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PREFACE 

This volume, of t h e  proceedings of t h e  Eighth CIB 

T r i e n n i a l  Congress, conta ins  a  few papers which a r r i v e d  
b t o o  l a t e  t o  be included i n  volume l a  and 1 . 

We r e g r e t  t o  inform you t h a t  a t  l e a s t  t h e  fo l lowing  two 

submitted papers i n  volume l a  and l b  have been placed 

under a  wrong s u b j e c t .  

The paper of D r .  Sahap Cakin: "Use of t h e  Feed-Back 

Information i n  Housing Appraisal1' i s  placed under sub- 

j e c t  b C ; i t  should be 3C. 

The paper of D r .  A.  Alphan: On t h e  Design of t h e  Use 

and Discharge of  Water i n  Building i s  placed under 
B 

sub jec t  b A ,  it should have been 4 . 

We have a l s o  rece ived  co r rec t ion  from one au thor  

The co r rec t ion  a r r i v e d  t o o  l a t e  f o r  being made 
a  b 

i n  t h e  p r e p r i n t s  i n  volume 1 and 1 , and a r e  i n -  

cluded i n  t h i s  volume. 



CONTENTS 

Volume I c  
Page Subjec t  

B. L .  M .  Mwamila Local Building Mater ia l s  - 
G.  Mingwa Problems of Implementation 

Volker Hart kopf Inner  City Energy 1 4  3B 

Naomi Yoran 
E f f i c i e n t  Housings 
P ro j ec t s  i n  P i t t sbu rgh ,  Pa . ,  U.S.A. 

S.  J .  Leach Building Services  19 3B 
I n s t a l l a t i o n s  and energy saving  

Cengiz Yener A new Method on Relat ion between 2 6 4 A 
t h e  Mean Radiant Temperature and 
t h e  Aspect Rat io of Space 

Arne Elmroth 

Arne LGgdberg 

Well i n s u l a t e d  A i r t i g h t  Bui ld ings ,  3 0 4~ 
Energy Consumption Indoor Climate , 
Vent i l a t i on  and A i r  I n f i l t r a t i o n  

Compost i n g  La t r ines  
A c u l t u r a l ,  s o c i a l  and 
Technic a 1  Problem 

John M .  Kalbermatt en  Appropriate Technologies f o r  water  4 0 4~ 
supply and waste Disposal  

Jean Fassin L ' informatigue dans l l e n t r e p r i s e  42 5B 
de  cons t ruc t ion .  Quelques informa- 
t i o n s  avant de c e  dgc ider  

Les Serv ices  dlAgrement chez l e s  45 6 
Pays en Dgveloppement pour 
l e s  Nouveautgs dans l a  Construc- 
t i o n  e t  l e u r  Union Rggional 2 
Vocation Commercial 

Mufia Abdulnahab Object ives  and A c t i v i t i e s  of  
Samarai t h e  N C C L .  

An example from I r a q  



SUBJECT 
suJET 3A 

.,-------- -- 
LOCAL BUILDING MATERIALS - PROBUNS OF IMPLEh4ENTATION -- -- 
By Mr. Mwamila, B.L.M. Assistant Lecturer, 

Univers i ty  of Dar e s  Salaam. 

and Dr. mihgwa, a Lecturer, University of 

Dar e s  Salaam. 

&!Ezz 
Research on l o c a l  Building Flhterials has a two-fold 

goal t o  achieve. JXrst, i t  i s  the establishment of 

the mater ia l  properties. And, second, is  the 

cormmication of the research f indings  i n  a fonn t h a t  

can be e a s i l y  adopted f o r  implementation. 

I n  an e f f o r t  t o  minimise the use of fore ign currency 

on w h a t  can o themise  be obtained loca l ly  the Tanzania 

Government has g rea t ly  encouraged research on Local 

&i ld ing  Materials. The posi t ive  response to  t h i s  can 

be judged by the g rea t  number of proto-types i n  the  

close v i c i n i t y  of  the  Building Research Unit  (BRU) in 

Dar e s  Salaam and that of demonstration houses b u i l t  

by the same establishment i n  a number of regions in 

the country. 

nRo things need be done before a country-pride imple- 

mentation can be i n i t i a t e d :  People must be educated 

on the techniques involved. And, a l so  people must be 

convinced about the socio-economic advantages of  

adopting the new technology. 

I n  the paper, the  authors make a presentation of 

some loca l  mater ia ls  being Fntroduced f o r  the building 

purpose i n  Tanzania. They then discuss problems and 

e f f o r t s  t o  solve them i n  the implementation programmes. 

Amongst the mater ia ls  considered a r e  soil-cement, sisal- 

concrete sheets and, pozaolana and pozzolime. 

INTRODUCTION 

Be t t e r  housing is  one of the e s s e n t i a l  requirements 

of human kind. However not al l  can afford  b e t t e r  

housing f o r  a number of reasons. The following are 

t m e  f o r  Tanzania: 

- grea t  escala t ion i n  the cos t  of conventional 

building mater ia ls  

- non-availabil i ty of conventional mater ia ls  o r  t h e i r  

consti tuent pa r t s  

- t ranspor t  problem, and 

- the l e v e l  of skill required may be too high f o r  the  

average person. 

I n  order f o r  the average person t o  af ford  b e t t e r  

housing i t  i s  necessary that the building mater ia ls  

indust ry  searches f o r  "local" building mater ia ls  l e a s t  

af fec ted by most of the above factors .  This in tu rn  

required that the material  be "locally" avai lable  a t  

the place most required t o  minimise the t r anspor t a t ion  

constraint.  

SEARCH FY)R LOCAL BliILDING MATERULLS I N  TANZANIA 

Conventional building mater ia ls  i n  Tanzania f a l l  i n t o  

two categories. Those commonly used in urban a reas  

form one category and those i n  use i n  mral a reas  fonn 

the  other. I n  urban a reas  bui ld ing elements f o r  walle, 

f l o o r s  and foot ings  of ten  have sand, gravel and cement 

const i tuents  i n  them. Whereas sand and gravel  are natural 

materials,  cement i s  a f ac to ry  product which is 

inevi tably  expensive and very of ten  in shor t  supply. 

Cement is  therefore  a mater ia l  the use of which i s  t o  be 

minimised. On the other  hand, sand and gravel have t o  

confonn to  a s e t  of requirements f o r  t h e i r  use. I t ,  
therefore,  means t h a t  i n  a reas  where sand and gravel a r e  

de f i c i en t ,  the mater ia ls  have t o  be transported from else- 

where. These mater ia ls  may therefore  a l so  require  subs- 

t i t u t i o n  i n  a reas  where transwortation costs  appear 

prohibit ive.  

Roofing f o r  simple houses i s  commonly ofi co rnga ted  

i ron ,  alluminium o r  asbestos sheets  a l l  of  which a r e  

i m p r t e d  i n  one fenn o r  the other. They, therefore ,  

involve foreign exchange i n  addi t ion to  e sca la t ing  

pr ices ,  non-availabil i ty and have f i n a l l y  t o  be trans- 

ported to  the places they a r e  required. Subst i tu t ion 

of these mater ia ls  is therefore  required. 

I n  m r a l  areas  where about 95% of the p o y l a t i o n  l i v e s  

the conventional and r a the r  t r a d i t i o n a l  building mate- 

r i a l s  include, wooden poles and mud blocks f o r  walls 

and thatch f o r  roofs. Here the  main problem i s  the  low 

and very var iable  c u a l i t y  and durab i l i t y  of the materials.  

Therefore qua l i ty  and d u n b i l i t y  have t o  be improved f o r  

these mater ia ls  without in tmducing the o the r  problems. 

A search f o r  new and b e t t e r  building mater ia ls  is  a l so  

required. 

From the preceeting naragraphs i t  i s  c l e a r  t h a t  the 

new loca l  mater ia ls  shnuld whenever possible be ava i l ab le  

i n  the close v i c i n i t y  to  the l o c a l i t y  they a r e  required. 

Amongst the new mater ia ls  on which research has been 

made i n  Tanzania include: 

- Cement s t ab i l i s ed  s o i l s  f o r  the subs t i tu t ion  of 

cement s t ab i l i s ed  sands. 

- Sisal-concrete roofing sheets  f o r  subs t i tu t ion  of 

meta l l ic  and asbestos-cement sheets. 

- Pozzolana and Pozzolime f o r  p a r t i a l  o r  whole substi-  

t u t ion  of P ~ r t l a n d  Cement. 

CEMENT-STABILISED SOILS: 

Research i n  cement s t a b i l i s a t i o n  of s o i l  has been 

intended t o  assess  the f e a s i b i l i t y  of: 

- subs t i tu t ing  f o r  mud and poles t o  improve the  

du rab i l i t y  and eas the t i c s  

- subs t i tu t ing  f o r  concrete and cement s t a b i l i s e d  

sands t o  reduce the cost of  the  materials.  



Subst i tu t ion  by cement s t a b i l i s e d  s o i l s  would be most 

appropriate i n  sand-deficient areas. Where sand is  

abundant without tmc ldng  cement-stabilised sands can 

be subs t i tu ted  f o r  mud and poles. 

To meet t he  requirement wanunt ing its use a s  a sub- 

s t i t u t e  research i n  t he  mater ia l  has had two m a b  

objectives:  

- t o  e s t ab l i sh  the  mater ia l  proper t ies  

- t o  work-out techniques f o r  d i f f e r e n t  cons tmct ion 

P'Jrposes 

Application of soil-cement i n  a house may include,  

the  foundation, e x t e n d .  and i n t e r n a l  walls,  f l o o r s  

and sewage and drainage pipes and l in ings .  Soil-cement 

blocks a r e  necessary f o r  t he  walls and may be used in 

foundations. I n  order  t o  form soil-cement blocks, 

e i t h e r  by hand o r  using the Cinva-Ram the s o i l  has t o  

have the  following physical  properties:  

- easy f r i a b i l i t y  upon d q - h g  

- easy compactibil i ty 

- l i t t l e  drying shrinkage 

- s u f f i c i e n t  cohesiveness 

The f i r s t  three  physical  proper t ies  f i x  t he  upper 

limit of f i n e s  content whereas the  l a s t  property f i x e s  

the lower l i m i t  and the d e s i r a b i l i t y  of clay and s i l t  

content. Moriarty e t  a t  (1)  has proposed the  following 

rangesin the  physical  proper t ies  of the  s o i l  with the  

Cinva-Ram compaction: 

- the s o i l  should be inorganic sandy clays o r  clayey 

snads of low t o  medium p la s t i c i t y .  

- range of the  silt and c lay  contents 1% - 45% 

- range of l i qu id  limit, 20% - 45% 

- range of p l a s t i c i t y  index, 10% - 25% 

Results of an inves t iga t ion  on the  type of s o i l s  

found in h r  es  Salaam has shown that most build* 

s i t e s  possessthe l a t e r i t i c  type of s o i l  su i t ab l e  f o r  

cement s t a b i l i s a t i o n  (1). I t  i s  observed, fu r the r ,  

that about t h r e e q u a r t e r s  of the  Tanzanian land is  

doninated by l a t e r i t i c  s o i l s  (2)  and that the  a r eas  

without l a t e r i t e s  a r e  around r i v e r ,  lakes  and d e p m  

ss ions  where sands a r e  r ead i ly  available.  It, therefore ,  

means t h a t  cement - s t a b i l i s e d  s o i l s  would e a s i l y  be 

used i n  many pa r t s  of the  country without s i g n i f i c a n t  

t ranspor t  problems. 

The r e s u l t s  of t he  t e s t s  ca r r i ed  out  a t  the  Building 

Research TJnit i n  Tanzania (1 )  have shown the main 

f ac to r s  governing soaked s t r eng th  and durability t o  be: 

- the compacted (dry) dens i ty  

- the cement content and, 

- th? curing period. 

The soaked s t r eng th  va r i e s  l i n e a r l y  with the dry density. 

hb r i a r ty  e t  a 1  (1)  observed that compaction achieved 

using bush-poles was approximately the  s m r  a s  that 

achieved by the  Cinva-Ram i n  the production of blocks. 

The va r i a t i on  of soaked s t r eng th  with cement i s  l i n e a r  

i.e. increases  with the increase  of cement content* 

However, the optimum cement content va r i e s  with the  type 

of s o i l ,  more s p e c i f i c i c a l l y  the f i n e s  content. For 10% 

cement content and 1.90 gm/cc dry  dens i ty  the  soaked 
2 2 

s t r eng th  ranges between 36.5 kdcm and 23.5 kdcm f o r  

the  f i n e s  content ranges 1 ~ 2 0 %  and 3&4& respect ive ly  

(1).  

The soaked s t r eng th  w r i e s  parabol ica l ly  with t he  

curing period. The s t r eng th  - cur ing curves a r e  similar 

to  those from cement and concrete studies.  

Before a decis ion  t o  use  s o i l  cement i s  made, however, 

z h e  consideration have t o  be made. These are:  

- the s u i t a b i l i t y  of s o i l  f o r  cement s t a b i l i s a t i o n  

- zhe o ~ t i n m  cement content appropriate t o  the  type 

of s o i l  and use to  which it w i l l  be put. 

- the  r e l z t i v e  cos t  of s o i l  cement. 

SIiALCONCETE S H 3 E T - ~ ~ T S  

S i s a l  i s  a cheap and abundant l o c a l  mater ia l  i n  

!Tanzania. The s i s a l  f i b r e  proper t ies  a r e  adequate f o r  

concrete/mortar matrix reinforcement. The f i b r e  
2 

s t r eng th  ranges between 400 and 800 ~ / m  (3). The 

=in f a c t o r  inf luencing f i b r e  s t r eng th  i s  t he  moisture 

content of f ibre .  There are a few short-comings of t h e  

s i s a l  f i b r e  which include (3 )  : 

- water-absorption tendency of the  fib* 

- dimensional i n s t a b i l i t y  

- s u s c e p t i b i l i t y  t o  de t e r io ra t ion  

- low-modulus of e l a s t i c i t y  

Except f o r  the  l a s t  s h o r t f a l l ,  a l l  the o the r s  a n  a 

d i r e c t  r e s u l t  of the f a c t  t h a t  s i s a l  i s  a hygroscopic 

material .  They, therefore ,  inf luence  the d u r a b i l i t y  

of the  material .  The du rab i l i t y  of the mater ia l  has 

not been f u l l y  s tudied  yet. The low-modulus nature  o f  

the s i s a l  f i b r e  does not  very much a f f e c t  i t s  applica- 

b i l i t y  i n  re inforc ing sheet  elements. When more 

s t r u c t u r a l  bearing members a r e  considered the  low-modu- 

l u s  i m ~ a i r s  the re inforc ing a b i l i t y  of t he  f i b re .  

The technique used i n  re inforc ing concrete/mortar 

employs e i t h e r  chopped o r  continuous f ibres .  The 

f i b r e  incorpora t ion  i n  the  case of chopped f i b r e  i s  

simply random mixing i n  a mixer. Incorporation of t he  

continuous f i b r e s  i s  done by a l t e m a t i n g l y  placing t h e  

p la in  matrix and f i b r e s  i n  perpendicular d i rec t ions .  

Test r e s u l t s  (4 )  have shown t h a t  the  use of continuous 

f i b r e s  y i e ld s  products with b e t t e r  performance p rope r t i e s  

than those obtained from the  use  of chopped f ib re s .  

Improved post-cracking p e r f o m c e  is  r eg i s t e r ed  i n  t he  

former case over that of the  p l a in  specimens. 

Proto-type s tud ie s  have so f a r  centred on roof ing 

a s  an appl ica t ion  a rea  f o r  t he  material .  They have 

included roofing sheets  of corrugated and open-trape- 

zoidal shape, t i l e s  and curves cormgated sheets.  These 

have been done col labora t ive ly  i n  Sweden and i n  

Tanzania. The r e s u l t s  (4)  revealed t h a t  it was 

possible t o  produce roofing sheets  spanning up t o  3.3m 

and the  t rapezoidal  type was capable of supporting 10 

hea l th  persons with an  average weight of over  65 kg. 

One c l e a r  advantage over  alluminlum o r  i r o n  shee t s  

is the  f a c t  that l i t t l e  o r  no secondary cons tmc t ion  

is required t o  support t he  sheets.  The curved shee t s  

a r e  intended t o  s i n u l a t e  t r a d i t i o n a l  roofs  i n  gogoland 

and hehelands i n  Tanzania. 



Other than the  roofing sheet ,  the  sheet-elements can 

be applied f o r  cladding panels and non-s tmctura l  

par t i t ions .  I t  i s  a l s o  possible t o  use sisal-concrete 

beams a s  l F n t e l s  over window and door openings. 

POZZOLANA AND F€lZZOLI!,D 

Of the  two c l a s se s  of pozzolanas, the  na tu ra l  and 

a r t i f i c i a l  pozzolanas, research i n  Tanzania has concen- 

t r a t e d  on na tu ra l  pozzolanas which a r e  mainly mater ia ls  

of volcanic origin.  Sone examples of t h i s  mater ia ls  

include volcanic ash, pumice and ce r t a in  types of 

l a t e r i t e s .  

Pozzolana i s  a mater ia l  capable of hardening when 

mixed with lime and water. I t  is t h i s  property which 

make research on i t s  use a s  a building mater ia l  a t t r a -  

ct ive.  The objec t ives  include: 

- the  assessment of i t s  e b i l i t y  t o  combine with lime 

t o  y ie ld  pozzolime 

- t he  evaluation of proper t ies  of pozzolime s t ab l i zed  

sands. 

- t he  study of t he  proper t ies  of pozzol.ime s t a b i l i s e d  

s o i l  and, 

- the  assessment of the qua l i t y  of Portland-pozzolana 

cement. 

Pozzolime i s  a mixture of lime and pozzolana which 

can be used a s  a subs t i t u t e  f o r  conventional cement f o r  

a number of unreinforced concrete constmctiong. The 

proportion of lime t o  pozzolana can be varied from 1:l 

t o  1 :3 by volume (5). The pozzolime thus obta in  can 

be used t o  s t a b i l i s e  sand mixtures i n  l i e u  of cement 

t o  y ie ld  p l a s t e r  o r  mortar. Addition of coarse aggre- 

ga tes  t o  pozzolime y i e lds  a mater ia l  appropriate f o r  

concrete o r  building blocks. Pozzolime s t a b i l i s e d  

s o i l  can have a s  good s t rength  proper t ies  a s  pozzolime 

s t a b i l i s e d  sands. I n  t h i s  connection clayey s o i l  

has been found t o  have super ior  s t r eng th  proper t ies  

t o  those of sandy s o i l  (5). 

I t  has been shown that mater ia ls  obtained by 

subs t i t u t ion  of cement by pozzolime y i e l d o n l y  up 

t o  ha l f  the  s t r eng th  of the  cement-based materials.  

They a l s o  exh ib i t  poor wear res is tance  when compared 

t o  cement-based materials.  The s e t t i n g  and hardening 

of pozwlime has been observed t o  be m c h  slower than 

of cement and i s  dependent on the  a c t i v i t y  of the  

pozzolana const i tuent  part. 

For small s ca l e  construction,  however, weather 

r e s i s t ance  i s  a more important palameter than s t rength ,  

t he  adoption of pozzolime in bui ld ing in such cases  is  

therefore  acceptable. 

The volume of pozzolime needed t o  s u b s t i t u t e  cement 

i s  genera l ly  2-3 time the  amount of cement. Pozzo- 

l ime can, however, be produced f o r  only 2% the  cos t  

o f  cement (measured by volume). This results i n  a 

n e t  cos t  saving of about 50% compared with the  cos t  

of conventional cement. 

The p a r t i a l  subs t i t u t ion  of cement by pozzolana 

y i e ld s  pozzolana - cement. Here pozzolana is  used 

t o  reduce the  amount of cement content in the  concrete. 

The research so  f a r  has shown that, the  pozzolena 

const i tuent  pa r t  in the  concrete has neg l ig ib l e  

contr ibut ion  on the  final s t r eng th  of the  concrete 

(5)  

Pozzolana - cement, however, has t he  following 

advantages over Portland cement: 

- reduced heat  evolution 

- b e t t e r  res is tance  t o  

aggressive environment 

- may i n h i b i t  the  a lka l i -  

aggregate react ion  

- savings i n  the  use of 

Portland Cement r e s u l t i n g  

from improved durabi l i ty .  

For small s ca l e  cons tmc t ion  where d u r a b i l i t y  i s  

required r a t h e r  than high s t rength ,  pozmlana-cement 

may be used t o  reduce costs.  

IMPLmJTATION 

With the in t roduct ion  of l o c a l  mater ia ls ,  non-avai- 

l a b i l i t y  of mater ia l  ceases t o  be a l i m i t i n g  f a c t o r  

and the  cos t  cons t ra in t  reduced qu i t e  considerably. 

With widerpread and cheap communication of t he  bow-how 

t o  the  people s k i l l  becomes l e s s  d i f f i c u l t y  t o  acquire  

and the  market value of h i red  labour  drops. This 

underline three  important s tages  towards the  goal of 

b e t t e r  and cheap housing. These are :  

- i d e n t i f i c a t i o n  of and research on po ten t i a l  l o c a l  

mater ia ls  

- dissemination of research  f indings  t o  po ten t i a l  

consumers 

- t r a i n i n g  of personnel f o r  and monitoring o f  the  

implementation. 

I t  w i l l  not  su f f i ce  t o  do research and s tock f indings  

i n  some l ibrary .  Too few of the  would-be consumers 

bother t o  v i s i t  l i b r a r i e s  f o r  the  purpose. I t  i s  s t i l l  

inadequate in a number of cases t o  supply people o r  

even i n s t i t u t i o n s  v ~ t h  the  documents and hope they w i l l  

prooeed on t h e i r  own. &re i s  therefore  demanded from 

the  research i n s t i t u t i o n s  t o  ensure a sure  take-off i n  

the  implementation. 

Dissemination of research f indings  and recommendations: 

It i s  important t o  d i s t i ngu i sh  between communication 

of research f indings  f o r  implementation and documenta- 

t i o n  f o r  fu tu re  researchwork t o  base on. The former 

i s  supposed t o  be s t ra ight - fomard and void of a s  many 

unnecessary technica l  d e t a i l s  a s  possible. Informa- 

t i o n  f o r  imp1emen:ation should bes t  be d i r e c t l y  cornmu- 

n ica ted  t o  the  re levant  bodies. Docknuentation f o r  fu tu re  

researchwork i s  supposed t o  be technica l  and it  

su f f i ce s  t o  s tock the  documents.in l i b r a r i e s .  

The medium of i n s t ruc t ions  in higher schools and 

col leges  i n  Tanzania is w i s h .  There is  therefore  

a b ig  tendency of put t ing  most s c i e n t i f i c  r epo r t s  in 

English. This may serve the  purpose wel l  i f  the  

r ec ip i en t s  a r e  i n s t i t u t i o n a l  bodies. But f o r  t he  

consumption by average person Fn the  village t h e  

medium should be the  country's 1- francs, ~lsaahili  

i n  the  case o f  Tanzania. The use  of t he  r ad io  is  no t  

adequate mainly because radio  i n s t m c t i o n s  are no t  



illustrative. A well pre-d TV - progmmle on the 
other hand can prove very helpful. 

As part of the dissemination process, seminars to the 

recipients can be very helpful. Seminars can be or@- 

nised such that both the necessary theory and practice 

are comrmuricated to the recipients. These may be 

conducted at the research institute or at some appointed 

village or centre outside the institution. 

Training of personnel by research institution 

Training of personnel is another very important 

stage to ensure take-off of implementation. This may 

take two possible forms depending on suitability: 

- "F'undis" (craftmen) report to the research Fastitu- 
tions for training in the institution premises. 

- The research institute sends "fundis" and techni- 

cians out to train people in appointed areas 

(but-of bound: training) 

The training progranrme has to be organised in a 

manner that by the end the recipients can: 

- identify the appropriate materials on their own 

- conduct the mixing of the different ingredients 

- produce the building elements and, 

- carry out the constmction in the reconmended 

m e r .  

This full training will enable the resea-er to get a 

feed-back on some constmctional and other practical 

difficulties on the implementation. 

PROBrnIS OF IrnWTATION 

The implementation process starts with the disseminac 

tion of research findings and culminates in the accepta- 

bility and application of the acquired how-how. In 

the experience of Tanzania the problems involved here 

are three fold: - those inherent with the dissemination process 
- those associated with the training process and, 

- those of monitoring the actual application of 

the techniques. 

Dissemination Process: 

The problems in the dissemination stage are 

dependent on the method employed. F'ublications 

intended for implementation are required to be simple 

and void of unnecessary technical details, nevertheless 

such jargon cannot be completely eliminated if the 

tme meaning is to be conveyed. Secondly the medium 

employed in wch cases is either English or Kiswahili. 

When English is employed the consumption of such 

publications becomes limited. On the other hand Kiwa- 

hili has not fully adapted itself to the technical 

wcabulary. 

Organisation of the seminars also poses some problems. 

In cases where seminars are held at reeearch institu- 

tions the number of possible participants is in most 

cases restricted to those in the close vicinity. On 

the other hand "out-of-bound'' seminars face transport 

problem for the instmctors. Ideally, seminars on a 

new building materials or techniques require to be 

accompanied by practical illustration or demonstration 
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units. Any discontinuity inthe process results in 

losses of morale and enthusiasm. 

Conservatism among individuals also appears to be a 

leading problem. It is like a "Newton's Law" on social 

behaviour where people tend to continue wlth accustomed 

ways of doing things until and unless acted upon by an 

external force. The external force against this pessi- 

mism on new and local building materials may take the 

form of: 

- clearly spelt out socio-economic advantage of the 
new venture 

- encouragement in form of moral and material SuIport 
to those who show interest. 

For instance, in the case of materials mentioned in 

the previous sections the following advantages over 

traditional materials may be advanced: 

- the improved duabillty 
- the low-cost compared to the conventional materials 
- the better easthetic apprealance. 
The help offered to those who show interest is ale0 

aimed at winning the interest of those in the neutral 

camp. This may entail training and helping to constmct 

their own houses. 

Training of Personnel 

In the first case where interested individuals report 

at the research institute for training, the major 

problem 1s that of failure to meet financial support on 

the part of the traineee. This is particularly the case 

for the self sponsored and those sponsored by villages. 

On the other hand "out-of-bound" traFning include those 

cases where demonstration houses are built by the 

research institution. There are many such demonstration 

houses built by the kilding Research Unit in Tanzania. 

Here the pmblems are mainly thofie related to the no* 

availability of naterials. Although one of the main 

purpose of introducing new materials is to discourage 

dependence on cement for reasons of high cost and no* 

availability, it is not possible in a number of instance8 

to completely eliminate the use of cement. This being 

the case work on some demonstration houses has Buifered 

delays because of non-availability of cement. The other 

problem in regard to demonstration houses is connected 

to the fact that the demonstration house has to be plt 

to use and is subject to critical scmtiny. What ie 

otherwise torelable under =midcircumstances Can appear 

to be grave in this case. So more than normal care 

is taken during the constmction. This makes them leas 

realistic cases. 

Monitoring the implementation 

Monitoring the use of new building materials by private 

individuals presents problems especially in areas remote 

from the research institution. Effective supervision 

in these cases is impaired by the lack of enough perso- 

nnel on the part of the research institutions. 

The problem however, may be alleviated in cases where, 

housing shhemes are organised at village or institu- 

tional level where collective superrision may be employed. 

On the other hand, lack of adequate supervision may lead 

to wmng application with negative results, an experi- 



ence which must be avoided. 

Application of all the three materials reported in 

this paper no doubt demand certain levels of supenrision. 

In the case of soil cement, the assessment of the 

suitability of.the soil for cement stabilisation and 

the evaluation of the optimum cement content requires 

expertise. In addition, the moulding moisture content, 

the level of compaction, as well as curing require to 

be monitored. The importance of pulverisation need to 

be emphasised. 

In the case of sisal-concrete sheets there is a 

tendency of using too little fibre, less than the 

recommended 2%. Appreciation of the amount of the 

fibres as well as the method of incorporation of such 

fibres may not be so obvious to the initiated user. 

k e  to poor nailability of this material, preformed 

holes are required to be pmvided for during casting, 

an operation which if not pmperly performed would 

lead to pmble& during mounting of the sheets. A11 

these factors, demand pmper supenrision from skilled 

persomel if pmper use of sisal concrete is to be 

realised. 

Finally, in the case of pozzolana, the assessment of 

its activity demands some level of expertise and the 

importance of polverisation in enhancing the activity 

of pozzolana need emphasis. 

CONCLUSION: 

The need to search for Local kilding Materials is 

necessitated by the prevailing World Economic crisis 

of which the developing countries are the greatest 

victims. Research alone does not alleviate the problem 

and is an incomplete process as a solution. Pmper 

dissemination is paramount for the initiation of the 

implementation. The implementation that sparks off 

needs to be monitored to avoid wrong application which 

might lead to negative results. 

The research institutions in developing countries 

should therefore be chargalwith the following tasks 

in addition to research: 

- pmper dissemination 
- training of persomel and, 
- monitoring of 5mplementation. 

This in turn entails that the s-re of research 

institutions in the government budget be adjusted 

accordingly to enable them discharge these additional 

duties: 
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INNER CITYIENERGY EFFICIENT HOUSING 

ABSTRACT: 

S ince  1975 t h e  p r o j e c t s  of  t h e  g r a d u a t e ,  m u l t i d i s c i -  
p l i n a r y  program i n  Advanced Bui ld ing  S t u d i e s ,  In -  
s t i t u t e  of  Bui ld ing  S c i e n c e s ,  a t  Carnegie-Mellon 
U n i v e r s i t y  focused on energy e f f i c i e n t  r e h a b i l i t a -  
t i o n  of  low t o  moderate income neighborhoods.  While 
t h e  i n i t i a l  emphasis was on t h e  r e h a b i l i t a t i o n  and/  
o r  new c o n s t r u c t i o n  of  s i n g l e  b u i l d i n g s ,  t h e  concerns 
g r a d u a l l y  expanded u n t i l ,  a t  p r e s e n t ,  an e n t i r e  
neighborhood is  under s tudy  a s  a  n a t i o n a l  p i l o t  pro- 
j e c t .  Th i s  p i l o t  p r o j e c t  i s  funded by t h e  US Depart- 
ment of Energy. 

R e s u l t s  t o  d a t e  i n c l u d e  t h e  c o n s t r u c t i o n  o f  a  pas-  
s i v e l y  and a c t i v e l y  h e a t e d  s o l a r  row house,  and p l a n s  
f o r  t h e  r e c o n s t r u c t i o n  of  an urban block.  C u r r e n t l y  
i n  p r o g r e s s  i s  an i n n e r  c i t y  c a s e  s tudy  and demon- 
s t r a t i o n  p r o j e c t . .  The fo l lowing  paper  g i v e s  a  b r i e f  
overview of t h e  housing s i t u a t i o n  of  t h e  United 
S t a t e s  of America, a s  w e l l  a s  a  d i s c u s s i o n  of  t h e  
p r o j e c t s  a t  Carnegie-Mellon U n i v e r s i t y .  

PROBLEM INTRODUCTION AND BACKGROUND: 

I n  t h e  United S t a t e s  of  America t h e  i n i t i a l  decades 
fo l lowing  World War I1 were marked by pronounced 
popula t ion  growth and unprecedented popula t ion  move- 
ments. S t e a d i l y  r i s i n g  incomes, t r a n s p o r t a t i o n  
changes,  inexpens ive  - n a t i o n a l l y  abundantly a v a i l -  
a b l e  - energy ,  and f e d e r a l  p o l i c i e s  encouraged ur-  
ban sprawl .  Furthermore,  t h e  adven t  of inexpens ive ,  
commercially a v a i l a b l e  a i r  c o n d i t i o n i n g  enhanced t h e  
a t t r a c t i v e n e s s  of sou thern  r e g i o n s  of t h e  United 
S t a t e s .  Large numbers of  middle c l a s s  and a f f l u e n t  
people s t a r t e d  t o  l e a v e  t h e  r e l a t i v e l y  dense ly  pop- 
u l a t e d  n o r t h - e a s t e r n  p a r t  o f  t h e  US and moved s o u t h  
and south-west .  Many of  t h o s e  who s t a y e d ,  moved t o  
t h e  s u b u r b s . l  

During t h e  1950 ' s  and 6 0 1 s ,  t h e  i n n e r  c i t i e s  were 
p a r t i a l l y  v a c a t e d  by t h e  middle and more a f f l u e n t  
c l a s s e s ,  and poore r  peop le  - many of  them d i s p l a c e d  
by an i n c r e a s i n g  mechanizat ion of  farming - migra ted  
toward t h e  c i t i e s ,  predominantly t h e  manufacturing 
c e n t e r s  of  t h e  n o r t h - e a s t .  These people l acked  t h e  
means t o  main ta in  t h e  i n n e r  c i t y  housing and c o m e r -  
c i a 1  s t o c k .  Both migra t ion  p a t t e r n s  c r e a t e d  l a r g e  
underpopulated a r e a s  s u b j e c t  t o  r a p i d  decay.  I n  
t h e s e  decaying neighborhoods a  m u l t i t u d e  o f  i n t e r -  
r e l a t e d  problems become a p p a r e n t ,  i n c l u d i n g  h igh  
cr ime r a t e s ,  unemployment, d e t e r i o r a t i o n  of  b u i l d i n g s  
and l a c k  of s e r v i c e s .  While a  v a r i e t y  of  programs 
were des igned  and implemented t o  combat t h e s e  prob- 
lems,  they  could n o t  r e v e r s e  t h e  e f f e c t s  of t h e  ' 8  

under ly ing  f o r c e s  which c r e a t e d  t h e  s i t u a t i o n  i n  t h e  
f i r s t  p l a c e ;  i . e . ,  t h e  exodus of t h e  "White, Middle 
C l a ~ s  America" from t h e  i n n e r  c i t y  neighborhoods.  

The 1970 ' s  brought  d ramat ic  changes i n  t h e  s e t  of  
under ly ing  f o r c e s .  Three of  t h e s e  - p e r s o n a l  i n -  
come, c o s t  of  l i v i n g ,  and energy - ( b e f o r e  d i s c u s s i n g  
them i n  g r e a t e r  d e t a i l  below),  can  be  summarized a s  
fo l lows .  

Incomes were r i s i n g  more s lowly  than  b e f o r e  and ,  i n  
many i n s t a n c e s ,  b a r e l y  kep t  pace  wi th  l i v i n g  c o s t  
i n c r e a s e s .  The housing c o s t  i n c r e a s e s  ou tpaced  t h e  
r i s e  of median income by a  f a c t o r  of  two. I n f l a t i o n -  
a r y  p r e s s u r e s ,  by t h e  end of t h e  decade,  have r e i n -  
f o r c e d  t h e s e  t e n d e n c i e s .  Perhaps  most d ramat ic  of  
a l l ,  "convenient"  energy ( d e r i v e d  from n a t u r a l  gas  
and o i l )  h a s  become more s c a r c e  and c o s t l y  and sub- 
j e c t  t o  i n c r e a s i n g  f o r e i g n  c o n t r o l .  I n  t h e  l a t e  
s e v e n t i e s ,  t h e  US d e r i v e d  h a l f  of  t h e  r e q u i r e d  energy  
from o i l  and h a l f  of t h a t  was imported a t  r a p i d l y  
e s c a l a t i n g  c o s t s .  

These t r e n d s ,  c o n t i n u i n g  i n  t h e  1980 ' s  make a  re -  
e v a l u a t i o n  of urban and housing p o l i c i e s  i m p e r a t i v e .  
The p r o j e c t s  a t  Carnegie-Mellon U n i v e r s i t y ' s  I n s t i -  
t u t e  of  Bui ld ing  Sc iences  a r e  designed t o  i n v e s t i g a t e  
t h e  p o t e n t i a l  f o r  s o l u t i o n s .  

EXPLORING THESE FORCES THROUGH PROJECTS: 

Most r e c e n t  developments i n d i c a t e  t h a t  t h e s e  t r e n d s  
w i l l  c o n t i n u e  dur ing  t h e  1 9 8 0 1 s ,  making a  re - th ink-  
i n g  of  hous ing  and urban p o l i c y  impera t ive .  The pro-  
j e c t s  a t  Carnegie-Mellon 's  I n s t i t u t e  of Bui ld ing  
Sc iences  a r e  des igned  t o  a i d  i n  t h i s  p r o c e s s  by ex- 
amining t h e  f e a s i b i l i t y  o f  energy e f f i c i e n t ,  low t o  
moderate  income housing ( th rough  r e h a b i l i t a t i o n  and 
new c o n s t r u c t i o n )  f o r  i n n e r  c i t y  neighborhoods.  

PROJECT RATIONALE: 

Fol lowing decades of urban sprawl ,  r e c e n t  energy 
s h o r t a g e s  and a s s o c i a t e d  r i s i n g  c o s t s  have s t i m u l a t e d  
e x t e n s i v e  d i s c u s s i o n s  about  c o s t s  and b e n e f i t s  of a l -  
t e r n a t i v e  modes of l i v i n g .  S t u d i e s  show t h a t  t h e  US , 
energy consumption b r e a k s  down a s  f o l l o w s :  

a )  approximately 25% f o r  t r a n s p o r t a t i o n ;  
b )  19% f o r  r e s i d e n t i a l ;  
c )  15% f o r  commercial ( b u i l d i n g  s e r v i c i n g  

m o s t l y ) ;  and 
d) 40% f o r  i n d u s t r y .  

(Between 30-40% of t h e  n a t i o n a l  energy consumption 
i s  a t t r i b u t a b l e  t o  t h e  c o n s t r u c t i o n  and o p e r a t i o n  of  
b u i l d i n g s )  . 
Comparing popula t ion  d e n s i t i e s  and energy consump- 
t i o n  p a t t e r n s  of  t h e  US t h a t  a r e  p r e s e n t l y  be ing  
ach ieved  i n  a l t e r n a t e  development schemes, t h e  Real  
E s t a t e  Research Corpora t ion ,  i n  Costs  o f  s p r a w l , 3  
conc ludes  t h a t  s i g n i f i c a n t  energy and c a p i t a l  s a v i n g s  
can be  ach ieved  by c o n s t r u c t i n g  h igh  d e n s i t y  planned 
communities, i n s t e a d  of  low d e n s i t y  unplanned s e t t l e -  
ments. Among t h e  many c o n c l u s i o n s  reached i n  Costs 
of S  rawl ,  t h e  fo l lowing  a r e  of  p a r t i c u l a r  r e l e v a n c e  
t o  tEe  work d i s c u s s e d  i n  t h i s  paper .4  

1. Energy consumption, because o f  reduced a u t o  
t r a v e l ,  i s  e i g h t  t o  f o u r t e e n  p e r c e n t  l e s s  i n  planned 
developments  than  i n  nonplanned developments. 

2. D i r e c t  c a p i t a l  o u t l a y s  f o r  townhouses o r  walk- 
up apar tments  a r e  approx imate ly  f i f t y  p e r c e n t  of  t h a t  
of  s i n g l e  fami ly  houses .  

3 .  C a p i t a l  o u t l a y s  f o r  u t i l i t i e s  i n  townhouses and 
walk-up apar tments  a r e  between one- th i rd  and one-half 
of  t h o s e  necessa ry  f o r  s i n g l e  r e s i d e n c e s .  

4. Energy and w a t e r  consumption i n  h i g h  d e n s i t y  
developments i s  f o r t y  p e r c e n t  l e s s  than  i n  low den- 
s i t y  sp rawl  developments (reduced t r a v e l ,  reduced 
space  h e a t i n g  demands and l e s s  lawn w a t e r i n g ) .  

The number of  households w i l l  con t inue  t o  i n c r e a s e  
a s  t h e  p o p u l a t i o n s  reach ing  t h e  age  of t h i r t y  y e a r s  
i n c r e a s e s  d u r i n g  t h e  n e x t  decades .5  It i s  p r e d i c t e d  
t h a t  t h e  t o t a l  number of househo lds  w i l l  r i s e  by 
1 1 . 9  m i l l i o n  t o  83.0 m i l l i o n  d u r i n g  1975-1985.6 
Where t h e s e  households seek  t o  l o c a t e ,  and ,  conse- 
q u e n t l y ,  where inves tments  w i l l  be made, depends,  t o  
a  l a r g e  p a r t ,  on t h e  f u t u r e  development of  hous ing  
c o s t s ,  t h e  c o s t  of energy and t h e  r e l a t i v e  a t t r a c -  
t i v e n e s s  of e x i s t i n g  neighborhoods and new develop-  
ments. The fo l lowing  s t a t i s t i c s  g i v e  some i n s i g h t s  
i n t o  r e c e n t  inves tment  changes.  



During 1970-1976, monthly ownership c o s t  f o r  median 
p r i c e d  homes i n c r e a s e d  f a s t e r  than  median income and 
t h e  consumer p r i c e  index  (median income and consumer 
p r i c e  index r o s e  by 47%, monthly ownership c o s t s  t o r  
median p r i c e d  new homes by o v e r  1002,  t h o s e  f o r  me- 
d i a n  p r i c e d  e x i s t i n g  homes by o v e r  73%). As hous- 
i n g  c o s t s  out-paced incomes from 1972 onward, expen- 
d i t u r e s  f o r  new r e s i d e n t i a l  c o n s t r u c t i o n  i n c r e a s e d  
r a p i d l y  b e f o r e  t a k i n g  a  s u b s t a n t i a l  d i v e  i n  t h e  y e a r s  
of  1973-75. However, remodeling e x p e n d i t u r e s  i n -  
c r e a s e d  s t e a d i l y  d u r i n g  t h e  whole p e r i o d ,  e v e n t u a l l y  
reach ing  almost  t h e  same l e v e l  a s  e x p e n d i t u r e s  f o r  
new r e s i d e n t i a l  c o n s t r u c t i o n  i n  1975, approx imat ley  
30 b i l l i o n  d o l l a r s  a n n u a l l y .  9  

During 1970-76, t h e  segment of US f a m i l i e s  a b l e  t o  
a f f o r d  median p r i c e d  new homes d e c l i n e d  from about  
f o r t y - s i x  t o  twenty-seven p e r c e n t .  I n  the same per-  
i o d ,  t h e  segment of f a m i l i e s  a b l e  t o  a f f o r d  median 
p r i c e d  e x i s t i n g  houses f e l l  l e s s  r a p i d l y ,  from about  
f o r t y - f i v e  t o  t h i r t y - s i x  percent. ' '  

There fore ,  a s  c o s t s  f o r  new housing i n c r e a s e  more 
r a p i d l y  than  f o r  e x i s t i n g  housing,  and incomes a r e  
more r a p i d l y  out-paced by t h e  i n c r e a s e  of  new hous- 
i n g  c o s t  than t h a t  of  e x i s t i n g  hous ing ,  remodeling 
becomes more a t t r a c t i v e .  

P rov id ing  u s e a b l e  space  by ex tend ing  t h e  l i f e s p a n  
of  e x i s t i n g  b u i l d i n g s  th rough  remodeling and r e p a i r ,  
i n s t e a d  of  new c o n s t r u c t i o n ,  a  t r e n d  i n d i c a t e d  i n  
t h e  d i s c u s s e d  s t a t i s t i c s ,  has  p o s i t i v e  impac t s  on 
energy c o n s e r v a t i o n .  Remodeling is l e s s  energy i n -  
t e n s i v e  than  d e s t r u c t i o n  and new c o n s t r u c t i o n  i n  
r e s p e c t  t o  t h e  energy c o n t e n t  of m a t e r i a l s  and con- 
s t r u c t i o n .  '' I n  a d d i t i o n ,  i f  energy conserva t ion  
is  an i n t e g r a l  concern i n  remodeling and r e h a b i l i -  
t a t i o n ,  then  e x i s t i n g  s t r u c t u r e s  can be made more 
energy e f f i c i e n t .  Th i s  would p o t e n t i a l l y  s a v e  
l a r g e  amounts of  t h e  energy needed t o  o p e r a t e  t h e  
b u i l d i n g  s t o c k .  

The p o t e n t i a l  f o r  energy conserva t ion  through r e -  
h a b i l i t a t i o n  and remodeling is much l a r g e r  t h a n  t h e  
p o t e n t i a l  f o r  s a v i n g s  through energy e f f i c i e n t  new 
c o n s t r u c t i o n ,  s i n c e  on ly  1 . 5  t o  2 . 0  p e r c e n t s  of  t h e  
t o t a l  b u i l d i n g  volume a r e  rep laced  th rough  new con- 
s t r u c t i o n .  And it  fo l lows  t h a t ,  from y e a r  t o  y e a r ,  
even i f  t h i s  new segment of t h e  b u i l d i n g  s t o c k  would 
be  a  very e f f i c i e n t  use r  of  energy ,  t h e  impact on 
t h e  n a t i o n a l  energy consumption would be minimal. 
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Thus, r e h a b i l i t a t i n g  t h e  i n n e r  c i t y  neighborhood 
hous ing  s t o c k ,  a s i d e  from many o t h e r  b e n e f i t s ,  can 
make a  s t r o n g  c o n t r i b u t i o n  t o  t h e  c o n s e r v a t i o n  e f f o r t  
on s e v e r a l  l e v e l s .  

On t h e  b u i l d i n g  l e v e l ,  energy e f f i c i e n t l y  rehab-  
i l i t a t e d  b u i l d i n g s  conserve  v a l u a b l e  r e s o u r c e s  f o r  
c o n s t r u c t i o n  and o p e r a t i o n ;  

On t h e  neighborhood l e v e l ,  energy i s  conserved by 
u t i l i z i n g  e x i s t i n g  s i t e  and s e r v i c e  f a c i l i t i e s  ( e . g . ,  
r o a d s ,  sewerage,  power d i s t r i b u t i o n  systems,  r t c . ) ;  

On t h e  urban and r e g i o n a l  l e v e l ,  r e h a b i l i t a t e d  
neighborhoods o f t e n  prove a t t r a c t i v e  f o r  middle and 
upper  income groups who enjoy l i v i n g  c l o s e  t o  work, 
the reby  reduc ing  urban sprawl and energy consumption 
i n  t r a n s p o r t a t i o n ;  and f i n a l l y ,  

On t h e  n a t i o n a l  l e v e l ,  c o n s i d e r i n g  t h e  sum t o t a l  
of a l l  t h e s e  s a v i n g s ,  energy e f f i c i e n t  r e h a b i l i t a t i o n  
might prove t o  be t h e  s i n g l e  most promising conser -  
v a t i o n  e f f o r t  t o  be suppor ted  by t h e  F e d e r a l  Govern- 
ment. 

A s  t h e  t r e n d  t o  p rov ide  useab le  space  through re -  
modeling and r e h a b i l i t a t i o n  is  i n c r e a s i n g ,  r e s e a r c h  
and development i s  needed t o  g e n e r a t e  informaLion 
on how t o  i n t e g r a t e  energy conserva t ion  i n t o  d e c i -  
s i o n s  a f f e c t i n g  p lann ing ,  d e s i g n ,  c o n s t r u c t i o n  and 
o p e r a t i o n  of  r e h a b i l i t a t i o n  p r o j e c t s .  Research is 
a l s o  needed t o  e s t a b l i s h  how much energy cou ld  be 
saved through such e f f o r t s  and how t h e s e  e f f o r t s  
would a f f e c t  i n d u s t r y ,  f i n a n c i a l  i n s t i t u t i o n s ,  com- 
munity o r g a n i z a t i o n s ,  and consumers, i n  o r d e r  t h a t  
f e d e r a l  p o l i c i e s  can be formulated.  

I n c e n t i v e s  which i n c r e a s e  t h e  a t t r a c t i v e n e s s  of in -  
n e r  c i t y  housing a r e  r e q u i r e d  s o  t h a t  t h e  p o t e n t i a l  

of  energy conserva t ion  through r e h a b i l i t a t i o n  can be 
r e a l i z e d .  P a s t  exper ience  shows t h a t  p o l i c i e s  t h a t  
a f f e c t  t h e  a v a i l a b i l i t y  of f i n a n c e s ,  t h e  q u a l i t y  of  
l o c a l  a m e n i t i e s  ( p o l l u t i o n  abatement  and t h e  p rov i -  
s i o n  of c u l t u r a l  and r e c r e a t i o n a l  f a c i l i t i e s ,  f o r  
example) ,  and p o l i c i e s  t h a t  a f f e c t  t h e  q u a l i t y  of  
s c h o d s  w i l l  a l s o  l e a d  t o  chan e s  i n  t h e  d i s t r i b u -  
t i o n  of t h e  urban populat ion."  

Urban p o l i c i e s  shou ld  be designed t o  channe l  a  l a r g e  
segment of  f u t u r e  homebuyers and t e n a n t s  i n t o  e x i s t -  
i n g ,  p r e s e n t l y  underpopulated neighborhoods,  i n s t e a d  
of  encouraging t h e  c o n s t r u c t i o n  o f  new s u b d i v i s i o n s  
o r  new towns. S ince  jobs  f o l l o w  peop le ,14  s u c c e s s f u l  
p o l i c i e s  would c o n t r i b u t e  t o  t h e  s o l u t i o n  o f  2  n a t i o n -  
a l  problems: t h e  problem of a i l i n g  c i t i e s  and t h e  
problem of huge o i l  impor t s  t o  s a t i s f y  an ever-grow- 
i n g  energy demand. 

These p o l i c i e s  shou ld  be s e n s i t i v e  t o  t h e  p o t e n t i a l  
d i sp lacement  of low income r e s i d e n t s  by i n f l o w i n g ;  
more a f f l u e n t  popula t ions  who r e d i s c o v e r  t h e  v a l u e  
of  c i t y  l i f e .  Should t h e  poor be d i s p l a c e d ,  a s  i n  
such  r e c e n t  o r  c u r r e n t  developments a s  Georgetown 
and t h e  C a p i t o l  H i l l  D i s t r i c t  (bo th  i n  Washington, 
D.C.), inadequa te  and energy i n e f f i c i e n t  hous ing  
f o r  t h e  poor w i l l  con t inue  t o  plague t h e  US a t  i n -  
c r e a s i n g  energy and s o c i a l  c o s t s .  P o l i c i e s  shou ld  
be des igned  t o  encourage t h e  s o c i a l  i n t e g r a t i o n  of  
v a r i o u s  income groups.  l5 

DESCRIPTION OF CURRENT PROJECT: I n n e r  C i t y  Case 
Study and Demonstrat ion P r o j e c t :  

P r e s e n t l y  t h e  Advanced Bui ld ing  S t u d i e s  team i n  t h e  
I n s t i t u t e  of Bui ld ing  Sc iences ,  a s s i s t e d  by a  con- 
t r a c t o r ,  t h e  C i t y  of P i t t s b u r g h ,  and t h e  Manchester  
C i t i z e n ' s  Corporat ion ( P r o j e c t  Area Committee), con- 
d u c t s  an i n n e r  c i t y  c a s e  s t u d y ,  l e a d i n g  t o  a  demon- 
s t r a t i o n  p r o j e c t .  The I n n e r  C i t y  Case Study and 
Demonstration P r o j e c t  l a y s  t h e  groundwork f o r  t h e  - 
redevelopment of  an e n t i r e  b lock  i n  Manchester ,  a  
c u r r e n t l y  underpopulated,  low income, i n n e r  c i t y  
neighborhood i n  P i t t s b u r g h .  The Demonstrat ion Pro- 
j e c t  focuses  on t h e  fo l lowing  a s p e c t s :  

- i n i t i a l  and f u t u r e  energy c o s t s  o f  t h e  p r o j e c t ;  
- f i n a n c i a l  and economic f e a s i b i l i t y ;  and 
- c u l t u r a l  and s o c i a l  a c c e p t a b i l i t y .  

In  t h e  I n n e r  Ci ty  Case S tudy ,  t h e  p r e s e n t  energy  
consumption of s e l e c t e d  households i n  Manchester  is 
be ing  e s t a b l i s h e d ,  and t h e  p o t e n t i a l  energy conser -  
v a t i o n  through r e t r o f i t t i n g  e x i s t i n g  hous ing  and 
c o n s t r u c t i o n  of  new u n i t s  w i l l  be p r e d i c t e d .  I n i -  
t i a l  energy inves tments ,  a s  w e l l  a s  o p e r a t i o n a l  en- 
e rgy  consumption, a r e  be ing  p r e d i c t e d .  The Inner  
C i t y  Case Study a l s o  e n t a i l s  t h e  development of de- 
s i g n s  f o r  t h e  energy conserv ing  redevelopment of an 
e n t i r e  b lock  i n  Manchester. 

The demonstrat ion w i l l  implement p r o t o t y p i c a l  des igns  
f o r  i n f i l l  housing and r e t r o f i t ,  and t e s t  t h e  v a l i d -  
i t y  of  t h e  p r e d i c t i o n s  made i n  t h e  I n n e r  C i t y  Case 
Study.  The Advanced Bui ld ing  S t u d i e s  team f u n c t i o n s  
a s  c o n s u l t a n t s  and w i l l  monitor  t h e  c o n s t r u c t i o n  of  
t h e  housing u n i t s .  Cons t ruc t ion  i s  scheduled  t o  
commence l a t e  1980 o r  e a r l y  1981,  and w i l l  e n t a i l  
t h e  energy conserv ing  r e h a b i l i t a t i o n  of e x i s t i n g  . 
b u i l d i n g s  and t h e  c o n s t r u c t i o n  of  new hous ing  u n i t s  
on p r e s e n t l y  vacan t  l a n d .  A  proposa l  concern ing  
e v a l u a t i o n  w i l l  be p r e s e n t e d  t o  t h e  Department of 
Energy d u r i n g  e a r l y  1980. 

P a r a l l e l  t o ,  and based on ,  t h e  I n n e r  C i t y  Case Study 
and Demonstration P r o j e c t ,  workbooks a r e  b e i n g  de- 
ve loped .  These workbooks a r e  t o  i l l u s t r a t e  t h e  ap- 
p r o p r i a t e  s t e p s  i n  t h e  p lann ing ,  d e s i g n ,  c o n s t r u c t i o n  
and o p e r a t i o n  of  a n  i n n e r  c i t y  housing b l o c k  recom- 
mended t o  conserve  energy.  The workbooks a r e  t o  be  
d i r e c t e d  a t  p l a n n e r s ,  community r e p r e s e n t a t i v e s ,  
l e n d e r s ,  d e v e l o p e r s ,  c o n t r a c t o r s ,  a r c h i t e c t s ,  engin-  
e e r s ,  homeowners, and r e s i d e n t s .  

The proposed Housing Case Study and Demonstrat ion 
P r o j e c t  a r e  a l s o  t o  f u n c t i o n  a s  a  f i r s t  s t a g e  of a  
s tudy  examining n a t i o n a l  i m p l i c a t i o n s .  



PREVIOUSLY COMPLETED WORK: The Sou th  Oakland S o l a r  
House : 

The 1976-77 p r o j e c t  c o u r s e  o f  t h e  g r a d u a t e  m u l t i -  
d i s c i p l i n a r y  ABS program a t  CMU, s u p p o r t e d  by a  
g r a n t  f rom t h e  N a t i o n a l  S c i e n c e  Founda t ion ,  conduc- 
t e d  f e a s i b i l i t y  and  ene rgy  s t u d i e s  and  deve loped  
d e s i g n s  f o r  a  p a s s i v e l y  and a c t i v e l y  h e a t e d  s o l a r  
house  f o r  modera t e  income p e r s o n s  i n  a  d e c l i n i n g  
i n n e r  c i t y  neighborhood o f  P i t t s b u r g h .  I n  1978  t h e  
Urban Redevelopment A u t h o r i t y  o f  t h e  C i t y  o f  P i t t s -  
burgh g r a n t e d  a  Neighborhood Housing s u b s i d y .  Con- 
s t r u c t i o n  o f  t h e  house  was comple t ed  i n  S p r i n g  1979.  
With US Depar tment  o f  Energy (DOE) f u n d s ,  t h e  pe r -  
formance of t h e  l i v e d - i n  house  w i l l  b e  mon i to red  f o r  
two y e a r s ,  s t a r t i n g  F a l l ,  1980.  

S i g n i f i c a n c e  o f  P r o j e c t :  

Many n o r t h e a s t e r n  i n n e r  c i t y  ne ighborhoods  a r e  p a r -  
t i a l l y  v a c a n t .  I n  such ne ighborhoods  o p p o r t u n i t i e s  
f o r  i n c r e a s e d  e n e r g y  e f f i c i e n c y  e x i s t  because :  1 )  
u rban  i n f r a s t r u c t u r e s  n e c e s s i t a t e  c o n t i n u o u s  e n e r g y  
i n v e s t m e n t s  f o r  ma in t enance  ( f u l l y  p o p u l a t e d  n e i g h -  
borhoods a n d ,  t h e r e f o r e ,  f u l l y  u t i l i z e d  i n f r a s t r u c t u r e s  
would l i k e l y  r e d u c e  t h e  e n e r g y  r e q u i r e d  f o r  ma in t en -  
ance  p e r  c a p i t a ) ;  2 )  u rban  i n f r a s t r u c t u r e s  r e q u i r e  
ene rgy  i n v e s t m e n t s  when b e i n g  c o n s t r u c t e d  ( i t  seems 
t h e r e f o r e  l o g i c a l  t h a t  i n s t e a d  o f  b u i l d i n g  new i n f r a -  
s t r u c t u r e s  f o r  t h e  10-12 m i l l i o n  new h o u s e h o l d s ,  
which a r e  g o i n g  t o  form i n  t h i s  d e c a d e ,  t o  i n c r e a s e  
t h e  u s e  o f  t h o s e  p r e s e n t l y  e x i s t i n g ) ;  3 )  i n c r e a s e d  
d e n s i t i e s  i n  n o r t h e a s t e r n  ne ighborhoods  w i l l  r e s u l t  
i n  more s h a r e d  w a l l s  a n d ,  t h e r e f o r e ,  l e s s  h e a t  l o s s ;  
4 )  t h e  u s e  of e x i s t i n g  b u t  v a c a n t  h o u s i n g  u n i t s  w i l l  
c u t  down on t h e  ene rgy  r e q u i r e d  f o r  c o n s t r u c t i o n ;  5 )  
d e n s e l y  p o p u l a t e d  i n n e r  c i t y  ne ighborhoods  make pub- 
l i c  t r a n s p o r t a t i o n  v i a b l e ;  and p o t e n t i a l l y  most im- 
p o r t a n t  of a l l  - 6 )  t h e  m a j o r i t y  o f  t h e  u rban  poor  
l i v e  i n  p a r t i a l l y  abandoned ne ighborhoods .  Most of 
t h e i r  d w e l l i n g s  a r e  e n e r g y  i n e f f i c i e n t .  Energy con- 
s e r v a t i o n  and s o l a r  u t i l i z a t i o n  s u b s i d i e s  a r e  by f a r  
p r e f e r a b l e  t o  consumption s u b s i d i e s ,  s i n c e  t h e y  w i l l  
r e s u l t  i n  a  d e d u c t i o n  o f  e n e r g y  consumption.  

D e s c r i p t i o n  o f  I n n e r  C i t y  S o l a r  House: 

Hea t ing :  The p a s s i v e  s o l a r  c o n t r i b u t i o n  i s  a c h i e v e d  
by d i r e c t  g a i n  - t h rough  a p p r o x i m a t e l y  180 s q .  f t .  
( n e t )  o f  d o u b l e  pane  windows on t h e  s o u t h  ( d i n i n g  
a r e a ,  l i v i n g ,  b a t h ,  and m a s t e r  bedrooms) and  m- 
t e d  g a i n  - t h r o u g h  a n  a t t a c h e d  s u n s p a c e  ( l o c a t e d  
b e f o r e  t h e  k i t c h e n  on t h e  s o u t h )  w i t h  a p p r o x i m a t e l y  
50 s q .  f t .  of d o u b l e  pane  windows. S t o r a g e  mass f o r  
i s o l a t e d  g a i n  is p r o v i d e d  by means o f  a  4" c o n c r e t e  
s l a b  l o c a t e d  above  r o c k  bed  ( s e e  a c t i v e  s o l a r ) .  For  
t h e  d i r e c t  g a i n  s y s t e m ,  t h e  wythe b r i c k  p a r t y  w a l l ,  

SOUTH OAKLAND SOLAR HOUSE 

a  w a t e r  bed and w a t e r  f i l l e d  b o t t l e s  i n  t h e  r a i l i n g  
o f  t h e  l i v i n g  a r e a  w i l l  a c t  a s  s t o r a g e .  A l l  d i r e c t  
g a i n  windows a r e  p r o t e c t e d  a g a i n s t  n i g h t  t i m e  h e a t  
l o s s  by r o l l i n g  s h u t t e r s  ( R o l l a d e n ) .  

The a c t i v e  s o l a r  c o n t r i b u t i o n  is a c h i e v e d  by 360 s q .  
f t .  o f  a i r  c o l l e c t o r s ,  i n t e g r a t e d  i n t o  roo f  (no r o o f  
membrane below).  C o l l e c t o r s :  two paneg o f  118" 
g l a s s ,  a i r s p a c e ,  c o r r u g a t e d  s h e e t m e t a l  ( f l a t  b l a c k  
l a t e x  p a i n t ) ,  a i r s p a c e ,  m e t a l  t r o u g h ,  3%" f i b e r g l a s s  
i n s u l a t i o n .  Approximately  20 cu.  yds .  o f  r o c k s  p ro -  
v i d e  h e a t  s t o r a g e .  

Backup h e a t  i s  a s s u r e d  by a  32800 BTU/hr. e l e c t r i c  
f u r n a c e .  Heat  pumps would have been  e c o n o m i c a l l y  
f e a s i b l e ,  b u t  b e c a u s e  o f  f i r s t  c o s t  budge t  l i m i t a -  
t i o n s ,  c o u l d  n o t  b e  a p p l i e d  ( e l e c t r i c  e n e r g y  was 
chosen  t o  a v o i d  b u i l d i n g  a  chimney and h a v i n g  s t a c k  
l o s s e s ) .  Hot w a t e r :  no s o l a r  p a r t i c i p a t i o n ;  e l e c t r i c  
o n l y .  

T o t a l  s y s t e m  pe r fo rmance  w i l l  b e  mon i to red  d u r i n g  
1980-81 w i t h  s u p p o r t  o f  t h e  US Depar tment  o f  Energy 
Expec ted  s o l a r  c o n t r i b u t i o n  i s  70% - 80%. 
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DESIGN CONCEPTS FOR INFILL HOUSING I N  MANCHESTER: 

Design Goa l s :  
1 )  To c r e a t e  p r o t o t y p i c a l  h o u s i n g  f o r  i n n e r  c i t y  s i t e s  
which can  b e  b u i l t :  ( a )  a s  i n f i l l  between e x i s t i n g  
b u i l d i n g s ;  ( b )  a s  s e p a r a t e  s t r u c t u r e s  on empty l o t s .  
2) To combine d w e l l i n g  u n i t s  i n  o r d e r  t o  c r e a t e  h i g h e r  
d e n s i t i e s  and r e d u c e  e n v e l o p e  exposu re .  3 )  To more 
f u l l y  utilize e x i s t i n g ,  c u r r e n t l y  u n d e r - u t i l i z e d  u rban  
i n f r a s t r u c t u r e s .  
Design Concep t s :  
I n  r e s p o n s e  t o  t h e s e  g o a l s  and  i n  c o n s i d e r a t i o n  o f  t h e  
f a c t  t h a t  row h o u s e s  a r e  p r e v a l e n t  i n  n o r t h e a s t e r n  
c i t i e s  i n  t h e  US, t h e  s t u d y  f o c u s e s  on t h e  a d a p t a t i o n  
o f  t h e  row house  t y p e  t o  p r e s e n t  c o n d i t i o n s  ( i . e . ,  
u s e r s  p r e f e r e n c e s ,  ene rgy  c o n s e r v a t i o n ,  e t c . )  1. " In -  
between" u n i t s  and  "end" u n i t s  a r e  ma jo r  components  o f  
a  row house  development .  Combinat ions  o f  t h e s e  g e n e r -  
i c  t y p e s  a r e  t o  f i t  any p o t e n t i a l l y  v a c a n t  " i n f i l l "  
l o t  s i z e  w i t h  a  f r o n t a g e  n o t  s m a l l e r  t h a n  40 f t .  

* The c e n t e r  u n i t  w i t h  a  
f r o n t a g e  o f  20  f t .  t o  24 
f t .  and  a  f l o o r  a r e a  o f  2  
1 2 0 0  t o  2400 f t  (2-4 
bedrooms) .  
* The end u n i t  ( o r  connec t -  
i n g )  u n i t  w i t h  a  f r o n t a g e  
o f  1 0  f t .  t o  14 f t .  and  
f l o o r  a r e a  o f  500 t o  900  
f t  . 2  ( e f f i c i e n c y / s t u d i o ) .  

F i g u r e  1. B u i l d i n g  Modules  

2 .  S o l a r  g a i n  d u r i n g  w i n t e r  months  i s  t o  b e  encour -  
aged  w h i l e  p r e v e n t i n g  h e a t  l o s s .  
* C r e a t i n g  a  two t i e r e d  s o u t h  f a c a d e  f o r  
d i r e c t  g a i n ;  i n t e g r a t e d  h e a t  g a i n  
components and a  l i g h t  s h a f t  a t  
t h e  c e n t e r .  
*Lowering t h e  h e i g h t  o f  t h e  
n o r t h  f a c a d e  by bury-  
i n g  p a r t  o f  f i r s t  f l o o r  
i n  t h e  g round .  
F i g u r e  2 a .  S e c t i o n  
Through L i g h t  S h a f t .  



* Minimizing t h e  en- 
ve lope  f a c i n g  n o r t h  
by s l a n t i n g  t h e  roof .  
* Minimizing openings 
on t h e  n o r t h  facade.  

Figure 2b. The Dif- 
f e r e n c e  Between North 
and South Eleva t ions .  t 
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This  p roposa l  addresses  a  genera l  short-coming, 
c h a r a c t e r i s t i c  f o r  u n i t s  wi th  narrow f r o n t a g e s  which 
reduce t h e  exposure t o  n a t u r a l  l i g h t  and s o l a r  r a d i a -  
t i o n .  3. New b u i l d i n g s  a r e  t o  be kep t  i n  s c a l e  wi th  
neighboring ones i n  o r d e r  t o  maintain o r  encourage h i s -  
t o r i c  c o n t i n u i t y .  
* The formal  com- 
p o s i t i o n  of  compo- 
n e n t s  of  e x i s t i n g  
h i s t o r i c a l  houses 
can be addressed  by 
examining t h e  o r i -  
g i n a l  uses and f i n d  
i n g  new uses  of suc 
components. For F igure  3. E leva t ion  Morphology 
example: g reen-  
houses a t t a c h e d  t o  the  sou thern  facade  of  a  new b u i l d -  
ing  can t a k e  t h e  p lace  o f  porches on e x i s t i n g  s t r u c -  
t u r e s .  
Roof a p p e r t u r e s  can take  t h e  p lace  of  dormers, e t c  

4. User needs and p r e f e r e n c e s  a r e  t o  be an i n t e g r a l  
p a r t  of t h e  des ign .  Pre l iminary  design a l t e r n a t i v e s  
fo l lowing  t h e  design concepts  p r e s e n t  expected needs 
and p r e f e r e n c e s  such a s :  

- a t t i t u d e  toward p r i v a t e  and p u b l i c  spaces  
- a t t i t u d e  toward independence of  res idence  
- v a r i e t y  of  dwel l ing  u n i t  types  
- p o t e n t i a l  f o r  mani fes t  p e r s o n a l i z a t i o n  
- i n c l u s i o n  of f a m i l i a r  r e s i d e n t i a l  images and pa t -  

t e r n s  
- i n c l u s i o n  of  ' congenia l '  energy e f f i c i e n t  s o l u t i o n s .  

5.  I n t e g r a t i o n  of  s t r u c t u r a l  and energy b u i l d i n g  com- 
ponents  a r e  t o  be p r e f e r r e d .  
* Crea t ing  b u i l d i n g  components - 
w i t h  m u l t i p l e  f u n c t i o n s  such 
a s  f l o o r  and w a l l  components 
which a r e  loadbear ing  and 
s t o r e j d i s t r i b u t e  s o l a r  hea t  
ga in  a s  w e l l .  (This  concept 
was developed by A r c h i t e c t  
San t iago  Moreno, a  member of  F igure  4. Conceptual 
t h e  1978179 ABS c l a s s .  Sec t ion .  

F igure  5a. Kitchens a s  Buf fe r  Zones 

6.  E f f i c i e n t  u t i l i z a t i o n  of  i n t e r n a l  hea t  g e n e r a t i o n  
( " f ree  heat")  from l i g h t s ,  a p p l i a n c e s  and people by 
j u d i c i o u s  l ayout .  

* Kitchens l o c a t e d  i n  t h e  mid- 
d l e  of the  dwel l ing  a s  hea t  
g e n e r a t o r s ,  w i t h . p r o v i s i o n s  f o r  
v e n t i l a t i o n  dur ing  c o o l i n g  per- 
i o d s .  

F igure  5b. Kitchens a s  Heat 
Generators  

'-hll ' 

Discussion of A l t e r n a t i v e s :  

A -  '. * Kitchens and bathrooms 

Based on design g o a l s  and concepts ,  two a l t e r n a t i v e s  
were developed i n  response t o  d i f f e r e n t  expected u s e r s '  
p re fe rences .  I n  bo th  a l t e r n a t i v e s ,  however, a l l  dwel- 
l i n g  u n i t s  a r e  connected t o  t h e  ground, f a c e  s o u t h  and 
n o r t h ,  and prov ide  a  v a r i e t y  of  design o p t i o n s  t o  be 
chosen by f u t u r e  owners. 

Ls4:k--'411 

A l t e r n a t i v e  I i n c l u d e s  a  shared  
semi-or iva te  space on t h e  ground ,,..- 

I: cur 

l o c a t e d  t o  t h e  n o r t h  s i d e  
of  dwel l ings  a s  a  b u f f e r  

. - -  - .  
l e v e l  as t h e  a c c e s s  s p i n e  
t h e  b u i l d i n g .  I t  i s  us  
a s  a p r o t e c t e d  a r e a  
(from o u t s i d e r s  
a n 4  c l i m a t e )  i n  
f r o n t  of i n d i v i -  
d u a l  e n t r a n c e s .  

zone and h e a t  genera tor .  -- --- -1. -A 

+ 

Natura l  l i g h t  i s  F igure  6a. A l t e r n a t i v e  I ,  Concep- 
provided by t h e  t u a l  Sec t ion  
l i g h t  s h a f t .  

A l t e r n a t i v e  I1 has  s e p a r a t e  
e x t e r n a l  e n t r a n c e s  from s t r e e t  
l e v e l  on both facades .  

Figure 6b. A l t e r n a t i v  
11, Conceptual 
S e c t i o n .  

Dwelling V a r i a t i o n s :  
I n  bo th  a l t e r n a t i v e s ,  2  dwel l ing  t y p e s ,  "A" and "B", 

a r e  developed t o  over lap  each o t h e r  (emphasis on de- 
s i g n  concept  No 3  and des ign  goal  No 2 ) .  The main 
d i f f e r e n c e s  between them c e n t e r s  on open space a l l o -  
c a t i o n .  Dwelling Type "A" i n c l u d e s  an i n n e r  p a t i o  
(under t h e  l i g h t  s h a f t )  and greenhousejporch t o  t h e  
s o u t h  (which is t h e  e n t r a n c e  a r e a  i n  a l t e r n a t i v e  1 1 ) .  
Dwelling Type "B" i n c l u d e s  an open veranda and yard  t o  
t h e  n o r t h  (en t rance  a r e a  i n  a l t e r n a t i v e  11)  p l u s  a  roof  
a r e a .  

Other  V a r i a t i o n s :  
(1) Size: Dwelling "A" i s  f i x e d  i n  f l o o r  a r e a  (1280ft2 

2-3 bedrooms). Dwelling "B" has t h e  p o s s i b i l i t y  f o r  
f u t u r e  expansion and d i f f e r e n t  ways of u s i n g  t h e  roof 
a r e a  (1260 f t 2  t o  1640 f t 2 ,  2  o r  3  f l o o r s ,  2  t o  4  bed- 
rooms). (2) F l e x i b i l i t y  i n  Using Space: "A" i s  devel-  
oped d i f f e r e n t l y  i n  a l t e r n a t i v e s  I and 11, g i v i n g  t h e  
p o s s i b i l i t y  of e n t r a n c e j l i v i n g  space  and bedrooms t o  
be  l o c a t e d  i n  d i f f e r e n t  l e v e l s .  "B" t a k e s  advantage 
of  i t s  "growing p o t e n t i a l " ,  bu t  l i v i n g  a r e a  and bed- 
rooms a r e  f i x e d  i n  l o c a t i o n .  (3)  Ent rance  and Park ing :  
A l t e r n a t i v e  I prov ides  t h e  same c o n d i t i o n s  f o r  a l l  
dwel l ings :  shared space i n  f r o n t  of i n d i v i d u a l  en t ran-  
c e s  and shared  park ing  l o t s  on one s i d e  of  t h e  s i t e .  
I n  a l t e r n a t i v e  11, park ing  l o t s  a r e  p laced  i n  conjunc- 
t i o n  wi th  e n t r a n c e s .  I n  t h e  "Manchester P r o j e c t " ,  ' 

dwel l ing  "A" has  a  more formal  e n t r a n c e  from t h e  main 
s t r e e t ,  but  uses  s t r e e t  park ing ,  and dwel l ing  "B" has  
a  l e s s  formal  e n t r a n c e  f a c i n g  t h e  a l l e y ,  b u t  has  p r i -  
v a t e  park ing  a s  p a r t  of  i t s  f r o n t  yard o r  a  p r o t e c t e d  
garage underneath t h e  f i r s t  f l o o r  l e v e l .  

I 
I+&£ 
I 
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Figure  7. 

( 4 )  Energy Performance: "A" i s  p o t e n t i a l l y  more energy 
e f f i c i e n t  than "B", s i n c e  dwell ing "A" i s  p r o t e c t e d  
by be ing  p a r t l y  below ground l e v e l  and s h e l t e r e d  from 
t h e  n o r t h  ( p a r t l y  i n  a l t e r n a t i v e  I ,  e n t i r e l y  i n  a l t e r -  
n a t i v e  11) by dwel l ing  "B". 

F i n a l  design w i l l  be developed a f t e r  energy eva lua-  
t i o n  (a  r e s u l t  of t h e  "energy taxonomy", s e e  fo l lowing  
p a r t  of paper )  economic s t u d i e s  and i n t e r a c t i o n  w i t h  
t h e  p o t e n t i a l  u s e r s .  



P a s s i v e  Energy Taxonomy/Abstract: 
Purpose: As p a r t  of t h e  a n a l y s i s  f o r  t h e  d e s i g n  pro-  

j e c t ,  t h e  "energy" team's  goa l  i s  t o  o r g a n i z e  an energy 
taxonomy f o r  s e l e c t i n g  a  number of e f f e c t i v e  p a s s i v e  
energy p a t t e r n s  accord ing  t o  t h e i r  p r e d i c t e d  energy per-  
formance i n  t h e  P i t t s b u r g h  a r e a .  Each p a t t e r n ,  a s  p a r t  
of  t h e  des ign  concep t ,  w i l l  then  be combined w i t h  and 
e v a l u a t e d  accord ing  t o  o t h e r  a s p e c t s  s p e c i f i c a l l y  f o r  
t h e  Manchester community such a s  u s e r s '  needs ,  s t r u c t u r e ,  
economics and m a r k e t a b i l i t y ,  i n  o r d e r  t o  a c h i e v e  feas -  
i b l e  energy e f f i c i e n t  s o l u t i o n s  f o r  t h e  " S h e f f i e l d  
block". Method : A  p a s s i v e  energy taxonomy c h a r t  f o r  
t h e  h e a t i n g  and coo l ing  seasons  was conceived,  based 
on c l i m a t e  a n a l y s i s ,  human comfort c o n s i d e r a t i o n s  and 
g e n e r i c  energy t y p e s .  The energy p a t t e r n s  can be  f o r -  
mulated and /or  c l a s s i f i e d  by a l t e r n a t i n g  t h e  combina- 
t i o n s  of t h e  g e n e r i c  types  w i t h  a l l  o r  p a r t  of t h e  pos- 
s i b l e  components. T h e o r e t i c a l l y ,  every  combinat ion has 
t o  be e v a l u a t e d .  However, a  s e l e c t i o n  method w i l l  be 
developed f o r  h e l p i n g  e l i m i n a t e  t h e  unnecessary combin- 
a t i o n s .  Tools:  Three main t o o l s  a r e  used.  1 )  The 
Psychrometr ic  C h a r t ,  which summarizes c l i m a t e  d a t a  i n  
a  s p e c i f i c  a r e a ,  showing t h e  d i s t r i b u t i o n  of wet bu lb  
t empera tu re ,  combined g r a p h i c a l l y  wi th  d r y  bu lb  tem- 
p e r a t u r e ,  r e s u l t i n g  i n  " c l u s t e r s "  of  c l i m a t i c  condi-  
t i o n s  i n  a  range o f  12 zones from "cold" through "shade 
comfort" t o  "hot". The s e a s o n a l  d i s t r i b u t i o n  f o r  day 
and n i g h t  s t r e s s e s  t h e  main problems which have t o  be 
taken i n t o  c o n s i d e r a t i o n .  2 )  The P a s s i v e  Ener Tax- 
onomy Chart  i s  developed and o rgan ized  a s  a  tzl for 
d e ~ c r i b i n g e x i s t i n ~  energy p a t t e r n s  and c r e a t i n g  new 

ones a s  w e l l  a s  a  combinat ion of v a r i o u s  components. 
The p a t t e r n s  a r e  "c rea ted"  i n  two main s t e p s :  f i r s t ,  by 
means o f  a  combination o f  t h e  h e a t i n g  season components 
( s t a r t i n g  from two b a s i c  s o l a r  h e a t  g a i n  types :  d i r e c t  
gain and i n d i r e c t  ga in )  and t h e  d i f f e r e n t  p o s s i b i l i t i e s  
f o r  hea t -ga in  promotion and h e a t  l o s s  p r e v e n t i o n ,  be- 
coming t h e  "win te r  p a t t e r n s " .  3) Eva lua t ion /S imula t ion  
Models a r e  used f o r  t h e  s e l e c t i o n  of  t h e  b e s t  energy 
p a t t e r n s  f o r  t h e  P i t t s b u r g h  a r e a ,  which were d e s c r i b e d  
( o r  c r e a t e d )  by means of  t h e  taxonomy c h a r t .  S ince  
r e s u l t s  of every  p a t t e r n  depend on t h e  components' com- 
b i n a t i o n s  and i ts  p o s i t i o n  i n  t h e  b u i l d i n g ,  "a b a s i c  
bu i ld ing"  which is  d i v i d e d  i n t o  n i n e  modules ( 3  s t o r e s  
x  3  u n i t s  p e r  s t o r e )  is used.  The modules have t h e  
same volume bu t  d i f f e r e n t  envelope exposures  accord ing  
t o  t h e i r  mutual  p o s i t i o n s .  Every one of them d e s c r i b e s  
a  p o s s i b l e  u n i t  i n  an apartment  b u i l d i n g .  The "TRYNSYS" 
computer s i m u l a t i o n  program was chosen a s  t h e  pr imary 
t o o l  f o r  e v a l u a t i o n  of t h e  energy performances.  Re- 
s u l t s :  1 )  The g e n e r a l  p a s s i v e  energy taxonomy, a s  a  
s t r u c t u r e  of d e s c r i b i n g ,  combining and manipu la t ing  
b u i l d i n g  and energy and c l i m a t i c  components ends up 
wi th  a  t a b l e  of  p a s s i v e  energy p a t t e r n s .  2 )  The compu- 
t e r  e v a l u a t i o n  of t h e s e  p a t t e r n s  y i e l d s  a  more l o c a l i z e d  
l i s t  of  t h e  most s a t i s f a c t o r y  energy p a t t e r n s ,  p r i o r i -  
t i z e d  accord ing  t o  t h e i r  energy performances.  3)  These 
p a t t e r n s  w i l l  then  be an i n p u t  t o  t h e  design p r o c e s s  
which combines a l l  o t h e r  a s p e c t s  i n  t h e  p r o j e c t  and 
which l e a d s  t o  t h e  f i n a l  p roduc t ,  i n  t h i s  c a s e  - energy 
e f f i c i e n t  i n f i l l  housing - a  p r o t o t y p e  f o r  t h e  Manches- 
t e r  community i n  P i t t s b u r g h .  

"TRYNSYS": A  T r a n s i e n t  S imula t ion  Program, S o l a r  Energy 
Lab, U n i v e r s i t y  of Wisconsin-Madison, Madison, Wisconsin.  
(Version 1 0 . 1 ) .  

CONCLUSIONS: 

The r e a s o n s  f o r  t h i s  a r e  complex and have many f a c e t s .  
One r e a s o n ,  however, is seen i n  urban sprawl .  During 
t h e  decades of  cheap energy ,  economic expans ion ,  fed- 
e r a l  p o l i c i e s  f a v o r i n g  suburban c o n s t r u c t i o n  and high- 
way b u i l d i n g ,  s o c i e t y  became i n c r e a s i n g l y  s e g r e g a t e d  
( s e p a r a t i o n  of  income and s o c i a l  groups)  and c i t i e s  
i n c r e a s i n g l y  d i s p e r s e d ,  w i t h  t h e  ensu ing  r e s u l t  of  low 
d e n s i t y  suburban developments and t h e  decay of  fo rmer ly  
d e n s e l y  popula ted  i n n e r  c i t y  neighborhoods.  Energy 
c o n s e r v a t i o n  can be ach ieved  by r e c o n s t r u c t i n g  t h e s e  
neighborhoods and c r e a t i n g  a d d i t i o n a l  housing capac i -  
t i e s  on fo rmer ly  vacan t  l a n d  o r  by r e h a b i l i t a t i n g  
v a n d a l i z e d  b u i l d i n g s .  T h i s  shou ld  be approached by 

i n c l u d i n g  t h e  p r e s e n t  low income p o p u l a t i o n s  which re- 
s i d e  i n  t h e s e  a r e a s ,  r a t h e r  than  d i s p l a c i n g  them and 
the reby  d i s p l a c i n g  t h e  problem. To a i d  i n  t h i s  e f f o r t  
is t h e  pr imary goa l  of  t h e  urban p r o j e c t s  a t  Carnegie-  
Mellon U n i v e r s i t y .  
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Summark 

I n  t he  i n d l s t r a l i s e d  nations bui ld ing services  consume 

each year more than 4% of t he  t o t a l  primary energy 

consnmption. Possible developments i n  bx i ld ing  

services  a r e  discussed, i n  p a r t i c  : l a r  those  f o r  space 

and water heat ing  by t r a d i t i o n a l  means and newer 

developments such as heat pumps and s o l a r  co l l ec to r s .  

A b r i e f  disc. lssion is given of fu ture  p o s s i b i l i t i e s  

i n  l i g h t i n g  and ven t i l a t i on .  I t  i s  concluded tha t  

t he re  i s  a great  need f o r  f l e x i b i l i t y  i n  fu tu re  b,lild- 

i ng  services  t o  take account of t he  l i k e l y  changes I n  

f u e l  suppl ies  over the l i f e t ime  of buildings.  

Le ~gsumg 

Parmi l e s  na t ions  i nd , l s t r i a l i s ees  l e s  services  du 

bgt~ment  consomrnent chaq,le annge p lus  de 4% de l a  

consomation t o t a l e  d 'energie premiere. On discute  l e s  

ddveloppements poss ib les  en services  du bgtiment , en 

p a r t i c u l i e r  ceux de chauffage dlespace e t  d leau par 

moyens t r ad i t i onne l s  e t  plus nouveaux t e l s  qile pompes 

de chauffage e t  co l l ec t eu r s  s o l a i r e s .  On considere en 

bref l e s  p o s s i b l l i t e s  fu tu re s  d 'ec la i rage  e t  de 

ven t i l a t i on .  Pour conclTlre,  11 y a grand besoln de 

garder l a  ? o s s i b i l i t g  de changements de s e rv i ces  

pendant toute  l a  v l e  d lun bztiment se lon l e s  

comb,lstibles disponibles.  

In t roduct ion  

Figure 1 shows t h e  World primary energy consumption i n  

mi l l i ons  of tons of coal  equivalent so  f a r  t h i s  cen- 

t u ry  ( I ) ,  i n  t e r n s  of the  overa l l  supply and the  indi-  

v idual  fue ls .  Figure 2 shows the  projec t  World energy 

denand f o r  t he  next 75 years  consis tent  with t he  low 

energy growth case (bare ly  doubling between 2000 and 

2050) put t o  the  1977 World Energy Conference (1 ) .  

This  has many important consequences s ince  the  world 

population i s  a l s o  expected t o  grow over the  same 

period leading t o  only a small energy growth per  c a p i t a  

Currently t he  Western Indus t r i a l i s ed  World with l e s s  

than 15% of t h e  Worldls population consumes more than 

a ha l f  of t he  t o t a l  energy daaand (2 ) .  The g r e a t e s t  

growth i n  energy consumption is  i n  the  countr ies  with 

cu r r en t ly  l e s s  than average congumption per  cap i t a  thus  

i f  t he  current ly  non-industrial ised nations a r e  t o  ga in  

econanic s t rength  and the  projec t ion  i n  f i g  2 is 

achieved, t h e  per cap i t a  consumption-of today's major 

consumers must f a l l .  
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I t  is  not t he  purpose of t h i s  paper t o  d i scuss  a l l  

t he  important econanic, p o l i t i c a l  and soc i a l  c o n s e  

quencies t ha t  w i l l  follow f r m  t h e  World energy denand 

and supply s i t u a t i o n  a s  out l ined above, but  t o  consider 

only t h e  consequences f o r  bui ld ing services .  Building 

se rv i ces  f o r  heating,  cooking and l i g h t i n g  account f o r  

a t  l e a s t  4@ and i n  sane countr ies  more than a ha l f  of 

t he  energy consumption i n  i r idus t r ia l i sed  nations.  

Reducing t h e  energy consumption has a l a r g e  r o l e  t o  

play i n  reducing t h e  enormous pressure on energy 

supply t o  cane, shown i n  Figure 2. Dr Guido Brunner, 

the  menber of t h e  European Camnullity response f o r  

energy has recent ly  s a id  "I f i rmly bel ieve  t h a t  our 

top  p r i o r i t y  must be i n  t h e  reduction of energy demand. 



It is c l e a r  t o  me t h a t  energy saving can make a l a r g e r  

(and cheaper) cont r ibut ion  t o  our needs than can 

ac t ion  on supply. Of course, we must make t h e  co r r ec t  

decis ions  on long-term investments f o r  production.Ifut 

s ca l e  and glamour of new o i l  production o r  advanced 

nuclear engineering sanetimes d e t r a c t  f ran  what is 

more important now: by t h i s  I mean energy saving. 

This i s  t he  key t o  our problems. I t  should be given 

p r i o r i t y  a t  a l l  l eve l s  - Canmunity and Local, 

p o l i t i c a l  and technical." ( 3 )  

The mphas i s  towards energy conservation r a t h e r  than 

energy supply a r i s e s  because increas ing demand on 

l imi ted  resources is leading t o  r e a l  ( i n  r e l a t i o n  t o  

general  i n f l a t i o n )  increases  i n  f u e l  supply cos ts .  

This paper d iscusses  how more e f f i c i e n t  bui ld ing 

services  could lead t o  s ign i f i can t  reductions i n  

energy demand. 

Building l i f e t imes  a r e  long, f o r  example houses 

t yp ica l ly  l a s t  f o r  more than a 100 years  I n  many 

countries.  This  has an important consequence f o r  

bui ld ing services.  It can be seen f r m  Figures  1 and 

2 that the  r e l a t i v e  a v a i l a b i l i t y  of d i f f e r e n t  f u e l s  

has changed dramatically i n  t he  past and is expected 

t o  s imi l a r ly  change i n  t he  fu ture .  The design of 

s e rv i ces  must r e f l e c t  t he  l ike l ihood t h a t  i n  the  

fu tu re  energy w i l l  be a cos t ly  and more prized canmod- 

i t y ,  whose f i n a l  de l ivered  form may not always be 

predicted now with cer ta in ty .  S t r a t e g i c  design must 

therefore  search f o r  f l e x i b l e  and adaptable so lu t ions  

which w i l l  not cause the  bui ld ing i n  t he  fu tu re  t o  

becane a cos t ly  white elephant. 

New and ex i s t i ng  bui ld ings  c l e a r l y  require  d i f f e r e n t  

ana lys i s  and d i f f e r e n t  treatments.  I n  ex i s t i ng  build- 

ings t he  time a t  which t o  take ac t ion  t o  reduce energy 

consumption is  when t h a t  ac t ion  f i r s t  becanes cost-  

e f fec t ive .  I n  new buildings it is necessary t o  con- 

s ide r  ac t ion  a t  t h e  design s t age  because ac t ion  l a t e r  

can be much more expensive. An example is the  ex t r a  

expense involved i n  the  in t roduct ion  of an underfloor 

low temperature heat d i s t r i b u t i o n  system canpared with 

a conventional r ad i a to r  o r  warm a i r  systen. The cos t  
i s  l e s s  a t  t h e  i n i t i a l  s tage  than l a t e r  on and may be 

worth t he  ex t r a  i n i t i a l  cos t  a s  an insurance premium, 

t o  make poss ib le  t he  l a t e r  in t roduct ion  of an ambient 

energy device  such a s  a heat  pump o r  so l a r  c o l l e c t o r  

systen. 

One important point  i n  cammon t o  t he  use of energy 

conservation measured i n  both the  e x i s t i n g  and new 

buildings i s  t he  need f o r  a s se s s ing  the  bui ld ing and 

i t s  services  a s  an  in tegra ted  systen.  For example 

adding in su l a t ion  t o  an ex i s t i ng  bui ld ing without 

considering changes t o  the  heat ing  system can lead t o  

temperature r ed i s t r i bu t ion  and waste. Thus the re  i s  

a need t o  i n t eg ra t e  the  thermal performance of t h e  

bui ld ing f a b r i c  and i t s  services  i n  assess ing energy 

considera t ion  measures. 

The a v a i l a b i l i t y  of cheap microprocessors opens up 

the  p o s s i b i l i t y  of more sophis t ica ted  and e f f i c i e n t  

cont ro l  of bui ld ing services ,  p a r t i c u l a r l y  those  which 

consume energy such a s  t he  heating and cooling systens,  

, t h e  a r t i f i c i a l  l i gh t ing ,  t he  l i f t  s e rv i ces  and the  heat  

management systems i n  canplex bui ld ings  which may 

involve heat  s torage ,  energy supply a t  off  peak times, 

t h e  s o l a r  c o l l e c t o r s  etc.  

A f i n a l  point  before turning t o  more d e t a i l e d  a spec t s  

of bui ld ing services  is t h a t  t h e  cause.of poor energy 

performance of many bui ld ings  can be t raced t o  what 

a r e  sometimes ca l l ed  i n s t i t u t i o n a l  i s m e s ,  mch a s  an 

over emphasis of f i r s t  cos t s  

and inadequate a l l oca t ion  of funds f o r  build- 

i ng  se rv i ce  maintenance. Means need t o  be sought t o  

overcome these  i n s t i t u t i o n a l  b a r r i e r s ,  though experi- 

ence argues t h a t  t h i s  may take  a long time, and i n  t h e  

t imescale of dep le t ing  poss ib le  f u e l  resources i t  may 

be necessary f o r  t he  designer and research  worker t o  

seek energy conserving so lu t ions  which a r e  not under- 

mined by e x i s t i n g  i n s t i t u t i o n a l  cons t ra in t .  

Future  bui ld ing se rv i ces  

I t  is c l e a r  f r an  f igu re  2 t h a t  t he re  i s  expected t o  be 

a r o l e  i n  t he  next 75 years  f o r  a wide range of f u e l  

suppl ies ,  wider even than i n  t h e  pas t  75 years.  This  

means t h a t  we must not only consider t h e  performance 

of t h e  newer i deas  - s o l a r  energy, heat  pumps e t c  but  

we must not neglect  t h e  t r a d i t i o n a l  methods of hea t ing  

bui ld ings ,  desp i t e  t h e  current  tendency t o  enphasise 

i n  research  the  more glamorous energy m p p l i e s  and 

means of conserving energy. 

T rad i t i ona l  bui ld ing se rv i ces  

A t  one tune it was considered s u f f i c i e n t  t o  des ign 

heat ing  appliances t o  have a reasonable e f f i c i ency  a t  

f u l l  load urder  steady s t a t e  conditions.  Tes t s  of 

t h i s  na ture  a r e  incorporated i n  t he  standards of many 

countries.  This i s  no longer adequate i f  t he  minimum 

f u e l  cos t s  a r e  t o  be achieved. I n  moving f r an  bench 

t e s t s  t o  t he  r e a l  s i t ua t ion  fou r  f a c t o r s  have now t o  

be taken i n t o  account: ( i )  s i z i n g  of t he  heat ing  

appliance a:j. system with respect  t o  t h e  dwand;  ( i i )  

appliance operation over t h e  f u l l  load range; ( i i i )  
heat ing  systen design and con t ro l s  and ( i v )  mode of 

operation by t h e  user .  A l l  these  f a c t o r s  have been 

made more c r i t i c a l  and i n t e r a c t i v e  by moves towards 

high in su l a t ion  standards and reduced ven t i l a t i on .  

F i g  3 g ives  t h e  r e s u l t s  of sane recent  (4)  labora- 

t o ry  t e s t s  on gas b o i l e r s  on a wide range of canmer 

c i a l l y  ava i l ab l e  appliances.  The f u l l  load t e s t  

showed a l l  the  bo i l e r s  passed the  70$ minimum e f f i -  

ciency t e s t  (based on gross  heat  i npu t ) ,  but t h e  

design of t he  b o i l e r  markedly a f f e c t s  t h e  performance 

a t  low loads. The main design f ea tu re s  a r e  t h e  

thermal mass of t he  b o i l e r ,  i t s  water content and its 

contro l .  The bes t  r e s u l t s  were obtained when t h e  

e f f ec t ive  thermal mass was low a s  t yp i f i ed  by two 

very compact l ightweight appliances A and B. The 

e f f i c i ency  of these  b o i l e r s  does not f a l l  u n t i l  low 

output l e v e l s  a r e  reached. With a heavy c a s t  i r o n  

b o i l e r ,  C ,  with a high water content ,  t he  e f f i c i ency  

can f a l l  off  s ign i f i can t ly .  During its normal 



operation i n  a dwelling the  bo i l e r  operating point 

ranges up and down a s e t  of e f f i c i ency  curves. The 

curves shown i n  F i g  3 w i l l  be displaced by t h e  design 

f a c t o r s  of t h e  system and the  dwelling. This  is 

brought about by t h e  constant ly  changing temperature 

of t he  r e tu rn  water observed i n  prac t ice .  During 

each opera t ional  period the  frequency and length  of 

f i r i n g  periods can have an  e f f e c t  even with a constant 

heat  output. I f  a b o i l e r  is  oversized f o r  a particu- 

l a r  app l i ca t ion  the  implication is  t h a t  it opera tes  

on the  lower p a r t  of t he  performance curve f o r  a 

longer period than the  co r r ec t ly  s ized  bo i l e r .  

I t  is  f e a s i b l e  t h a t  f o s s i l  f u e l  powered b o i l e r s  

w i l l  i n  fu tu re  operate with much higher e f f i c i enc i e s ,  

more than 9 ~ j  eff ic iency is poss ib le  with condensation 

of f l u e  gases and f run pulse-fired canbustion. Such 

high e f f i c i ency  b o i l e r s  a r e  under inves t iga t ion  i n  

severa l  labora tor ies  around the  World and may reach 

the  market place soon i f  cos t s  do not t u rn  out t o  be 

prohibi t ive .  
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Heat pumps 

Applications of heat  pumps i n  bui ld ings  can be divi-  

ded i n t o  two categories.  F i r s t ,  t he re  a r e  those  i n  

which the  heat pump e x t r a c t s  energy f run an ambient 

source and provides useful  heat  t o  the  bui ld ing 

thereby requir ing  a m a l l e r  coneumption of proceesed 

energy (e.g. e l e c t r i c i t y )  than canparable comrention- 

a1 heat ing  systems. The,energy supply t o  these  

ambient sources i s  the  sun s ince  the  contr ibut ion  

f r an  geothermal heat is  usual ly  negl ig ib le .  I n  t he  

second category, heat  pumps a r e  needed t o  upgrade 

hea t  wi th in  t he  bui ld ing envelope i n  hea t  recovery 

appl ica t ions .  

The sources of ambient energy normally used a r e  t h e  

ground, running water and the  a i r .  The only one of 

these  widely ava i l ab l e  which could supply the  energy 

demaMs of l a rge  numbers of danes t i c  heat  pumps is  

the  puts ide  a i r .  For  t h i s  reason, most research  

e f f o r t  is  being concentrated on improving'the per- 

formance of t h i s  type of heat  pump, i n  p a r t i c u l a r  on 

the  e f f i c i ency  with which energy i s  ext rac ted  f r an  

the  a i r .  I n  t h e  USA such machines have been sold  i n  

l a rge  numbers because, with a reversa l  of t he  r e f r ig -  

erant  cycle ,  one device can provide e i t h e r  heat ing  o r  

cooling of t he  building.  This  dual funct ion  i s  not 

required i n  most po ten t i a l  appl ica t ions  i n  Western 

m o p e  and many experimental prototype machines and 

new products a r e  being evaluated and beginning t o  be 

sold ,  with rapid  market growth apparently beginning 

i n  Germany and i n  Scandinavia, noteably i n  Dewark. 

Present danes t i c  heat pumps can produce between two 

and three  times a s  much energy f o r  heat ing  a s  is 

required t o  d r ive  t h w ,  the  r a t i o  depending upon the  

t w p e r a t u r e  of t he  source medium. Heat t r a n s f e r  i s  

normally accanplished by warn a i r  s ince  t h i s  al lows 

the  lowest output tmpera tu re s  and bes t  performance. 

Water-heating heat  pumps a r e  being developed s ince  

these  allow a g rea t e r  f l e x i b i l i t y  i n  i n s t a l l a t i o n  and 

hea t  pump s y s t w s  using r a d i a t o r s  could then be 

i n s t a l l e d  i n  ex i s t i ng  bui ld ings  which would be more 

d i f f i c u l t  t o  convert t o  warm-air cen t r a l  heating.  The 

water temperature w i l l  n eces sa r i l y  be lower than i n  a 

conventional r ad i a to r  so extended surfaces  o* f an  

convection w i l l  be wployed. I n  p u r p o s e b u i l t  houses, 

underfloor heat ing  would allow an  even lower water 

t w p e r a t u r e  t o  be used. This aspect  has a l ready been 

mentioned a s  a general  aspect  of new bui ld ing 

design opening up t h e  p o s s i b i l i t i e s  of r e t r o f i t t i n g  

heat pumps i f  and when t h e i r  cos t  f a l l s  s u f f i c i e n t l y  

t o  j u s t i f y  t h e i r  i n s t a l l a t i o n  i n  canparison with t he  

current ly  cheapest a l t e rna t ives .  

As i n  most r e f r ige ra t ion  appliances,  the  heat  pumps 

i n  use today a r e  based on the  reversed Rankine cycle.  

Future developnents w i l l  see moves made towards o ther  

thermodynamic cycles,  especia l ly  t he  absorpt ion  cycle  

(employed i n  gas r e f r ige ra to r s )  and a l s o  towards 

Rankine, Brayton o r  S t i r l i n g  cycle heat pumps dr iven 

by combustion engines. These have t h e  advantage t h a t  

t he  u t i l i s a t i o n  of primary energy is b e t t e r  than i n  

an  e l e c t r i c a l l y  driven Rankine cycle machine. 

However, t he  scope f o r  heat pump appl ica t ions  i s  by 

no means l imi ted  t o  t h e i r  use f o r  apace and water 

hea t ing  and examples of o the r  po ten t i a l  uses f o r  hea t  

p,mps a r e  t o  be seen i n  three  eiperimental  low e n e r a  

ho!ises t h a t  have been b . ~ i l t  a t  the  Building Research 

Fktabllshment ( ~ i ~  4). A l l  t he  experimental houses 

have g rea t ly  improved thermal i n su l a t ion ,  accounting 

f o r  much of t he  energy saving. Each w i l l  incorporate 

a d i f f e r en t  energy handling system and a r e  designed 

individtially aro7.md concepts l ~ t i l i s i n g  'heat recovery', 

' s o l a r  energy' and 'heat pumps'. They a r e  now being 

ins t r ,mented and t h e i r  performance measured under 



contro l led  conditions and simulated occupancy. Their  

ca lcula ted  energy savings a r e  of major s igni f icance  

(5). 

- 

Fig 4 Vlew of the  south face  of the  ERE low energy ~ O I L S ~  laboratories. 

Figures 5, 6 and 7 show respectively the  services  Thus the  scope f o r  heat pump appl ica t ions  1 s  

systems of the  "heat recovery", "solar  energy" and immense and t h e  world wide research a c t i v i t y  r e f l e c t s  

"heat pump" houses and it can be seen t h a t  heat  pumps th i s .  CIE i s  playlng a pa r t  In  keeping research 

feat81re I n  a l l  of them. The appl ica t ion  of heat workers up t o  da te  i n  t h i s  f i e l d  throligh Working 

pumps range from heat recovery from waste water ( f i g  Commission, W 67 'Energy Conservation i n  t he  B u l t  

5) and v e n t i l a t i o n  (fig 5) t o  heat management of a kvi ronment '  which has a Technical Sub Group on 

s to re  of s o l a r  heated water col lec ted  i n  summer and Yeat Pmps. 

used i n  winter ( f i g  7) .  

r- Heat reclaim house- 

Domestic hot water 
1 

Ventilation 

Winter Summer 

Eadmnr. bthrmm 
WC 

F i g  5 "Heat Seclaim" ho'lse laboratory.  

V s n t t l s l ~ n  Extract 

Solar house 

Solar heat supply Space heating Domestic hot water 

Fig  6 "Solar House" laboratory.  



Cool a#r lnlel 

Heal pump- 

41 1 I v 
235m'lhour 285m'lhour 5 3 v l h o u r  
Extract Rrorculatm SpsU heat and rat i la lan 
Knchn Yl -8 

Summer 1-i' 

F i g  7 "Heat Pump" laboratory.  

So la r  h e r =  

Solar  energy appl ica t ions  t o  bui ld ings  have perhaps 

received the  g rea t e s t  a t t e n t i o n  of any of t heposs ib l e  

w a p  of saving energy i n  bui.ldings s ince  the  1973 

energy c r l s l s .  There 1s  no do,ibt t h a t  the  amo~mt of 

s o l a r  energy reaching t h e  ea r th ' s  s l ~ r f a c e  exceeds the  

needs f o r  energy i n  b ~ l i l d i n g  se rv i ces  by a l a rge  fac- 

t o r  - about 10,000 t imes the  current  r eq~~ i remen t  (6). 

Bit it i s  d i f fu se ,  r a r e l y  exceeding 1 kw/m2 and avera- 

g ing much l e s s .  S i r  W i l l i a m  Hawthorne (7) a t  a recent 

Royal Socie ty  meeting has i l l u s t r a t e d  t h e  d i f fu se  

Jlature of s o l a r  r ad i a t ion  by comparison wlth o ther  

means of pmviding energy. Flat-plate s o l a r  co l l ec to r s  

rece ive  heat a t  an average r a t e  of between 25 an? 
2 33 d/m . I n  a modern b o i l e r  furnace the  heat t r a n s f e r  

2 t o  t h e  water walls i s  of t he  order  of 100 k ~ / m  . A 

windmill o r  aerogenerator can produce up t o  50 .'.1/p2 of 

d i sk  a r ea  i n  a 8 km/h wind, but of course, t h i s  i s  work 

and not heat.  A s ing le  row of blades i n  t h e  l a s t  s t a t e  
2 of a modern steam turbine  develops some 1 MN/m of d isk  

area.  This means t h a t  f o r  any s ign i f i can t  amo,~nt of 

2 3 

s o l a r  energy t o  be u t i l i s e d  t h e  co l l ec t ion  a r e a  must 

be l a rge  f o r  whatever means of app l i ca t ion  - s o l a r  

co l l ec to r s ,  s o l a r  c e l l s ,  windows e t c  - is being con- 

side*d. 

Building roofs  and walls provide i n  t o t a l  a huge 

area. However, heat  s torage  (except i n  cool ing  applica- 

t ~ o n s  when s o l a r  r ad i a t ion  can dr ive  absorpt ion  c h i l l e r s  

when needed) 1 s  always necessary and s torage  periods 

from a few ho::rs (e.g. i n  t h e  bui ld ing f a b r i c )  t o  

months i n  well ins.,ilated tanks a r e  a l l  under investigd- 

t lon .  An i l l u s t r a t i o n  of the  po ten t i a l  importance of 

s torage  can be drawn from the  case of a s ing le  family 

s- zed UK house. Taking account of i nc iden ta l  gain from 

the s m  and from t h e  a c t i v i t i e s  of t h e  occupants, t he  

iseful  energy requirement of a well insil lated house f o r  

space heat ing  may be a s  l i t t l e  a s  20 CJ per  m u m .  111 

con t r a s t ,  about 90 CJ of s o l a r  energy i s  inc ident  

annually upon the  roof of t h i s  house, i f  it faces  

aouth. Most of t h i s  i n so l a t ion  occurs dur ing t h e  

sm-r.er but ,  even so, an ove ra l l  c o l l e c t i o n  and s torage  

ef'flciency a s  low a s  abo,:t 2C$ woilld enable t he  home 

t o  be s e l f  s u f f i c i e n t  i n  i t s  requirements f o r  low 

grade energy. Power from cen t r a l i s ed  sources would 

then be required only  f o r  l i g h t s ,  TV and the  pumps 

and contro ls  of t he  solar /s torage  system. It i s  

f ea s lb l e  t h a t  t h i s  could be achieved i n  prac t ice .  

However, unless s torage  pmblems can be solved and 

s torage  made cheaper enabling s o l a r  energy t o  be 

used f o r  space heating,  t he  po ten t i a l  saving from 

s o l a r  energy must remain small. Storage problems 

may be solved by phase change ma te r i a l s  but a 

cheap, s t a b l e ,  non-corrosive system, r ead i ly  in te-  
gra table  i n t o  t h e  bui ld ing haa not ye t  been perfected.  

The two appl ica t ions  of s o l a r  energy which a r e  

beginning t o  be u t i l i s e d  i n  p rac t i ce  a r e  s o l a r  

co l l ec to r s  f o r  heat ing  "domestic hot water" (short-  

hand f o r  hot water f o r  washing i n  a l l  buildings!) and 

the  design of bui ld ings  t o  maximise t h e  u t i l i s a t i o n  

of s o l a r  energy through windows, usual ly  c a l l e d  

passive s o l a r  deslgn. The l a t t e r  i s  p a r t i c u l a r l y  

appropriate f o r  bui ld ings  needing heat ing  f o r  24 

hours a day e.g. o l d  people's homes and l e s s  su i t ed  

t o  i n t e rmi t t en t ly  occupied bui ld ings  where a f a s t  

response f a b r i c  and a well cont ro l led  hea t ing  system 

may well use l e s s  energy than a "passive" design. 

Solar  co l l ec to r s  used t o  provide domestic hot water 

can typic . l l ly  save 30-5C$ (the higher f i g u r e  app l j i ng  

where winter sunshine is f requent)  of t h e  hot water 

heat ing  b i l l  and a r e  now being widely uaed i n  some 

countr ies  where f r o s t  protec t ion  i s  r a r e l y  necessary 

and low cos t  systems can be made, e.g. i n  I s r a e l  and 

South Africa. I n  t he  p a r t s  of t he  USA which receive  

most sun a market is developing and about 300,000 

systems have been i n s t a l l e d  i n  t he  l a s t  few years. 

I n  Western .&rope s o l a r  c o l l e c t o r  system c o s t s  do not 

cukrent ly  favour wide use but a market may jus t  be 

emerging a n t i c i p a t i n g  fu tu re  energy cos t  increaaes.  



Li&t i n n  

I n  some types of bui ld ings  a r t i f i c i a l  l i g h t i n g  accounts 

f o r  over 5% of the  primary energy consumption of t he  

building.  Sgmetimes even g rea t e r  consumption a r i s e s  

a s  a consequence of the  a r t i f i c i a l  l i g h t i n g  when 

cooling is needed t o  counter heat from l ight ing .  The 

possibi  l i t i e s  f o r  energy conservation i n  l i g h t i n g  have 

recent ly  been reviewed (8) and some of the  main con- 

c lus ions  a r e  a s  follows. 

I t  i s  a matter of common observation t h a t  l i g h t s  a r e  

o f t en  f x l l y  on i n  pa r t s  of bui ld ings  when no, o r  very 

few, people a r e  i n  occupation and a l so  when dayl ight  

i s  providing a high illuminance over a t  l ea s t  some 

par t  of t he  working area. This over-use a r i s e s  i n  

d i f f e r en t  ways but most f requent ly  by not switching 

o f f  r a the r  than by switching on unnecessarily.  How- 

ever,  i f  too  large  an a rea  of l i g h t i n g  i s  cont ro l led  

by one swltch the  requirements f o r  l i g h t  by one indi-  

vidual may lead  t o  la rge  numbers of luminaires be ing 

switched on when only one o r  two a re  r e a l l y  required. 

Such a s i t u a t i o n  might a r i s e  from working i n  a place 

which i s  p a r t i c u l a r l y  poorly d a y l i t  o r  from working 

i n  a l a rge  room when no one e l s e  is present.  

Controls should a t  l ea s t  permit individual rows of 

luminaires p a r a l l e l  t o  window walls t o  be contro l led  

separa te ly ,  and control  systems (both mechanical and 

e l ec t ron ic )  have been i n s t a l l e d  i n  some bui ld ings  

whlch permit individual luminaires i n  a la rge  

i n s t a l l a t i o n  t o  be switched by the  occupants most 

af fec ted .  

I f  the  occupation of a bui ld ing e f f e c t i v e l y  ceases 

a t  a f ixed hour every working day, it may be worth 

i n s t a l l i n g  a time contro l  so t h a t  most of t h e  l i gh t -  

l n g  is switched o f f  soon a f t e r  t h i s  time. Arrange- 

ments may need t o  be made, however, f o r  individuals  

working l a t e  t o  overrlde pa r t  o r  a l l  of the switchinc 

with subsequent automatic switching o f f .  The build- 

i ng  c leaning rout ine  may a l so  need specia l  

a r r a n ~ m e n t s ;  sequent ia l  cont ro l  of l i g h t i n g  may be 

appropriate when a c leaning gang move from f l o o r  t o  

f loor .  Arrangements m ) l s t  be made however, t o  ensure 

t h a t  no-one ever has t o  e n t e r  an unlighted space o r  t o  

be i n  a space where a l l  t h e  l i g h t i n g  i s  out of t h e i r  

control  . 
Fai lure  t o  switch o f f  l i g h t s  i n  a r eas  receiv ing 

su f f i c i en t  dayl ight  has a l ready been mentioned and 

photo-electric cont ro l  can ensure t h a t  t he  l i g h t l n g  

cannot be turned on o r  remain on when the  dayl ight  

provides t he  required illuminance by ~ t s e l f .  I n  

i n t e r i o r s  where t he re  is a large  range of dayl ight  

f ac to r s ,  e.g. a f a i r l y  deep i n t e r i o r  with two o r  more 

rows of luminaires running p a r a l l e l  with t he  window 

wall (or wal la) ,  it may be advantageous t o  use a 

separa te  con t ro l l e r  f o r  each row. 

F ig  8 showa an experimental i n s t a l l a t i o n  i n  an open 

plan school which has t h ree  separa te  rows of luminaires 

running p a r a l l e l  t o  the  windows i n  t h ree  separa te  areas.  

The ou te r  row of luminaires (nearest  t o  the  windows) 

i s  f i t t e d  with an on/off photo-electric switch. The 

~nnermost row i s  designed t o  be on continuously. The 

middle row - "top-up row" has an automatic dimmer 

contro l  l inked t o  photo sensors.  The automatic 

dimming system i n s t a l l e d  i s  produced comnercially but 

d i f f e r en t  response r a t e s  and delay times spec i f i ed  by 

BRE were incorporated so t h a t  t h e  p o s s i b i l i t y  of an  

optimum s e t  of cont ro l  parameters could be investiga- 

ted.  A timeswitch was used t o  over-ride t h e  'daylight- 

l inked contro ls  a t  the  beginning and end of t he  day. 

Over t h e  f l r s t  six-month period of t he  experiment a 

30 per saving on energy consumption was achieved. 

Generally the  s t a f f  seemed more s a t i s f i e d  with t h e  

contro l led  system than t h e  o r i g i n a l  i n s t a l l a t i o n .  

General conclusions a r e  not ye t  poss ib le  because of 

the  small number of respondents ava i l ab l e  i n  t h i s  

p a r t i c u l a r  experiment, but t he re  was evidence t h a t  

more adverse connnents were associa ted  with swi tchinp 

than dimning - a not unexpected r e s u l t .  It i s  a l s o  

important t o  use t he  highest  e f f i c i ency  lamps f o r  a 

task  providing tha t  they provide adequate colour 

rendering. Fluorescent lamps a r e  ava i l ab l e  I n  

wattages and colours s u i t a b l e  f o r  most commercial and 

domestic i n t e r i o r s  and provide up t o  f i v e  times a s  

much l i g h t  f o r  t he  same power consumption a s  ordinary  

incandescent lamps. &en higher e f f i c i ency  lamps a r e  

ava i l ab l e  where good colour rendering proper t ies  a r e  

not v i t a l .  

F lg  R Pho to -e l ec t r i ca l ly  contro l led  l i g h t i n g  i n s t a l l a -  

t i o n  i n  an open-plan school designed by the  

Bullding Research Establishment. 

Another poss ib le  way of reduoing l i g h t i n g  consump- 

t i o n  i s  t o  provide task  illuminance i n  conjunction 

wlth lower ambient illuminance. One o f f i c e  with a 

r a t h e r  low dens i ty  of 15 sq metres per  person 

achieved a reduction of 44 per  cent i n  i n s t a l l e d  

l l g h t i n g  load by us ing 23 Watt f luorescent  lamps i n  

l oca l  l i g h t s  a t  each s i d e  of t h e  desk and i n  adjus t -  

able  drawing board lamps. This however, may repre- 

sent  somewhat higher than average savings i n  r e l a t i o n  

t o  t h e  normal dens i ty  of o f f i c e  occupation. 

I n  t he  example quoted, measurements of cont raa t  

rendering indica ted  t h a t  although the  new ina t a l l a -  

t i o n  provided only  80 per  cent of t h e  hor izonta l  

i l1,minance on t h e  t a s k  which t h e  previous i n s t a l l a -  

t i o n  prod)~ced,  there  should have been a ne t  improve- 

ment i n  t a s k  v i s i b i l i t y .  



The cos t  of most of t he  meas2res d~sc-mssed i s  small 

i n  r e l a t i o n  t o  t he  energy saved, even 8s addi t ions  o r  

replacement i n  an o ld  building.  I n  a new bui ld ing 

some of t he  improvements i n  manual cont ro l  can be 

cheaper than installing the  conventional wir ing  runs 

f o r  wall switches. 

Vent i la t ion  and A i r  Conditioning 

For much of Western E.;rope the re  i s  only need t o  con- 

s i d e r  us ing a l r  conditioning i n  specia l  s i t u a t i o n s  

where f o r  example a p a r t i c u l a r  deep plan bul ld ing 

shape 1s e s s e n t i a l  o r  where external  noise o r  d i r t  

prevents windows from being opened In  summer. I n  

many buildings good environmental standards can be 

achieved with natura l  o r  mechanical v e n t i l a t i o n  alone. 

The author  i s  not able  t o  d lscuss  t he  specla1 and 

complex aspects  of a i r  condltionlng systems where they 

a re  e s s e n t i a l  and how these  may change i n  fu tu re ,  

recognising t h a t  t h i s  i s  a t op i c  worthy of a paper of 

t h i s  length i n  i t s  own rigfi t .  

Adeqxate v e n t i l a t i o n  i s  an e s sen t i a l  f ea tu re  of a l l  

habi table  bui ld ings  In  order  t o  ensure both t h e  safe- 

t y ,  heal th  and comfort of t he  occupants and t o  pre- 

serve the  condition and i n t e g r i t y  of t he  fabr ic .  

Vent i la t ion ,  however, has an important e f f e c t  on 

energy consumption. I n  t he  heat ing  season energy 1 s  

expended i n  r a l s i n g  the  temperature of a i r  brought 

i n  from outs lde  and energy i s  consumed by t h e  fans of 

mechanical vent i la t ion .  It i s  estimated t h a t  vent l la -  

t i o n  is responsible f o r  approximately 15% o f  t he  

t o t a l  UK primary energy consumptlon, i .e.  about a s  

much a s  i s  consumed by the  whole of t he  t r anspor t  

sec tor .  There i s  therefore  scope f o r  udclng a sub- 

s t a n t i a l  con t r ib~ l t l on  t o  energy conservation by 

reducing consumption due t o  ven t l l a t l on .  

I t  i s  Important t o  e s t ab l i sh  t h e  requlrements f o r  

'adequate' ven t i l a t l on .  These c l e a r l y  depend upon 

use t o  whlch a building,  o r  particular spaces wl th in  

a bui ld ing a r e  p ~ t .  Exis t ing  req'lirements a r e  s e t  

out i n  Reg~ la t ions ,  Codes and Professional Guldes. 

I n  many cases,  f o r  i n s t a n c e i n  r e l a t i o n  t o  odour, t he  

research on which requirements a r e  based was ca r r i ed  

out many years ago under conditions whlch no longer 

per ta ln .  Cer ta in  airborne contaminants which, i n  t he  

pas t ,  were not considered important, have been shown 

by more recent work t o  have important heal th  e f f e c t s  

e.g. radon and a l lergens .  I n  t h e  period when many of 

these  req7~rement s were s e t ,  energy consumption was 

n 0 t . a  s ign i f i can t  f a c t o r  and it i s  possible t h a t  with 

no c l e a r  upper bound higher reqiiirements than necessary 

were s t i pu l a t ed .  I t  i s  therefore  important t o  revlew 

ventilation requirements and reassess  these  where 

necessary i n  order  t o  ensure a balance between saving 

energy and a s a fe  and comfortable environment. The 

lead  i s  being taken i n  Scandinavia, p a r t i c u l a r l y  

Sweden, where requirements a r e  being s e t  In  bui ld ing 

codes only jus t  above those considered adequate f o r  

t he  occupants. 

Having s e t  t h e  requirements f o r  v e n t i l a t i o n  t h e  next 

consideration 1s  the  way r n  which these may be provided. 

Two general methods a r e  ava i l ab l e  - na tu ra l  and 

mechanical ven t i l a t l on .  The l a t t e r  method can In  

pr lhc lp le  be designed t o  s a t  l s f y  requlrements exactly.  

Natdral ven t l l a t l on  1s  mlch more d l f f l c u l t  t o  deal  wlth,  

s lnce  t h e  f a c t o r s  on whlch ~t depends (such as wlnd and 

temperature) a r e  hlefily variable, o r  d l f f l c u l t  t o  

specl fy ,  a s ,  f o r  instance, the  pos l t l on  and s l z e  of 

openlngs In  t h e  balding fabr lc .  

Mechanical v e n t l l a t l o n  systems provlde a f u r t h e r  

p o s s l b l l l t y  f o r  energy conservation. I f  heat  1 s  

recovered from the  outgoing warmed a l r  and t r ans fe r r ed  

t o  t he  lncomlng a l r  energy consumptlon can be substan- 

t l a l l y  reduced. Methods of achlevlng t h l s  range from 

slmple p l a t e  heat exchangers t o  complex systems lncor- 

pora t lng  heat pumps a s  has been discussed. 

I n  conc lus~on  lt 1 s  probably true t o  say  t h a t  bulld- 

l ng  ven t l l a t l on  1 s  t he  a r ea  of g rea t e s t  lgno7ance when 

looklng a t  t he  energy balance and energy consumptlon of 

bulldlngs I n  d e t l l l ,  l a rge ly  became of t he  d l f f l c . l t l e s  

associated wlth maklnf meas~rements I n  bul ld lngs  and I n  

developing a mathematical slmulatlon.  d l t h o ~ t  know- 

l ed re  of r ea l  v e n t l l a t l o n  r a t e s  In  bul ld lngs  t he  appll-  

ca t lon  of meaningful energy t a r g e t s  t o  bul ld lngs  1 s  not 

posslble nor 1 s  ~t poss lb le  t o  estlmate t h e  energy 

savlngs from paylng more attention t o  t h e  tightness of 

the  b -1ldlng fabr lc .  
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Summary 

G e n e r a l l y ,  mean r a d i a n t  t e m p e r a t u r e  is an 

u n f a m i l i a r  c o n c e p t  f o r  t h e  a r c h i t e c t .  However, 

it is  a l s o  t h e  most i m p o r t a n t  f a c t o r  f o r  t h e  

energy  and comfor t  c o n s c i o u s  d e s i g n .  About 50% 

o f  t h e  t o t a l  energy exchange of  human b e i n g s  

w i t h  t h e i r  env i ronment  i s  by way o f  r a d i a t i o n .  

A r c h i t e c t s  g e n e r a l l y  do n o t  know how t o  c o n t r o l  

t h i s  very  i m p o r t a n t  f a c t o r ,  and it becomes 

i m p e r a t i v e  t o  g i v e  a  s i m p l e  t o o l  t o  t h e i r  hands  

t o  h a n d l e  t h i s  problem, e s p e c i a l l y  a t  t h e  

d e s i g n  s t a g e .  

In t h i s  p a p e r ,  a  new method i s  e x p l a i n e d  and 

t h e  o u t p u t  o f  t h e  method, a  s i m p l e  g r a p h  i s  

p r e s e n t e d  a s  a n  example.  Us ing  t h i s  method, i f  

o n e  knows t h e  h e i g h t  and t h e  f l o o r  a r e a  o f  a  

s p a c e ,  one  c a n  f i n d  optimum a s p e c t  r a t i o  f o r  

any s e t  of  c l i m a t i c  c o n d i t i o n s  which p r e v a i l ,  

w i t h  t h e  h e l p  of  p rov ided  g r a p h s .  Optimum U 

v a l u e s  of  t h e  b u i l d i n g  s h e l l  f o r  any g i v e n  

a s p e c t  r a t i o  of  t h e  s p a c e  c a n  a l s o  b e  o b t a i n e d  

t h r o u g h  t h e  u s a g e  of  t h i s  new method. 

Sommaire 

GPnGralement l a  t e m p e r a t u r e  du r a d i a n t e  

moyerine e s t  un c o n c e p t  p a s  tres f a m i l i e r  pour  

l e s  a r c h i t e c t e s .  Cependant  c e  c o n c e p t  joue  un 

r61e  p r i m o r d i a l  d a n s  l e  domaine d e  l a  c o n s e r v a -  

t i o n  de l ' e n g r g i e  e t  c e l u i  du c o n f o r t .  

A peu p r e s  50 % d a  l a  l ' e c h a n g e  d ' e n e r g i e  e n t r e  

l'homme e t  s o n  m i l i e u  s ' e f f e c t u e  p a r  v o i e  du  

rayonnement. P o u r t a n t  l a  p l u p a r t  d e s  a r c h i t e c -  

t e s  n e  s a v e n t  comment c o n t r o l e r  c e  f a c t e u r  

t r e s  i m p o r t a n t ,  e t  i l  d e v i e n t  i m g r a t i v e  d e  

m e t t r e  a l e u r  d i s p o s i t i o n  une s i m p l e  methode. 

Dans c e  communiqu6, une  n o u v e l l e  k t h o d e  

v i e n t  d ' s t r ~  e x p o s e e  e t  l e s  r e s u l t a t s  y  r e l a -  

t i f s  v i e n t  d ' s t r e  p r6sGntes ,  comrne example, 

p a r  un s i m p l e  g r a p h i q u e  a l a  f i n .  En u t i l i s a n t  

c e t t e  methode e t  a l ' a i d e  d e  c e s  g r a p h i q u e s ,  

l a  s u p e r f i c i e  du  p l a n c h e r  e t  l a  h a u t e u r  e t a n t  

connue,  on p e u t  a i s e m e n t  t r o u v e r  l a  p r o p o r t i o n  

o p t i m a l  e n t r e  l a  l o n g e u r  e t  l a  l a r g e u r  du 

volume donne e t  c e l a  pour une  c o n d i t i o n  

c l i m a t i q u e  b i e n  d e t e r m i n e e .  

La v a l e u r  K d e s  murs e x t e r i e u r s  d ' u n  b a t i m e n t  

p e u t  & r e  a i s e m e n t  t r o u v e e  pour  u n e  q u e l c o n q u e  

p r o p o r t i o n  longueur  - l a r g e u r  donnee .  

I n t r o d u c t i o n  

The m a j o r i t y  of  t h e  n a t i o n s  o f  t h e  wor ld  a r e  

i n  erengy s t r a i t s .  Every d a y ,  t h e  energy  con-  

s c i o u s  b u i l d i n g  d e s i g n  and  energy  c o n s e r v a t i o n  

methods g a i n  more and more i m p o r t a n c e .  Of c o u r s e  

t h e  energy  c o n s e r v a t i o n  i n  b u i l d i n g s  is u tmos t  

i m p o r t a n c e ,  b u t  we should  n o t  c o n s e r v e  energy  

by s a c r i f i c i n g  t h e  b i o c l i m a t i c  c o m f o r t  c o n d i -  

t i o n s  of a  b u i l d i n g .  O t h e r w i s e ,  we may l o s e  

much more t h a n  t h e  v a l u e  o f  t h e  energy  c o n s e r v e d .  

The b i o c l i m a t i c  c o m f o r t  of  a  s p a c e  is t h e  

c o m p o s i t i o n  of s i x  p h y s i c a l  v a r i a b l e s .  T h e s e  a r e :  

. MRT (Mean r a d i a n t  t e m p e r a t u r e )  

. Dry b u l b  a i r  t e m p e r a t u r e  

. R e l a t i v e  humidi ty  

. R e l a t i v e  a i r  v e l o c i t y  

. A c t i v i t y  l e v e l  

. Thermal  r e s i s t a n c e  o f  c l o t h i n g  

The most i m p o r t a n t  v a r i a b l e  among them i s  t h e  

MRT. Because,  i f  we make a  c o m p a r a t i v e  a n a l y s i s  

of t h e  r e f e r e n c e s  (1 -18)  we s h o u l d  come t o  t h e  

c o n c l u s i o n  t h a t ,  under  normal  c o n d i t i o n s ,  a round  

50 % of t h e  t o t a l  h e a t  exchange of a  human be- 

i n g  w i t h  h i s  env i ronment  i s  by way of r a d i a t i o n .  

The r e l a t i v e  impor tance  o f  r a d i a t i v e  h e a t  ex- 

change  is known by everybody.  Everybody knows 

by h i s  d a i l y  e x p e r i e n c e s  t h a t ,  i f  a  c o l d  room 

i s  h e a t e d ,  though  t h e  a i r  t e m p e r a t u r e  r a i s e s ,  

l e t  u s  say t o  2 0  OC, t h e  p e r s o n s  l i v i n g  it t h a t  

space  do n o t  f e e l  t h e m s e l v e s  warm enough t o  b e  

r:r~m:ortable. I t  w i l l  t a k e ,  a c c o r d i n g  t o  t h e  ma- 

t o r i a l s  and c o m p o s i t i o n  of  t h e  w a l l s ,  f rom sev-  

e r a l  h o u r s  t o  s e v e r a l  d a y s  t o  i n c r e a s e  t h e  i n -  

5 i d e  s u r f a c e  t e m p e r a t u r e s  i n  c o n v e n t i o n a l  b u i l d -  

ings. WE know t h a t ,  f o r  i n t e r m i t t e n t  h e a t i n g  

sys tem,  t h e  b e s t  way o f  i n s u l a t i n g  a  w a l l  i s  

by i n s t a l l i n g  t h e  i n s u l a t i o n  m a t e r i a l  i n s i d e  

s u r f a c e s .  B u t ,  though  it h e l p s  a  g r e a t  d e a l ,  

i t  i s  n o t  a  c o m p l e t e  s o l u t i o n .  E s p e c i a l l y  i n  

summer, o v e r h e a t i n g  problems a r i s e  i n  l i g h t -  

weigh t  s t r u c t u r e s .  To improve t h e  s i t u a t i o n ,  

we should  t r y  t o  f i n d  o t h e r  s o l u t i o n s ,  t r y  t o  

t a k e  o t h e r  measures .  

I n  my a t t e m p t ,  I t r i e d  t o  f i n d  a n  a r c h i t e c -  

t u r a l  approach  t o  t h e  problem s o  t h a t ,  any a r -  

c h i t e c t  a t  t h e  i n i t i a l  d e s i g n  s t a g e  s h o u l d  b e  

a b l e ,  a s  much a s  p o s s i b l e ,  t o  c o n t r o l  p h y s i c a l  

b i o c l i m a t i c  c o m f o r t  v a r i a b l e s .  I f  h e  s u c c e e d s ,  

t h a n  t h e  t a s k  o f  h e a t i n g  and v e n t i l a t i n g  e n g i -  

n e e r s  w i l l  be  much more e a s i e r  and by t a k i n g  

p a s s i v e  p r e c a u t i o n s ,  t h e  energy  e x p e n d i t u r e  o f  

t h e  b u i l d i n g  w i l l  be minimized.  



Method 

It is a c c e p t e d  t h a t  ( 1 9 ) ,  when t h e  mean r a d i -  

a n t  t e m p e r a t u r e  i n  t h e  occupied  zone d i f f e r s  

f rom t h e  d r y  b u l b  t e m p e r a t u r e ,  t h e  d r y  b u l b  

a i r  t e m p e r a t u r e  s h o u l d  b e  reduced  1 OC f o r  each  

1 OC mean r a d i a n t  t e m p e r a t u r e  e l e v a t i o n  above 

d r y  b u l b  a i r  t e m p e r a t u r e  and v i c e  v e r s a .  I f  ta 

and t a r e  e q u a l  t o  e a c h  o t h e r ,  t h e n :  m r t  

T h i s  r e l a t i o n s h i p  i s  c o r r e c t  f o r  t h e  r e c i p r o c a l  

i n c r e a s e  o r  d e c r e a s e  o f  t and tmrt v a l u e s .  

The above i n t e r r e l a t i o n  between mean r a d i a n t  

t e m p e r a t u r e  and d r y  b u l b  a i r  t e m p e r a t u r e  i s  

c o r r e c t  o n l y  f o r  a  2 .7  OC t e m p e r a t u r e  d i f f e r -  

e n c e .  T h i s  v a l u e  i s  t h e  mean v a l u e  of  t h e  r e -  

s e a r c h  f i n d i n g s  g i v e n  i n  r e f e r e n c e s  ( 3 - 5 ,  1 7 ,  

19-23)  . I3y a p p l y i n g  t h e  above r u l e ,  we c a n  

w r i t e ;  

I f  we a c c e p t  t h e  b i o c l i m a t i c  comfor t  temper- 

a t u r e  ( ta = tmrt) a s  2 4 . 5  U~ ( 6 ) ,  it means t h a t  

t h e  mean r a d i a n t  t e m p e r a t u r e  and d r y  b u l b  a i r  

t e m p e r a t u r e  may v a r y  between 21.8 OC - 27.2 O C .  

A t  t h e  b e g i n n i n g ,  t h e  room h e i g h t  and t h e  

room f l o o r  a r e a  s h o u l d  b e  known. A s u i t a b l e  

room h e i g h t  and room f l o o r  a r e a  c a n  b e  s e l e c t e d  

a c c o r d i n g  t o  f u n c t i o n  o f  t h e  room and/or t h e  

modular c o o r d i n a t i o n  s t a n d a r d s  of t h e  c o u n t r y .  

The h e i g h t  w i l l  s t a y  c o n s t a n t  t h r o u g h o u t  t h e  

c a l c u l a t i o n s .  We s h a l l  va ry  t h e  w i d t h  t o  d e p t h  

r a t i o ,  o r  i n  o t h e r  words t h e  a s p e c t  r a t i o  o f  

t h e  room from o n e  ex t reme t o  t h e  o t h e r  ex t reme.  

The most nar row d imens ion  i s  a c c e p t e d  a s  

2 .00  m. T h i s  i s  a b o u t  t h e  s i z e  o f  a  c o r r i d o r .  

And we i n c r e a s e d  t h i s  d imens ion  a t  1 . 0 0  m .  

i n c r e m e n t s  such  a s  3 . 0 0 ,  4 . 0 0 ,  5 .00 m e t e r s  

and k e e p i n g  t h e  f l o o r  a r e a  c o n s t a n t ,  t h e  o t h e r  

d imens ion  changed a c c o r d i n g l y  u n t i l  around 

2 .00  m.  

F o r  each  c a s e ,  t h e  f l o o r  i s  d i v i d e d  i n t o  

imaginary  s q u a r e  g r i d s .  And we supposed a  p e r -  

son  i s  s i t t i n g  a t  t h a  c e n t e r  o f  each  g r i d .  The 

d imens ions  of  t h e s e  g r i d s  a r e  a r b i t r a r y .  I t  i s  

p o s s i b l e  t o  a c c e p t  any d imens ion ,  b u t  i n  o u r  

work we h a v e  chosen  1 . 0 0  m .  x 1 . 0 0  m. s q u a r e  

g r i d s .  I n  a r c h i t e c t u r a l  s t a n d a r d s ,  a  s i t t i n g  

man i s  supposed t o  occupy around 8 7 . 5  cm. I f  

t h e  p e r s o n s  a r e  s i t t i n g  1 2 . 5  cm. a p a r t  f rom 

e a c h  o t h e r ,  we t h o u g h t  t h a t  t h i s  i s  a  r e s o n a b l e  

d i s t a n c e ,  and t h e  d imens ions  of  t h e  g r i d s  be- 

comes 1 . 0 0  m. x  1 . 0 0  m .  each .  We t h o u g h t  t h a t ,  

t o  a n a l y s e  a  s p a c e  f o r  t h e  p e r s o n s  s i t t i n g  1 . 0 0  

m.  a p a r t  f rom each  o t h e r  and t o  f i n d  t h e i r  mean 

v a l u e  g i v e s  a  r e s u l t  i n  conformi ty  w i t h  r e a l i t y  

a t  t h e  a c c e p t a b l e  r a n q e .  

I f  we know t h e  a n g l e  f a c t o r s  of  t h e  p e r s o n s  

s i t t i n g  a t  t h e  c e n t e r  of  e a c h  g r i d ,  t o  t h e  w a l l s ,  

f loo;  and c e i l i n g ,  o r  i n  o t h e r  words t o  t h e  

s u r r o u n d i n g  s u r f a c e s ,  and i f  we know t h e  tem- 

p e r a t u r e s  of t h e s e  s u r f a c e s ,  i t  i s  e a s y  t o  c a l -  

c u l a t e  t h e  mean r a d i a n t  t e m p e r a t u r e s  a f f e c t i n g  

t h e  p e r s o n .  

F i g .  1 

Extreme a s p e c t  r a t i o s  of  a  

s p a c e .  

By d i f f e r e n t  r e s e a r c h e r s ,  t h e  a n g l e  f a c t o r s  

a r e  c a l c u l a t e d  and p u b l i s h e d  a s  d i f f e r e n t  d i a -  

grams.  Some of  t h e  r e s e a r c h e r s  r e p r e s e n t e d  t h e  

p e r s o n  a s  a  s p h e r e ,  some a s  a  c y l i n d e r ,  some 

a s  a p o i n t  i n  s p a c e  e t c .  But ,  i n  my o p i n i o n ,  

D r .  FANGER's d a t a  s h o u l d  be  u s e d  f o r  c a l c u l a -  

t i o n s .  Because,  a f t e r  a  l o n g  and t i m e  cosuming 

e x p e r i m e n t a l  p r o c e d u r e ,  h e  c a l c u l a t e d  t h e  a n g l e  

f a c t o r s  f o r  a  r e a l  p e r s o n  and p u b l i s h e d  t h e  

d a t a  i n  g r a p h i c a l  fo rm ( 2 4 )  . 
In  architectural work, t h e  l o c a t i o n  o f  t h e  

p e r s o n  i n  a  s p a c e  i s  i m p o r t a n t  b u t  h i s  o r i e n -  

t a t i o n  may chanqe .  F o r  t h i s  r e a s o n ,  t h e  d a t a  

t a k e n  from t h e  above  a n g l e  f a c t o r  d i a g r a m s  f o r  

s u c h  a  p e r s o n  a r e  used  t h r o u g h o u t  o u r  work 

which g l v e s  a c c e p t a b l e  r e s u l t s .  

For  t h e  c a l c u l a t i o n  t h e  fo rmula  below may be 

used  ; 

The t e m p e r a t u r e s  o f  a l l  t h e  s u r r o u n d i n g  s u r -  

f a c e s  mdy b e  a c c e p t e d  a s  b e i n g  d i f f e r e n t  from 

e a c h  o t h e r .  A s  a n  example,  I w i l l  t a k e  a  most 

s i m p l e  c a s e .  We c a n  a c c e p t  a l l  s u r f a c e s  e x c e p t  

o n e  s u r f a c e  h a v e  e q u a l  s u r f a c e  t e m p e r a t u r e s .  

T h i s  may r e p r e s e n t  a  room i n  a  m u l t i - s t o r y  

b u i l d i n g  h a v i n g  one  e x t e r i o r  w a l l  and  s u r r o u n d -  

ed w i t h  o t h e r  s p a c e s  a l l  a r o u n d .  

Whatever t h e  f u n c t i o n  of  t h e  room, whether  

a l i v i n g  room o r  a n  o f f i c e  room, t h e  p e r s o n  

i n s i d e  may be  assumed a s  a  s i t t i n g  p e r s o n .  H i s  

o r i e n t a t i o n  i s  n o t  f i x e d ,  h e  c a n  t u r n  a round .  



Ta =Tmrt = 245 OC. 

Room height = 3.00 m. 
Room floor area = 20 m2 

We change t h e  p o s i t i o n  of man i n  t h e  room. 

We assume him s i t t i n g  a t  t h e  c e n t e r  of each 

imaginary 1.00 m .  square  g r i d  and f i n d  h i s  

ang le  f a c t o r s  according t o  surrounding s u r f a c e s  

f o r  each p o s i t i o n .  If we t a k e  t h e  average 

va lue  of t h e  ang le  f a c t o r s  found, we can use  

t h i s  mean value  a s  t h e  r e p r e s e n t a t i v e  ang le  

f a c t o r  of t h e  room. 

Then, us ing t h e  mean angle  f a c t o r  va lues ,  we 

can c a l c u l a t e  t h e  MRT f o r  each aspec t  r a t i o  

us ing t h e  MRT formula below; 

Of course ,  f o r  a l l  t hese  c a l c u l a t i o n s ,  a  

computer program has  been developed. Since  t h e  

paper i s  l i m i t e d ,  I can not g i v e  h e r e  t h e  flow- 

c h a r t  and l i s t i n g s  of t h e  program. Anyone i n t e r -  

e s t ed  can w r i t e  t o  me. 

The r e s u l t s  a r e  represented a s  a  s e t  of graphs 

drawn on loga r i thmic  paper.  One example is 

given a t  t h e  end of t h e  paper.  

Conclusion 

I f  we decide  on an aspect  r a t i o  from a rch i -  

t e c t u r a l  o r  f u n c t i o n a l  po in t  of view, us ing 

t h e  graphs we can f i n d  t h e  accep tab le  i n s i d e  

s u r f a c e  temperature  of t h e  e x t e r i o r  wa l l  f o r  

t h a t  aspect  r a t i o  and knowing t h e  o u t s i d e  

temperature ,  we can dec ide  on t h e  composition 

and thermal r e ses t ance  va lue  of t h e  wa l l .  

Or, i f  we dec ide  on t h e  composition and thermal 

r e s i s t a n c e  va lue  of t h e  e x t e r i o r  wal l  and i f  

we know o r  assume t h e  o u t s i d e  temperature ,  we 

can c a l c u l a t e  i n s i d e  s u r f a c e  temperature  of 

t h e  e x t e r i o r  wa l l  and us ing  t h e  graph,  we can  

f i n d  t h e  optimum aspect  r a t i o  corresponding.  

The s e t  of graphs  is  a  t o o l  f o r  a r c h i t e c t s  

and f o r  eng inee r s .  I t  may be used a t  t h e  des ign  

s t a g e  t o  ensure  t h e  b i o c l i m a t i c  comfort of  

occupants and t o  conserve energy a s  we l l .  
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Background 

Prev ious  s t andard  requirements  i n  Sweden wi th  r e f e r e n c e  

t o  o u t e r  s t r u c t u r e  thermal  i n s u l a t i o n  and a i r t i g h t n e s s  

have been i n f l u e n c e d  by hygiene o r  comfort .  There have 

been requ i rements  f o r  thermal  i n s u l a t i o n  b u t ,  on t h e  

o t h e r  hand, no requ i rements  f o r  b u i l d i n g  a i r t i g h t n e s s .  

I n  Swedish ~ u i l d i n g  Code 1975 t h e  requ i rements  f o r  

thermal  i n s u l a t i o n  f o r  d i f f e r e n t  b u i l d i n g  s e c t i o n s  have 

been made c o n s i d e r a b l y  more s e v e r e .  For example t h e  

requirements  f o r  thermal  i n s u l a t i o n  mean, i n  t h e  c a s e  of  

mineral-wool i n s u l a t e d  wooden w a l l s ,  t h a t  t h e  i n s u l a t i o n  

t h i c k n e s s  must be approx imate ly  150-190 mm (depending on 

t h e  geograph ica l  l o c a t i o n  i n  Sweden of  t h e  house) .  I n  

l o f t  c e i l i n g  s t r u c t u r e s  a  minera l  wool t h i c k n e s s  of  

220-260 mm i s  normally r e q u i r e d .  These a r e  s i g n i f i c a n t  

t h i c k n e s s e s  which mean more complicated w a l l  and j o i s t  

s t r u c t u r e s  than  t h o s e  p r e v i o u s l y  used. As a  r e s u l t  of  t h e  

c o n s i d e r a b l e  i n c r e a s e s  i n  o i l  p r i c e s  t h e r e  i s  cons ider -  

a b l e  m o t i v a t i o n  today f o r  i n s u l a t i n g  t o  a  g r e a t e r  e x t e n t  

than  i s  p r e s c r i b e d  by t h e  Swedish Bui ld ing  Code. 

Completely new requ i rements  f o r  a  b u i l d i n g c s  a i r t i g h t -  

n e s s  have been in t roduced .  The purpose o f  t h e  new r e g u l a -  

t i o n s  i s  t o  p reven t  t o o  much n a t u r a l  v e n t i l a t i o n ,  a s  was 

t h e  case  e a r l i e r ,  through t h e  b u i l d i n g - s  e x t e r n a l  

s t r u c t u r e .  The Code now c o n t a i n s  a  recommendation f o r  

t h e  h i g h e s t  pe rv iousness  f o r  t h e  whole b u i l d i n g  a t  a  

p ressure  d i f f e r e n c e  o f  50 Pa i n  r e l a t i o n  t o  t h e  ou tdoor  

a i r  (Table 1 ) .  

In  o r d e r  t o  b u i l d  a i r t i g h t  houses i t  i s  necessa ry  t o  

c a r e f u l l y  c o n s i d e r  a i r t i g h t n e s s  problems. A well-planned 

system f o r  how a i r t i g h t n e s s  i s  t o  be ach ieved  f a c i l i t a t e s  

p r a c t i c a l  work. Great  importance must be p laced  on  how 

t h e  d i f f e r e n t  c o n s t r u c t i o n a l  p a r t s  a r e  formed and, by no 

means l e a s t ,  how t r a n s i t i o n s  f o r  i n s t a l l a t i o n s  - 
e l e c t r i c i t y ,  h e a t ,  wa te r  and v e n t i l a t i o n  - a r e  t o  be 

achieved ( s e e  F igure  1 ) .  

O b j e c t i v e s  

The way i n  which indoor  c l i m a t e  - p r i m a r i l y  a i r  

q u a l i t y  - and how energy consumption i s  a f f e c t e d  by very  

good a i r t i g h t n e s s ,  a s  we l l  a s  good thermal  i n s u l a t i o n ,  

has  been s t u d i e d  i n  a  number o f  houses i n  a  group hous ing  

a r e a .  During p r e s s u r e  t e s t i n g  a l l  of  t h e s e  houses had 

an a i r  change r a t e  of  1 changelh a t  a  p r e s s u r e  d i f f e r e n c e  

of 50 Pa immediately a f t e r  e r e c t i o n .  For t h e  sake  o f  

comparison t h e  c l i m a t e  has a l s o  been s t u d i e d  i n  a  number 

of houses which, d u r i n g  p r e s s u r e  t e s t i n g ,  have had an 

a i r  change r a t e  o f  approx 3  changes lh  a t  a  p r e s s u r e  

d i f f e r e n c e  o f  50 Pa. Furthermore t h e  change i n  t h e  a i r -  

t i g h t n e s s  of t h e  house has  been determined d u r i n g  t h e  

course  of  t h e  f i r s t  few y e a r s .  

F igure  1. Connect ion and j o i n t  d e t a i l s  t o  which a  g r e a t  
dea l  o f  a t t e n t i o n  must be p a i d  i n  o r d e r  t o  a c h i e v e  
s a t i s f a c t o r y  a i r t i g h t n e s s .  

1 E x t e r n a l  w a l l  - ground f l o o r  

2  Loadbearing p a r t i t i o n  - gab le  w a l l l a t t i c  f l o o r  

3  A t t i c  roof  - s l o p i n g  roof  

4  Eaves 

5  J o i n t s  around windows 

6  J o i n t s  around windows i n  t h e  roof  

7  P e n e t r a t i o n s  f o r  s e r v i c e s  

Table 1. Maximum p e r m i t t e d  number of  a i r  changes i n  a  

completed b u i l d i n g  

1 J u l y  77 - A f t e r  
30 June  78 1 J u l y  78 
changelh changelh 

Detached house o r  
l i n k e d  house 4 , 5  3 ~ 0  

Other  b u i l d i n g  of  
a t  l e a s t  2  s t o r e y s  390 2 , o  

Building of  3  o r  
more s t o r e y s  1 , 5  190 

Type A Houses 

These houses a r e  b u i l t  on s i t e ,  des igned  and e r e c t e d  

by Byggnads AB Folkhem, Stockholm ( f i g u r e  2 ) .  The houses  

a r e  a l l  o f  t h e  same type  and a r e  s i t u a t e d  i n  a  group 

housing a r e a  approximately 40 km e a s t  o f  Stockholm. 

During t h e  p l a n n i n g  s t a g e  o f  t h e s e  houses c o n s i d e r a b l e  

e f f o r t  has  been made t o  ach ieve  good b u i l d i n g  e n g i n e e r i n g  

s o l u t i o n s .  A  c a r e f u l l y  cons idered  sys tem t o  ach ieve  a i r -  

t i g h t n e s s  h a s  been produced. Furthermore h i g h  demands 

have been p l a c e d  on work p rocedures ,  p a r t i c u l a r l y  thermal  

i n s u l a t i o n  and a i r t i g h t n e s s  work on t h e  b u i l d i n g  s i t e .  

A l l  t h e  houses were p r e s s u r e  t e s t e d  b e f o r e  occupa t ion  

and a l l  had an a i r  l eakage  l e s s  than  1 . 0  changes lh  a t  

50 Pa gauge a n d . n e g a t i v e  p r e s s u r e  i n  t h e  house.  The 

I n s t i t u t i o n  f o r  Bui ld ing  Technology a t  t h e  Royal I n s t i -  

t u t e  o f  Technology, Stockholm h a s  c a r e f u l l y  fol lowed t h e  

whole b u i l d i n g  p rocess  and h a s  documented t h e  p rocedure  

we l l  (Elmroth A: 1978).  Thus t h e  houses a r e  v e r y  a i r -  

t i g h t .  



The v e n t i l a t i o n  system i s  of an exhaus t  a i r  type  and 

i s  f an  c o n t r o l l e d .  Supply a i r  i s  d e l i v e r e d  through 

s p e c i a l  a i r  supply dev ices  ( s l o t  a i r  v a l v e s )  i n  window 

frame heads.  The s l o t  a i r  v a l v e s  can be r e g u l a t e d  b u t  

cannot be c l o s e d  completely.  

The houses a r e  b u i l t  on ground s l a b s  and a r e  of  a  

dormer design.  

P r e s s u r e  d i f f e r e n c e  between ou tdoor  a i r  and indoor  a i r  

To check whether  t h e  fan  i n  t h e  house could c r e a t e  a  

n e g a t i v e  p r e s s u r e  i n  t h e  whole house,  t h e  p r e s s u r e  

d i f f e r e n c e  i n  r e l a t i o n  t o  t h e  ou tdoor  a i r  a t  d i f f e r e n t  

f acades  has  been measured. 

Measurements were c a r r i e d  o u t  w i t h  t h e  f a n  s e t  a t  

b a s i c  speed,  50% of  f u l l  f a n  c a p a c i t y  and 100% f u l l  f a n  

c a p a c i t y .  When t h e  f a n  i s  s e t  a t  b a s i c  speed a n  a i r  

change r a t e  of  approx 0.25 changes/h i s  o b t a i n e d  i n  t h e  

whole house. At f u l l  f a n  c a p a c i t y  t h e r e  i s  an a i r  change 

r a t e  o f  0.9 - 1 .0  changes/h.  F u l l  f a n  c a p a c i t y  i s  

des igned  p r i m a r i l y  f o r  use d u r i n g  food p r e p a r a t i o n .  

Measurements were c a r r i e d  o u t  on two d i f f e r e n t  occas ions  

wi th  d i f f e r e n t  wind speeds .  I n  t h e  f i r s t  c a s e  t h e  wind 

speed was h i g h  (approx 10-12 m/s, s o u t h e r l y )  and on t h e  

second occas ion  moderate (approx 3-6 m/s s o u t h - e a s t e r l y ) .  

On b o t h  o c c a s i o n s  t h e  e x t e r n a l  t empera tu re  was approx i -  

mately OOC and t h e  indoor  t empera tu re  approx 20 '~.  

Examples of  measurement r e s u l t s  i n  a  type  A house a r e  

shown i n  Tab les  2  and 3. 

Table 2. R e s u l t s  from a i r  p r e s s u r e  measurements i n  
type  A houses ,  t r i a l  1  ( s l o t  a i r  v a l v e s ) .  
A l l  v a l u e s  i n d i c a t e  t h a t  t h e  a i r  p r e s s u r e  i s  lower i n -  
doors  than  ou tdoors .  Wind speed 10-12 m/s (S)  

Facade P r e s s u r e  d i f f e r e n c e  Pa w i t h  f a n  s e t  a t  

b a s i c  speed 50% o f  f u l l  100% of  f u l l  
c a p a c i t y  c a p a c i t y  

Longside l i v i n g  
room n o r t h  f a c i n g  1-2, 5  4-6 10-11 
( leeward s i d e )  

Longside e x t e r n a l  
door  s o u t h  f a c i n g  5-6 9-11 19-22 
(windward s i d e )  

Tab le  3. R e s u l t s  from a i r  p r e s s u r e  measurements i n  type  
A house, t r i a l  2  ( s l o t  a i r  v a l v e s ) .  
A l l  v a l u e s  i n d i c a t e  t h a t  t h e  a i r  p r e s s u r e  i s  lower in -  
doors  t h a n  ou tdoors .  Wind speed 3-6 m/s (SE) 

Facade P r e s s u r e  d i f f e r e n c e  Pa w i t h  f a n  s e t  a t  

b a s i c  speed 50% of f u l l  100% of  f u l l  
c a p a c i t y  c a p a c i t y  

Longside l i v i n g  
room n o r t h  f a c i n g  2-4 4-6 8-12 
( l eeward  s i d e )  

Longside e x t e r n a l  
door  s o u t h  f a c i n g  4-5 4-6 12-14 
(windward s i d e )  

Upper f l o o r  west 
f a c i n g  

1-2 

Upper f l o o r  e a s t  
f a c i n g  

0-1 

A l l  measurements i n d i c a t e d  t h a t  t h e r e  was a  n e g a t i v e  

p r e s s u r e  i n  t h e  houses.  The p r e s s u r e  d i f f e r e n c e  changed 

immediately when t h e  fan's speed was i n c r e a s e d  o r  

decreased .  No s i g n i f i c a n t  p r e s s u r e  d i f f e r e n c e  was 

measured between upper and lower f l o o r s  ic t h e  t e s t  

houses.  An i n t e r e s t i n g  o b s e r v a t i o n  i s  t h a t ,  w i t h  a  wind 

speed a s  h igh  a s  10-12 m/s, t h e r e  was a  n e g a t i v e  p r e s s u r e  

on bo th  t h e  windward and leeward s i d e s  i n  t y p e  A houses 

wi th  t h e  f a n  s e t  a t  b a s i c  speed. (These p r e s s u r e s  were 

5  and 2  Pa r e s p e c t i v e l y ) .  See Tab les  2  and 3. 

The r e s u l t  of  t h e  p r e s s u r e  d i f f e r e n c e  measurements 

g i v e s  a  c l e a r - i n d i c a t i o n  t h a t  t h e  v e n t i l a t i o n  i s  

c o n t r o l l e d  t o  a  s i g n i f i c a n t  degree by t h e  s e t t i n g  o f  

t h e  exhaus t  a i r  fan.  The e x t e r n a l  c l i m a t e  has  o n l y  a  

marginal  e f f e c t  on v e n t i l a t i o n  i n  a i r t i g h t  houses.  

Energy consumption 

Energy consumption d u r i n g  a  normal y e a r  h a s  been 

e s t i m a t e d  by r e g i s t e r i n g  a i r  consumption,  a i r  change 

r a t e ,  t empera tu re  d i f f e r e n c e  between ou tdoors  and i n -  

doors  and p o s s i b l e  s o l a r  r a d i a t i o n  d u r i n g  a  few, 

r e l a t i v e l y  s h o r t  measurements p e r i o d s  (16-19 hours ) .  

On t h e  b a s i s  of t h e s e  shor t - t e rm r e g i s t r a t i o n s ,  t r a n s -  

miss ion  and v e n t i l a t i o n  l o s s e s  can be approximated f o r  

l o n g e r  p e r i o d s .  Such calculations can be  made p r o v i d i n g  

t h a t  t h e  houses a r e  unoccupied and t h a t  t h e  e x t e r n a l  

c l i m a t e  i s  s t a b l e  bo th  d u r i n g  t h e  t r i a l  and f o r  a  

c e r t a i n  pe r iod  p r i o r  t o  commencement. 

Energy consumption f o r  ho t  wa te r  and household 

e l e c t r i c i t y  i n  occupied houses has been e x t r a c t e d  from 

a  paper  by Munter (1974) a s  have e s t i m a t e d  v a l u e s  of  t h e  

p r o p o r t i o n  of  energy usage c o n s t i t u t e d  by d i r e c t  l o s s e s .  

Energy g a i n s  from s o l a r  r a d i a t i o n  t o  t h e  houses h a s  

been approximated a s  3200 kWhlyear. 

The t o t a l  number o f  degree  hours  f o r  Stockholm i s  

shown i n  Tab le  4  f o r  d i f f e r e n t  i n d o o r  t empera tu res .  

Tab le  4 .  C a l c u l a t e d  degree hours  f o r  Stockholm u s i n g  
normal ou tdoor  c l i m a t e  f i g u r e s  f o r  d i f f e r e n t  indoor  
t empera tu res  d u r i n g  t h e  h e a t i n g  season .  T h i s  i s  assumed 
t o  beg in  when t h e  mean d i u r n a l  t empera tu re  goes below 
+lzOc and ends when i t  a g a i n  exceeds +loOc. 

Indoor t empera tu re  

O c  

Degree hours  

OC h  

When c a l c u l a t i n g  t h e  energy consumption f o r  v e n t i l a -  

t i o n  d u r i n g  one y e a r ,  t h e  a i r  change r a t e s  have been 

assumed a s  0.25 changes/h and 0.5 changes/h r e s p e c t i v e l y .  

The reason  f o r  t h i s  i s  t h a t  many househo lders  normally 

s e t  t h e  fan  t o  approx 0.25 changes lh .  According t o  t h e  

Swedish Bui ld ing  Code however t h e  a i r  change r a t e  shou ld  

be 0 . 5  changes/h.  

T h e o r e t i c a l  d e t e r m i n a t i o n  of  t r a n s m i s s i o n  l o s s e s  

C a l c u l a t i o n  of  k-values have been c a r r i e d  o u t  i n  

accordance w i t h  Swedish Bui ld ing  Code 75. C a l c u l a t i o n s  

have been c a r r i e d  o u t  s o  t h a t  t h e  t o t a l  a r e a  o f  frame- 

work members, nogging p i e c e s ,  r e s t  t i m b e r s ,  c r o s s  t i e s  

e t c .  i s  inc luded .  See Tab le  5.  



Table 5. Ca lcu la ted  k-values,  a r e a s  and t ransmiss ion  
l o s s e s  p e r  O C  through d i f f e r e n t  b u i l d i n g  s e c t i o n s  i n  
type A houses.  

Bui ld ing  S e c t i o n  k-value Area k x A 

w/m2 OC m2 WIOC 

F loor  o v e r  crawl space 0.29 77.2 22.39 

Exte rna l  w a l l s  0.28 206.0 29.68 

Roof 0.16 35.0 5 .53  

Sloping roof a r e a s  0.19 57.1 10.68 

Windows 1.90 20.4 38.76 

Doors 0,95 590 4.75 

Table 7. Tabula t ion  o f  expected demand f o r  purchased 
energy supply f o r  d i f f e r e n t  indoor  t empera tures  and 
v e n t i l a t i o n  r a t e s  

Indoor t empera ture  V e n t i l a t i o n  "Purchasedl'energy 

OC change/h k Wh 

The t o t a l  t ransmiss ion  l o s s e s  dur ing  t h e  year  and f o r  Comparison between c a l c u l a t e d  and measured energy 

110 000 degree  hours amounts t o  12 288 kWh. The consumption 

c a l c u l a t e d  t ransmiss ion  l o s s e s ,  based on shor t - t e rm The t o t a l  energy consumption i n  f i v e  houses was read  

measurement, amount t o  13 100 kWh. Thus t h e  d i f f e r e n c e  o f f  from t h e  r e s p e c t i v e  houses-  e l e c t r i c i t y  mete rs .  

i s  only 812 kwh. The indoor  temperature was checked a number of  t imes 

The va lues  show good c o r r e l a t i o n  which i n d i c a t e s  t h a t ,  during t h e  y e a r .  The householders  gave an assurance  

i n  a i r t i g h t  houses where t h e  a i r  change r a t e  can be  t h a t  no changes were made t o  t h e  thermos ta t  s e t t i n g s  

expected t o  be r e l a t i v e l y  c o n s t a n t  d u r i n g  t h e  year .  on t h e  e l e c t r i c  r a d i a t o r s .  

shor t - t e rm measurements f o r  c a l c u l a t i n g  energy consump- The q u a n t i t y  of  exhaust  a i r  was measured a t  each 

t i o n  prov ide  good r e s u l t s .  reading oppor tun i ty  from t h e  e l e c t r i c i t y  meter  and has 

Table 6 shows t h e  c a l c u l a t e d  energy ba lance  d u r i n g  a been assumed t o  be  c o n s t a n t  dur ing  t h e  year .  

normal year  f o r  a type A house. The indoor  t empera ture  Tables 8a  and 8b i n d i c a t e  t h e  t r u e  energy consumption 

has been assumed t o  be +20°c and t h e  average v e n t i l a t i o n  over  a per iod  of two years  i n  r e l a t i o n  t o  t h e  c a l c u l a -  

r a t e  0.5 changeslh.  The t ransmiss ion  l o s s e s  have been t e d  energy consumption. C a l c u l a t i o n  of  t h e  energy con- 

c a l c u l a t e d  us ing  t h e  r e s u l t s  from shor t - t e rm measure- sumption has been c a r r i e d  ou t  i n  t h e  same way a s  t h a t  

ments. How t h e  energy consumption changes i f  t h e  indoor which formed t h e  b a s i s  f o r  Table 6 ,  wherein t h e  measu- 

temperature and v e n t i l a t i o n  a r e  changed i s  i n d i c a t e d  i n  red va lues  of  temperatures and v e n t i l a t i o n  were used 

Table 7. f o r  c a l c u l a t i n g  t ransmiss ion  and v e n t i l a t i o n  l o s s e s .  

Table 8a. Tabula t ion  of c a l c u l a t e d  and measured energy 
consumption between February 1978 - February 1979 

Table 6 .  Energy ba lance  f o r  type A house f o r  a normal 
year  i n  Stockholm's c l imate  wi th  an indoor  t empera ture  Measured indoor Measured a i r  Energy 
of  +20 OC and a n  average v e n t i l a t i o n  r a t e  of 0.5 House tem e r a t u r e  change r a t e  consumption kWhIyear 
changes /h g C changeslh c a l c u l a t e d  measured 

Energy l o s s e s  A1 19-20 0.35 1 7  100-18 000 1 7  900 

t ransmiss ion  1 3  100 kwh A2 20-21 0.50 19 600-20 500 19 450 

v e n t i l a t i o n  6 700 A3 17-18 0.50 16 100-17 100 16 000 

household e l e c t r i c i t y  1 000 A4 20-21 0.50 19 600-20 500 20 500 

dra inage  water  3 500 
(ho t  wate r  d ra inage)  

T o t a l  energy l o s s e s  24 300 kWh 

Energy ga ins  

h e a t i n g  p l a n t  11 000 kWh 

hot  wate r  p roduc t ion  5 000 

household e l e c t r i c i t y  3 500 

s o l a r  r a d i a t i o n  

body hea t  

T o t a l  energy suppl ied  24 300 kwh 

T o t a l  purchased energy 19 500 kwh 

A5 19-20 0.50 1 8  400-19 600 18  900 
Average 1 8  500 

Table 8b. Tabula t ion  of c a l c u l a t e d  and measured energy 
consumption between February 1979 - February 1980 

Measured indoor  Measured a i r  Energy 
House tempera ture  change r a t e  consumption kwhlyear 

0 C changeslh c a l c u l a t e d  measured 

A1 19-20 0.45 1 8  600-19 400 20 800 

A2 19-20 0.35 1 7  100-18 000 1 8  500 

A3 18-19 0.50 1 7  200-18 600 16 900 

A4 20-21 0.50 19 600-20 500 20 400 

A5 18-19 0.50 17 200-18 600 17 400 

Average 1 8  800 



Tables  8a and 8b i n d i c a t e  t h a t  t h e  measured energy 

consumptions agree  favourab ly  w i t h  t h o s e  c a l c u l a t e d .  

When t h e  indoor  t empera tu re  and t h e  v e n t i l a t i o n  r a t e  

a r e  known, i t  i s  p o s s i b l e  t o  c a l c u l a t e  t h e  annual  ener -  

gy consumption w i t h  reasonab le  accuracy  and i n  q u i t e  a  

s imple  manner. D i f f e r e n t  l i v i n g  p a t t e r n s  ( h o t  wa te r  

consumption, household e l e c t r i c i t y )  can  e x p l a i n  t h e  

d i f f e r e n c e s  which a r e  e v i d e n t  between measured and c a l -  

c u l a t e d  energy consumption. 

In  w e l l - i n s u l a t e d ,  a i r t i g h t  houses t h e r e  is  no e v i -  

dence o f  d ramat ic  changes i n  energy consumption u n l e s s  

t h e  mean annua l  t empera tu re  d u r i n g  t h e  y e a r  i s  s i g n i f i -  

c a n t l y  g r e a t e r  o r  l e s s  than  t h e  normal v a l u e .  Fur the r -  

more, t h e  r e s u l t s  i n d i c a t e  t h a t  n a t u r a l  v e n t i l a t i o n  i s  

low and v a r i e s  i n s i g n i f i c a n t l y  i n  r e l a t i o n  t o  t h e  ou t -  

door  c l i m a t e .  

Monitor ing t h e  houses-  a i r t i g h t n e s s  

The Swedish Bui ld ing  Code recommends t h a t  f ree - s tan-  

ding s i n g l e - f a m i l y  dwel l ings  s h a l l  have an a i r t i g h t n e s s  

of  3 .0 changes/h a t  a  gauge o r  n e g a t i v e  p r e s s u r e  of  50 

Pa. The f i v e  houses d e s c r i b e d  above a l l  had an a i r t i g h t -  

n e s s  o f  l e s s  t h a n  1 . 0  when t h e  houses were completed.  

One c o n s t r u c t i o n a l  requirement  i s  t h a t  t h e  houses-  

a i r t i g h t n e s s  s h a l l  remain unchanged. At t h e  I n s t i t u t i o n  

f o r  Bui ld ing  Technology, The Royal I n s t i t u t e  o f  Techno- 

logy ,  Stockholm, p r e s s u r e  measurements have t h e r e f o r e  

been c a r r i e d  o u t  t o  d i s c o v e r  whether  t h e  houses' a i r -  

t i g h t n e s s  change s i g n i f i c a n t l y  w i t h  t ime.  Tab le  9  shows 

t h e  r e s u l t s  o f  a i r t i g h t n e s s  t e s t s  c a r r i e d  o u t  bo th  a t  

complet ion and when t h e  houses had been occup!.ed f o r  one 

and two y e a r s  r e s p e c t i v e l y .  

Table 9. R e s u l t s  of p r e s s u r e  t e s t s  o v e r  a  t h r e e  y e a r  
p e r i o d  

House A i r  change r a t e ,  changes/h,  w i t h  a  p r e s s u r e  
d i f f e r e n c e  of  50 Pa when p r e s s u r e  t e s t i n g  

October  1977 February 1979 February 1980 

A1 0 . 8  1.6 1 . 5  

The t a b l e  i n d i c a t e s  t h a t  a  r e l a t i v e l y  h i g h  i n c r e a s e  i n  

a i r  l eakage  i s  e v i d e n t  a f t e r  t h e  houses have been occup ie  

f o r  a  year .  During t h e  l a t e s t  measurements, no f u r t h e r  

change has  occur red  ( t h e  v a l u a l i e  w i t h i n  t h e  measuring 

equipment's accuracy range.  ) 

The reason  f o r  t h e  c o n s i d e r a b l e  i n c r e a s e  d u r i n g  1979 

i s  p robab ly  t h e  f a c t  t h a t  t h e  house d r i e d  o u t  d u r i n g  

t h e  f i r s t  y e a r  wherein smal l  c r a c k s  can have a r i s e n  

p r i m a r i l y  between e x t e r n a l  w a l l s  and i n t e r m e d i a t e  j o i s t  

s t r u c t u r e s .  

The mois tu re  c o n t e n t  of wooden j o i s t s  a d j a c e n t  t o  

e x t e r n a l  w a l l s  was very low (6.5-7%) when measured du- 

r i n g  February 1979 and 1980, which.shows t h a t  t h e r e  had 

been a  c o n s i d e r a b l e  d r y i n g  o u t  o f  t h e  t imber  s i n c e  e r e c -  

t i o n .  One o f  t h e  reasons  f o r  t h i s  s a t i s f a c t o r y  d r y i n g  

ou t  i s  p robab ly  t h e  f a c t  t h a t  t h e r e  i s  a lways a  c e r t a i n  

amount of  n e g a t i v e  p r e s s u r e  i n  t h e  house which means . 
t h a t  warm moist  a i r  cannot  escape  through t h e  e x t e r n a l  

s t r u c t u r e .  

The r e s u l t  from p r e s s u r e  t e s t s  g i v e s  a  c l e a r  i n d i c a -  

t i o n  t h a t  a i r t i g h t n e s s  remains c o n s t a n t  f o r  a  long  

p e r i o d  a f t e r  d r y i n g  o u t .  

Indoor c l i m a t e  

During an i n v e s t i g a t i o n  of t h e  i n d o o r  c l i m a t e  i t  was 

shown t h a t  two type  B  houses ,  a s  w e l l  a s  t y p e  A houses ,  

had an a i r  l eakage ,  when completed,  o f  3 .0 changes/h a t  

50 Pa n e g a t i v e  and gauge p r e s s u r e  r e s p e c t i v e l y .  (Compa- 

r e  w i t h  type A houses < 1.0 changes lh ) .  

These houses a r e  f a c t o r y  b u i l t  a s  two volume e lements  

and e i g h t  roof  e lements .  They a l s o  have a c c e s s i b l e  

founda t ions .  These houses a r e  a l s o  des igned  a s  dormer 

houses ( s e e  f i g u r e  3 ) .  Compare w i t h  type  A houses.  

The exhaus t  a i r  v e n t i l a t i o n  system i s  f a n - c o n t r o l l e d .  

Supply a i r  i s  s u p p l i e d  through s p e c i a l  a i r  supply dev i -  

c e s  ( s l o t  a i r  v a l v e s )  i n  t h e  window f r a m e h e a d s .  The 

s l o t  a i r  v a l v e s  can be a d j u s t e d  bu t  cannit be c l o s e d  

completely.  

Air-change-~a~e 
T r a c e r  gas measurements have been c a r r i e d  o u t  t o  

moni to r  a i r  change r a t e s  i n  i n d i v i d u a l  rooms occup ied  

by peop le  o v e r  long p e r i o d s  ( e . g .  bedrooms). 

I n  houses v e n t i l a t e d  w i t h  an exhaus t  a i r  systems 

t h e r e  a r e  u s u a l l y  no exhaus t  a i r  d e v i c e s  i n  bedrooms, 

workrooms e tc ,whereas  such d e v i c e s  a r e  f i t t e d  t o  wet 

rooms (bathrooms,  t o i l e t s  e t c )  and k i t c h e n s .  "Ta in ted  

a i r "  i s  e x t r a c t e d  v i a  exhaus t  a i r  dev ices  i n  t h e s e  

a r e a s  wherein ou tdoor  a i r  i s  drawn i n t o  t h e  house through 

supp ly  a i r  d e v i c e s  ( s l o t  a i r  v a l v e s )  u s u a l l y  p o s i t i o n e d  

above windows i n  t h e  rooms where exhaus t  a i r  d e v i c e s  

a r e  n o t  f i t t e d .  A  c e r t a i n  amount of  a i r  a l s o  comes 

through leakage  s o u r c e s  i n  t h e  house. 

The exhaus t  a i r  f low i s  o f t e n  r e g u l a t e d  w i t h  a  

c e n t r a l l y - p o s i t i o n e d  c o n t r o l  dev ice  on t h e  cooker  hood. 

The exhaus t  a i r  f an  i s  normally p o s i t i o n e d  i n  a  v e n t i -  

l a t i o n  f l u e  above t h e  roof .  

The fan  i s  s e t  s o  t h a t  i t s  b a s i c  f low cor responds  t o  

t h e  a i r  change r a t e  (11s )  g iven  i n  t h e  Swedish B u i l d i n g  

Code f o r  each i n d i v i d u a l  wet room and k i t c h e n .  The mi- 

nimum a i r  change r a t e  f o r  t h e  whole house must however 
2  

n o t  be  l e s s  than  0.35 l / s  m . This  va lue  cor responds  

d  t o  approximately 0.5 changes lh  f o r  t h e  whole house.  

There i s  no i n d i c a t i o n  of  a  minimum change r a t e  f o r  

i n d i v i d u a l  rooms i n  t h e  Swedish Code, i t  mere ly  s t a t e s  

t h a t  "hyg ien ic  d i scomfor t  must n o t  a r i s e " .  

From a  h y g i e n i c  p o i n t  of  view an a i r  change r a t e  of  
3  4 m /pe rson  and hour ,  a t  18  OC and a  r e l a t i v e  m o i s t u r e  

con ten t  of  60%, i s  t h e  minimum change r a t e  t o  e n s u r e  

t h a t  t h e  a i r  s h a l l  n o t  c o n t a i n  more than  0.5% C02 ( t h e  

maximum va lue  al lowed a t  a  p l a c e  of  work by t h e  Natio-  

n a l  Swedish Board of  Occupa t iona l  Safe ty  and H e a l t h ) .  

There i s  no cor responding  va lue  f o r  d w e l l i n g s .  Bearing 

i n  mind comfort  r equ i rements  such  a s  s m e l l ,  a  r e l a t i v e  

humidi ty v a l u e  i n  t h e  room which i s  n o t  t o o  h igh ,  and 

c o n s i d e r a t i o n  of  m a t e r i a l - c o n d i t i o n e d  e v a p o r a t i o n  



3 
i n c l u d i n g  radon,  an a i r  change r a t e  o f  10 m / ~ e r s o n  an 

hour i s  a  more s u i t a b l e  l i m i t i n g  v a l u e ,  ( s e e  Ubisch 

1977).  T h i s  means t h a t  i n  t h e  mas te r  bedroom a v e n t i l a -  
3  

t i o n  r a t e  o f  approx  (10+10+5)=25 m /hour i s  n e c e s s a r y  

i f  two a d u l t s  and one c h i l d  s l e e p  i n  t h e  room. 

I n  a l l  t h e  houses which were i n v e s t i g a t e d  it was very 

e a s y  f o r  t h e  i n d i v i d u a l  househo lder  t o  a d j u s t  t h e  f a n  

- and t h e r e f o r e  t h e  t o t a l  a i r  change r a t e  i n  t h e  house. 

I n  type A houses ,  t h e  fan-s  b a s i c  s e t t i n g  - o r  b a s i c  

speed - ( l o w e s t  f a n  s e t t i n g )  h a s  been a d j u s t e d  s o  t h a t  

t h e  t o t a l  a i r  change r a t e  i n  t h e  house was approximate-  

l y  0 .5  changesfh i n c l u d i n g  n a t u r a l  v e n t i l a t i o n .  The 

average a i r  change r a t e  a t  t h e  b a s i c  speed i n  type  B 

houses was 0.23-0.26 c h a n g e s / h , f o r  t h e  whole house 

i n c l u d i n g  n a t u r a l  v e n t i l a t i o n .  The reason  f o r  hav ing  a 

"bas ic  speed" which gave approximately 0.25 changesfh 

i n  type  B houses was s a i d  t o  be  t h a t ,  d u r i n g  t h e  day- 

t ime o r  d u r i n g  a  l o n g e r  absence from t h e  house, i t  shou ld  

be p o s s i b l e  t o  reduce the  v e n t i l a t i o n  and t h u s  t h e  ener -  

gy consumption. There  i s  no p o s i t i o n  which i n d i c a t e s  

when t h e  houses have an a i r  change r a t e  of  approximate-  

l y  0 .5  changesfh i n  type  B houses.  always 
I t  h a s  been shown t h a t  most househo lders  n e a r l y  had 

t h e  f a n  s e t  t o  i t s  lowest  v a l u e  i n  o r d e r  t o  save  energy.  

The g r e a t e s t  r i s k  of  b e i n g  s u b j e c t e d  t o  an unaccep- 

t a b l e  indoor  c l i m a t e  occurs  i n  bedrooms s i n c e  t h e s e  a r e  

occupied f o r  l o n g e r  p e r i o d s  and s i n c e  t h e s e  rooms do 

n o t  have exhaus t  a i r  dev ices .  The measurement r e s u l t s  

shown i n  Tab le  2 i n d i c a t e  t h e  a i r  change r a t e  i n  t y p e  

A and B houses w i t h  t h e  f a n  s e t  a t  b a s i c  speed and i n  

accordance w i t h  t h e  Swedish Bui ld ing  Code-s recommen- 

d a t i o n  (approx 0.5 changes fh) .  Measurements were c a r r i e d  

o u t  w i r h  t h e  s l o t  a i r  va lve  bo th  open and c l o s e d .  The 

measurements shown r e l a t e  t o  a  mas te r  bedroom o f  appro- 

x imate ly  1 3  m2. The doors  t o  t h e  r e s p e c t i v e  bedrooms 

were k e p t  c l o s e d .  

Table 10.  Ai r  change r a t e s  f o r  d i f f e r e n t  f an  s e t t i n g s  
i n  mas te r  bedrooms wi th  open and c l o s e d  s l o t  a i r  v a l -  
ves  r e s p e c t i v e l y .  Bedrooms doors  were c losed .  

Fan s e t t i n g  House A B1 B2 
Value 

Basic  speed approx 0.25 - 4.7 5 25 
changes/h i n  t h e  whole 
house ( s l o t  a i r  va lve  
c l o s e d )  

Basic  speed approx 0 .5  - 9 . 7  12.2 25 
changesfh i n  t h e  whole 
house ( s l o t  a i r  v a l v e  
open) 

As p e r  Swedish Bui ld ing  21.6 9.4 8 . 4  25 
Code approx 0.5 changesfh 
i n  the  whole house 
( s l o t  a i r  va lve  c l o s e d )  

As p e r  Swedish Bui ld ing  29.5 18.5 19.6 25 
Code approx 0.5 changeslh 
i n  the whole house 
( s l o t  a i r  v a l v e  open) 

The t a b l e  shows t h a t  on ly  type  A houses have a n  a i r  

change r a t e  which corresponds t o  t h e  recommended v a l u e  
3 

o f  25 m /hour.  I n  type  B houses ,  w i t h  t h e  fan  s e t  a t  

b a s i c  speed ,  t h e  v a l u e  was a s  low a s  approx imate ly  

5 - 0  m3/h w i t h  t h e  s l o t  a i r  v a l v e  c l o s e d .  The v a l u e  i s  

t o t a l l y  unaccep tab le  from a h y g i e n i c  p o i n t  o f  view and 

causes  an i n c r e a s e  i n  r e l a t i v e  humidi ty and C02 c o n t e n t .  

The r e s u l t s  a l s o  show t h a t  t h e  s l o t  a i r  v a l v e s  have 

a  d e c i s i v e  e f f e c t  on t h e  a i r  change r a t e  i n  t h e  rooms. 

For t h i s  r eason  i t  shou ld  n o t  be  p o s s i b l e  t o  c l o s e  t h e  

s l o t  a i r  v a l v e  completely.  

Even when t h e  f a n  was s e t  t o  correspond t o  t h e  v a l u e s  

quoted i n  t h e  Swedish Bui ld ing  Code, ve ry  low v a l u e s  

(9.4-14.1 changes lh )  were o b t a i n e d  i n  type  B houses 

(with t h e  s l o t  a i r  va lve  c l o s e d ) .  T h i s  v a l u e  i s  appro- 

x imate ly  t h e  same a s  a t  b a s i c  speed w i t h  t h e  s l o t  a i r  

va lve  open. 

De te rmina t ion  of  CO c o n t e n t  
2- 

I n  t y p e  B houses ,  v e r y  low a i r  change r a t e s  were mea- 
3 

su red  i n  bedrooms. The lowes t  v a l u e  measured i s  5 m /h. 
3  5 m /h i n  t y p e  B houses cor responds  t o  an a i r  change 

r a t e  of  0.15 changesfh and t h i s  a g r e e s  f a v o u r a b l y  w i t h  

t h e  measured amount o f  n a t u r a l  v e n t i l a t i o n  i n  t h e  house.  

I n  o r d e r  t o  i l l u s t r a t e  t h e  i n c r e a s e  of  t h e  C02 c o n t e n t  

an example below shoes t h e  i n c r e a s e  of  t h e  C02 c o n t e n t  

i n  house B2. The CO c o n t e n t  i s  c a l c u l a t e d  u s i n g  t h e  
2 

fo l lowing  e q u a t i o n  

= e (l-ent)+c e-nt 
nv  o 

where c =CO c o n c e n t r a t i o n  a t  t ime  t 
2 

n = a i r  change r a t e  (changes fh)  

t = t ime (h)  
3 q = exha led  C02 c o n t e n t  i n  m /h 

3 v = room volume (m ) 

c = background c o n c e n t r a t i o n  of C02 i n  t h e  room 

Table 11. Ai r  change r a t e  f o r  d i f f e r e n t  f a n  s e t t i n g s  
i n  mas te r s  bedroom 

House Fan S e t t i n g  A i r  change r a t e  
measured i n  
bedroom 

m3/h changes fh  

A Fan s e t t i n g  accord ing  t o  wedish S ~ u i l d i n g  Code (0.35 l / s  m )approx 
0 . 5  changesfh i n  t h e  whole house. 
s l o t  a i r  va lve  open 29.5 1 .0  

Fan s e t t i n g  accord ing  t o  Swedish 
Bui ld ing  Code(0.35 l / s  m2)approx 
0.5 changes fh  i n  t h e  whole house. 
s l o t  a i r  va lve  c l o s e d  21.6 0.73 

Note. The s l o t  a i r  v a l v e  i n  type  
A cannot  be c l o s e d  comple te ly  
whereas i t  can i n  house B 

B2 Fan s e t  a t  base  speed approx 0.25 
changes/h i n  t h e  whole house,  
s l o t  a i r  va lve  c l o s e d  5 0.15 

Fan s e t  accord ing  t o  Swedish 
Bui ld ing  Code(0.35 l / s  m2)approx 
0 . 5  changes lh  i n  t h e  whole house, 
s l o t  a i r  va lve  c l o s e d  8.4 0.26 

Fan s e t  a t  base  speed  approx  0.25 
changes fh  i n  t h e  whole house,  
s l o t  a i r  v a l v e  open 12.2 0.37 

Fan s e t  accord ing  t o  Swedish 
Bui ld ing  Code(0.35 l / s  m2)approx 
0.5 changesfh i n  t h e  whole house,  
s l o t  a i r  va lve  open 19.6 0.66 



The c a l c u l a t i o n ~ a s s u m e  t h a t  t h e  room i s  occupied by two 

a d u l t s  and one c h i l d ,  t h a t  t h e  door i s . c l o s e d  and t h a t  

a  person a t  r e s t  exha les  20 1 CO /h a t  r e s t .  The cor re -  2  
sponding f i g u r e  f o r  a  c h i l d  a t  r e s t  i s  10 1/C02/h.  

F igure  4-5. C02 conten t  v a r i a t i o n  wi th  t ime i n  type 

A and B2 houses f o r  d i f f e r e n t  a i r  change r a t e s  i n  t h e  

mas te r  bedroom with c l o s e d  door occupied by two s l e e p i n g  

a d u l t s  and one c h i l d .  

c 4  I"' 

Figure 5 Type B house 
From the  f igure  i t  can be seen that i f  the s l o t  a i r  valve i s  
c losed i n  the bedroom the hygienic l i m i t i n g  value is  exceeded 
i n  house 82 a t  both bas ic  speed and a t  a i r  change rate  values  
which correspond t o  the  requirements i n  the Swedish Building 
Code. With an a i r  change rate of 0,15 the CO, content becomes 
a s  high a s  1.02a. From a hygienic point of  view t h i s  value is 
t o t a l l y  unacceptable. An i n i t i a l  value of  0.18b CO, is  assumed 
i n  house 82 during the day. 

Determinat ion of  mois tu re  con ten t  i n c r e a s e  i n  t h e  a i r  

A person g ives  o f f  approcimately 40 g  of  wate r  vapour 

per  hour a t  r e s t .  I f  we assume t h a t  two a d u l t s  and a  

c h i l d  s l e e p  i n  t h e  mas te r  bedroom, t h e  vapour ga in  w i l l  

be approximately 100 g/h (40+40+20). There may be o t h e r  

mois tu re  sources  which can i n c r e a s e  mois tu re  emission 

even f u r t h e r .  These w i l l  be  cons idered  i n  t h e  t e x t  t h a t  

fo l lows  s i n c e  they  a r e  cons idered  t o  be minor. 

The i n c r e a s e  i n  t h e  mois tu re  con ten t  i n  t h e  room i s  

dependent on how w e l l  t h e  room i s  v e n t i l a t e d .  F igure  

6-7 show how t h e  mois tu re  con ten t  i n c r e a s e s  accord ing  

t o  t ime f o r  type  A and B2 houses where t h e  ou tdoor  tem- 

p e r a t u r e  i s  0  OC and where t h e  ou tdoor  humidity i s  80%. 

The c a l c u l a t i o n s  have been made us ing  t h e  same method 

a s  f o r  c a l c u l a t i n g  t h e  C02 conten t  above. 

The v a l u e s  i n d i c a t e  t h e  upper l i m i t  f o r  mois tu re  con- 

t e n t  i n  t h e  bedroom. The presence of  absorban t  m a t e r i a l  

i n  t h e  room reduces t h e  c a l c u l a t e d  v a l u e  somewhat. A l l  

t h e  c a l c u l a t i o n s  a r e  based on t h e  va lues  shown i n  t a b l e  

11. The i n i t i a l  va lues  i n  f i g u r e s  6-7 i n d i c a t e  t h e  

mois tu re  con ten t  a t  s t eady  s t a t e  c o n d i t i o n s  wi th  an 

average mois tu re  ga in  i n  t h e  whole house of  3.0 g/m 
3  

wi th  an a i r  change r a t e  of  0 . 5  changes/h.  

F igures  6-7 i n d i c a t e  t h a t  t h e  mois tu re  con ten t  of  t h e  

a i r  i n  t h e  mas te r  bedroom i n  house B2 becomes unaccep- 

t a b l e  high w i t h  t h e  s l o t  a i r  va lve  c l o s e d .  When t h e  

s l o t  a i r  i s  open t h e  va lues  become a c c e p t a b l e  however 

i n  t h e  master  bedrooms of  both t y p e  A and B houses.  

Since most of  t h e  s l o t  a i r  va lves  a v a i l a b l e  on t h e  

market today f i t t e d  t o  s i n g l e  family dwel l ings  can be 

c losed  completely,  i t  i s  q u i t e  p robable  t h a t  many people  

c l o s e  t h e  va lves  during t h e  w i n t e r  p e r i o d  i n  t h e  hope 

of sav ing  energy o r  t o  c u t  down "draughts".  However by 

c l o s i n g  t h e  va lves  t h e  indoor  c l i m a t e  d e t e r i o r a t e s .  

Ra is ing  t h e  mois tu re  con ten t  o v e r  long  p e r i o d s  can g i v e  

r i s e  t o  r u s t  damage on windows and mould growth behind 

cupboards up a g a i n s t  e x t e r n a l  w a l l s  e t c .  

Pipure 4 Type A houses 

From the f i g u r e  it can be seen t h a t  the hygienic l imit ing  
value is not exceeded i n  type A houses 
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Summary 

Prev ious  s t a n d a r d  requirements  i n  Sweden w i t h  r e f e -  

rence  t o  o u t e r  s t r u c t u r e  thermal  i n s u l a t i o n  and a i r t i g h t -  

n e s s  have been in f luenced  by hygiene o r  comfort .  There 

have p r e v i o u s l y  been requirements  f o r  thermal i n s u l a -  

t i o n  b u t ,  on t h e  o t h e r  hand, no requirements  f o r  b u i l -  

d ing  a i r t i g h t n e s s .  

In Swedish Bui ld ing  Code 1975 t h e  requirements  f o r  

thermal i n s u l a t i o n  f o r  d i f f e r e n t  b u i l d i n g  s e c t i o n s  have 

been t i g h t e n e d  up cons iderab ly  and completely new requi -  

rements f o r  a  b u i l d i n g - s  a i r t i g h t n e s s  have been i n t r o -  

duced. The purpose of  these  new requirements  i s  p a r t l y  

t o  reduce t ransmiss ion  l o s s e s  through t h e  house and 

p a r t l y  t o  prevent  t o o  much n a t u r a l  v e n t i l a t i o n  through 

t h e  b u i l d i n g - s  o u t e r  s t r u c t u r e .  

The indoor c l i m a t e  - p r i m a r i l y  a i r  q u a l i t y  - and ener-  

gy consumption have been s t u d i e d  i n  a  number of f r e e -  

s tand ing  houses i n  a  group housing a r e a .  A l l  t h e s e  

houses were very t i g h t  and, when p r e s s u r e - t e s t e d ,  had 

an a i r  change r a t e  l e s s  t h a n  1 changelh a t  50 Pa. 

Checking t h e  a i r t i g h t n e s s  of  t h e  houses 

Measurements of t h e  a i r t i g h t n e s s  of t h e  houses was 

c a r r i e d  o u t  d u r i n g  the  ~ e r i o d  L977-1980 ( p r e s s u r e  t e s t -  

i n g  a t  50 Pa) i n  o r d e r  t o  d i s c o v e r  whether  t h i s  had 

changed s i g n i f i c a n t l y  w i t h  t ime.  From t h e  r e s u l t s  it 

can be seen  t h a t  a  r e l a t i v e l y  l a r g e  i n c r e a s e  i n  a i r  

l eakage  was measured a f t e r  t h e  houses had been occupied 

f o r  approximately one year .  L a t e r  measurements i n d i c a -  

t ed  t h a t  no changes had taken  p l a c e .  The cause o f  t h e  

i n c r e a s e  i n  a i r  leakage d u r i n g  t h e  f i r s t  y e a r  i s  probab- 

l y  t h e  d r y i n g  ou t  of  t h e  t imber  i n  t h e  house g i v i n g  r i s e  

t o  c r a c k s .  The measured v a l u e s  a f t e r  two y e a r s  a r e  below 

appros imate ly  1 . 5  changeslh a t  50 Pa - cons iderab ly  

lower than t h e  l i m i t i n g  va lues  recommended by t h e  Swe- 

d i sh  Bui ld ing  Code f o r  new-built houses.  Thus t h e  houses 

a re  s t i l l  very a i r t i g h t .  

Indoor c l i m a t e  

Apart from t h e  f i v e  houses no ted  above ( type  A house) ,  

two houses ( type  B house) ,  which when completed had an 

a i r  leakage of approximately 3.0 changeslh a t  50 Pa 

gauge and n e g a t i v e  p r e s s u r e ,  were i n v e s t i g a t e d  when 

s tudying  indoor c l i m a t e .  Both types  of  houses a r e  f i t t e d  

wi th  mechanical exhaust  a i r  systems.  From t h e  r e s u l t s  

i t  can be seen  t h a t  t h e  a i r  change r a t e  i n  t h e  mas te r  
3 

bedroom i n  t y p e  B houses was very  low (5 m /h)  i f  t h e  

fan was s e t  t o  i t s  lowest va lue  and t h e  supply a i r  v a l v e  

( s l o t  a i r  va lve)  i n  t h e  room was c l o s e d .  From a h y g i e n i c  

po in t  of view t h e  a i r  change r a t e  should be a t  l e a s t  
3 

25 m Ih .  In t h e  t i g h t e r  houses ( t y p e  A houses)  a  s i g n i -  

f i c a n t l y  b e t t e r  a i r  change r a t e  was ob ta ined .  The measu- 

rements c a r r i e d  o u t  i n d i c a t e  c l e a r l y  t h a t  an a c c e p t a b l e  

indoor c l i m a t e  i n  a l l  a r e a s  can o n l y  be achieved i f  t h e  

houses a r e  t i g h t ,  t h e  s l o t  a i r  va lves  open and t h e  f a n  

s e t  a t  a  p o s i t i o n  which corresponds t o  an a i r  change 

r a t e  i n  t h e  whole house of  approc imate ly  0.5 changeslh.  

In houses which have exhaust  a i r  v e n t i l a t i o n  and which 

were n o t  s u f f i c i e n t l y  t i g h t ,  t h e r e  i s  a  r i s k  o f  t h e  a i r  

supply be ing  concent ra ted  t o  t h e  gaps i n  t h e  o u t e r  

s t r u c t u r e .  These a r e  o f t e n  unevenly d i s t r i b u t e d  which 

means t h a t  an uneven a i r  f low i s  ob ta ined  r e s u l t i n g  i n  

c e r t a i n  rooms n o t  be ing  v e n t i l a t e d  s u f f i c i e n t l y  n e i t h e r  

from hygiene n o r  t e c h n i c a l  p o i n t s  3f view. 

Energy consumption 

The annual  energy consumption has  been c a l c u l a t e d  
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Composting L a t r i n e s .  Some l o c a t i o n s  a r e  imposs ib le  i n  s p i t e  o f  s u i t a b i l i t y  

A-c!l!u~a!*-s?cjal grid te~h?ica! problem.- - - - - - - - f o r  t e c h n i c a l  reasons. The use of  d i f f e r e n t  anal  c l e a -  

D. tech .  Ake Fleetwood, Department of Land Improvement n i n g  m a t e r i a l s  can a l s o  o b s t r u c t  d i f f e r e n t  m i c r o b i a l  

and Drainage, Royal I n s t i t u t e  o f  techno logy  processes. Much c l e a n i n g  wate r  w i l l  d i s t u r b  a  compost 

S  - 100 44 Stockholm, Sweden. p r i v y ,  a  l o t  o f  stones w i l l  g i v e  a  W-C w i t h  conven t iona l  

sewerage problems. 

Technical  c o n d i t i o n s  

Composting i s  a  r e l a t i v e l y  f a s t  process o f  a e r o b i c  de- 

composi t ion o f  o rgan ic  m a t t e r .  It achieves a  r e l a t i v e l y  
Composting L a t r i n e s .  A  c u l t u r a l ,  s o c i a l  and t e c h n i c a l  

h i g h  temperature i n  t h e  e a r l y  stages o f  t h e  process. 
problem 

The domina t ing  p o l l u t e r  o f  wa te r  i s  t h e  human b e i n g  and 

i n  deve lop ing  c o u n t r i e s  i t  i s  i n  t h e  main a  q u e s t i o n  o f  

faeces f rom man and h i s  c a t t l e .  N i t r o g e n  f r o m  n i g h t - s o i l  

and manure p o l l u t e s  su r face-  and groundwaters. T h i s  

p o l l u t i o n  i s  more s e r i o u s  under a r i d  c i rcumstances w i t h  

i t s  h i g h e r  c o n c e n t r a t i o n  o f  p o l l u t a n t s .  To separa te  t h e  

n i t r o g e n  f rom t h e  h y d r o l o g i c a l  c y c l e  would g i v e  good 

e f f e c t s .  The separated n i t r o g e n  should then be supp l ied  

t o  t h e  e c o l o g i c a l  system i n  a  p roper  way - t o  g e t  b e t t e r  

harves ts  on c u l t i v a t e d  land.  

C u l t u r a l  p a t t e r n s  

Areas, which f o r  a  l i n g  t ime  have had a  h i g h  d e n s i t y  o f  

p o p u l a t i o n  and an o l d  fa rm ing  exper ience have a l s o  

To g e t  a  composting process work s a t i s f a c t o r i l y ,  some 

fac to rs  must be f u l f u i l l e d .  The m i x t u r e  o f  n i g h t - s o i l  

( n i t r o g e n )  and o rgan ic  m a t e r i a l  ( ca rbon)  must be i n  t h e  

o r d e r  o f  1:30 t o  produce enough energy f o r  a  temperature 

r i s e .  The m o i s t u r e  c o n t e n t  must be favourab le  f o r  t h e  

microorganisms.  Too d r y  c o n d i t i o n s  g i v e s  o n l y  p reserva-  

t i o n ,  t o o  much wate r  o b s t r u c t s  t h e  oxygen exchange. A i r  

must be p resen t  i n  generous amounts, good v e n t i l a t i o n  

through t h e  compost mass i s  e s s e n t i a l ,  oxygen shor tage  

g i v e s  fe rmenta t ion  w i t h  a  l o w  energy exchange and a  bad 

s m e l l .  The sur round ing  temperature must be i n  t h e  o r d e r  

o f  1 5 - 2 0 ' ~  t o  g e t  o  good temperature r i s e .  The processes 

i n  t h e  t h e  compost p r i v y  i s  thus  c o n t r o l l e d  by  t h e  user  

and h i s  understanding o f  t h e  process. 

u s u a l l y  had a  good t r a d i t i o n  i n  h a n d l i n g  n i g h t - s o i l .  I n  Water ollution 
China f o r  example a  good cha in  o f  h a n d l i n g  i s  common. 

N i g h t - s o i l  i s  c o l l e c t e d  i n  bucke ts  and c o n t a i n e r s  and As l o n g  as n i g h t - s o i l  i s  d isposed o f  and spread i n  t h e  

t r a n s p o r t e d  t o  composting s i t e s  o r  b iogas  p l a n t s .  The n a t u r e  as f e r t i l i z e r  i t  w i l l  n o t  do much harm. When t h e  

res idues  a r e  then reused as f e r t i l i z e r s  f o r  p l a n t  growth. m a t e r i a l  becomes concen t ra ted  i t  w i l l  b'e more hazardous. 

The leacha te  can n o t  be absorbed i n  t h e  ecosystem b u t  

On t h e  c o n t r a r y  a  nomadizing f a m i l y  has l i t t l e  p r a c t i c e  w i l l  p o l l u t e  su r face-  and groundwaters. If t h e  n i g h t - s o i l  

i n  n i g h t - s o i l  hand l ing .  The e x c r e t a  i s  d isposed o f  i n  i s  d isposed o f  i n  p i t - l a t r i n e s  t h i n g s  w i l l  t end  t o  be 

t h e  open bush. T h i s  does n o t  u s u a l l y  b r i n g  about  any more s e r i o u s .  Thus p r a c t i c a l l y  a l l  t h e  n i t r o g e n  w i l l  t e n d  

s a n i t a r y  comp l i ca t ions  and t h e  f e r t i l i z e r s  a r e  m o b i l i s e d  t o  l e a c h  t o  t h e  ground water .  

i n  t h e  n a t u r a l  ecosystem. 
Table 1. N i t r o g e n  c o n t e n t  i n  w e l l s  i n  Tun is .  

When a  r u r a l  nomadizing f a m i l y  o r  people from low den- 

s i t y  p o p u l a t i o n  areas m i g r a t e  t o  more o r  l e s s  u n c o n t r o l -  mg/l 

l e d  densely b u i l t - u p  areas a  l o t  o f  problems w i l l  t u r n  NO3 NO2 NH4 

up. The h a b i t  o f  n o t  u s i n g  a  f i x e d  p l a c e  f o r  d i s p o s i n g  
Rohia 3.2 0,019 0.48 

e x c r e t a  e a s i l y  produces a  s a n i t a r y  co l lapse .  The problem 
Mornaghia 2, 13.2 0,032 0,28 

i s  u s u a l l y  comp l i ca ted  by  l i m i t e d  economical resources 
Har isa  3, 130.0 - 0,28 

t o  c o n s t r u c t  a p p r o p r i a t e  t e c h n i c a l  devices.  
B i r M Z a r a 4 )  523.8 - 0,32 

R e l i g i o u s  r u l e s  can a l s o  have a  r a t h e r  unexpected i n -  1 )  S o l i t a r y  fa rm no p i t - l a t r i n e s  
f l u e n c e  on hand1 i n g  schemes and t e c h n i c a l  s o l u t i o n s .  2 )  Farm, c a t t l e ,  gardens, no p i t - l a t r i n e s  
It may f o r  example be f o r b i d d e n  t o  handel n i g h t - s o i l  w i t h  3)  Dense farming area, p i t - l a t r i n e s  
some equipment by  s p e c i a l  people o r  i t  may be i m ~ o s s i b l e  4 )  Dense v i l l a g e ,  p i t - l a t r i n e s  and l e a c h i n g  t renches .  
t o  d ispose o f  i t  i n  some areas o r  t o  go t o  extremes i t  

may n o t  be p o s s i b l e  t o  handle n i g h t - s o i l  on t h e  whole. 



The n i t r o g e n  c o n t e n t  i n  w e l l  wa te r  g i v e s  a  good i n d i c a -  

t i o n  o f  t h e  amount o f  n i g h t - s o i l  d e p o s i t i o n  under t h e  

ground sur face .  Whether t h e  n. i t rogen i s  harmful  o f  n o t  

f o r  t h e  human b e i n g  i s  ques t ionab le .  For  example i n  

Botswana h i g h  l e v e l s  have been recorded  w i t h  a l a r m i n g  

imp1 i c a t i o n s  f o r  t h e  h e a l t h  o f  v e r y  young c h i l d r e n .  

Ni t rosoamines a r e  suspected t o  be cancerogenous. A  h i g h  

n i t r o g e n  c o n t e n t  a l s o  i n d i c a t e s  a  f a e c a l  b a c t e r i a l  

p o l l u t i o n  o f  ground water. 

A  compost l a t r i n e  p reven ts  t h e  n i t r o g e n  l e a k i n g  t o  t h e  

ground water .  It produces i n s t e a d  a  s a n i t a r y  accep tab le  

m a t e r i a l  w i t h  a  good f e r t i l i z i n g  e f f e c t .  

P r o i e c t  Tunis 

The Swedish I n t e r n a t i o n a l  Development A u t h o r i t y  (SIDA) 

decided i n  1977 t o  i n v e s t i g a t e  t h e  p o s s i b i l i t i e s  o f  

s t a r t i n g  a p p l i e d  exper imenta l  work i n  Tunis.  The f i r s t '  

v i s i t  made i t  p l a i n  t h a t  t h e  t e c h n i c a l  c o n d i t i o n s  were 

n o t  unfavourable.  It was p o s s i b l e  i n  t h e  area t o  f i n d  

s i t e s  w i t h  d i f f e r e n c e s  i n  temperature and a i r  h u m i d i t y  

t o  i n v e s t i g a t e  t h e  i n f l u e n c e  on t h e  mo is tu re  c o n t e n t  o f  

t h e  compost. 

The c u l t u r a l  and s o c i a l  c o n d i t i o n s  seemed favourab le ,  

b u t  t o  a v o i d  mistakes as above a  s p e c i a l  s o c i o l o g i c a l  

s tudy  was suggested. Th is  was done d u r i n g  1978. 

The s tudy  was done b y  s tuden ts  i n t e r v i e w i n g  f a m i l i e s  

i n  recognized areas. The main p o i n t s  i n  t h e  fo rm were: 

1. The s t r u c t u r e  o f  the  f a m i l y  

2. Economical s t r u c t u r e  

3. Hyg ien ic  s tandard  o f  t h e  house 

a )  o r d e r  o f  precedence o f  requi rements 

b )  l a t r i n e  h a b i t s  o f  to-day 

c )  s a n i t a r y  h a b i t s  and wate r  

d)  s a n i t a r y  h a b i t s  and r e f u s e  

e)  a t t i t u d e s  t o  compost l a t r i n e s .  

Some q u e s t i j n s  were pene t ra ted  i n  more d e t a i l ,  e  g: 

3b. c o n s t r u c t i o n  o f  l a t r i n e ,  h a b i t s  o f  d i f f e r e n t  

members o f  t h e  f a m i l y ,  use o f  n i g h t - s o i l  as f e r t i -  

1  i z e r ,  

3c. amounts o f  wa te r  used i n  f a m i l y ,  wa te r  f o r  washing 

up, wa te r  f o r  c lean ing-ba th ing  e l d e r l y  and babies,  

wa te r  use i n  connec t ion  w i t h  p rayers ,  w a t e r  use 

by l a t r i n e  v i s i t s ,  e f f l u e n t  d isposa l ,  

3d. r e f u s e  handing, amounts and c o n s t i t u e n t s  o f  r e -  

fuse,  o r g a n i c  and i n o r g a n i c  m a t e r i a l s ,  occurence 

o f  p l a s t i c s ,  b o t t l e s  and cans. 

A n a l y s i s  o f  t h e  essembled da ta  gave i n t e r e s t i n g  in fo rma-  

t i o n  f o r  example. 

The water-use made by p rayers  on r e l i g i o u s  occasions 

was moderately,and u s u a l l y  t h e  waste wa te r  was d isposed 

v i a  t h e  l a t r i n e .  

The r e f u s e  was u s u a l l y  c o l l e c t e d  and fermentated and 

thus n o t  mixed w i t h  p l a s t i c s ,  g lass  'and cans which o f  

course i s  a  good h a b i t  b e n e f i t i n g  t h e  c o m p o s t - l a t r i n e .  

I n  ano ther  area t h e r e  was a  b i g  demand f o r  a  separa te  

l a t r i n e  f o r  each p l o t ,  b o t h  f o r  convenience and s a n i t a r y  

reasons. 

The psycho-socia l  c o n d i t i o n s  o f  c r e a t i n g  c o m p o s t - l a t r i n e s  

To accept  a  t e c h n o l o g i c a l  i n n o v a t i o n  i t  must correspond 

t o  a  requi rement .  Th is  requi rement  can be c l e a r l y  p ro -  

nounced o r  i t  can a l s o  be o f  l a t e n t  c h a r a c t e r  i n  which 

case i t must be awakaned and fo rmu la ted .  

The i n n o v a t i o n  can l e a d  t o  a  s i t u a t i o n  when t h e  u s e r  

must change h i s  h a b i t s  t o  g e t  t h e  compost l a t r i n e  

work ing w e l l .  T h i s  must be i n  agreement w i t h  t h e  demand 

t o  reach a  way o f  l i v i n g  which i s  i n  l i n e  w i t h  t h e  de- 

s i r e d  modernized way o f  l i v i n g .  

Some k i n d  o f  o r i e n t a t i o n  and educa t ion  i s  thus  e s s e n t i a l  

t o  g e t  new l a t r i n e  f a c i l i t y  models developed f o r  t h e  

f a m i l i e s  i n v o l v e d .  These models w i l l  undoubte ly  produce 

new c u l t u r a l  p a t t e r n s  which f o r  a  l o n g  t i m e  w i l l  c o n t r o l  

f u t u r e  l i v i n g  h a b i t s .  

Thus a  programne has been e s t a b l i s h e d ,  n o t  o n l y  t o  

f o l l o w  t h e  t e c h n i c a l  f u n c t i o n  o f  t h e  compost l a t r i n e s ,  

b u t  a l s o  t o  g i v e  an understanding o f  t h e  invo lvement  o f  

t h e  f a c i l i t y  t o  t h e  users.  E s s e n t i a l  changes i n  t h e '  

s o c i a l  p a t t e r n s  w i l l  be f o l l o w e d  by s o c i a l  workers,  

so t h a t  i t  w i l l  be p o s s i b l e  t o  v a r y  d i f f e r e n t  t e c h n i c a l  

c o n d i t i o n s  t o  g e t  t h e  process t o  work w e l l .  

Thus we hope, n o t  o n l y ,  t o  have t h e  t e c h n i c a l  c o n d i t i o n s  

under c o n t r o l  b u t  a l s o  t h e  c u l t u r a l  and s o c i a l  aspects.  

I n  one o f  t h e  areas t h e  community s t i m u l a t e d  t o  home- 

c o n s t r u c t i o n  o f  l a t r i n e s ,  t h e  problems be ing  o f  f i n a n -  

c i a l  c h a r a c t e r  rang ing  f rom c o n s i d e r a t i o n  of  space r e -  

qui rements and t h e  use o f  t h e  n i g h t - s o i l  as f e r t i l i z e r .  



Summary 

P i t  l a t r i n e s  i n v o l v e  a  hazard o f  leakage t o  t h e  ground 

wate r  where n i t r o g e n  i s  t h e  dominat ing p o l l u t e r  and 

t r a c e r .  A  h i g h  n i t r o g e n c o n t e n t  a l s o  i n d i c a t e s  a  r i s k  

f o r  patogen con tamina t ion .  One way t o  p reven t  t h e  leakage 

i s  t o  i n s t a l l  composting t y p e  l a t r i n e s .  

To i n t r o d u c e  a  t e c h n i c a l  i n n o v a t i o n  i s  n o t  o n l y  a  

q u e s t i o n  o f  c r e a t i n g  an awareness o f  t h e  c o n d i t i o n s  

g i v e n  by  n a t u r e  such as g e o l o g i c a l ,  h y d r o l o g i c a l ,  

c l i m a t o l o g i c a l  and e c o l o g i c a l  c o n d i t i o n s ,  b u t  a l s o  a  

q u e s t i o n  o f  c o n s i d e r i n g  s o c i a l  and c u l t u r a l  i m p l i c a t i o n s .  

A  succes fu l  exper iment  w i t h  composting l a t r i n e s  must 

t h e r e f o r e  be founded n o t  o n l y  on t e c h n i c a l l y  sound 

p r i n c i p l e s  b u t  a l s o  on t h e  user -s  c u l t u r a l  a t t i t u d e s .  

An i n v e s t i g a t i o n  has been s t a r t e d  t h a t  h o p e f u l l y  w i l l  

make as many c o n s i t i o n s  as p o s s i b l e  f a v o u r a b l e  f o r  a  

successfu l  s a n i t a r y  s o l u t i o n  a t  exper iment  s i t e s  i n  

Tunis.  
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Appropriate technologies  f o r  water  supply and waste 

d i s p o s a l  

John M .  Kalbermatten, Senior  Adviser ,  Water and 

Wastes Acvicory S t a f f ,  World Bank 

This paper i s  w r i t t e n  on reques t  from t h e  8 t h  C I B  

congress.  It i s  g i v i n g  a  b r i e f  review of t h e  World 

Bank r e s e a r c h  p r o j e c t  on water  supply and waste d i s -  

posa l .  

Improvements i n  water supply and s a n i t a t i o n  a r e  

fundamental t o  any s t r a t e m  t o  r a i s e  t h e  l i v i n g  s tand-  

a r d s  of poor households. On c u r r e n t  e s t  imates , i t  
would c o s t  a t  l e a s t  ~ S $ 6 0  b i l l i o n  t o  provide conven- 

t i o n a l  sewerage f a c i l i t i e s .  Low c o s t  methods of pro- 

v i d i n g  adequate s e ~ i c e s  a r e  urgent ly  needed. 

The Bank undertook t h i s  two y e a r  r e s e a r c h  p r o j e c t  

wi th  t h e  broad o b j e c t i v e  of improving i t s  a b i l i t y  t o  

d i r e c t  t h e  b e n e f i t s  of i t s  water  supply and s a n i t a t i o n  

loans t o  t h e  poor. The p r o j e c t  s t u d i e d  t h e  t e c h n i c a l  

and economic f e a s i b i l i t y  of op t ions  f o r  water  supply 

and waste d i s p o s a l ,  and analyzed t h e  ecocomic, environ- 

mental and s o c i o l o g i c a l  e f f e c t s  of u s i n g  var ious  t e c h -  

no logies  f o r  conserving water  and d ispos ing  and r e -  

claiming u a s t e s .  It a l s o  reviewed t h e  scope f o r  i m -  

proving e x i s t i n g  in te rmedia te  t e c h n o l o g i e s ,  t o  make 

them acceptab le  t o  consumers and more e a s i l y  t r a n s f e r -  

a b l e  f o r  use i n  o t h e r  a r e a s .  F i e l d  i n v e s t i g a t i o n s  were 

made i n  four teen  c o u n t r i e s .  I n  e v a l u a t i n g  technologies ,  

emphasis was given t o  t h e  a b i l i t y  and w i l l i n g n e s s  of 

consumers t o  pay f o r  t h e  system, r e a l  o r  perceived i m -  

prcvements i n  h e a l t h  and l i v i n g  c o n d i t i o n s ,  and any 

obs tac les  t o  adapta t ion  f o r  use i n  o t h e r  communities. 

The p r o j e c t  found t h a t  e igh t  d i s t i n c t  technologies 

could. be recommended, under s p e c i f i e d  condi t ions  , f o r  

developing c o u n t r i e s .  Improved des igns  have been pre-  

pared f o r  s e v e r a l  o f  t h e s e  t e c h n o l o g i e s ,  and protype 

" s a n i t a t i o n  sequences" developed,  according t o  which 

a  community begins wi th  a  low cos t  system and upgrades 

it a s  i t s  income l e v e l s  and s e r v i c e  demands i n c r e a s e .  

Early i n  t h e  p r o j e c t  a  comprehensive bibl iography 

on Low Cost Technology Options f o r  S a n i t a t i o n :  A S t a t e  

of t h e  A r t  Review and Annotated Bibliography was pre- 

pared by t h e  I n t e r n a t  ion Development Research Cent r e  

(Ottawa).  The Ross I n s t i t u t e  o f  Tropica l  Medicine a l s o  

took p a r t  i n  t h e  p r o j e c t ,  p repar ing  a  comprehensive 

re fe rence  work on Heal th  Aspects o f  Excreta and Waste- 

Water Management, s h o r t l y  t o  be published by t h e  Johns 

Hopkins Univers i ty  Press .  The c l a s s i f i c a t i o n  of  

e x c r e t a ~ r e l a t e d  d i s e a s e s  i n  t h i s  manual should make it 

p o s s i b l e  f o r  p r o j e c t  engineers t o  t r a n s l a t e  t h e  r e s u l t s  

of a  community h e a l t h p r o f i l e  i n t o  t h e . d e s i g n  of s m i -  

t a t i o n  measures which can break  t h e  t ransmiss ion  pro- 

cesses  of t h e  l o c a l l y  important  d i s e a s e s .  The o t h e r  

major r e p o r t s  of t h e  s t u d y ,  ~ p p r o p r i a t e  S a n i t a t i o n  

u r n a t  i v e s  : A Technical  and ~conomic  Appra isa l  and 

Appropriate S a n i t a t i o n  A l t e r n a t i v e s  : A F i e l d  Manual, 

w i l l  a l s o  s h o r t l y  be published by Johns Hopkins Uni- 

v e r s i t y  Press .  

Because t h e  r e s e a r c h  had such immediate re levance  t o  

o p e r a t i o n s ,  v igorours  e f f o r t s  were made t o  d i ssemina te  

t h e  r e s u l t s  a s  they  became a v a i l a b l e .  The des ign  of 

t h e  p r o j e c t  emphasized t h e  ~ a r t i c i p a t i o n  o f  n a t i o n a l s  

of developing c o u n t r i e s ;  each of  t h e  main c a s e  s t u d i e s  

r e l i e d  heavi ly  on l o c a l  e n g i n e e r s ,  economists o r  be- 

h a v i o r a l  s c i e n t i s t s  f o r  t h e  c o l l e c t i o n  and ana lyses  o f  

d a t a .  This  f a c i l i t a t e d  t h e  e a r l y  t r a n s f e r  og know- 

ledge  and techniques .  The p r o j e c t  r e s u l t s  have been 

presen ted  a t  numerous seminars f o r  Back s t a f f ,  and 

a l s o  a t  conferences of p r o f e s s i o n a l  a s s o c i a t i o n s ,  s o  

a s  t o  reach t h e  i n t e r n a t i o n a l  c o n s u l t i n g  p r o f e s s i o n ,  

whose members a r e  s t i l l  r e s p o n s i b l e  f c r  t h e  des ign  

of most e x t e r n a l l y  f inanced water  and s a n i t a t i o n  pro- 

j e c t s  i n  developing c o u n t r i e s .  E f f o r t s  t o  reach  dc- 

ve loping  country p r a c t i t i o n e r s  d i r e c t l y  have inc luded  

a  f o u r  day workshop i n  Egypt f o r  t o p  o f f i c i a l s  of 

n a t i o n a l  and s t a t e  h e a l t h  m i n i s t r i e s ;  p a r t i c i p a t i o n  by 

Bank s t a f f  i n  t h e  Government of  India/World ~ e a l t h  

Organizat ion Workshop on t h e  I n t e r n a t i o n a l  f i r inking 

Water Supply and S a n i t a t i o n  Decade; a  seminar f o r  t h e  

P h i l i p p i n e  Local Water U t i l i t i e s  Administrat ion S t a f f ,  

and a  one day workshop fo l lowing  t h e  Symposium on 

Engineering,  Science and Medicine i n  the Prevent ion  of  

Tropica l  Water-Related Disease held i n  London, which 

a t t r a c t e d  a  wide range of  p a r t i c i p a n t s  from deve loping  

c o u n t r i e s .  Funding was approved i n  October 1979 f o r  

t h e  production of  t r a i n i n g  m a t e r i a l s  based on t h e  

r e s u l t s  of t h e  p r o j e c t  ( s e e  no tes  on "Dissemination 

A c t i v i t i e s "  i n  t h i s  i s s u e ) .  

Governments and t h e  development community appear t o  

have r e a c t e d  very  favourably t o  t h e  r e s u l t s  o f  t h e  

research .  Follow-up work i s  now i n  progress ,  whereby 

a  c o r e  team of s a n i t a r y  engineers ,  h e d l t h  s p e c i a l i s t s  

and behaviora l  s c i e n t i s t s  i s  h e l p i n g  t o  deve lop  low 

cos t  water  and s a n i t a t i o n  programs i n  twelve c o u n t r i e s ,  

with funding from t h e  UN Development Program. Various 

o t h e r  a g e n c i e s ,  inc lud ing  t h e  World Bank, Canadian 

I n t e r n a t i o n a l  Development Agency, and UNICEF, a r e  

c o n t r i b u t i n g  t o  t h e  implementation of demonstrat i o n  

p r o j e c t s  and s a n i t a t i o n  programs. S e v e r a l  of  t h e  

c o n s u l t a n t s  who p a r t i c i p a t e d  i n  t h e  r e s e a r c h  a r e  now 

involved i n  t h e s e  p r o j e c t s .  
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SUBJECT 
suJET 5B 

....................................................... On examine pour chaque aspect (soumission par exemple) 

L'informatique dans l'entreprise de construction. les diffgrentes 6tapes ngcessaires, notarmnent : 

Quelques informations avant de se d6cider .... - verification du m6trg 
....................................................... - dgcoupe en postes de travail 
Jean Fassin, inggnieur - estimation des rendements et consommations 

Chef du Dgpartement Gestion des entreprises du Centre - Gvaluation des prix ou demande de prix 
Scientifique et Technique de la Construction, Bruxelles, - estimation du prix sec 
Belgique. ..... 

Pour chaque Gtape identifige, on note les personnes 

responsables et les documents ou renseignements sur les- 

Introduction 

The price of data-processing equipment has been falling 

steadily, and it is now becoming possible for an 

increasing number of construction firms to consider 

acquiring such equipment. 

However before action is taken careful reflection 

should be made to ensure that two requirements are 

fulfilled : 

- the firm must be sufficiently we.11 organized to be 

able to make effective use of the computer, 

-the equipment must suit the needs of the firm. 

We shall make an attempt to clarify these points. 

1. Introduction 

Les prix des Gquipements informatiques baissant de fa- 

qon regdiere, il devient possible pour un nombre 

croissant d'entreprises de construction d'envisager 

leur acquisition. 

Toutefois, une telle opgration doit Stre miirement rg- 

flgchie pour rgpondre 3 deux exigences : 

- l'entreprise doit Gtre suffisamment organisge pour 

utiliser l'ordinateur efficacement, 

- l'equipement doit Stre adapt6 aux besoins de l'entre- 

 rise. 

quels on s'appuie. Grdce 3 cette analyse, on a une des- 

cription trSs claire des circuits de renseignements; on 

mesure ggalement l'utilite des documents existants dans 

l'entreprise en voyant B quoi ils servent. 

Rappelons qu'il n'est utile de mener une telle analyse 

9:s pour les procgdures qui sont satisfaisantes en vue 

de les expliquer ulterieurement au prograrmneur. 

2 . 2  Souhaits d'organisation 

La direction peut profiter de 116v6nement pour amglio- 

rer certaines mgthodes d'organisation. En remissant 

les responsables, on peut dgfinir une nouvelle maniere 

de proceder et la complgter par les documents ndcessai- 

res. L'idgal serait de tester cette nouvelle proc6dure 

manuellement, ce qui n'est pas toujours possible. 

2 . 3  Prgparation i une informatisation eventuelle ............................................ 

I1 convient dlStre bien conscient que l'ordinateur ne 

pourra fournir des Gtats utiles que si les renseigne- 

ments ngcessaires sont collect~s. I1 y a 12 un pro- 

bleme d'gducation du personnel. 

A l'inverse, il est ngfaste d'exiger des renseigne- 

ments qui ne peuvent Stre fournis correctement par le 

personnel (p.ex. un pointage avec des postes trop 

fouill6s). Li encore, l'analyse effectuBe permet de 

mieux realiser le volume et la facilits d'obtenir les 

Nous allons tenter de prgciser ces aspects. donnees . 
Un second point est de prgciser la forme de prBsenta- 

tion des rgsultats ou rapports.souhait6s. Ceci est une 
2. Organisation de l'entreprise 

aide appreciable lors de la programmation et Bvite de 
2.1 zo_nctionnement actuei 

nombreuses dgconvenues . 
La premiPre chose i faire est d'identifier et de dB- 

Enfin, pour les problsmes oCi l'entreprise envisage 
crire les circuits d'organisation et de renseignements 

le recours i l'informatique, un ordre chronologique ou 

qui fonctionnent correctement dans ltentreprise. En une priorit6 est des plus utiles. En rffet, il sera 

effet, il ne sert 5 rien de chercher 2 introduire de prudent de procgder par Gtapes. Ici encore, ces prio- 

nouvelles procedures ou habitudes de travail si ce qui ritgs seront fixges a priori selon les besoins de l'en- 

est en place est satisfaisant. Ainsi, toutes les me- treprise et non en fonction des possibilites de l'gqui- 

thodes utilisdes dans l'entreprise doivent Stre exami- pement (ou les programmes disponibles). 

nees, celles qui sont satisfaisantes seront maintenues 

(l'ordinateur devra les assurer sans perturbation). 3 .  Applications possibles 

Parmi ces mgthodes de travail, citons : Nous allons citer les principales applications possi- 

- les soumissions bles en nous referant aux priorites fixees par un 

- les commandes de matgriaux, leur facturation 

- le contr6le des coiits 

- le calcul des salaires 

groupe d'eitrepreneurs. 

3 . 1  gg~m~~~e des coGta-~_e-~~_antiers 
Ceci va impliquer principalement : 

- la comptabilitg ggnsrale. - l'enregistrement des heures prestBes par les ouvriers, 
Une liste plus complete en sera donnee au point 3 .  par poste, la comparaison aux budgets 



- la concordance des factures de matgriaux et sous- 

traitants avec les livraisons et les conditions de com- 

mande 

- l'enregistrement des prestations du matgriel et le 

contr6le du tarif. 

3.2 Le-calcul-des_salai-r_esS_et-_aee_oi~tern~_"Ls 
Ceci implique llenreg.istrement journalier des heures 

prestges par ouvrier. 

3 .  L_es-Ct~~s-dl_a~_ancement-_et-l_es fac tu_r_e~-_a_u_x_clients 

3 . 4  Les soumissions 

Ceci avec la possibilitg 

- de se rgf6rer B des postes internes de l'entreprise 
- d'obtenir les budgets d1ex6cution pour le contrsle. 

3 . 5  L g - c ~ ~ p t g b i ~ i t g - g g _ " g ~ g ~ _ e  
Ceci avec tous les contr6les des pikes comptables, le 

suivi des comptes clients et fournisseurs. 

3 . 6  La gestion financizre --- ----------------- 
On peut aborder les aspects suivants : 

- prgvision mensuelle de trcsorerie 

- contr6le de rentabilit6 d'entreprise 
- prgvision annuelle et d6cisions de ressources finan- 

ciPres, objectifs de march6. 

3 . 7  _La-~?mgtabilit6 analytiw_e 

Ce qui implique la ventilation des recettes et dgbours 

par chantier et service, le contr6le des frais ggn6raux 

d'entreprise et leur couverture. 

3 . 8  Pla'iijcation ges chantiers 
- Analyse des travaux 

- Affectation possible du personnel et du matgriel de 
l'entreprise 

- Calcul possible des dates de fournitures et d'inter- 

vention des sous-traitants 

- Planification B court terme et rgactualisation du 
planning 

- Planning d'occupation de la main-d'oeuvre et du oat+ 
riel au niveau de l'entreprise. 

3.9  L_a-geqtion-des-st_o~:ks 
La faible priorit6 de cette application provient du 

fait que peu d'entreprises constituent des stocks de 

matgriaux ou de piPces de rechange. Les aspects sui- 

vants peuvent Stre abord6s : 

- inventaire permanent 
- livraisons aux chantiers 
- calcul du prix unitaire. 
En vue de dgterminer l'ordre d'implantation souhait6 

dans l'entreprise, on s'inspirera des deux arguments 

suivants : 

- consid6rer les travaux obligatoires (salaires, TVA, 

Gtats d'avancement, ... ) 
- augmenter l'efficacit6 de l'entreprise, en particu- 
lier en fixant des objectifs plus pr6cis (budgets heu- 

res d'exGcution, planification, trgsorerie, commandes 

dans les dglais, . . .) 
L'gtat d'organisation de l'entreprise et ses possibi- 

lit6s d'6volution fixeront en fait cet ordre d'implan- 

tation. 

4. L'ordinateur 

En dehors des prouesses techniques auxquefles les cons- 

tructeurs font volontiers refgrence, une serie de points 

sont B consid6rer en vue d'orienter le choix. 

4 . 1 .  Le hardware ou ce que les Franqais appellent la --- 
quincaillerie. Actuellement, il y a peu d'inquigtudes 

B avoir h ce sujet, la fiabilit6 6tant bonne. Ce dont 

il faut se preoccuper est la pogsibjlit6 d'extension. 
' 

En effet, en vue d'stre concurrentiels, les construc- 

teurs proposeront 116quipement qui suffira strictement 

aux exigences de d6part. I1 est certain qu'aprss quel- 

ques annges, vos besoins vont croitre et des extensions 

seront n6cessaires. DPs lors, il convient au depart de 

se prgoccuper des extensions maximales possibles de 

1'6quipement pr6sent6 (nombre d'gcrans, memoire cen- 

trale, disques). Si cet Gquipement est satur6, certains 

constructeurs peuvent proposer un autre equipement de 

la msme s6rie qui soit entisrement compatible quant aux 

programmes de l'utilisateur. 

4 . 2 .  La plupart des 6quipements permettent le traite- --- 
ment en temps rgel, c'est-A-dire d'une manisre interac- 

tive avec l'utilisateur. Ce dialogue s'effectue le plus 

souvent 3 l'aide d'un 6cran. 11 y a deux avantages 

principaux B ce mode interactif : 

- l'utilisateur a une r6ponse au moment oii il est con- 
front6 h la question. Auparavant, il fallait remplir 

des formulaires et attendre le lendemain pour avoir une 

r6ponse. De plus, en cas d'erreur des donnges, la r6- 

ponse 6tait postpos6e d'une nouvelle journ6e. Grsce B 

ce dialogue, 11entr6e des donn6es est grandement facili- 

t6e et une sgrie d'erreurs est immsdiatement d6tectGe. 

- on gvite le passage par une perforatrice qui ignore 
ce qu'elle encode et ne peut donc corriger des erreurs 

d16criture. 

I1 reste toujours possible pour de gros volumes d'avoir 

recours A une dactylo entrain6e h cet effet (par exem- 

ple, pour enregistrer les intitul6s des postes d'un mg- 

tr6). 

4 . 3  Lss-~f~grammss-!u-s~st?rn_e 
Le constructeur accompagne son Gquipement d'une s6rie 

de programmes de base du systPme, qui vont faciliter le 

travail de l'utilisateur. Parmi ceux-ci citons : 

- les langages Evolu6s mis h disposition de l'utilisa- 

teur : Cobol, Basic, RPG, ... 
- la gestion du formattage d'entr6e 
- la gestion des fichiers: dGfinition, accPs, modifica- 
tion d'enregistrements. Sur ce point surtout, de gran- 

des differences existent. 

- la possibilitg d'interrogation d'un fichier (query) 

qui permet de sglectionner un groupe d'enregistrements 

selon des critPres non fix& d'avance 

- des programmes dt61aboration de rapports (facilite la 
mise en page d'gditions souhaitges) 

- des programmes de traitement de textes, en vue de fa- 

ciliter des corrections ou modifications (peut servir B 

l'envoi de lettres types) 

- la possibilitg de se connecter 2 d'autres gquipements 

(en vue d'utiliser des programmes peu courants ou 

d'avoir accSs h des fichiers). 



Les trois premiers points sont d'une importance capitale 

pour la facilitg d'emploi et de programation du systs- 

me. 

4 . 4  Bib_li?Lh?qu_e_is-~_r2gr_arnm_es. 
Certains constructeurs proposent Ggalement des program- 

mes pour des applications ~r6cises (rEponses au point 3). 

I1 convient de ne pas s'arrster au titre du programme 

mais de s'interroger sur son contenu et s'assurer qu'il 

rgpond bien aux souhaits de votre entreprise. 

4 . 5 .  Parmi les applications souhaitges par l'entre- ---- 
preneur, un certain nombre resteront h programer. 

Quelle est la solution offerte par le constructeur ? 

Accepte-t-il de prendre une part de responsabilitg dans 

leur glaboration ? L'offre faite, l'est-elle h un prix 

forfaitaire ? Le constructeur se contente-t-il de vous 

proposer des cours de formation en vous laissant le soin 

de dsvelopper vos programmes ? 

I1 convient ici dlCtre tres prudent et de ne pas sous- 

estimer la charge de travail d'une telle mise au poini 

Certains constructeurs ont des "Clubs d'utilisateurs" 

qui permettent d'gchanger des expgriences et parfois 

des programmes. A moins de disposer de services infor- 

matiques puissants h l'intgrieur de llentreprise, il 

est prgfgrable de pouvoir s'appuyer sur un groupe pro- 

fessionnel qui vous permettra de progresser plus rapi- 

dement et vous gvitera des mises 2 jour pgnibles (taux 

de charges sociales, rgglementation comptable, ...). 
En tout gtat de cause, il est recommand6 de passer un 

contrat global pour l'gquipement et les programmes, ce 

qui vous donne un prix du service effectif avec des ga- 

rarities. 

4 . 6  La-ma!nLenance-de-lIP~_ui~sm_en~ 
Un gquipement ordinateur ngcessite une maintenance rg- 

guliPre et, malgrg cela, n'est pas 2 l'abri d'une panne. 

Quelle est la durge avant l'intervention de l'gquipe de 

dgpannage ? Quelle est la sgcuritg proposge par le 

constructeur en cas de panne prolong6e de deux ou trois 

jours par exemple ? Ceci peut conduire h de graves 

problsmes en cas de paiement de salaires en particulier. 

4 . 7 .  Le coot 

Le prix d'investissement est le plus gvident, toutefois, 

le coot total est de deux i trois fois plus 6lev6. Le 

co;t total comporte : 

- la maintenance (de 8  h 10 % de l'investissement par 

an) 
- le local 

- la programmation 
- le software du systsme. 

4 . 8  Le.dPlai de fourniture 

Enfin, dans certains cas, le d6lai de fourniture peut 

Stre un handicap pour l'entreprise en retardant son 

Pvolution. Des dPlais de 3 2 5 mois peuvent Stre con- 

sider& c o m e  normaux. 

5 .  Le choix 

Plusieurs approches sont possibles en vue d'aboutir 

un choix. La plus simple est de procgder par glimina- 

tions successives. On se fixe quelques critSres essen- 

tiels concernant 

- l'gquipement 

- les programmes 

et on examine les offres. Celles qui ne rgpondent pas 

sont gliminges. Pour les Gquipements retenus, on gla- 

bore un tableau cornparatif qui permet d'avoir une vue 

d'ensemble de tous les critsres. A ce moment, on com- 

plPte par l'aspect commercial en formulant le prix de 

la mCme manisre pour tous les concurrents. 

6. Conclusion 

Le but du recours h l'ordinateur doit Stre de limiter 

le personnel administratif et l'encadrement technique 

tout en ayant une rneilleure gestion. Ceci est possible 

car une s6rie de tdches d'intendance sont assurges par 

l'ordinateur et l'efficacitg du personnel en est accrue. 

Une amglioration de l'organisation est le fondement 

d'une meilleure rentabilitg de l'entreprise. Et l'or- 

ganisation passe par les homes avant de pouvoir s'ai- 

der de l'informatique. 
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R L ~  
Dans l'eqxse, en partant des m-ts de l'inmva- 

tion e t  l ' expr ta t ion  dans l a  ccnstruction, on f a i t  

me jus t i f ica t im du service de l ' a q r h t  p u r  les 

muveaut6s technique chez les pays en d 6 v e l o ~ t  

aux situations econaniques differen- correspondant 

plus ou min 3 l'a-t ewop5e.n. On propose aussi 

un d l  d'un sys- d ' a q r h t  convenable pour l a  

Turquie. Et  on l e  prgvoit dans une union r6gional 

d q ~ t  ayant l e  butde p m t i o n  du service 

d'entreprise 3 l16tranger. 

Q,-'=Y 
This paper, ming  from the develqrrent of innaration 

ard expr ta t ion  in  construction, just if ies  the system 

of "AqrSwnt" for  technical novelties in  developing 

anmtries of different  e c o d c a l  situations, cor- 

respndmg m r e  or  less to 'the W e s t  European "Aqrhtl 's. 

Here is also proposed a convenient d e l  for  Turkey, 

ard th is  lrodel is foreseen in regional union for  

"Ag-Awnt", vocative of p m t i o n  of enterprise in 

foreign countries. 

0. Introduction 

A l'entri5 du 3eme dixaine de dhlop-t mndial, 

en tenant onpte l a  faiblesse du q e n  de croissance 

emmdcpe  en 1978 e t  79 (4% e t  3% &ciprcqwmmt), 

faisons l 'attention des cbjectifs de dh loppx ten t  

pdincipaux surlesquelles accentuent les orqanisations 

internationaux ou r-5gionaux carme Banque mndial, K W ~ ,  

l a  Canf6 ren~  Islamique, GWT,. UNca\D, WEP, U N I r n ,  

CNW-surtout par 1' intemMiaire de Conference de l a  

CqSra t ion  Technique entre les Pays en Developpmmt 

(TUX21 e t  Conference de Science e t  Wdmologie pour le 

~ l o p p e m n t  (UNSKD)- e t  IPIIIX, dans l a  cadre de l a  Mu- 

velle O d r e  Eccncmtque Internatianal (1974) e t  de l a  Mu- 

velle S t r a w i e  International pour Wivelcppermmt (1979), 

signalant l'augmntation de l'interd+endance entre l e  

Sud et Nord: 

a)  transfsre des s0ur-c~ e t  q e n .  substentiels du Nord 

au Sud , 

l1ab&iation est tenu en englais 

b) aide e t  e r a t i o n  scientifique e t  technique pour 

sud, 

C) aide pour l ' industr ial isat ion du Sud 

d) Mvelcppemnt de connercialisation international. 

Les cbject ifs  consistent 3 auqenter  l a  place de produits 

industrialises 3 l 'origine de Sud dans l e  total mndial  

du 9% au 25% jusqu'a 2000 e t  l e  niveau de axmerciali- 

sation dans l e  n&w suje t  e t  cadance, de 4% au 16%. Et  

on vise nib un balance comnercial nib dans l e  secteur 

industrialis6 entre l e  Sud e t  Nord en 2000. 

D'autre part  on c i t e  les autres cbjectifs de d h l o p p e  

ment sp5cialement pour les pays industrialis&: 

i. t ransfomtion  tec hnologique 

ii, aevat ion  de prduction (manque de m i n  d' muvre) 

iii. efficacit6 dans l ' u t i l i s a t i on  de ressources 

Dans touts ces cbjectifs, les  mweaux f acteurs de 

croissance 6osncnnique KDT (Knmledge, Organisation, 

Technologie) s m t  dominants par rapport aux facteurs 

physiques LCR (Labour, Capital, Fessource) . La partici- 

pation du XDT au croissance repfisente 65 - 75%,tandis 

que LCR 25 - 35%- 

Paxmis les mesures ou recamanelations de f i a l i s a t i m  

de ces objectifs on p u t  c i t e r  l e  ford d i a l  de 1' 

UNIIX, qui a de vocation d'industrialiser l e  SLKI, l e  

fond de ~'UNSTCD qui support el^ ins t i tu ts  a w  coopera- 

t i m  technologique e t  industriel entre les pays en d e v e  

loppmmt, l ' i n s t i t u t  International de Technologie 

Industriel mnqu de l a  part UNIIX, e t  les  recammdation 

de l a  Plan d'Action de TCDC: 

R11, Encourager CcqSration Technique entre les pays en 

developpement par les  orqanisations professionelles e t  

tedlniqueso 

R15. Rimforcer les  ins t i tu ts  e t  organisations r6gional 

pour les activi tss  du EE. 

Tout ces '&ches s e  r-rcutent evidemnt dans l e  sec- 

t eu r  du m t r u c t i o n  qui  s ' industr ial ise e t  axmercialise 

plus en plus. La construction prend un place inportante 

dans l'bconanie avec l e  10-20% du PNB e t  plus l a  m i t i 6  

de to ta l i t6  des i n v e s t i s s m t s .  Elle errploie aussi l e  

15% de l ' e f fec t i f  total de l a  mirrd'muvrr. ~ ' e n j e u  

est du t a i l l e  aux r6prcussions econmique consid6rables. 

Dans et expos8 on propose une orqanisation sp6ciali- 

s& pour l e  pays en d6veloppernent e t  son union regional 

intercpwern-tal que ont des missions en voie de rea- 

lisation des c b p c t i f s  et se  f a i t  des n-esures ci&s ci- 

dessus, 

1, Deux 6wmnaents dans l a  secteur du construction: 

i n m a t i o n  - exportation 

Le de- m i t i 6  de 2 O k  side est devenu 1'8re 

du innovation dans l a  construction. Le d f s  sout ci- 

dessous : 

a) llcbligence de llaugnentation de productiviM: l e  

mi s sance  de dermnde dfl au D e u x i b  &re Imndia1,puis 

au prhccupation avec les problkmes de Sud, qui a u q m t e  

avec llinkrdepandance exit+ entre l e  Sud et  l e  Nord par 



l a  valorisation du matiere p r e m i h  a i n s i  que l e  source 

e t  au croissance d&mgra£ique de S d .  D1apr8s un re- 

cherche de Peter Adamon, pour NU, de groupe de l'uni- 

versi t6  pour 3Bne ntmde, l e  besoines prirrordiaux pour 

l e  nrmde sont  l a  nourriture, l'eau, l e  soigne s a n i W ,  

l e  loganent, l 'education e t  le ' t ravai l .  Le 1-t 

p m d  place entre  eux , c ' e s t  3 dins l a  construction. 

D1apr8s un p r o g r m  de UNICEF dans 15ans (f partir '76) 

on a prevu procurer les besoins prinordiaux d'un millard 

de gens qui  en sont presque depourvus. Seullernent pour 

les habiter on d o i t  construire 200 millions de lcgmt 

dans 15 ans, en tenant mnpte du w e n  de dimention de 

farrille de Sud 3 cirque personnes. C'est 3 d i r e  mt- 

mire 14,5 millions par ans. En constatant l 'enpleur 

de d e m d e  il fau t  trower l e s  mweaux p r d e s .  

b) %pondre aux exigenc* de l ' u t i l i s a t e ~ :  ~ujourd 'hui  

l'hcarme veut trouver 1s amdit ions de confort qu i  ne 

changent pas dans tout  l e  mnde, dans l e  milieu M t i .  

C'est a d i r e  nous devont m t m i r e  en assurant les p< - 
f o m c e s  exiges chez les B l h n t s  du Mtiment. Cela 

invi te  aussi  des muveaut.6~. 

C) Econanker e t  rendre eff icace les u t i l i sa t ion  des so- 

urces pour attgnuer l a  pressians inf la t ionis tes .  C' f f i t  

vu r6al iser  a l a  f o i s  par les amceptions e t  p&& 

mweaux. 

d) Les e f for t s  de pramtione de l'exprtatim dans l a  

construction. Exporter l e  s a w i r e f a i r e ,  des services 

de project,  d'entreprise e t  des prcduits pour construire 

dans l e  milieu different  et l'obligence des transporta- 

t ion a long distance proucquent les muveauGs. Tous 

ces noweautes entrainent gBneralerrent l a  construction 

3 l ' industr ia l isat ion.  I1 y a aussi  les freins  a l'innova- 

tion, puis a l ' indus t r ia l i sa t im:  l a  d q l m t a t i o n  e t  

l ' insuffisance de se r ie  de praluct im.  

R e t o m n s  a l ' q t a t i o n  qui n'a pas vu un 6panuis- 

s e n t  d e s S .  I1 y a deux entraves principaux qui in- 

terresent l e  milieu de construction: (1) l a  faiblesse 

de la valeur au poi& des produits, qui s'appaise plus 

en plus avec les p r c b l k  afferant  l 'energie e t  (2) l a  

differance entre  les rZqlent2ntations nationaux e t  r&e 

lo~aux .  D'autre p a r t  il y a des b a r r i a e s  ccmnerciaux 

ta r i fa i res  e t  norr tar i faires  qui  mnptent quelques en- 

taines. Mais aujourd'hui il y a certaines m t i f s  princi- 

paux qui poussent l a  construction a l'exprtatim: L'un 

est l a  r-Scessim de secteur au nord dG 3 la sa t i s fac t ion  

de march6 e t  l a  hausse de pr ix  m t i h  premi&e;llautre 

est les 6 c h e s  q u i  consiste a dBveloppement de Sud e t  

l ' a t t rac t ion  de m c h e s  du pays riches du petrol  q u i l e u r  

marquent +&ralement de savo%faire. Bien que les xra- 

t i f s  mteurs, l e  axmere international des p r a l u i t  de 

construction n 'entre  que pour une fa ib le  prt-g6n&rale- 

mt inferieure a 5%- dans l e  volume total du a m e r c e  

international de l a  plupart des pays eur@ens. MSm en 

tenant mnpte des recet tes  p v e n a n t  de l a  mte des 

brevets, des services professionnels e t  des ac t iv i tes  

des entrepreneurs en dehors de leur  propre pays, l a  

contribution du secteur de l a  construction au m r c e  

w i e u r  demure proportionnellernent b e a m u p  plus 

faible  que s a  contr ibut im au prcduit.  national b ru t  

( l o  - 20%). 

La hausse trk mxquBe des coots r e l a t i f s  de 1'6nergie 

a p r o w  l 'auqrentation des coats des transports,  tou t  

particuli&-ement des transports rout iers  e t  ferroviaires .  

Cette hausse tax? a diminuer l e  canmerce des maeriaux 

de construction qu i  ont me fa ib le  valeur au poids e t  1 

renforcer en revanche l a  tendance au develcppement du 

ccmnerce des mat6riaux fabriques, des machines e t  des 

W p e w n t s  qui on t  une for te  valeur au poids. L ' a t t r a i t  

emnomique d'un caprmerce portant sur l a  technique plu t6 t  

que s u r  l e s  m t k i a u x  a i n s i  que les avantages des inves- 

tissements d i rec t s  ou de l a  p r i se  de' par t ic ipat ion dans 

l a  prcductim locale des mt6riaux de m t r u c t i o n  s 'en 

t roweront  beaucoup renfords .  Malgre tous cela  les ac- 

t i v i G s  des entrepreneurs inportants (voir l e  Tableau V) 

1 l 'etranger  ne repssan ten t  que 5% dans l e  v o l m  t o t a l  

du m c e  international.  Tandis que les p d u i t s  les 

prcduits industr ie ls  y represantent plus 50%. 

Pour s m n t e r  l 'entrave de rSglementation, on s ' e f -  

force l e s  rendre internationaux, au min r6gionaux par 

l a  voie de l a  muvelle conception de Ziqlement au base 

fonctionnel ou bien "au base de perfolmence" au l i e u  de 

"descriptive". Au milieu de W C E E ,  NKB, CX3-I e t  der- 

n i k t  dans l a  cadre de CCE on a d u a  acmnpli  b~- 

mup progr6. Mais cela  n ' es t  pas f a c i l  3 aboutir e t  les 

appliquer. Parce que tou t  d'abord l a  v6rification des 

rZqlmts/&%!§&?% niveau de connaisance assez elev6 

chez l e s  technissiens de l a  construction e t  des 6puipe 

mts d'essais  importants. 

Alors, que f a i r e  pour l a  pramtion de canmeroe? I1 y a 

mille des chauses a s m n t e r  t a n t  f inanciel  e t  admi- 

n i s t r a t i f s  que techniques. En t a n t  que techniciens, on 

propose l e  s y s t h  d ~ a g r h t ' ~ )  tedmique pour favori- 

ser l e s  muveaut.6~ dans l a  construction v i s  a v i s  de l a  

rZqlemantation t rad i t ione l le  e t  l 'union de l ' a q r h t  

rggional pour p r o m m i r e  l ' e q o r t a t i o n  en rendant va- 

lable  les noweautBs au m i n  dans l e  niveau r6gional. 

2. P r q x s i t i o n  s u r  les ncdalit6s de "l'a-t" con- 

able pour les pays en developpglwts 

C'Btait  jus t  a l e d m a i n  du a m m n c m a t  de l'industri- 

a l i s a t i m  dans l e  bltiment, l e  besoine de llapp&ciation 

e t  l 'appmbation des pro&d& e t  produits non-traditiow 

nel entraine les plusparts des pays dlEurcpe occidental 

-et dern ibenxmt  1'Afrique de Sd-  a organiser son s e  

vice d l " A g r h t "  tecfinique dans l a  amstruction. D1apr& 

l e  SystPme en France qu i  est pr6curseur dans ce dcmaine, 

"l 'agr6wnt" est un jugement £ o m 1 6  par un axmission 

mns t i tue  de l a  p a r t  de tous  rep&santant de la wnstrw- 

tion, en mati&-e de l 'apt i tude 3 l 'enploi  des procSd&, 

mtikiaux,  B l h t s  ou &@enmts u t i l i s e s  dans l a  am- 

struct ion lorsque leur noweaut6 ou c e l l e  de l ' a p l o i  

qui en est f a i t ,  n'en permet pas encore l a  nonmlisaticn , 
r6glementatim. Les plus-part en t re  e l l e s  s'exercent au 

(x) Dans ce texte le mt d'"agr(ment" n'a pas l e  sans 
s t r i c t ,  il couvre touts les sens oil on l ' u t i l i s e  en 
Eurcpe de llOuest en mti&-e de nouveaut6s dans a ams-  
truction ainsi que 1'Avis Technique en France. 



sein des inst i tute de recherche sur l a  construction. Ces 

institutions o n t f a i t  l a  CzcpSration en 1960, afin de 

cr&r leur union r6gi-1: mAtc 

Elles ontvue ou voient des d i f i c a t i o n s .  Par exerrple 

en France l ' a g r h t  technique" qui Qtait plus *ant 

dans l a  secteur wtrefois. s'est converti 3 "l 'avis  tech- 

nique" depuis 1971. I1 t r a i t a i t  les suje t  seulement 

m-tradit ionnel  mis maintenant les nouveau- 

t&. D' autre part en GrandeBretagne, un grpupe d'6tude 

s p k i a l  vient de demander que l e  Ccmit6 d t A g r k t  so i t  

absorb6 par un autre organism plus irrportant come l e  

BRE, La National Building Agency on British Standard 

Institution. M&w on cherche l a  m u r e  dans l a  quelle 

"11agr6wnt"s pourraient ou devraient f a i r  part ie inGg- 

rante des code ou rSgl-ts nationaux. Et M a l e  de r+ 

cession dans l a  construction, l e  d k l o p p m n t  dlaqr+ 

mt ne cesse pas; en France cert if icats  dla@ment at- 

te in t  vers 1900. 

h tant qu'un l a  certification ou bien un avis, l'ag- 

r h t  a un cote de l'application Sfsrent ie l le :  les 

n o m ,  les r&lan t s ,des  exigences les directifs  axlr 

rn servent l a  base pour accorder un agcSmnt. Un autre 

cot6 de 11agr6wnt, comne les autres cert if icats ,  e s t  

processus de jestion de qualit6: control e t  assurance 

de qualit6 (llag-r&nmt suivi e t  marqu6) . 
Avant d'aborder l a  question de l ' a g r k t  pour les pays 

en d6velopFt, cela vaut m t e r  ce que l1ag&mnt e m  

p6en p r h c u p e  de l 'eff icacite de technologie e t  du qua- 

l i t 6  de produit nowel plust6t que l a  tedmologie ou 

bien l e  produit apprupriC 3 l'economie. Seul-t dans 

l ' a r g t k  de l ' a g r h m t  ancien (1958) en Prance on par- 

l a i t  de "l 'ut i l isat ion rationnelle de l a  min-d' muvre 

e t  mt iSre  premier&. Puis, chez les pays industrialls6s 

l ' ivolution d'a-t doit  3 l'atondance de p-6 e t  

produit non-traditionelle e t  son mission p r m r d i a l l e  

amsiste 3 les  identifier e t  6valuer au prof i t  de p m  

ducteur, entrepreneur, l e  p m t e u r  e t  l 'ut i l isateur.  

"L'aqrihmt" pour les pays en develqpmmt aussi 

doit  avoir la n & ~  mission premikemnt, mais il y a les 

autres, dues 3 certaine situation 6conunique, que l'ag- 

mt asswe. Dans l e  tableau I on r6capitule l a  cor- 

&lation entre les pays par cat6gorie 6conomique e t  le 

urs situatians m a n t e s  d'oa sortent les mission d'ag- 

rQnent e t  on arrive quelque type de l ' a g r h n t  par exem 

ple P X D .  C'est une sorte de justification dlag-r&nmt 
par cat6gorie de pays en & v e l c p v t ,  une &sum& de 

sa  mission principaux . Prencm de l ' agrhsnt  dans un 

systgre ~ & e  les situation principaux de l a  l"uquie, 

l e  Tableau I1 ficapitule les oriqines de requisition de 

l ' a g r h t  ou bien seul-t l ' av is  e t  les milieux qui 

sont susceptible d'en exiger. 

Quand son chanp d'application, qen6rall-t pour, 

tous les  pays en d e v e l v t ,  on p&it q u ' i l  ne 

couvre pas s e u l m t  l e  M t b t ,  qu ' i l  s'occupe de 1' 

e r iv i ronnmt  M t i s  e t  de l'infrastructure. Les noweau- 

Ms chez ces secteurs s'influencent. On a besoin trans- 

f6re de amnaissance entre eux. L'exigence de l'hcmrre se 

&borde de l ' intkrieur 3 l'extCrieur. L'autrefois l a  na- 

ture peut arriver 3 satisfaire l'horme 3 l'exl&ieur,mais 

mintenant les harmes doivent arranger l ' e n v h m n t .  

Tableau I- Les types de service d 1 A ~ t  pour l a  

construction par rapport 3 l a  situation 6conaniq-w 

du Pays, 

Encourrager les  noweautks 
les rendre acceptable dans 
l e  m c h 6  e t  sawgarder 
les  consonateurs 

logic approprik 

ionis, pour substition 

l 'aide de 1'Ctat e t  les  
c&it organis6s 

Exportation de savoir- 
fa i re  des produits e t  
des services de prcr 
ject e t  d'entreprise 
Irrportation de savoir- 
fa i re  des produits e t  
des services de p r c ~  
ject e t  d'entreprise 
Privation ou l a m e  de 
r 6 a l m t a t i o n  

D'autre par toutes les dispositions qui ne sontpas de- 

 enu us l e  su je t  de r6gl-tation en vigeur, peuvent Qtre 

l e  sujet  de l 1 a g ~ t  atant l e  d&arche de l u i  r 6 q l e  

rrenter qui risque ou bien peut Qtre  long. Came nous 

avons d6ja indiqu6, l e  pmpri6tG l e  plus accentu6de 

sujet  de l ' a g r b t  est de nouveaut6. Le Tableau I11 

prssente l e  d m i n e s  de noweaut6 dans l e  bStirrent, 

constitu6s pas seulement des p r d d 6 s  e t  produits de 

construction, m i s  de dthodes de conception ou calcule 

aussi. Enfin l e s  prc&%s traditionels 6valu6s aussi 

so t crorpt6s amw l e  sujet  d ' a g r h n t  pas s e u l m t  les 

p r d 6 s  industrialis&. Doncla d-~arrps d'application, 

peut Stre entour6e dans un damin beaucoup plus large 

que celui de l ' a g r h n t  eurcp6e.n. 

Nous citons les missions indirectes e t  laGraux que 

l ' a g r h t  sera acampli ou darra a c a q l i r .  

. Stimuler e t  encourraqer les noweautes 

. S f i n i r  des axes technologiques dans l a  construction 

pour 1 ' avenir e t  d' a p r k  eux organiser les concourts 

afin de 1s hliser. 

. Concrgtiser les r e s u l t a + ~  de recherche 

. Devai- un ;atre cl'information etl dmmE~tation qui 

f a i t  l a  collection, collaticm e t  c:lassification des mu- 

vautes dans l a  construction. 

. m e r  l ' i n f o m t i o n  pour l ' e n s e i q n m t  e t  pour l e  

milie>&cherche dans l e  b%tirnsnt 

. Donner l e  d o m t  pour les aqence de technologie 

'TLpe de de s y s t . 8 ~  de 
l'agx6tsnt pour les 
pays en dsveloppemnt 

X 

A B C  

x 

x 

D 

x 

x 

X 



. P m m i r  l ' e f f o r t  pour Qtablissmt de Irkgl-* formit6 ?i certaines facteurs Bbsnanique. Par  ex., 1' 

t ion sur  l a  base du f o n e t i o n n m t .  optimisation de l ' u t i l i s a t i on  de ressource nature1 (o9ut 

. Servir axme rSglement de construction dans l e  pays d10pportuni6),l 'bchele optinwoe de d a l i s a t i m  en site, 

od il n'y a prGsque pas r2qlerrentation traditionnele. l e  quantite ?i capital  intansif ou ?i mains' c~vrue in- 

I1 faut accentuer su r  certains natures de llaqr&rent tensif ,  l e  type de source d'Bnergie e t  1'Bconanie d '  

pour l e s  pays en d w e l o p m t :  L 'agrhsn t  do i t  devenir bnergie (Dans l e  bztiment on consarrme 3540% de 1'- 

un instnment cam-e support de l 'b ta t .  I1 doi t  financer gie  t o t a l  w n s d  dans l e  rmnde e t  en 2000, on v ise  que 

par l '&ta t .  On discute si e q u ' i l  s o i t  facul tat i f  ou 50% de l 'bnergie &concmis6e dans l e  no*, s e  d a l i s e r a  

ob l igabi re ,  e t  si ce q u ' i l  do i t  b t re  indicatif ou im dans secteur batiment e t  ses services relat ives.  

posant . 

Tableau 11-CDdlation entre l e s  d a ~ n d e u r s  de 1'ag-r-S- 
r en t  ou l ' av i s  e t  l e s  milieus r e l a t i f s  ?i l a  construction 
pour lesquelles ils disposent,chez l e  s y s t k  d l a @ m t ( A ) .  

I 

l ' av i s  

l e  milieu 
de l a  cons- 

ou l ' av i s  pour les 
noweaues 

Y I I I 

Camoerce exGrieur  e t  
int6rieur pour les pro- 

Bureau d'btude techni- 
gue 
Mditre d'ouvrage 

Inst i tut ion de cr6dit  

(x)Etablisserrwt de 
po l i t iqw e t  de pl-a- 
nification 
(x)&canisrne de pn-  

X 

Entreprise t rava i l lan t  
avec l e  p d d 6  d'aut- 
mi ( 2  11int6rieur  e t  

x 

(x) l e  milieu oil peut s e  contenter d'avis. 

X 

f e r t  de l a  technologic 
appraprik 

Les c r i e r e  d'gvaluation de l1aqr6mmt pour l e s  pays 

en d6veloppemnt s e  grow e n w t r e :  

i) L'aptitude 3 l 'emploi par rappart l e s  exigenoes uti- 

l isateurs  (voir  "ISO Rles exigences h m i n e s  e t  M d e  de 

X X  

x .  

Tableau 111- h%rc-roatrix pour les dornaines des n0UVeaI.I- 
6 s  susceptibles de se f i ve l e r  dans l a  construction 

X 

x 

x x  

x x  

m5tode de conception 
m5tode de calculation 
m5tode de llap&ciation 
rapide du mat e t  
m5tode de 1'6tablisSenEnt 

x 

x 

de devis 
(2)  
nt5tode de &rif icat ion e t  

d'essai de *cif ication 
(3)  

X 

production en usine 

x 

transportation (mte r i e l s  
aha l lages)  
75) 

(4) I I I I I  

X 

r6alisation en s i t e  

(6 )  

:;""tion 1 1 1 11 
6limination des dbchets, 
d6struction, d u t i l i s a t i o n ,  
recyclage pour (3) , (5) , I6)  

x 

x 

exploitation e t  
entret ient  
(7) 

TableauTJ reprkente  un s y s h  d'a-t au type (A) 

par exemple pour l a  Turquie. On trow q u ' i l  vaut mieux 

l e  ncmrer par l a  service de 1'"Identification & Evalua- 

tion" (I & E) pour l e s  noweau6 dans l a  construction 

X X X  

x x  

Les m i n i s e e  e t  l ' i n s t i t u t i on  de recherche qui s'occu- 

pent de l a  construction in i t ibera  son b t a b l i s s m t .  I1 

d6cerne l a  c e r t i f i c a t  (ou bien doammt) de l"'l&En na- 

t ional  ou r6gional ou bien s e u l m t  l ' av i s ,  ?i l'interest 

x 

X 

x x  

x 

x 

P e r f o m c e  dans l e  S t iment  de CSTC) pour certaine service, qu i  ne seront pas publib. Le cont- 

ii) Les exigences contructives: l e  s inpl ici t6,  l'inter- role e t  l'assurance ne sont pas p&vu dans l e  service 

changeabiliG, l e  flexibili*, l a  pr6vention d'accident de 11"1 &En.  

etc. C m m  just i f icat ion de 1'"I &E" pour l a  Turquie quel- 

iii) La protection d'environnenwt: l e  brui t ,  1161imins ques chiffres  d r i t e n t  dlZtre c i tes :  On a constate 73 

x 

x 

t ion de dechets, l a  dbstruction, l a  f iu t i l i sa t ion ,  l e  f b s  de amstruction qui  s1int6ressent aux pm&d& 

recyclage, l a  d6terioration micmbiolcgique, l a  rad iw mu veaux ( industr ial isb)  . Parmi eux 40 ont  constnkent 

x 

ac t iv i t6  etc .  actuel lemnt,  avec les p d d b  btrangers, ayant p rof i te r  
iv )  Les chject ifs  Bconcmique de dbveloppement *iondl 

ou national: L ' a g r k t  n ' es t  pas un bvaluation de pm- (x) L'auteur t rava i l le  su r  ce s u j e t  3 1 ' Ins t i tue  du 
ject  d ' i n v e s s m t  mis on doi t  prendre en a x p t e  sa corr Fecherche du S t b e n t .  

x 




















