indicating the number of 
new homes, which need to be built by 2016 in England. The first in the series of papers on this issue was 
published in 1996 by the previous government entitled 'Household Growth: Where Shall We Live', 
which concluded that 4.4 million new homes would have to be created [2]. In 1998, after being in power 
for nearly one year, the current government published their own report entitled 'Planning For The 
Communities of the Future' [2]. This report went one step further than the first, in that it identified 
175,000 houses would need to be built on an annual basis from 1992 until 2016. This figure when 
multiplied by twenty-five years (from 1992 to 2016) is not dissimilar to the figure in the previous 
government's projections [3]. In 1998, these government reports were complemented by findings from 
two reports 'One person households: what they really want' [4] and 'Consumer confidence, product and 
location requirements' [5]. The first report established that financially capable single people, aged 
between 35 and 54 [4] would purchase 80% of the new homes built by 2016. It was also concluded this 
growing market wanted to live in a variety of locations, with spacious accommodation, good security and 
green open areas. Many of these findings were contrary to the belief of many house builders and 
politicians at the time. The second report confirmed single people would be an important sector of the 
market, and added that single people wanted larger houses than those currently on offer, with improved 
features including character, local amenities, and scoring highly in terms of energy efficiency [5].

In the early stages of 1999, as a direct response of these latter reports, the government reduced its 
projections for new housing by 0.6 million to 3.8 million new homes. [6]. The Deputy Prime Minister, 
stated the government's figure had been revised to take into consideration single people who were 
cohabiting. The government's original projection underestimated the number of single people who were 
living in this manner. Further to these statements, a more detailed analysis of the governments housing 
projections can be found in the paper: Earth sheltered housing [7].

Such opportunities for new housing requires strict planning of design solutions to prevent risks to public 
health and mounting demands on the environment and its finite resources [8]. Indeed, at 1998 levels of 
fuel consumption 26% of the UK's CO2 emissions were associated with fuel use in residential dwellings 
[9]. From this figure it has been widely agreed that space heating is the largest single contributor at 
between 44% [10] and 48% [11]. Therefore, as more and more house are built in the UK it is likely that 
unless the energy efficiency and design of housing is improved by residential developers then CO2 will 
continue to rise from this sector. In order for residential developers, and their design teams to accomplish 
lower CO2 emissions, develop new homes that meet the market demands expressed above, and reduce the 
energy usage of these dwellings both in their production and their occupation they require an in depth 
understanding of a wide variety of principles and skills.

3. Residential Developers Response to Changing Market Needs

Until 1999, the response by UK residential developers to this changing market needs and responsibilities 
had been disappointing. There were very few examples of new homes built in a speculative manner, 
which have sympathetic designs to match local vernacular styling. Many residential developers' attempts
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at meeting local vernacular styling do so by altering their pattern book of designed housing to include 
features which do little to enhance the character of the finished house, such as UPVC porches, and 
coloured roof tiles to mimic slate [12], [13]. This unsympathetic design approach has been repeated when 
it comes to providing energy efficient new homes.

Residential developers may argue the point that they did not need to go beyond the codes and practices 
laid out in the 1995 edition of Building Regulations, Part L, since these revisions were made to promote 
more energy efficient practices. However, many developers in the residential and commercial sectors 
who have complied with Document L have discovered many methods to make trade offs in their design 
proposals [14]. This has resulted in numerous buildings being built, which have significantly lower 
energy efficiency values than is expected when controlled by Part L. This is evident by the findings 
discussed in the report 'Consumer confidence, product and location requirements' [5] discussed above, 
where house purchasers are calling for more energy efficient homes. In addition, there is no evidence to 
date, which suggest changes to Part L have led to reductions in Carbon Dioxide (CO2) emissions from 
building occupation [15].

During 1999 there was a slight improvement in the way residential developers designed their new homes, 
which is demonstrated by two distinct avenues of development. One is by returning to traditional housing 
styles and community layouts. Thereby creating villages for the 21 st century similar to those planned and 
built 100 hundred years ago, which are designed around peoples needs, such as employment facilities and 
local shops and not cars [16]. This is an improvement on existing developments because, by providing 
employment and local shops within walking distance of new homes it should be an opportunity for people 
to mix more freely, when walking to work or local amenities. This will be reinforced by the measures 
adopted in the community to make cars less attractive to use, such as narrow streets with repetitive right 
angle bends [16]. Therefore, if cars are used less frequently then there will be a decrease in carbon 
dioxide (CO2) emissions, and ultimately a healthier environment for the community's occupants. The 
second, is by creating innovative and energy efficient homes of the future on a mass scale, which 
consume between 10% and 40% of the energy required for space heating, compared to existing dwellings 
[17].

The strategy behind the first approach, tested at Dickens Heath and Garden City 21, was initiated at 
Poundbury and aims to create village communities with newly designed house types including, cottages 
and town houses, which are appreciated as modern interpretations of pastiche [3]. The houses at Dickens 
Heath include late 19th century features such as chimneys, asymmetric door and window openings, no 
front gardens or drives for parking and sash windows. These villages will also include all the facilities of 
a traditional community, such as employment opportunities, a high street with shops, a church and village 
green, all within the community boundaries. Garden City 21 goes some way between the first approach 
and the second approach in that it is designed around a traditional village structure and attempts to meet 
Agenda 21 targets. By moving away from housing estates of the past decade, which have been designed 
around car users with their sprawling cul-de-sacs, large front gardens to incorporate parking for two cars 
and non distinct housing, it seems residential developers are considering more carefully the environment 
and the desires of their potential purchasers.

The largest examples of the second approach to new residential settlements are both in London, the 
Millennium village scheme in Greenwich Southeast London and the Beddington zero energy 
development (BZED) for Sutton South London. The Millennium village was proposed in February 1998 
and was intended to be a showcase for 1400 energy efficient homes, comprising of traditional housing 
and mid-rise apartment blocks [17]. BZED is a scheme of 90 dwellings with a mixture of grass-roofed 
town houses, maisonettes, flats and workshops [17].

In the past few decades most of the UK low energy homes have either been the creation of private 
individuals and inspired designers, such as Lower Watts House in Oxfordshire [17], or government 
blessed concept houses, such as the Integer House. The Integer house was built during 1999, as a one off 
development at the British Research Establishment's London base, in Watford [18]. The purpose of the 
Integer house was to test the complete approach to UK home building for the 21 S| century, all in one 
house [18]. The interest by housing associations and local authorities in the Integer project has led to five 
small residential developments based upon the Integer concepts of sustainability and energy efficiency 
[19]. Therefore, If these latter examples are successful in being built to their proposed energy targets, and 
they attract enough tenants and purchasers, they will provide a good reference point for developers and
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consultants alike. Hopefully, encouraging similar developments to be built elsewhere in the UK. 
However, until all these new developments have been completed and occupied their success rate, in terms 
of meeting purchasers' changing needs and reducing energy usage cannot be gauged or compared against 
other new homes. Therefore, the most important issue for further discussion, which has occurred in all 
the above residential development examples, is the increasing trend for residential developers to 
commission construction consultants in various guises to become actively involved in the design process. 
There is an indication here that speculative residential developers and housing associations will need the 
help of suitably qualified and experienced consultants if they are to meet purchasers needs whilst still 
satisfying planning and building control requirements.

4. Involvement of Consultants In Residential Developments

At Garden City 21, the team of experts included an architect, landscape designer and a building services 
engineer (discussed as BSE hereafter) who market their services as Energy and Environmental 
Consultants [17]. The role of the BSEs in this scheme involved advising both the residential developer 
and the district council on how best to meet the environmental expectations of Agenda 21. In the past 
few years, the BSEs have found themselves increasingly called in by residential developers to provide 
similar advice to the above [16].

In a different role, the design team for the BZED residential project consisted of an architect and a BSE. 
The BSEs role in this project was to work alongside the architect and create energy efficient design 
solutions for the houses. One of the design tools used by the BSE to assist in testing these design 
solutions was a dynamic thermal simulation package. As at Garden City 21 the BSE at BZED used a 
different title to market his services, that of an environmental consultant as opposed to that of a BSE.

At all the Integer projects to date the team of consultants have revolved around a team of architects with 
consultations with other consultants when necessary. Consequently the architects in the Integer projects 
have undertaken many different professional roles including masterminding the house layout, aesthetics, 
materials and the energy efficiency aspects of the houses [20], [18]. Unlike at Garden City 21 and BZED 
BSEs were commissioned for the Integer houses to design only the water and heating systems [21].

The driving force which may well make it much easier for architects, BSEs and other consultants 
specialising in the energy efficient design of housing to secure more commissions from the new homes 
market is the fact that the UK's Department of the Environment Transport and the Regions recently 
completed it's consultation to improve the energy efficiency measures within Part L, of the Building 
Regulations (22). It is proposed that all development by residential developers (and other developers in 
the commercial sector) will be required to increase 'U' values for external walls, roofs and floors by 
specifying greater levels of insulation. In addition double-glazing and for the first time an air tightness 
test will become standard (16). It is becoming clear however, that the simplistic approach previously 
adopted in the Building Regulations is being fortified with increasingly sophisticated treatment of energy 
efficiency measures, such as proposals that take account of the Seasonal Efficiency of a Domestic Boiler 
in the UK.

The popularity of both the Integer and the BZED projects demonstrates that there is going to be more and 
more situations in the UK where residential developers require professionals who can provide quick, 
reliable and cost effective advice on the selection of energy efficient design solutions. One method to 
ensure that consultants specialising in the energy efficient design of housing have the chance to integrate 
their technical design solutions into new home designs, is for the above design consultants (who offer 
their design services to residential developers) to market themselves under one umbrella, such as 
Architectural Engineer. There are a number of advantages for re-branding the services of the above 
design consultants into one multidisciplinary design professional. These include one fee and one point of 
contact for all design services, which would hopefully lead to a more efficient design process. The 
possible cost savings and clearer procurement route for design services may well encourage more and 
more residential developers to consider commissioning an Architectural Engineer to improve the 
aesthetics, material specification and overall energy and environmental performance of their products. 
Consequently, there could be a reduction in CO2 emissions and better product could be provided for 
house purchasers.
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The specific role of an AE, would be as the project manager of the design strategy, which includes 
designing the aesthetics, layout and energy efficient design solutions. In this role the AE should also take 
the responsibility for working alongside Engineering disciplines including structural and highways 
engineers to incorporate their technical solutions into aesthetic, architectural and energy efficient design 
details.

It is therefore clear from the above discussions that there are at least two types of services by AEs could 
secure commissions within the residential deveiopment sector, and these are as follow:

• providing advice on environmental legislation, including Agenda 21;
• taking an active part in the design team of projects to offer energy efficient solutions for 
proposed materials and design options, by utilising dynamic simulation.

There may well be other ways in which AEs can offer their services to residential developers, such as 
providing advice on optimum SAP ratings and environmental audits (14). However, the remainder of this 
paper will focus on the method by which energy efficient design solutions can be provided by a AE.

5. AE Provision of Energy Efficient Design Solutions

In order for a AE to test different materials and energy efficient design solutions, there is an important 
tool, which has been used, increasingly in recent years, making this task much easier and more accurate 
(23). This tool is known as dynamic thermal simulation and design. The advancement of these software 
packages in recent years means that as building designs are formulated in the traditional computer aided 
design (CAD) packages the drawings can also be shared with a simulation package to test their energy 
performance.

If a dynamic simulation package was used by an AE practice commissioned by a residential developer it 
could be useful at all stages of the design process. For example, at the concept design stage feedback 
could be quickly provided on the first sketch designs. This would allow inefficient design ideas to be 
eliminated or altered and efficient solutions to be taken a step further to the detailed design stage. It could 
also be argued that at the initial design stage, simulation tools would not be required because designers 
would rely on their experience. This is true, but there would still be a case for using simulation tools, 
because if the energy efficiency of housing is to improve then one idea put forward by a number of 
designers and the British Research Establishment is that housing design should be taken from a contextual 
basis rather than from a standardised pattern book of house designs. To design housing contextually 
requires each new housing estate to be viewed from a number of angles, including geographical location, 
it's micro-climate, the extent to which passive solar gain can be enhanced and the use of local materials in 
construction. Thus, the initial concept design stage could include simulating an overall housing estate 
layout to establish shadow lines and how best to capture passive solar gain and where to include planting 
to establish micro climates around individual house units. In addition, it could include simulating the 
thermal performance of a catalogue of local materials, which could be included in later stages of house 
designs.

At the detailed design stage, simulation could be used to undertake detailed tests of a selection of internal 
configurations, room layouts, chosen local materials from the initial concept design stage, overall 
fenestration and ventilation strategies for the perceived occupants of a particular scheme. The ultimate 
solution at the detailed design stage would be to produce a design which includes internal spaces that 
meet recognised comfort ranges, has the least CO2 emissions and most importantly for residential 
developers is the most cost effective in purchasing materials and buildability.

A current example, where dynamic simulation has been used by an AE to test the materials and variations 
in the design configuration of a new house type is at the author's University. The aim of this research 
project has been to establish the optimum design and thermal performance of a two-storey earth sheltered 
house (esh unit) for the UK climate. One part of this study has been to design an exposed south wall type 
esh unit, which is known to be highly energy efficient in a single storey configuration (24), as a two- 
storey house. To date there are no two-storey esh units within the UK and none of the North American 
examples of two-storey esh units were successful in terms of reducing the need for active space heating. 
Therefore, simulating the above design is the best method available to reduce the uncertainty of such an 
innovative design, before contemplating it's construction. In addition, because one of the main aims of
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the research project is to promote the development of esh units for the UK mass housing market, the esh 
unit has been designed to match the UK's most commonly built house size (25). This is a three bed, semi 
detached, two-storey house.

The dynamic simulation package used in the research project was 'Tas Lite', and the simulation period 
for the above testing was undertaken over 365 days, to include 180 days for preconditioning. The 
reasoning behind 180 days for preconditioning is that an earth-sheltered building requires this period to 
reach its steady state, due to the heavy mass of its structure and the surrounding earth. This is particularly 
apparent when relying on passive means for heating and cooling. However, the duration of this period is 
strictly dependent upon which season the building is completed. According to Hait (26) when the 
preconditioning process commences in the autumn an earth sheltered building needs 365 days to reach its 
equilibrium. However, this preconditioning period is reduced to 180 days if its preconditioning process 
commences during the spring. The variations in design configuration for the two-storey esh which have 
been tested are summarised in Table 1.

The climatic data file used in the simulation was from 1985, which is recommended by the Chartered 
Institute of Building Services Engineers (CIBSE) as one of the UK's worst case years for winter and 
summer weather. Initial results from test day 79 and test day 206 (the days where the external temperature 
reached CIBSE's recommended external winter and summer design temperature for South Wales) 
demonstrate that internal temperatures can be maintained within a comfort range of 18 to 24 degree 
centigrade, where the insulation is limited to 100 mm of expanded polystyrene on the external surface of 
the structure. The designs do not incorporate any form of space heating, other than heat gains from 
appliances and occupation, passive solar gain, and mechanical ventilation heat recover. The models with 
300 mm of insulation tend to overheat during both the test days with internal resultant temperature in 
excess of 25 degrees centigrade.

The completed results to this research project are being made available with other research data to 
residential developers of affordable homes in the South Wales and Cambridgeshire regions, who's aims 
are to develop a number of esh units. The residential developer in South Wales has the ultimate goal of 
improving upon the designs for the five single storey esh units built and occupied at the Hockerton 
Housing project in 1998 [27], [28].

It is evident from the arguments put forward, that dynamic simulation is a useful and necessary tool in the 
provision of energy efficient design solutions by AE. However, the chance of being able to use this tool 
in the provision of energy efficient design solutions to residential developers will rest on overcoming any 
market barriers that exist.

6. Marketing AE Provision of Energy Efficient Design Solutions

The aim of this final section is to give an overview of some of the preponderant market barriers or 
challenges.

The first market challenge is to establish an effective method by which prospective clients (residential 
developers) are made aware of the existence of AEs, with services that can benefit themselves and their 
clients (purchasers of new homes). The simplest method would be to produce a marketing document 
summarising the new services on offer, and the anticipated benefits to all those concerned in the 
residential development process. This document should be sent to residential developers and research 
organisations such as The Housing Research Foundation. Professional bodies whose members market 
themselves as AEs, including the Royal Institution of Chartered Surveyors (RICS) and CIBSE could 
create an Internet site dedicated to housing issues, similar to that of the Royal Institution of British 
Architects (RIBA) Architects in Housing Group (29). The R1BA site launched in June 1999 providing an 
online forum for architects to answer any queries or questions on any housing issue or problem. It also 
advertises the services which architects can offer to residential developers, product manufactures, 
homebuyers and housing association tenants. Alternatively, there may be a need to create a new division 
in one of the professional bodies to represent the interests of AEs.

The second market challenge is how to train new graduates in this area and how would existing 
construction professionals undertake re-training to offer services in this field? For undergraduates there 
are a number of UK Universities which offer degrees in Architectural Engineering or Environmental
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Design and others are emerging. Universities such as Leeds and Cardiff have run such degrees for a 
number of years. For existing construction professionals there may be no need for further full-time study, 
but there may be scope for participation in professional body activities as described above, or for some 
CPD study courses in the design issues related to residential development for the 21 st century.

It is worth noting that like the RIBA, CIBSE have already made some attempts to assist BSE who would 
like to specialise in this area by including a section on dynamic thermal simulation in their proposed 
revisions to Guide A (30). The sections in the new Guide, which include reference to dynamic thermal 
simulation, are A2: external design data, and A5: thermal properties of building structures. Table 2 
below, summarises the reference to dynamic thermal simulation these sections will provide.

7. Conclusions

It is argued that the proposed revisions to the 1995 edition of Part L in the Building Regulations and the 
trend by residential developers to commission external consultants to improve their residential 
developments will lead to opportunities for a new multidisciplinary professional in the new homes sector. 
It is postulated that terms such as Architectural Engineer or Environmental Designer will be used to 
describe this role. These opportunities include providing advice on the implications of Agenda 21 to 
residential developers and their council partners, and providing the point of contact and advice on design 
issues pertinent to housing, including energy efficient materials and design solutions. Dynamic thermal 
simulation is introduced as an essential tool for the latter service. An example is discussed where such a 
package has been used in a current research project at the author's University. However, before these 
services can be provided a number of market challenges need overcoming. These market challenges 
include the choice of method to make potential clients aware of the existence of an Architectural 
Engineer, their services and whom these services will benefit. One solution would be to rely upon 
independent introductions to residential developers, the existing professional bodies creating an Internet 
site marketing the services of an Architectural Engineer, and the commencement of a new professional 
body to represent multidisciplinary professionals undertaking the role of an Architectural Engineer in the 
new homes sector.

The continued success of creating a Architectural Engineer who can offer the above services to residential 
developers relies on providing training to both new graduates and experienced construction professionals 
intent on specialising in the residential sector. It is argued that for graduates, a new degree in 
Architectural Engineering with modules in housing design, the development process and business 
development techniques would be beneficial and for experienced construction professionals similar CPD 
courses are provided by Universities or the professional bodies.
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Table 1: Variations in test design configurations
Model

A
B
C
D
E
F

G
H
I
J
K
L

M
N
0
P
0
R

S

Earth 
Cover 
(mm)

1500
750
250
1500
750
250

1500
750
250
1500
750
250

1500
750
250
1500
750
250

NIL

Insulation 
thickness (mm)

100
100
100
300
300
300

100
100
100
300
300
300

100
100
100
300
300
300

100

First floor external 
Wall design configuration

Insulated & exposed external wall
Insulated & exposed external wall
Insulated & exposed external wall
Insulated & exposed external wall
Insulated & exposed external wall
Insulated & exposed external wall

Non-insulated buffer wall & Trombe" wall
Non-insulated buffer wall & Trombe" wall
Non-insulated buffer wall & Tromb6 wall
Non-insulated buffer wall & Trombe" wall
Non-insulated buffer wall & Trombe wall
Non-insulated buffer wall & Trombe" wall

Non-insulated buffer wall & Conservatory
Non-insulated buffer wall & Conservatory
Non-insulated buffer wall & Conservatory
Non-insulated buffer wall & Conservatory
Non-insulated buffer wall & Conservatory
Non-insulated buffer wall & Conservatory

Insulated buffer wall
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Table 2: CIBSE Guide A's recommendations For A Dynamic Simulation Program
A2 External Design Data AS thermal Properties of Building Structures

weather and solar data specifically for 
simulation

A Simulation program should include:
• internal room surface heat balance;
• non-steady-state fabric conduction;
• characteristics of the emitter;
• internal solar distribution;
• temporal variation of the external climate;
• external solar radiation
& A basic dynamic model should:

• correctly represent the proportions of radiant and 
convective heat from room emitters;

• correctly represent surface heat transfer coefficients;
• make realistic determination of the internal distribution 

of solar radiation
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