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PREFACE 

In January 1975, IIASA initiated a research 
program designed to integrate regional energy and 
environmental management from a systems 
perspective. Regional as used here, is not 
limited to subnational or multi-nation areas; 
rather it refers to a geographic region, 
appropriately bounded so that it is possible to 
speak of energy and environmental systems, either 
from a physical, socio-economic, or administrative 
perspective, or from all three. A regional -- - rather 
than global perspective has been employed because 
many of--the significant social and environmental 
consequences of energy systems are best analysed 
within the context of a specific region. This 
study, housed within IIASA's Resources and 
Environment Area, complements IIASA's ongoing 
Energy Systems Program which focuses primarily on 
global aspects of energy. 

Four main regional case studies have been 
carried out within the framework of the study. The 
work originated at the University of Wisconsin- 
Madison with a policy-oriented study of energy 
systems in the State of Wisconsin, USA. It was 
extended within a comparative framework at IIASA 
to include the German Democratic Republic, Rhone- 
Alpes (France), and Wisconsin. The most recent 
study has been of Austria. The research has been 
directed both toward methods and policy analysis, 
in an effort to bridge the gap between the 
practitioner. and the client of applied systems 
analysis. 

In the process of describing and 
disseminating the results of this research. IIASA 
has become aware of the breadth of interest and 
expertise of our audience. For example, some 
individuals are interested in mathematical 
details, computer software data requirements, 
etc., whereas others seek only the policy 
implications of the results. With these broad 
interests in mind, we have structured our 
reporting to meet the needs of four audience 
groups : 



1 Policy- and Decision-makers 

2 Energy/Environment manasers, planners, and 
technical advisors 

3 Modellers and analysts 

4 Computer systems specialists and 
programmers. 

This report is addressed primarily to groups 
3 and 4 above. It describes a residential end-use 
energy model for Austria. Although this paper 
explicitly describes the model version operable at 
IIASA and applied to the Austrian case study, it 
also provides a general approach for analysing the 
residential sector in a variety of regions. A 
detailed listing of this model, data bases, 
parameter description, and a sample run are 
available in the form of an internal IIASA Working 
Paper (WP - 78 - 60, IIASA) . In addition, through 
an interinstitutional cooperation, the model has 
been transferred to the computer facilities of the 
Verbundgesellschaf t (the Austrian Electric Utility 
Association) . 

Two additional IIASA documents related to 
this report are: 

Foell, W.K. et-al., Assessment - .- -. - - - of - - Alternative - - - - - - - 
Energy/Environment - - - Futures -- - - -- for Austria: - - 1977 . -- - 
z 1 5 ,  RR-79-00, International Institute for 
Applied Systems Analysis, Laxenburg, Austria, 
1979 , forthcoming. 
This report provides a description of the IIASA 
policy-oriented case study of Austria; 

Foell. W K., et. al. A - Family of - - Models .- for -- 
Regional - - - - -  Energy/Envirgnment & n a l y g j  
(forthcoming), International Institute for Applied 
Systems Analysis, Laxenburg, Austria, 1979 
This report provides an overview of the approach 
and the models used in the regional case studies. 

Other previous IIASA publications from the 
project are listed at the end of the report. 

W.K Foell 
December, 1978 



R E S I D E N T I A L  ENERGY USE - MODEL FOR - A U S T R I A  (HEUMA) 

ABSTRACT 

The r e s i d e n t i a l  energy use model is  a 
computer s imulat ion model, which c a l c u l a t e s  the  
annual end use energy demand fo r  t h e  r e s i d e n t i a l  
sec to r  Any s imulat ion per iod up t o  50 years  can 
be chosen. The model is  s t r u c t u r e d  around t h e  
housing s tock and i ts components of change, which 
a r e  annual cons t ruc t i on ,  demol i t ion and 
r e t r o f i t t i n g .  The model is  l inked t o  a  populat ion 
model which p rov ides ,  a s  a  major d r i v i ng  func t i on ,  
t h e  number of households f o r  each s imulat ion yea r .  
Energy use f o r  space and water hea t ing  is 
ca lcu la ted  fo r  seven energy types by using 
parameters such a s  f l oo rspace ,  hea t  l o s s ,  hea t ing  
hours ,  hot  water demand and appl iance e f f i c i e n c y .  
Energy demand from four teen  o the r  app l iances  is 
ca l cu la ted  from t h e  f r a c t i o n  of households owning 
each appl iance and t h e  average energy use per 
app l iance .  The housing s tock is broken down i n t o  
twelve home types and t h e  parameters mentioned 
above r e f l e c t  t h e  c h a r a c t e r i s t i c s  of each home 
type 

Census d a t a  a r e  used a s  an i n i t i a l  re fe rence  
po in t .  A l t e rna t i ve  scenar ios  can be c rea ted  w i t h  
d i f f e r i n g  assumptions concerning f u t u r e  
techno log ica l ,  economic, environmental and 
l i f e s t y l e  changes so  t h a t  a  v a r i e t y  of a l t e r n a t i v e  
f u t u r e s  may be analysed.  





The a u t h o r  is i n d e b t e d  t o  s e v e r a l  i n d i v i d u a l s  f o r  t h e i r  a i d  i n  
c a r r y i n g  o u t  t h i s  r e s e a r c h .  I would l i k e  t o  t h a n k  e s p e c i a l l y  
L o r e t t a  Hervey ( I IASA)  f o r  p r o v i d i n g  v a l u a b l e  a s s i s t a n c e  i n  t h e  
e d i t i n g  p r o c e s s  and A l o i s  H o e l z l  ( I IASA) f o r  w r i t i n g  t h e  p rog ram 
t o  s i m u l a t e  f u e l  s u b s t i t u t i o n  p r o c e s s e s .  I would a l s o  l i k e  t o  
t h a n k  He len  Maidment f o r  h e r  h e l p f u l  comments on a n  e a r l i e r  d r a f t  
o f  t h i s  p a p e r .  A s p e c i a l  n o t e  o f  g r a t i t u d e  g o e s  t o  Anton To i -  
f e l h a r d t  f o r  h i s  c o n t r i b u t i o n  i n  g e t t i n g  REUMA r u n n i n g .  F i n a l l y ,  
I am i n d e b t e d  t o  J a c k i e  a u e h r i n g ,  Robin Denn i s  and  W.K. F o e l l  f o r  
making h e l 2 f u l  comments on tne l a s t  d r a f t  o f  t h i s  p a p e r .  
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RESIDEN'I'IAL - - ENERGY - USE MODEL - FOR AUSTRIA - (REUMA) 

I n t r o d u c t i o n  - - - - . - . - - . - - - 

Between t h e  end o f  World War I1 and t h e  e a r l y  1 9 7 0 ' ~ ~  
r e s i d e n t i a l  e n e r g y  u s e  i n  A u s t r i a  grew s t e a d i l y  due  t o  
g r o w t h  i n  p o p u l a t i o n ,  h o u s e h o l d s ,  income,  and t h e  r e l a t i v e  
d e c l i n e  i n  r e t a i l  f u e l  p r i c e s .  Energy  consuming h o u s e h o l d  
d e v i c e s  were i n t r o d u c e d  on a  b road  s c a l e .  A t  p r e s e n t  
r e s i d e n t i a l  end-use  e n e r g y  a c c o u n t s  f o r  a p p r o x i m a t e l y  2 2 %  
p e r c e n t  o f  t o t a l  end u s e  e n e r g y  i n  A u s t r i a .  [ l ]  

Du r i ng  t h e  p a s t  few y e a r s ,  however ,  a  number o f  f o r c e s  
have  emerged t h a t  may s i g n i f i c a n t l y  a l t e r  h i s t o r i c a l  t r e n d s .  
R e s i d e n t i a l  f u e l  p r i c e s  have begun t o  i n c r e a s e  and i n  
a d d i t i o n  t o  t h e  economic  p r e s s u r e  o f  r i s i n g  p r i c e s ,  a  number 
o f  i n s t i t u t i o n a l  e f f o r t s  t o  r e d u c e  r e s i d e n t i a l  e n e r g y  
consump t i on  have been s t a r t e d  on v a r i o u s  l e v e l s .  

The R e s i d e n t i a l  Energy  Use Model f o r  A u s t r i a  (REUMA) 
p r o v i d e s  a  s y s t e m a t i c  f ramework f o r  a n a l y s i s  o f  r e s i d e n t i a l  
e n e r g y  consump t i on  based  upon p h y s i c a l  c h a r a c t e r i s t i c s  and a  
h i g h  d e g r e e  o f  d i s a g g r e g a t i o n  o f  t h e  h o u s i n g  s t o c k .  REUMA 
p r o v i d e s  t h e  means t o  answer  many s p e c i f i c  e n e r g y  q u e s t i o n s  
t h a t  d e c i s i o n  makers  a r e  conce rned  w i t h .  

The f i r s t  v e r s i o n  o f  t h e  r e s i d e n t i a l  model was 
d e v e l o p e d  a t  t h e  U n i v e r s i t y  o f  W i s c o n s i n  [ 2 ] .  The model h a s  
been  e x t e n d e d  and g e n e r a l i z e d  a t  IIASA [ 3 ]  f o r  u s e  i n  a n  
Energy /Env i ronment  s t u d y  on A u s t r i a  [ 4 ] .  A l t hough  t h i s  
p a p e r  e x p l i c i t l y  d e s c r i b e s  t h e  v e r s i o n  o p e r a b l e  a t  IIASA and 
a p p l i e d  t o  t h e  A u s t r i a n  c a s e  s t u d y ,  it p r o v i d e s  a  g e n e r a l  
d e s c r i p t i o n  o f  how t h e  r e s i d e n t i a l  s e c t o r  c a n  b e  a n a l y s e d  i n  
a  v a r i e t y  o f  r e g i o n s .  

I n  s e c t i o n  1 o f  t h i s  r e p o r t  p o s s i b l e  a p p r o a c h e s  t o  t h e  
s i m u l a t i o n  o f  r e s i d e n t i a l  e n e r g y  demand a r e  d i s c u s s e d .  I n  
s e c t i o n  2 t h e  p u r p o s e  o f  t h e  model and  i t s  a d a p t i o n  f o r  
a l t e r n a t i v e  f u t u r e s  is d e s c r i b e d .  I n  s e c t i o n  3 t h e  g e n e r a l  
s t r u c t u r e  of t h e  mode l ,  a s s u m p t i o n s ,  s c e n a r i o  r e s u l t s ,  f l o w  
d i a g r a m s ,  f u n c t i o n a l  r e l a t i o n s h i p s ,  and  l i m i t a t i o n s  a r e  
e x p l a i n e d .  I n  s e c t i o n  4  s e n s i t i v i t y  s t u d i e s  c o n c e r n i n g  
improved i n s u l a t i o n  and  a p p l i c a t i o n  o f  s o l a r  h e a t  a r e  
c o n s i d e r e d  i n  d e t a i l .  I n  s e c t i o n  5 a g g r e g a t e d  r e s u l t  f o r  
o n e  s c e n a r i o  a r e  p r e s e n t e d .  

A Work ing - h p e r  w i l l  be  p u b l i s h e d  i n  c o n n e c t i o n  w i t h  
t h i s  r e p o r t  ( I IASA, WP-78- 6 0  R e s i d e n t i a l  - Energy  Use - Model 
f o r  A u s t r i a  - - REUMA) .  I t  i n c l u d e s :  



- A b l o c k  d i ag ram o f  t h e  mode l ,  t h e  p r i n c i p l e  f l o w  
d i a g r a m s ;  

- A d e s c r i p t i o n  o f  t h e  g e n e r a l  a p p r o a c h  used t o  
s p e c i f y  f u e l  s u b s t i t u t i o n s ;  

- I n p u t - ,  o u t p u t - ,  and w o r k f i l e s ;  A l is t  o f  a l l  
s u b r o u t i n e s ,  t h e i r  f u n c t i o n ,  u s a g e ,  and t h e  
o t h e r  s u b r o u t i n e s  t h e y  c a l l ;  A l i s t i n g  o f  t h e  
p rog ram,  w i t h  s u b r o u t i n e s  i n  a l p h a b e t i c a l  o r d e r ;  

- An a l p h a b e t i c a l  l i s t  o f  a l l  p a r a m e t e r s  used i n  
t h e  mode l ,  and a  comprehens i ve  p a r a m e t e r  
d e s c r i p t i o n ;  

- An example o f  t h e  d a t a  i n p u t  f i l e  " r d a t a b a s e " ,  
and a  samp le  r u n .  

1 T j p e s  o f  R e s i d e n t i a l  Ene rgy  Use Models - - - - - - - - - -- - -- - - -  --- 

V a r i o u s  methods can  be a p p l i e d  f o r  t h e  p r o j e c t i o n  o f  
r e s i d e n t i a l  e n e r g y  u s e .  I n  g e n e r a l ,  t h e y  c a n  be c l a s s i f i e d  
a s  e i t h e r  e n g i n e e r i n g  t y p e  mode l s ,  economic  t y p e  mode l s  o r  
e n g i n e e r i n g  - economic  t y p e  mode ls .  

E n q i n e e r  i n q  Type Models -- - -- - - -- 

T h i s  t y p e  o f  a p p r o a c h  r e l i e s  on p h y s i c a l ,  q u a n t i f i a b l e  
c h a r a c t e r i s t i c s ,  s u c h  a s  t h e  number o f  homes, t h e i r  a g e ,  
t h e r m a l  i n t e g r i t y ,  t h e  k i n d  o f  f u e l s  u s e d ,  h e a t i n g  d e g r e e  
d a y s ,  e t c . ,  and some k i n d  o f  p o p u l a t i o n  p r o j e c t i o n .  On t h e  
b a s i s  of  t h i s  i n p u t ,  d e m o l i t i o n  and c o n s t r u c t i o n  o f  homes is 
s i m u l a t e d .  The h o u s i n g  s t o c k  is u s u a l l y  b roken  down i n t o  
home t y p e s  ( e . g .  s i n g l e  f a m i l y  homes, a p a r t m e n t s )  and t h e  
f r a c t i o n  o f  homes owning e a c h  a p p l i a n c e  and  t h e  a v e r a g e  
e n e r g y  u s e  p e r  a p p l i a n c e  a r e  m u l t i p l i e d  by t h e  number o f  
homes t o  d e r i v e  t h e  e n e r g y  consump t i on  by e n e r g y  t y p e .  

B e h a v i o r a l  c h a r a c t e r i s t i c s  a r e  r e p r e s e n t e d  t o  a  l e s s e r  
d e g r e e  i n  t h e s e  t y p e  o f  mode l s .  T r e n d s  t oward  c e r t a i n  k i n d s  
o f  e n e r g y  o r  c e r t a i n  t y p e s  o f  a p p l i a n c e s  a r e  e x o g e n o u s l y  
d e t e r m i n e d  by t h e  u s e r  of  t h e  model on t h e  b a s i s  o f  time 
s e r i e s  a n a l y s i s  and b e s t  g u e s s e s  a b o u t  f u t u r e  e n e r g y  p r i c e s  
and  a v a i l a b i l i t y .  



The advantage of t h i s  type of model i s  i t s  bas ic  
s i m p l i c i t y .  S t r u c t u r e  and r e s u l t s  can be e a s i l y  conveyed t o  
d i f f e r i n g  c l i e n t s  and the  genera l  pub l i c .  I t  is  usefu l  t o  
eva lua te  engineer ing p r o j e c t s  which a re  based on s i n g l e  
housing u n i t s ,  e .  g .  l a r g e  s c a l e  r e t r o f i t t i n g  programs, 
s i n c e  the  model keeps t rack  of t h e  number and age of homes 
and the  number of appl iances.  Th is  f e a t u r e  makes it a l s o  
poss ib le  t o  become aware of time l a g s  f o r  rep lac ing  outworn 
equipment or r e t r o f i t t i n g  a  l a rge  housing s tock .  The model 
represented i n  t h i s  paper is a engineer ing type model. 

The l i m i t a t i o n  of engineer ing type models is the 
absence of e x p l i c i t  economic parameters,  such as  consumer 
responses t o  p r i c e  or income changes with regard t o  energy 
consumption p a t t e r n s .  

Economic -.-- -- - TyQe Models 

Economic approaches at tempt t o  exp la in  energy 
consumption of a  c e r t a i n  f u e l  a s  a  funct ion of parameters 
such a s  r e a l  d isposable  income, temperature c o e f f i c i e n t s ,  
demand and p r i c e  of t he  f u e l .  The method employed i s  an 
empi r i ca l  i nves t i ga t i on  of time s e r i e s  and the  ca l cu la t i on  
of c o r r e l a t i o n  c o e f f i c i e n t s  [ S ]  . Pr i ce ,  income 
e l a s t i c i t i e s ,  and c ross  e l a s t i c i t i e s  a re  ca l cu la ted .  This 
approach has l i m i t a t i o n s  fo r  medium t o  long term model 
s imu la t ions  because it t r e a t s  f u t u r e  consumption i n  terms of 
h i s t o r i c a l  time s e r i e s ,  when s c a r c i t y  of energy and 
environmental cons idera t ions  were not important i ssues .  
Technical components of energy consumption i . e .  c o n s t r a i n t s  
of ma te r ia l s  and time lags  a r e  not t r e a t e d .  I t  can be 
argued t h a t  with the  expected s c a r c i t y  of resources an 
opt imal  s o c i e t a l  use of energy is requi red and t h a t  a  
regu la t i ng  fo rce  other  than mere p r i c e  s i g n a l s  could be 
introduced t o  encourage consumers t o  save energy ( e .  g. 
energy consumption in  wel l - insu la ted bu i ld ings  is remarkably 
lower and does not  involve change i n  t h e  r e l a t i o n s h i p  
between the  p r i c e  of f u e l  and income). 

When cons ider ing the  micro-economic approach t o  the  
problem of energy use,  one has t o  take i n t o  account t h a t  t h e  
market p r i c e  of energy hard ly  r e f l e c t s  t h e  c o s t s ,  b e n e f i t s  
and the s c a r c i t y  of energy resources such a s  o i l  and n a t u r a l  
gas .  Di f fer ing p r i c e s  for  a  given energy type,  e .  g .  higher 
p r i c e s  fo r  peak demand of e l e c t r i c i t y  or l a r g e  use rs  a r e  
d i f f i c u l t  t o  t r e a t .  



Enf ineer ing -Economic  Type Models - - . - - -  .-  

The e n g i n e e r i n g - e c o n o m i c  t y p e  o f  mode l s  a t t e m t s  t o  
combine t h e  meri ts  o f  t h e  e n g i n e e r i n g  and economic  
a p p r o a c h e s .  An example  o f  t h i s  t y p e  o f  model  is a  
c o m p r e h e n s i v e  e n g i n e e r i n g - e c o n o m i c  compute r  s i m u l a t i o n  model 
d e v e l o p e d  by E. Hirs t  e t  a l .  [ 6 1 .  The model  c o n s i s t s  o f  
t h r e e  componen ts .  The f i r s t  e s t i m a t e s  s t o c k s  o f  o c c u p i e d  
h o u s i n g  u n i t s  by t y p e .  The second  component  is t h e  
e l a s t i c i t y  e s t i m a t o r ;  t h i s  p rogram c a l c u l a t e s  p r i c e  and 
income e l a s t i c i t i e s  o f  t h r e e  ma jo r  h o u s e h o l d  f u e l s  
( e l e c t r i c i t y ,  g a s  and  o i l )  f o r  e a c h  o f  s i x  end  u s e s  ( s p a c e  
h e a t i n g ,  water h e a t i n g ,  r e f r i g e r a t i o n ,  c o o k i n g ,  a i r  
c o n d i t i o n i n g  and o t h e r ) .  The t h i r d  component  o f  t h e  model  i s  
c a l l e d  e n g i n e e r i n g  c o s t  and  i n c l u d e s  e n e r g y  u s e  f o r  new 
equ ipmen t  and t h e r m a l  i n t e g r i t y  o f  new s t r u c t u r e s .  A t  
p r e s e n t  t h e  model  i s  hampered by t h e  f a c t  t h a t  t h e r e  e x i s t s  
n o  s t a t i s t i c a l  e v i d e n c e  f o r  t h e  assumed p r i c e  and  income 
e l a s t i c i t i e s .  

2 P u r p o s e  o f  B e  Model  - -- - - 

The p u r p o s e  o f  REUMA is t w o f o l d :  

(1) REUMA b e l o n g s  t o  t h e  c a t e g o r y  o f  " e n g i n e e r i n g "  mode l s .  
I t  c a l c u l a t e s  t h e  a n n u a l  end  u s e  e n e r g y  demand f o r  t h e  
r e s i d e n t i a l  sector  on t h e  b a s i s  o f  p o p u l a t i o n  d a t a ,  t h e  
number o f  o c c u p i e d  h o u s i n g  u n i t s  and  p h y s i c a l  p a r a m e t e r s  
s u c h  a s  home s i z e ,  e n e r g y  u s e ,  i n s u l a t i o n  s t a n d a r d s ,  
a p p l i a n c e  o w n e r s h i p  and u s e ,  e tc .  T h i s  o u t p u t  is a v a i l a b l e  
a t  many l e v e l s  o f  d i s a g g r e g a t i o n .  The model  c a n  a l s o  p r o v i d e  
i n p u t  f o r  e n v i r o n m e n t a l  m o d e l s ,  e n e r g y  s u p p l y  mode l s  o r  
o t h e r  f u r t h e r  a n a l y s e s .  

No q u a n t i t a t i v e  s t a t i s t i c a l  r e l a t i o n s h i p  be tween  GNP 
and  t h e  v a r i a b l e s  h a s  been  e s t a b l i s h e d .  We have  used  
judgement  r a t h e r  t h a n  a n  e x p l i c i t  e c o n o m e t r i c  a p p r o a c h  t o  
r e l a t e  g r o w t h  o f  GNP t o  consump t i on  p a t t e r n  i n  t h e  
r e s i d e n t i a l  s e c t o r .  

( 2 )  The model  can  be used  t o  a s s e s s  t h e  c o n s e q u e n c e s  o f  
p r o p o s e d  m e a s u r e s  o r  t o  a n a l y s e  t r e n d s  i n  t h e  r e s i d e n t i a l  
s e c t o r .  T h i s  c a n  be  done  by s i m u l a t i n g  d i f f e r e n t  p o l i c i e s  
c o n c e r n i n g  home c o n s t r u c t i o n ,  r e t r o f i t t i n g  o f  e x i s t i n g  
homes,  b l e n d  o f  a p p l i a n c e s ,  and  t y p e  o f  f u e l  u s e d .  I n  t h i s  
m a n n e r ,  t h e  model becomes a  t o o l  f o r  a n a l y z i n g  a  v a r i e t y  o f  



a l t e r n a t i v e  f u t u r e s  ( s c e n a r i o s ) .  For example, i t  can be used 
t o  eva lua te  the  impact of energy conservat ion measures a s  a  
guide for  ac t i on  and a l s o  f o r  planning of f u t u r e  research.  

Typical  ques t ions  which the  model t r e a t s  a re :  

- How could the demand fo r  e l e c t r i c i t y ,  gas ,  o i l ,  
c o a l ,  wood, and d i s t r i c t  hea t  develop i n  the  
f u t u r e ?  

- What sav ings could be achieved i f :  a )  NEW 
HOMES were b e t t e r  i nsu la ted  i n  t h e  f u t u r e ?  b)  
Homes were r e t r o f i t t e d  t o  reduce heat  l osses?  

- What r o l e  could a l t e r n a t i v e  technolog ies p lay  i n  
t h e  f u t u r e ,  i f  s o l a r  energy or hea t  pumps were 
in t roduced,  for  example, on a  broad s c a l e ?  

- What impact upon energy consumption could be 
achieved by improving the  e f f i c i e n c y  of space 
heat ing  systems? 

- What impact w i l l  l a r g e r  NEW HOMES have upon 
energy consumption? 

2 . 1  A d g t i o n  of REUMA fo r  A l te rna t i ve  Futures (Scenar io)  - - . - - p e p  - .-.-- --- 
~ T a l ~ s i ?  -- - 

There a r e  cons iderab le  u n c e r t a i n t i e s  involved in  
eva lua t ing  f u t u r e  t rends  and developments in  r e s i d e n t i a l  
energy consumption. The approach used i n  t h i s  research  is  
s imulat ion modeling based upon a l t e r n a t i v e  f u t u r e s  
( scenar ios )  . 

Simulat ion has been chosen a s  approach fo r  s e v e r a l  
reasons:  a )  The approach permits eva lua t ion  of a l t e r n a t i v e  
s e t s  of assumptions regarding f u t u r e  developments of the 
r e s i d e n t i a l  s e c t o r ;  b) t he  choice of output  from s imulat ion 
models is very f l e x i b l e ,  i . e .  i t can be produced i n  var ious  
l e v e l s  of d isaggregat ion  and i n  terms of numerous s e t s  of 
parameters ,  and c )  a  s imulat ion approach can handle 
u n c e r t a i n t i e s  by means of s e n s i t i v i t y  s t u d i e s  [ 7 ] .  

"Scenar ios"  a r e  hypothe t ica l  sequences of events  
cons t ruc ted  f o r  the purpose of focusing a t t e n t i o n  on causa l  
processes and dec is ion  p o i n t s  [ 8 ] .  In more e x p l i c i t  terms, 
t h e  primary o b j e c t i v e s  of scenar io  wr i t i ng  a re :  (1) To 
desc r ibe  the  s e n s i t i v i t y  of energy usage t o  socio-economic, 
t echno log i ca l ,  and l i f e - s t y l e  changes. ( 2 )  To descr ibe  and 
analyse the  consequences of a  s p e c i f i c  energy po l i cy  opt ion 



on t h e  r e s i d e n t i a l  s e c t o r .  ( 3 )  To p r o v i d e  a  c o n s i s t e n t  set 
o f  assumpt ions .  

One can a l s o  pe r fo rm s e n s i t i v i t y  s t u d i e s  on t h e  b a s i s  
o f  a g iven  s c e n a r i o ;  such s t u d i e s  p e r m i t  t h e  e v a l u a t i o n  of 
t h e  e f f e c t s  of v a r i a t i o n s  i n  one p o l i c y  v a r i a b l e ,  w h i l e  
o t h e r s  a r e  h e l d  c o n s t a n t .  

Because REUMA was b u i l t  f o r  s c e n a r i o  a n a l y s i s ,  it has 
been h i g h l y  p a r a m e t e r i s e d .  Thus i t  is p o s s i b l e  f o r  t h e  use r  
o f  REUMA t o  c r e a t e  s y s t e m a t i c a l l y  and exogenous ly  a  l a r g e  
number of " a l t e r n a t i v e  f u t u r e s " ,  a  p r o c e s s  which is commonly 
r e f e r r e d  t o  a s  s c e n a r i o  w r i t i n g .  "The g r e a t e s t  v a l u e  of  
w r i t i n g  t h e s e  a l t e r n a t i v e  f u t u r e s  may be t h e i r  c a t a l y t i c  
c o n t r i b u t i o n  toward s t r e t c h i n g  t h e  i m a g i n a t i o n  and induc ing  
f r e s h  t h i n k i n g .  I t  m u s t  be s t r e s s e d  t h a t  t h e s e  f u t u r e s  
shou ld  i n  no way be c o n s i d e r e d  a s  f o r e c a s t s " .  [9] 

Three major a s p e c t s  of REUMA must be d i s t i n g u i s h e d :  

- (1) The bookkeeping system i n  REUMA, which is a 
s i m p l e  a l g o r i t h m i c  d e s c r i p t i o n  o f  how t h e  model 
keeps  t r a c k  of s t o c k s  and f l o w s  of  homes and 
a p p l i a n c e s .  

- ( 2 )  I n i t i a l  i n p u t  d a t a ,  i .e .  c u r r e n t  i n f o r m a t i o n  
a b o u t  t h e  r e s i d e n t i a l  s e c t o r  i n  a  s p e c i f i e d  
r e g i o n  such a s  t h e  number o f  i n h a b i t e d  hous ing  
u n i t s ,  and t h e  r a t i o  o f  s i n g l e  f a m i l y  homes t o  
a p a r t m e n t s  , and 

- ( 3 )  s c e n a r i o  assumpt ions  abou t  t h e  d i r e c t i o n  and 
s t r e n g t h  of f u t u r e  t r e n d s .  

A f low d iagram which shows t h e  d i s t i n c t i o n  between t h e  
bookkeeping sys tem and s c e n a r i o  assumpt ions  is p r e s e n t e d  i n  
F i g u r e  1. 

I n  o r d e r  t o  b e t t e r  e x p l a i n  and i l l u s t r a t e  t h e  u s e  of  
HEUMA one s c e n a r i o  f o r  A u s t r i a  h a s  been used i n  t h i s  r e p o r t  
t o  p r o v i d e  examples of compu ta t i ons .  I t  may be b r i e f l y  
d e s c r i b e d  a s  f o l l o w s :  
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Figure 1 Representation of the Interaction Between a 
Scenario and REUMA 

2.2 Conservation Scenario - -- ----- --.-- 

REUMA was developed in conjunction with the IIASA study 
on Regional Energy/Environment Futures for Austria 1978 - 
2015 [I]. In this study a conservation scenario was written 
in order to evaluate impact of such a policy on the 
industrial, transportation, services, agriculture and 
residential sectors. The set of assumptions underlying 
this scenario is used to investigate how energy use can be 
lowered by strict conservation policies. 

In this scenario the growth of floor-space per capita in the 
residential sector is assumed to be moderate, and large 
improvements in insulation and efficiency standards are 
assumed. The fraction of households owning each type of 
household appliance is assumed to saturate at moderate level 
and speed. A sensitivity study examining penetration of 
alternative energy type technologies has been carried out on 
the basis of this scenario. Results of the Conservation 



Scenar io  developed f o r  t he  Aust r ian r e s i d e n t i a l  sec to r  a re  
used t o  i l l u s t r a t e  the  use of REUMA 

2 . 3  Examples of I n p u t  and O u Q u t  - -- - - - - -- - 

The fo l lowing major i npu ts  have t o  be provided t o  
d e f i n e  a l t e r n a t i v e  r e s i d e n t i a l  energy u s e  f u t u r e s .  

Inpu ts  - -- f o r  &he Pro jec t ion  of t he  Number and Type of - --- .- - - --- -- 
6 c c u s e d  Housing Units: 

- 
--- . - - . - - . - .- - 

- Populat ion;  family s i z e ;  development of 
popula t ion and fami ly s i z e  i n  urban and r u r a l  
a r e a s ;  

- t h e  number of inhabi ted s i n g l e  fami ly homes and 
apartments in  t he  s t a r t i n g  yea r ;  

- homes grouped according t o  age f o r  t he  s t a r t i n g  
year fo r  the  demol i t ion subrou t ine ;  

- pre fe rence t o  cons t ruc t  NEW HOMES a s  s i n g l e  
fami ly  homes or apartments i n  urban and r u r a l  
a r e a s .  

Inpu ts  to Ca lcu la te  Energy Consumption fo r  Space and -- --- ---- -- 
Water --- Heating: ------ 

- Average f l o o r  a r e a  per home type and 
cons t ruc t i on  t rends  w i t h  regard t o  f l o o r  a rea  
over the scenar io  time frame ( l i f e  s t y l e ) ;  

- energy m i x  and base app l iance  m i x  used f o r  
space and water hea t ing ;  s p e c i f i c a t i o n  of s h i f t s  
i n  energy types and base app l iances  for  t h e  
s imu la t ion  per iod i n  the  form of t r a n s i t i o n  
mat r i ces ;  

- heat ing  a t t e r n s ,  ( i . e .  amount of f loor-space 
heated)  ; 3 

1 In t h i s  r e p o r t  app l iances  f o r  space and water hea t ing  
a r e  c a l l e d  base app l iances .  

2 Heating p a t t e r n s  a r e  c l o s e l y  r e l a t e d  t o  type of energy 
type and base app l i ance ,  i . e .  people l i v i n g  i n  homes 



- a v e r a g e  y e a r l y  h e a t  l o s s  p e r  s q u a r e  meter  pe r  
hour  ; 

- a v e r a g e  h e a t i n g  d e g r e e  h o u r s  p e r  y e a r ;  

- a v e r a g e  e f f i c i e n c i e s  f o r  b a s e  a p p l i a n c e s ;  

- t e c h n o l o g i c a l  changes ,  i n c l u d i n g  e f f i c i e n c i e s  of 
equipment  and thermal  i n t e g r i t y  o f  homes; 

- l i f e  s t y l e ,  i n c l u d i n g  a t t i t u d e s  towards  ene rgy  
u s e  f o r  space  and water  h e a t i n g ;  

- u s e  of unconven t i ona l  ene rgy  s o u r c e s .  

I w u t s  -- - t o  - .- - C a l c u l a t e  . - - - -- Consumption - f o r  Secondary  -- 
- Awl - i a n c e s  -- : 

- Development o f  p o p u l a t i o n  and f a m i l y  s i z e ;  

- s t a r t i n g  and s a t u r a t i o n  f r a c t i o n s  f o r  secondary  
a p p l i a n c e s ;  

- t h e  time p e r i o d  u n t i l  t h e  d i f f e r e n c e  between t h e  
s a t u r a t i o n  f r a c t i o n  and t h e  s t a r t i n g  f r a c t i o n  
a r e  h a l v e d ;  

- a v e r a g e  ene rgy  consumpt ion p e r  a p p l i a n c e  p e r  
home ; 

- t e c h n o l o g i c a l  changes ,  i n c l u d i n g  e f f i c i e n c i e s  o f  
equ ipment .  

By v a r i o u s  comb ina t i ons  of s c e n a r i o  i n p u t  v a r i a b l e s  a  
g r e a t  number of a l t e r n a t i v e  f u t u r e s  c a n  be c r e a t e d .  

O u t p u t s  o f  t h e  Model: -- .-- -- -- ---- 

- The number o f  f a m i l i e s ;  a n n u a l  number o f  NEW 
HOMES, of demol ished homes; t h e  number of s i n g l e  
f a m i l y  homes and a p a r t m e n t s ;  t h e  age s t r u c t u r e  
o f  t h e  hous ing  s t o c k ;  

f i t t e d  w i t h  s i n g l e  ovens  u t i l i s i n g  c o a l  o r  wood tend  t o  
h e a t  o n l y  one room. 



- a v e r a g e  f l o o r  s p a c e  o f  homes a c c o r d i n g  t o  home 
t y p e  and age ;  

- p e r c e n t  o f  homes u s i n g  e a c h  energy  t y p e ;  

- e n e r g y  use  by energy  t y p e ;  

- t o t a l  ene rgy  use  f o r  s p a c e ,  water  h e a t i n g  and 
househo ld  a p p l i a n c e s ;  

- c u m u l a t i v e  energy  u s e  ove r  t h e  s i m u l a t i o n  
p e r i o d ;  

- e n e r g y  u s e  p e r  c a p i t a  and p e r  househo ld ;  

- u s e  of a l t e r n a t i v e  energy  t y p e s .  

F i g u r e  2 shows a  t y p i c a l  o u t p u t  f o r  t h e  A u s t r i a n  
c o n s e r v a t i o n  s c e n a r i o ;  h e r e  t h e  change i n  t h e  u s e  o f  seven 
e n e r g y  t y p e s  over  t h e  t ime  f rame o f  o f  t h e  s c e n a r i o  is 
p r e s e n t e d .  The model c o n t a i n s  a  g r e a t  number of  v a r i a b l e s ,  
which show energy  use  a t  d i f f e r e n t  l e v e l s  of  d i s a g g r e g a t i o n .  
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Figure 2 Energy Demand by Energy Type for the Austrian 
Conservation Scenario 

3 General Structure of the Model I - ------ - ----- ---- 
I 

This section describes the major structures and 
subroutines of the residential energy use model. The most 
important definitions, assumptions, limitations, basic 
equations and flow diagrams of these major subroutines will 
be discussed in turn below. 

The subroutines of the residential model are built 
around the following major issues: 

- Population Trends 

In the Austrian Energy/Environment Study this 
information was provided exogenously by a 
Population Allocation Model (see section 3.1 of 



- D i s a g g r e g a t i o n  o f  t h e  Hous ing S t o c k :  

On t h e  b a s i s  o f  t h e  number of  u r b a n  and r u r a l  
f a m i l i e s ,  t h e  number o f  s i n g l e  f a m i l y  homes and 
a p a r t m e n t s ,  and t h e  t i m e  o f  c o n s t r u c t i o n ,  t w e l v e  
home t y p e s  a r e  d i s t i n g u i s h e d .  These  r e f l e c t  t h e  
v a r i e t y  o f  t h e  h o u s i n g  s t o c k  and  d i f f e r e n t  
c o n s t r u c t i o n  p o l i c i e s  f o r  d i f f e r e n t  home t y p e s  
w i t h  r e s p e c t  t o  e n e r g y  t y p e s ,  b a s e  a p p l i a n c e  
t y p e s ,  home s i z e ,  etc .  

- Changes i n  t h e  Hous ing S t o c k :  

S e v e r a l  s u b r o u t i n e s  i n t e r f a c e  h e r e .  These  a r e  
t h e  INCREMENTAL HOMES 3 s u b r o u t i n e  which 
c a l c u l a t e s  t h e  number o f  homes needed b e c a u s e  o f  
i n c r e a s e s  i n  t h e  number o f  f a m i l i e s  and t h e  
REPLACEMENT HOMES s u b r o u t i n e  which c a l c u l a t e s  
t h e  number o f  homes needed i n  p l a c e  o f  
d e m o l i s h e d  homes. These  two s u b r o u t i n e s  a r e  
d r i v e n  by t h e  number o f  new f a m i l i e s  formed p e r  
y e a r  and t h e  a n n u a l  r a t e  o f  d e m o l i t i o n  These  
two c a t e g o r i e s  o f  homes t o g e t h e r  f o rm  t h e  
c a t e g o r y  o f  NEW HOMES, which i s  t h e  number o f  
homes c o n s t r u c t e d  i n  a  g i v e n  s i m u l a t i o n  y e a r .  
Ano the r  s u b r o u t i n e  k e e p s  t r a c k  o f  t h e  number o f  
s i n g l e  f a m i l y  homes and a p a r t m e n t s  and t h e i r  
c o n s t r u c t i o n  y e a r s  f o r  t h e  a g e  d e p e n d e n t  
d e m o l i t i o n  s u b r o u t i n e .  I n  REUMA a  d i s t i n c t i o n  is  
a l s o  made between homes c o n s t r u c t e d  b e f o r e  t h e  
s t a r t i n g  y e a r  o f  t h e  model (OLD HOMES) and 
homes, which a r e  c o n s t r u c t e d  between t h e  
s t a r t i n g  y e a r  and a  g i v e n  s i m u l a t i o n  y e a r  o f  
REUMA (TOTAL NEW HOMES) . 

- Energy  Types  , H e a t i n g  A p p l i a n c e s  and  
S u b s t i t u t i o n  P r o c e s s e s :  

I n  t h e  model m a t r i c e s  have  been used  t o  d e s c r i b e  
p r o b a b i l i t i e s  o f  e n e r g y  t y p e  and  h e a t i n g  
a p p l i a n c e  u s e  f o r  v a r i o u s  home t y p e s .  Th ree  
b a s e  a p p l i a n c e  t y p e s  ( s i n g l e  oven  h e a t i n g ,  
c e n t r a l  h e a t i n g  and  w a t e r  h e a t i n g )  and up t o  
s e v e n  e n e r g y  t y p e s  a r e  c o n s i d e r e d .  A set  o f  
s u b r o u t i n e s  h a s  been  b u i l t  f o r  t h e  m a n i p u l a t i o n  
o f  t h e s e  m a t r i c e s ,  i n  o r d e r  t o  s i m u l a t e  r e t r o f i t  
o f  homes and c h a n g i n g  c o n s t r u c t i o n  p o l i c i e s .  
The u s e  o f  a l t e r n a t i v e  e n e r g y  s o u r c e s  c a n  a l s o  

3 I n  t h i s  r e p o r t  t h e  t e r m s  ''home'' and  " h o u s i n g  u n i t "  a r e  
used  i n t e r c h a n g e a b l y .  



- Energy  Demand L i f e  S t y l e  and T e c h n o l o g i e s  o f  
Ene rgy  Use: 

A set  of s u b r o u t i n e s  c a l c u l a t e s  e n e r g y  demand 
f o r  s p a c e  h e a t i n g ,  w a t e r  h e a t i n g  and  f o r  
h o u s e h o l d  a p p l i a n c e  u s e .  P a r a m e t e r s  r e f l e c t i n g  
l i f e  s t y l e  s u c h  a s  home s i z e  a n d  h e a t i n g  h a b i t s  
a r e  e x o g e n o u s l y  d e t e r m i n e d  by t h e  u s e r  o f  t h e  
model .  App l i ed  t e c h n o l o g i e s  a r e  r e f l e c t e d  by 
p a r a m e t e r s  s u c h  a s  h e a t  l o s s e s  and e f f i c i e n c i e s  
o f  a p p l i a n c e s .  The u s e  o f  a l t e r n a t i v e  e n e r g y  
t e c h n o l o g i e s  such  a s  s o l a r  power is c o n s i d e r e d  
i n  a  s e p e r a t e  s u b r o u t i n e  ( s e c t i o n  3 . 5 . 3 ) .  

The ' househo ld  a p p l i a n c e  s u b r o u t i n e  c a l c u l a t e s  
o w n e r s h i p  f r a c t i o n s  f o r  1 4  d i f f e r e n t  househo ld  
a p p l i a n c e s .  I n p u t  d a t a  d e t e r m i n e  s t a r t i n g  and  
s a t u r a t i o n  v a l u e s ,  s a t u r a t i o n  s p e e d ,  and 
c o n s u m p t i o n  l e v e l s  f o r  e a c h  a p p l i a n c e .  

I n  F i g u r e  3 t h e  s t r u c t u r e  o f  t h e  model  is shown i n  a  
s i m p l i f i e d  manner:  

- A majo r  d r i v i n g  f o r c e  i s  t h e  p o p u l a t i o n  mode l ,  
wh ich p r o v i d e s  t h e  number o f  f a m i l i e s ;  

- INCREMENTAL HOMES needed  f o r  new f a m i l i e s  e a c h  
y e a r  a r e  one  component  o f  t h e  number o f  NEW 
HOMES i n  a  g i v e n  s i m u l a t i o n  y e a r ;  

- REPLACEMENT HOMES a r e  needed  t o  s u b s t i t u t e  
d e m o l i s h e d  homes e a c h  y e a r ;  

- t h e  c o n s t r u c t i o n  p o l i c i e s  a p p l y  t o  NEW HOMES 
( = c o n s t r u c t i o n  i n  a  g i v e n  s i m u l a t i o n  y e a r )  and 
a r e  a  ma jo r  a r e a  where i n f l u e n c e  c a n  b e  e x e r t e d  
upon f u t u r e  r e s i d e n t i a l  e n e r g y  consump t i on  
p a t t e r n s ;  

- t h e  " h o u s i n g  p o p u l a t i o n  model "  k e e p s  t r a c k  o f  
t h e  a g e  o f  homes. I t  is needed  t o  s i m u l a t e  a g e  
d e p e n d e n t  d e m o l i t i o n  o f  homes and t o  r e f l e c t  
d i f f e r e n t  c h a r a c t e r i s t i c s  and /o r  p o l i c i e s  f o r  
homes i n  c o n n e c t i o n  w i t h  t h e i r  a g e ;  

- r e t r o f i t t i n g  p o l i c y  o p t i o n s  a r e  needed ,  f i r s t  
b e c a u s e  r e t r o f i t t i n g  o c c u r s  i n  t h e  r e a l  w o r l d ,  
s e c o n d ,  i n  o r d e r  t o  be a b l e  t o  s i m u l a t e  r a p i d  
c h a n g e s  c o n c e r n i n g  t h e  e n t i r e  h o u s i n g  s t o c k .  
Because  t h e  number o f  NEW HOMES is s m a l l  
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F igure 3 Flow Diagram - General S t r u c t u r e  of REUMA 

compared t o  the  t o t a l  housing s tock ,  s i g n i f i c a n t  
t ime l a g s  would have t o  be expected before 
energy conservat ion p o l i c i e s  concent ra t ing  
s o l e l y  on NEW HOMES take  e f f e c t ;  



i t  is n e c e s s a r y  t o  s e p a r a t e  b a s e  a p p l i a n c e s  
(wh ich  a r e  a p p l i a n c e s  f o r  s p a c e  and w a t e r  
h e a t i n g )  f rom s e c o n d a r y  o r  househo ld  a p p l i a n c e s .  
The r e a s o n  l i e s  i n  t h e  d i f f e r e n t  magn i tude  o f  
t h e i r  r e s p e c t i v e  e n e r g y  consump t i on ,  t h e  
d i f f e r e n t  e n e r g y  t y p e s  u s e d  and t h e  d i f f e r e n t  
p a t t e r n s  o f  a c q u i r i n g  and  c h a n g i n g  them ( a  
c e n t r a l  h e a t i n g  s y s t e m  which is  a n  i n t e g r a t e d  
p a r t  of  a  home v s .  buy ing a  r e f r i g e r a t o r ) .  

The model l i n k s  p o p u l a t i o n ,  homes, d e m o l i t i o n ,  
KEPLACEMENT HOMES, INCREMENTAL HOMES, NEW HOMES, a p p l i a n c e s  
and e n e r g y  u s e .  The i n i t i a l  i n p u t  d a t a  f o r  a  s p e c i f i e d  
r e g i o n  and f o r  a  s p e c i f i e d  y e a r  i n  t h e  r e c e n t  p a s t  marks t h e  
s t a r t i n g  y e a r  of  t h e  model c a l c u l a t i o n s .  When t h e  model 
d e p a r t s  f rom t h e  p r e s e n t  ( i .  e. t h e  time f o r  wh ich c e n s u s  
d a t a  is  a v a i l a b l e )  d u r i n g  i ts  s i m u l a t i o n  time f r a m e ,  
a l t e r n a t i v e  c o n s i s t e n t  sets o f  a s s u m p t i o n s  ( s c e n a r i o s )  
u n d e r l i e  t h e  model c a l c u l a t i o n s .  

I n  F i g u r e  4 a  more d e t a i l e d  f l o w  d i a g r a m  o f  REUMA is 
p r e s e n t e d .  I t  shows how t h e  t h e  ma jo r  s t r u c t u r e s  and 
s u b r o u t i n e s  o f  t h e  r e s i d e n t i a l  e n e r g y  u s e  model i n t e r a c t .  
T h e s e  s u b r o u t i n e s  and model components  a r e  d i s c u s s e d  i n  more 
d e t a i l  i n  t h e  f o l l o w i n g  s e c t i o n .  

3.1 g o p u l a t i o n  Model I n p u t  . .- 

REUMA r e q u i r e s  on a n  a n n u a l  b a s i s  t h e  f o l l o w i n g  
r e g i o n a l  d a t a :  

- P o p u l a t i o n  and a n n u a l  i n c r e m e n t s ;  

- number of h o u s e h o l d s  and a n n u a l  i n c r e m e n t s .  

Assump t i ons  ---- - 

The number of  h o u s e h o l d s  is c a l c u l a t e d  u s i n g  
a s s u m p t i o n s  a b o u t  a v e r a g e  househo ld  s i z e  deve lopmen t .  

For  A u s t r i a  i t  was assumed t h a t  t h e  a v e r a g e  h o u s e h o l d  
s i z e  would d e c r e a s e  a t  a  r a t e  o f  3% p e r  y e a r  i n  e a c h  
d i s t r i c t .  T h i s  v a l u e  is t a k e n  f rom a  p r o j e c t i o n  o f  t h e  
a v e r a g e  househo ld  s i z e  i n  A u s t r i a  t o  t h e  y e a r  2000 made by 
t h e  A u s t r i a n  C e n t r a l  S t a t i s t i c a l  O f f i c e  ( O e s t e r r e i c h i s c h e s  
S t a t i s t i s c h e s  Z e n t r a l a m t )  . [ l a ]  
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Figure 4 F low Diagram - Flow of Information in the 
Resident ial  Energy Use Model 



C u r r e n t  p o p g l a t i o n ,  a n n u a l  i n c r e m e n t s  i n  p o p u l a t i o n ,  
t h e  c u r r e n t  number o f  f a m i l i e s ,  and a n n u a l  a d d i t i o n s  t o  t h e  
number f a m i l i e s  a r e  r e q u i r e d  f o r  b o t h  u r b a n  and r u r a l  a r e a s  
o f  a  r e g i o n .  For t h i s  p u r p o s e  a  P o p u l a t i o n  A l l o c a t i o n  Model 
was b u i l t  [ 3 ]  , which a l l o c a t e s  t h e  p o p u l a t i o n  and p o p u l a t i o n  
i n c r e m e n t s  t o  t h e  u rban  and r u r a l  c a t e g o r i e s .  The 
d i s t i n c t i o n  between ---- u rban  and - r u r a l  --.-- a r e a s  is n e c e s s a r y  f o r  
A u s t r i a ,  because  t h e  two a r e a s  have  s i g n i f i c a n t l y  d i f f e r e n t  
c h a r a c t e r i s t i c s  w i t h  r e s p e c t  t o  f a c t o r s  t h a t  a f f e c t  e n e r g y  
c o n s u m p t i o n ,  s u c h  a s  a v e r a g e  f a m i l y  s i z e ,  t y p e  and  s i z e  o f  
homes, equ ipment  of homes, and t h e  e n e r g y  t y p e s  u s e d ,  e t c .  
Drawing a  boundary  between u r b a n  and r u r a l  a r e a s  p r e s e n t s  
some d i f f i c u l t y .  The d i s t i n c t i o n  between u r b a n  and r u r a l  
a r e a s  depends  v e r y  much upon t h e  p u r p o s e  o f  t h e  s t u d y  and 
t h e  a v a i l a b l e  s t a t i s t i c a l  d a t a .  I n  t h e  A u s t r i a n  s t u d y ,  
community s i z e  h a s  been assumed t o  be  t h e  r e l e v a n t  v a r i a b l e  
r e f l e c t i n g  u rban  and r u r a l  c h a r a c t e r i s t i c s ;  t h i s  i n  t u r n  is 
based  o n  t h e  r e l a t i o n s h i p  between t h e  a g r i c u l t u r a l  
p o p u l a t i o n  and community s i z e .  [ l l ]  

An a n a l y s i s  of t h e  r e l a t i o n  between community s i z e  and 
t h e  f r a c t i o n  o f  t h e  p o p u l a t i o n  d e p e n d e n t  on a g r i c u l t u r e  
( A g r a r q u o t e )  i n  1971  showed t h a t  a  community s i z e  o f  3000  is 
a  good a p p r o x i m a t i o n  o f  t h e  d i v i d i n g  p o i n t  between 
commun i t i es  w i t h  l ess  and w i t h  more t h a n  1 0 %  a g r i c u l t u r a l  
p o p u l a t i o n .  T h i s  is i n  t u r n  a  r e a s o n a b l e  d i v i d i n g  p o i n t  
be tween commun i t i es  w i t h  a heavy r e l i a n c e  on  wood o n  one 
h a n d ,  and on  t h e  o t h e r  hand o f  commun i t i es  u s i n g  m a i n l y  o i l  
and g a s  (and  t o  some e x t e n t  c o a l )  f o r  s p a c e  h e a t i n g .  
Because  o f  t h e  many a r e a  r e d e f i n i t i o n s  i n  A u s t r i a  i n  t h e  
r e c e n t  p a s t  and t h e  r e s u l t i n g  a r b i t r a r i n e s s  i n  c h o o s i n g  t h e  
community s i z e  i n  a  p a r t i c u l a r  y e a r  t o  d i s t i n g u i s h  between 
r u r a l  and u rban  a r e a s ,  t h e  a p p r o x i m a t i o n  c a n  be  c o n s i d e r e d  
s a t i s f a c t o r y .  5 

By s e t t i n g  p a r a m e t e r s  i n  t h e  p o p u l a t i o n  a l l o c a t i o n  
mode l ,  i t is p o s s i b l e  t o  examine p o p u l a t i o n  s h i f t s  t o  r u r a l  
a r e a s  and d e c l i n e  of u r b a n  a r e a s  and v i c e  v e r s a .  

4 A s  a  c o n t r a s t ,  p e o p l e  i n  W i s c o n s i n ,  USA, u s e  n a t u r a l  g a s  
i n  u r b a n  a r e a s  and b o t t l e d  n a t u r a l  g a s  i n  r u r a l  a r e a s ;  
i n  such  a  case a  d i s t i n c t i o n  between u r b a n  and r u r a l  
a r e a s  c o u l d  be bypassed .  

5 A s  shown i n  F i g u r e  10  on Page 3 9 .  



S c e n a r i o  R e s u l t s  ------ 

T h e  1 9 7 1  p o p u l a t i o n  o f  A u s t r i a  was 7 . 4 6  m i l l i o n ,  and  
t h e  OeIR ( O e s t e r r e i c h i s c h e s  I n s t i t u t  f u e r  Raumplanung)  
p r o j e c t i o n  ( V a r i a n t e  2 . 1 )  f o r  1 9 9 1  is 7 . 6 9  m i l l i o n  [ 1 2 ] .  
I n t e r p o l a t i o n  a n d  e x t r a p o l a t i o n  r e s u l t  i n  p o p u l a t i o n  
est imates o f  7 .66  m i l l i o n  i n  1 9 9 0 ,  7 . 9 0  m i l l i o n  i n  2 0 0 0 ,  a n d  
8 . 2 6  m i l l i o n  i n  2015 [ 1 3 ] .  T h i s  p r o j e c t i o n  seems h i g h  i n  
t h e  l i g h t  o f  c u r r e n t  c h i l d - b e a r i n g  p a t t e r n s .  A more r e c e n t  
OeIR p r o j e c t i o n  ( V a r i a n t e  4 . 3 )  t a k e s  i n t o  a c c o u n t  t h e  
d e c r e a s e  o f  t h e  f e r t i l i t y  ra tes  o b s e r v e d  d u r i n g  t h e  l a s t  few 
y e a r s .  T h e  r e s u l t i n g  p o p u l a t i o n  p r o j e c t i o n  f o r  1 9 9 1  is 7.34 
m i l l i o n .  A p p l y i n g  t h e  same i n t e r -  a n d  e x t r a p o l a t i o n  
p r o c e d u r e  as  i n  t h e  case o f  V a r i a n t e  2 . 1 ,  one  o b t a i n s  
p o p u l a t i o n  est imates o f  7 . 3 5  m i l l i o n  i n  1 9 9 0 ,  7 . 3 0  m i l l i o n  
i n  2000 ,  and  7 . 2 4  m i l l i o n  i n  2015 .  T h i s  v a l u e  is 1 3 %  l o w e r  
t h a n  t h e  v a l u e  g i v e n  i n  V a r i a n t e  2 . 1 ,  w h i c h  h a s  been  u s e d  
f o r  t h e  c o n s e r v a t i o n  s c e n a r i o  i n  t h i s  p a p e r .  

T h e  r e s i d e n t i a l  e n e r g y  demand p r o j e c t i o n s  wou ld  be  
l o w e r  i f  o n e  u s e s  l o w e r  p o p u l a t i o n  p r o j e c t i o n s .  F i g u r e  5  
shows  b o t h  h i s t o r i c a l  p o p u l a t i o n  d a t a  a n d  t h e  estimates u s e d  
i n  c o n s e r v a t i o n  s c e n a r i o .  A s h i f t  t o  u r b a n  areas h a s  b e e n  
a s s u m e d .  T h e  r u r a l  p o p u l a t i o n  c a l c u l a t e d  by t h e  p o p u l a t i o n  
a l l o c a t i o n  mode l  f o r  t h e  V a r i a n t e  2 . 1  a c c o u n t s  f o r  39% o f  
t h e  t o t a l  i n  1 9 7 1 ,  36% i n  1 9 9 0 ,  35% i n  200M, and  33% i n  
2k415. T h e  f r a c t i o n  o f  r u r a l  homes is  3 2 %  i n  1 9 7 1 ,  3 0 %  i n  
1 9 9 0 ,  29% i n  2000 ,  a n d  27% i n  2015.  

3 . 2  D i s a g g r e g a t i o n  of - t h e  H o u s i n q  S t o c k  - - i n t o  .- - Home -- T y p e s  

Great d i f f e r e n c e s  b e t w e e n  t h e  e n e r g y  c o n s u m p t i o n  o f  
v a r i o u s  home t y p e s  ( i .e .  s i n g l e  f a m i l y  v s .  a p a r t m e n t s  a n d  
r u r a l  v s .  u r b a n  homes)  c a n  be  o b s e r v e d .  I n  o r d e r  t o  c a p t u r e  
t h e s e  d i f f e r e n c e s ,  t h e  h o u s i n g  s t o c k  h a s  b e e n  b r o k e n  down 
i n t o  t w e l v e  s u b g r o u p s  o f  homes. I n  f o r m i n g  t h e s e  s u b g r o u p s ,  
t h e  s i z e  o f  t h e  b u i l d i n g  t h e  home is  l o c a t e d  i n ,  t h e  t i m e  o f  
c o n s t r u c t i o n  a n d  t h e  l o c a t i o n  h a v e  been  t a k e n  i n t o  
c o n s i d e r a t i o n .  

1) S i z e  -- 

S i n c e  m u l t i f a m i l y  d w e l l i n g s  ( e s p e c i a l l y  h i g h - r i s e  
b u i l d i n g s )  h a v e  a smaller number o f  e x p o s e d  s u r f a c e s ,  
smaller window area,  a n d  o f t e n  a smaller f l o o r  area,  t h e  
h e a t  l o s s e s  p e r  d w e l l i n g  are c o n s i d e r a b l y  l o w e r  t h a n  f o r  
d e t a c h e d  s i n g l e  f a m i l y  homes w i t h  s im i l a r  i n s u l a t i o n .  



,VORARLBE RG 

T IROL 

STEIERMARK 

SALZBURG 

WIEM 

I BURGENLAND 
1 9 3 0  1 9 2 0  1 9 4 0  1 9 6 0  1980  2000 2623 

OE I R  I IASA+ 
E s t i m a t e s  

F i g u r e  5 P o p u l a t i o n  - H i s t o r i c a l  Data and S c e n a r i o  
Assumptions 

A u s t r i a n  b u i l d i n g  c e n s u s e s  d i s t i n g u i s h  between two 
major  g roups  o f  d w e l l i n g  u n i t s  (based upon b u i l d i n g  s i z e )  
and t h i s  d i s a g g r e g a t i o n  has  been used i n  REUMA: (1) a  s i n g l e  
f a m i l y  home is l o c a t e d  i n  a  b u i l d i n g  c o n t a i n i n g  no more t h a n  
two homes. -- I n  1971 4 4 %  o f  t h e  i n h a b i t e d  homes c o n s i s t e d  of 
s i n g l e  f a m i l y  homes [ 1 4 ] .  ( 2 )  an apar tmen t  is l o c a t e d  i n  a  
b u i l d i n g  c o n t a i n i n g  ----- t h r e e  o r  more -- homes. S i g n i f i c a n t  
d i f f e r e n c e s  can be o b s e r v e d b e t w e e n  t h e  h e a t i n g  modes and 
e n e r g y  t y p e s  used i n  t h e s e  two g roups .  

2 )  Time of C o n s t r u c t i o n  - ---- - ---- ----- 

I n  REUMA t h r e e  c a t e g o r i e s  of  homes a r e  d i s t i n g u i s h e d  
a c c o r d i n g  t o  t h e  time of c o n s t r u c t i o n :  

1 A l l  s i n g l e  f a m i l y  homes and a p a r t m e n t s  
c o n s t r u c t e d  b e f o r e  t h e  s t a r t i n g  y e a r  of REUMA 
a r e  lumped t o g e t h e r  a s  OLD SINGLE FAMILY 
HOMES/APARTMENTS and d i s t i n g u i s h e d  from 



2 TOTAL NEW S I N G L E  FAMILY HOMES/APARTMENTS which 
a re  constructed i n  any given year a f t e r  the  
s t a r t i n g  year of s imulat ion. 

3  Annual construct ion of homes has two components: 

3a) INCREMENTAL S I N G L E  FAMILY HOMES and 
APARTMENTS are  needed t o  house new fami l ies ;  

3b) REPLACEMENT HOMES ( s ing le  family 
homes/apartments) a re  needed t o  subs t i t u te  fo r  
demolished homes. 

INCREMENTAL HOMES plus REPLACEMENT HOMES constructed i n  
a  given simulat ion year a re  ca l led  NEW HOMES. These homes 
a re  b u i l t  according t o  construct ion po l i c i es ,  which vary 
over time and r e f l e c t  changes i n  l i f e s t y l e  and technologies 
according t o  scenar io assumptions. 

I n  Austr ia ,  major d i f fe rences between OLD (p re-s tar t ing  
year )  and NEW HOMES can be observed w i t h  respect  t o  t he i r  
base appl iances and energy types used, as  shown i n  Figure 11 
on page 43. 

REUMA adds up NEW HOMES homes over the simulat ion time 
frame t o  obta in TOTAL NEW HOMES. The var iab les  re f l ec t i ng  
the  energy types, base appl iances,  home s i z e ,  insu la t ion  
l e v e l s ,  and hot water consumption of TOTAL NEW HOMES as a  
whole are  the weighted averages of the  c h a r a c t e r i s t i c s  of 
NEW HOMES b u i l t  each year,  e.g. the f loorspace of apartments 
b u i l t  i n  the s t a r t i n g  year of the  model was assumed t o  be 67  
square meters i n  the case of Austr ia;  over the time frame of 
the  scenario the f loorspace of NEW APARTMENTS was assumed t o  
increase on a  stepwise basis  t o  88 square meters i n  t he  year 
2 0 0 0  and t o  maintain t h i s  l eve l  u n t i l  2015. The weighted 
average of the  s i z e  of TOTAL NEW APARTMENTS constructed 
during the 45 year period is  75.9 square meters. 

The disaggregat ion in to  an OLD ( =  pre-s tar t ing  y e a r ) ,  NEW ( =  
annual ly const ruc ted) ,  and TOTAL NEW ( =  post -s tar t ing  year)  
components of the housing stock is useful  

- t o  r e f l e c t  d i f f e ren t  p robab i l i t i es  fo r  space and 
water heating appl iances and energy types used, 

- t o  show the r e l a t i v e  weight of s tocks and flows 
of homes and t o  examine time lags ,  



- t o  s imu la te  t he  d i f f e r e n t  degree of i n£  luence 
t h a t  can be exe r ted  on e x i s t i n g  homes compared 
t o  those  which have y e t  t o  be cons t ruc ted ;  (eg.  
r e t r o f i t t i n g  of o ld  homes vs .  changing 
c o n s t r u c t i o n  p o l i c i e s  f o r  NEW HOMES b u i l t  i n  a  
g iven  s imu la t ion  y e a r ) .  

Though some or  a l l  of t h e  "o lde r "  homes i n  bad 
cond i t i on  can be demol ished, t h e r e  is  a  p o s s i b i l i t y  i n  t h e  
model t o  s imu la te  r e t r o f i t t i n g .  In  t h i s  c o n t e x t ,  
r e t r o f i t t i n g  r e f e r s  t o  changes i n  base app l i ances  and/or 
energy t ypes ,  and t h e  reduc t ion  of average annual  hea t  
l o s s e s  through improved i n s u l a t i o n .  ( T h i s  is d iscussed  i n  
more d e t a i l  i n  s e c t i o n s  3.4.1 and 3 .5 .2 . )  

TOTAL NEW HOMES a r e  n o t  assumed t o  be r e t r o f i t t e d  w i t h  
d i f f e r e n t  base app l i ances  and energy t ypes  du r i ng  t h e  
s imu la t i on  per iod of REUMA . However, i t  is p o s s i b l e  t o  
s imu la te  reduc t i ons  or i nc reases  i n  t h e  h e a t  l o s s e s  of TOTAL 
NEW HOMES, in  o rder  t o  examine t h e  consequences of improving 
t h e  i n s u l a t i o n  of t hese  homes o r  p e r m i t t i n g  i n s u l a t i o n  
m a t e r i a l s  t o  decay. 6 

3 )  Locat ion - 

OLD, TOTAL NEW, and NEW SINGLE FAMILY HOMES and 
APARTMENTS a r e  c l a s s i f i e d  a s  e i t h e r  urban o r  r u r a l ,  
depending upon the  communities i n  which they a r e  l o c a t e d .  
T h i s  makes i t  p o s s i b l e  t o  r e f l e c t  t h e  d i f f e r e n c e  i n  energy 
t y p e s  (e .g .  d i s t r i c t  hea t ,  gas )  used i n  urban a r e a s  a s  
compared t o  r u r a l  a r e a s .  These d i f f e r e n c e s  a r e  l i nked  t o  
many f a c t o r s  inc lud ing  reg iona l  supp ly  c h a r a c t e r i s t i c s  (e .g .  
a v a i l a b l e  gas p i p e l i n e s )  and t he  g r e a t e r  d e n s i t y  and s i z e  of 
urban a r e a s .  The d i f f e r e n t  energy t ypes  used i n  urban and 
r u r a l  a r e a s ,  a s  wel l  a s  d i f f e r e n c e s  i n  popu la t ion  d e n s i t y  
a l s o  c r e a t e  d i f f e r i n g  t ypes  of p o l l u t i o n  problems. 

Table 1 shows t h e  d i sagg rega t i on  of t h e  housing s tock  
i n t o  home types .  

6 1971 was chosen a s  a  s t a r t i n g  year f o r  t h e  c a l c u l a t i o n s  
i n  A u s t r i a .  T h i s  was due t o  t h e  f a c t  t h a t  a  major 
bu i l d i ng  and popu la t ion  census was conducted du r i ng  t h a t  
y e a r ,  t h u s  prov id ing a  sound d a t a  base. An added 
advantage of choosing t h i s  year is t h a t  model r e s u l t s  
can be compared w i t h  t h e  r e a l  world,  f o r  t h e  f i r s t  y e a r s  
of a  model run.  



Table 1 Disaggregation of the Housing Stock into Home 
Types 

Size Time of Construction Location of Home 

Singie OLD urban SFH 
flamily 
Homes 

::: -(- 
OLD rural SFH 

(SL7l-l) 
'TOTAL NErJ TOTAL N E J  urban SFH 
S Fii 

TOTAL NEW rural SFH 

uLD APaT OLD urban APT 
Apar tmeh t 
riomes OLD rural APT 
( APT 

TOTAL NCvJ TOTAL N E d  urban APT 
APT -(- 

TOTAL NEW rural APT 

Assumptions underlying this disaggregation include: 

1) Rural apartments must be less than a specified fraction 
of all apartments. For Austria this fraction has been 
assumed to be 10%, since it was found that the fraction of 
multifamily homes in rural communities (communities with 
3000 or fewer inhabitants in the Austrian case) very rarely 
exceed this amount. 7 

7 Note: The known variables are urban and rural families 
(from the population model) and the number of single 
family and apartment homes (from the housing census). If 
one assumes that a certain fraction of rural families 
are housed in apartments (rural families live in 
communities with 3808 and fewer inhabitants) then all 
other home types can be determined. NEW HOMES have not 
been included in Table 1. 



3.3 Chanqg? i n  t h e  Housing Stock -- - -- - - - .- - -- - - - 

Major determinants  of r e s i d e n t i a l  energy consumption 
a r e  the  number of occupied housing u n i t s  and t h e  r a t i o  of 
s i n g l e  fami ly homes t o  apartments.  Second homes and 
unoccupied homes have not been included i n  t h e  c a l c u l a t i o n s .  

These determinants  a re  cons tan t l y  changing. The 
d i f f e r e n t  components of change considered i n  t h i s  s e c t i o n  
a r e  cons t ruc t i on  and demol i t ion,  dr iven by populat ion 
growth, dec l i ne  i n  family s i z e ,  and replacement of obso le te  
homes. I t  is  necessary t o  s u b t r a c t  t h e  l osses  of homes and 
t o  add NEW HOMES t o  t h e  housing s tock in each s imulat ion 
yea r .  In t h i s  s imulat ion of demol i t ion and cons t ruc t ion  the  
model keeps t rack  of t he  number of s i n g l e  family homes and 
apartments and the age of each home. 

In  Figure 6 a flow diagram rep resen ts  the  r e l a t i o n s h i p  
between INCRENENTAL  HOMES, REPLACEMENT HOMES, populat ion,  
fami ly  s i z e ,  demol i t ion and t h e  housing s tock.  A s  t he  flow 
diagram i n d i c a t e s ,  t he  housing s tock in  year n  is f i r s t  
reduced by the  number of demolished homes; these  a r e  then 
assumed t o  be s u b s t i t u t e d  by REPLACEMENT HOMES. In add i t i on  
popula t ion growth and t h e  development of fami ly s i z e  c r e a t e  
t h e  need fo r  INCREMENTAL HOMES, t h e  o ther  component of NEW 
HOMES. NEW HOMES a s  a whole a r e  b u i l t  according t o  
cons t ruc t i on  p o l i c i e s ,  which can be var ied  over time t o  
r e f l e c t  changes i n  l i f e s t y l e  and technolog ies i n  accordance 
w i t h  scenar io  assumptions. These homes a r e  added t o  t h e  
remainder of t he  housing s tock in  year n  t o  form the  housing 
s tock i n  year n  + 1. 

INCREMENTAL HOMES needed t o  house new f a m i l i e s  a re  
respons ib le  fo r  the  increase i n  t h e  n~mber  of TOTAL HOMES. 
REPLACEMENT HOMES needed t o  s u b s t i t u t e  f o r  demolished homes 
do not a l t e r  the  t o t a l  number of homes. These two 
components a r e  d iscussed i n  more d e t a i l  below. ( s e c t  ions 
3.3.1 and 3.3.2)  

The percentage of NEW HOMES const ructed a s  s i n g l e  
fami ly homes and a s  apartments can be spec i f i ed  fo r  urban 
and r u r a l  a reas .  These parameters can be changed before or 
dur ing s imu la t ion ,  t h u s  showing t h e  impact of d i f f e r e n t  
se t t lement  s t r a t e g i e s  and cons t ruc t i on  p o l i c i e s  upon 
r e s i d e n t i a l  energy consumption. 

I t  is important t o  note t h a t  t h e  annual changes of the  
housing s tock a r e  r e l a t i v e l y  small  compared t o  t h e  s i z e  of 
t h e  t o t a l  housing s tock.  Because of the  r e l a t i v e l y  smal l  
number of NEW HOMES which a r e  added t o  the  e x i s t i n g  housing 
s tock during each s imulat ion yea r ,  (depending upon t h e  r a t e  



- - . - - - - - - -- - - - - - - - - 

F i g u r e  6  F low D iag ram - C h a n g e s  i n  t h e  H o u s i n g  S t o c k  

o f  d e m o l i t i o n  a n d  new f a m i l i e s )  c h a n g e s  i n  o v e r a l l  
r e s i d e n t i a l  e n e r g y  t y p e  mix a n d  i n s u l a t i o n  l e v e l s  p r o c e e d  
s l o w l y .  More r a p i d  c h a n g e s  r e q u i r e  r e t r o f i t t i n g  o f  homes,  
wh ich  is c o n s i d e r e d  l a t e r  i n  t h e  p a p e r .  

- demo1 i t i o n  " 

A f t e r  t h e  number o f  NEW SINGLE FAMILY HOMES/APARTMENTS 
i s  d e t e r m i n e d ,  home c o n s t r u c t i o n  p o l i c i e s  f o r  a  g i v e n  
s i m u l a t i o n  y e a r  a r e  a p p l i e d .  Home c o n s t r u c t i o n  p o l i c i e s ,  
w h i c h  a r e  b a s e d  upon d i f f e r e n t  s c e n a r i o s ,  a d d r e s s  t h e  m a j o r  
d e t e r m i n a n t s  o f  home e n e r g y  u s e  s u c h  a s  f l o o r s p a c e ,  t h e r m a l  
i n t e g r i t y ,  t h e  k i n d  o f  a p p l i a n c e  a n d  e n e r g y  t y p e  t h e  home is  
h e a t e d  w i t h  a s  w e l l  a s  t h e  e n e r g y  t y p e  u s e d  f o r  w a t e r  
h e a t i n g .  

- 

h o u s i n g  s t o c k  
i n  y e a r  n  

A 

S c e n a r i o  R e s u l t s  and  Comments ----- - ------ 

e REPLACEMENT 
HOMES/year 

F o r  A u s t r i a ,  b o t h  t o t a l  p o p u l a t i o n  and t o t a l  number o f  
homes show r e l a t i v e  s t a b i l i t y  o v e r  t h e  s c e n a r i o  time f r a m e  
1 9 7 8  - 2015.  The  t o t a l  number o f  homes i n c r e a s e s  f r o m  2 , 4 3  
m i l l i o n  i n  1 9 7 1  t o  3 .20  m i l l i o n  i n  2015 .  C o n c u r r e n t l y ,  t h e  
t o t a l  p o p u l a t i o n  i n c r e a s e s  f r o m  7 .46 m i l l i o n  t o  8 . 2 6  
m i l l i o n .  By 2015 ,  46% o f  t h e  h o u s i n g  s t o c k  c o n s i s t s  o f  

p o p u l a t i o n  
g r o w t h  C INCREMENTAL 

HOMES/year 

4 o n s t r u c t i o  

A 

f a m i l y  s i z e  
o l i c i e s  

v 
n o u s i n g  s t o c k  
i n  y e a r  n  + 1 



p o s t - 1 3 7 1  c o n s t r u c t i o n .  S i n g l e  f a m i l y  homes a c c o u n t  f o r  
a p p r o x i m a t e l y  44% o f  t h e  t o t a l  h o u s i n g  s t o c k  i n  1 9 7 1 ,  and  
f o r  41% by t h e  y e a r  2815.  

Over  t h e  time f r a m e  of t h e  s c e n a r i o  t h e  number o f  NEW 
HOMES i n c r e a s e s  v e r y  s l i g h t l y  f r o m  32 .000  i n  t h e  y e a r  1 9 7 1  
t o  36.900 i n  t h e  y e a r  2000 and 38 .600  i n  t h e  y e a r  2015.  The 
f r a c t i o n s  o f  NEW HOMES compared t o  t h e  t o t a l  number o f  
i n h a b i t e d  homes is 1 . 3 %  i n  1 9 7 1 ,  and  1 . 2 %  by 2015.  By 
c o m p a r i n g  mode l  c a l c u l a t i o n s  w i t h  c e n s u s  d a t a  f o r  1 9 7 1  t o  
1 9 7 7  i n  t h e  c a s e  o f  A u s t r i a  i t  was f o u n d  t h a t  t h e  a c t u a l  
numbers  o f  homes a s  g i v e n  by t h e  A u s t r i a n  c e n s u s  [ 1 5 ]  a r e  
h i g h e r  t h a n  t h e  mode l  c a l c u l a t i o n s  (47 .000  v e r s u s  32 .500 NEW 
HOMES p e r  a n n o  o n  t h e  a v e r a g e  f r o m  t h e  y e a r  1 9 7 1  t o  1 9 7 6 ) .  
T h i s  c a n  b e  e x p l a i n e d  by t h e  f a c t  t h a t  t h e  mode l  c a l c u l a t e s  
o n l y  t h e  p o p u l a t i o n  and  d e m o l i t i o n  d r i v e n  c o m p o n e n t s  o f  
a n n u a l  c o n s t r u c t i o n .  Newly c o n s t r u c t e d  s e c o n d  homes a r e  n o t  
a c c o u n t e d  f o r  i n  REUMA and  t h e s e  may w e l l  be r e s p o n s i b l e  f o r  
t h e  h i g h e r  c e n s u s  f i g ~ r e s . ~  An added  e l e m e n t  o f  u n c e r t a i n t y  
l i e s  i n  p o o r  s t a t i s t i c a l  d a t a  a b o u t  d e m o l i s h e d  homes a n d  
homes wh ich  c h a n g e  t h e i r  f u n c t i o n .  However ,  s i n c e  t h e  mode l  
e s t a b l i s h e s  a  r a t i o  o f  o n e  f a m i l y  t o  o n e  home i n  t h e  l o n g  
r u n ,  t h i s  d i s c r e p e n c y  seems t o  b e  o f  m ino r  i m p o r t a n c e .  

3 . 3 . 1  INCREMENTAL HOMES Needed t o  House N e w  F a m i l i e s  ---- -- - --- - - 

INCREMENTAL HOMES n e e d e d  b e c a u s e  o f  d e m o g r a p h i c  t r e n d s  
a r e  d e f i n e d  a s  homes r e q u i r e d  t o  h o u s e  t h e  n e t  i n c r e a s e  i n  
t h e  number o f  f a m i l i e s ;  t h i s  is a  f u n c t i o n  o f  b o t h  
p o p u l a t i o n  and  f a m i l y  s i z e .  

T h e  number of f a m i l i e s  w h i c h  e x c e e d s  t h e  number o f  
homes h a s  b e e n  c a l l e d  UNSATISFIED DEMAND and e a c h  y e a r  a  
c o n s t a n t  f r a c t i o n  o f  t h i s  UNSATISFIED DEMAND is a d d e d  t o  t h e  
number o f  INCREMENTAL HOMES. I n  t h e  l o n g  r u n  a  r a t i o  o f  o n e  
f a m i l y  t o  o n e  home is a c h i e v e d .  I n  A u s t r i a  t h e  number o f  
f a m i l i e s  e x c e e d e d  t h e  number o f  homes by 1 0 7 . 0 0 0  or 4 .4% i n  
1 9 7 1 .  

8  I f  o n e  a d d s  u p  t h e  number o f  a n n u a l l y  c o n s t r u c t e d  homes 
from 1 9 6 1  t o  1 9 7 1  a n d  c o m p a r e s  them t o  t h e  number o f  
i n h a b i t e d  homes c o n s t r u c t e d  d u r i n g  t h e  same p e r i o d  a s  
g i v e n  by t h e  ma in  home a n d  b u i l d i n g  c e n s u s  o f  1 9 7 1  
c e n s u s  [ 1 6 ]  , t h e  number o f  i n h a b i t e d  homes is 11% lower. 



A b a s i c  a s s u m p t i o n  u n d e r l y i n g  t h e  INCREMENTAL HOME 
s u b r o u t i n e  is  t h a t  home t y p e s  a r e  d e t e r m i n e d  by t h e  
s e t t l e m e n t  p a t t e r n  o f  f a m i l i e s ,  a s  s i m u l a t e d  by t h e  
i n t e r f  a c e  between t h e  p o p u l a t i o n  model and  REUMA ( p o p u l a t i o n  
a l l o c a t i o n  m o d e l ) .  By means o f  t h i s  i n t e r f a c e ,  i n c r e a s e s  
( d e c r e a s e s )  i n  p o p u l a t i o n  a r e  a l l o c a t e d  t o  u r b a n  ( r u r a l )  
a r e a s  a s  s p e c i f i e d  by a  g i v e n  s c e n a r i o .  9  One new f a m i l y  is  
assumed t o  g e t  one  home. Shou ld  t h e  number o f  u r b a n  o r  
r u r a l  f a m i l i e s  d e c r e a s e  i n  a  r e g i o n ,  t h e n  t h e  number o f  
u r b a n  o r  r u r a l  INCREMENTAL HOMES is set t o  z e r o .  I f  t h i s  
p r o c e s s  c o n t i n u e s ,  t h e  number o f  homes w i l l  - e v e n t u a l l y  
e x c e e d  t h e  number o f  f a m i l i e s .  I n  t h i s  c a s e  t h e  number o f  
homes is set  e q u a l  t o  t h e  number o f  f a m i l i e s .  The number o f  
homes e x c e e d i n g  t h e  number o f  f a m i l i e s  a r e  c o n s i d e r e d  e i t h e r  
t o  be  u n i n h a b i t e d  o r  t o  have  changed  t o  u s e s  o t h e r  t h a n  
h o u s i n g .  

I t  h a s  a l r e a d y  been  p o i n t e d  o u t  t h a t  t h e  r a t i o  o f  
s i n g l e  f a m i l y  homes t o  a p a r t m e n t s  h a s  a n  i m p o r t a n t  i n f l u e n c e  
upon r e s i d e n t i a l  e n e r g y  consump t i on .  By a s s i g n i n g  v a l u e s  t o  
r e l e v a n t  p a r a m e t e r s  t h e  f r a c t i o n  o f  r u r a l  INCREMENTAL HOMES 
b u i l t  a s  s i n g l e  f a m i l y  homes c a n  be  d e t e r m i n e d  and  i n  a  
s i m i l a r  f a s h i o n  t h e  u r b a n  INCREMENTAL HOMES c a n  be s p l i t  
i n t o  s i n g l e  f a m i l y  homes and a p a r t m e n t s .  T h e s e  p a r a m e t e r s  
c a n  b e  changed  b e f o r e  or d u r i n g  s i m u l a t i o n  i n  o r d e r  t o  show 
t h e  impac t  o f  d e n s i t y  o f  s e t t l e m e n t s  upon r e s i d e n t i a l  e n e r g y  
c o n s u m p t i o n .  

S c e n a r i o  R e s u l t s  

Due t o  t h e  a l m o s t  s t a b l e  p o p u l a t i o n  i n  A u s t r i a  ( 0 . 23% 
i n c r e a s e  p e r  a n n o ) ,  INCREMENTAL HOMES wh ich  s a t i s f y  t h e  
h o u s i n g  n e e d s  o f  new f a m i l i e s ,  show a  f a i r l y  s t a b l e  p a t t e r n  
o v e r  t h e  t i m e  f r ame  o f  t h e  s c e n a r i o .  They a c c o u n t  f o r  13 .040  
homes b u i l t  i n  1 9 7 1 ,  41% o f  NEW HOMES i n  t h a t  y e a r .  By 2000 
19 .888  INCREMENTAL HOMES a r e  b u i l t  p e r  y e a r ,  a c c o u n t i n g  f o r  
51% o f  NEW HOMES i n  t h a t  y e a r ,  and  by 2015 20.830 
INCREMENTAL HOMES a c c o u n t  f o r  52  8 o f  NEW HOMES i n  t h a t  
y e a r .  NEW HOMES are t h e  sum o f  INCREMENTAL HOMES p l u s  
REPLACEMENT HOMES f o r  d e m o l i s h e d  d w e l l i n g s  b u i l t  i n  a g i v e n  
s i m u l a t i o n  y e a r .  

9 e . g .  i t h a s  t o  b e  t a k e n  i n t o  a c c o u n t  t h a t  d i f f e r e n t  
p r o b a b i l i t i e s  o f  c h o o s i n g  s i n g l e  f a m i l y  homes a s  
compared t o  a p a r t m e n t s  e x i s t  i n  u r b a n  v s .  r u r a l  areas.  
The e n e r g y  t y p e  mix f o r  s i n g l e  f a m i l i y  homes a l s o  
d i f f e r s  f rom t h e  e n e r g y  t y p e  mix f o r  a p a r t m e n t s .  



The INCREMENTAL HOME sub rou t i ne  r e q u i r e s  d e t a i l e d  
in fo rmat ion  about  popu la t ion  and mig ra t ion  on a  
d isaggrega ted  s p a t i a l  b a s i s .  I n  the  OeIR popu la t ion  model 
[12]  a  good in format ion base was a v a i l a b l e  f o r  Aus t r i a .  

Flow Diagram - INCREMENTAL HOMES -- - - - ------ -- - 
F igu re  7 below shows a  s imple  f low diagram of the  

INCREMENTAL HOME subrou t ine .  T h i s  sub rou t i ne  is  used f o r  
both  urban and r u r a l  INCREMENTAL HOMES. 

3.3.2 - - REPLACEMENT - - .- - HOMES - Needed to S u b s t i t u t e  for Demolished - ---.- 

Homes 

I n  t h i s  subsec t i on ,  t h e  demo l i t i on - re la ted  component of 
NEW HOMES is d i scussed .  In  order  t o  rehouse d i sp laced  
i n h a b i t a n t s  it is necessary  t o  s u b s t i t u t e  REPLACEMENT HOMES 
f o r  demolished homes. The number of homes does not  change 
a s  a  r e s u l t  of demo l i t i on ,  though t h e  housing s tock  w i l l  
change w i th  regard t o  r a t i o  of s i n g l e  fami ly  homes t o  
apartments1° and " q u a l i t y " .  A new home b u i l t  t o  r e p l a c e  an 
o b s o l e t e  one w i l l  be i n  many r e s p e c t s  d i f f e r e n t .  

" Q u a l i t y "  r e f e r s  here  t o  a  s e t  of parameters  which 
d e s c r i b e s  t he  energy demand of a  home f o r  space and water  
hez t i ng .  These parameters  a r e  f l o o r s p a c e ,  thermal  i n t e g r i t y  
o f  t h e  home, and t h e  app l iance  and energy type used f o r  
space and water hea t ing .  The va lues  f o r  a l l  t hese  v a r i a b l e s  
a r e  determined by t he  user  of t h e  model a s  he c r e a t e s  h i s  
s c e n a r i o s .  

Assumptions ---- -.-- 

The main cause  f o r  demol i t i on  is cons idered t o  be t he  
substandard c o n d i t i o n s  i . e .  " q u a l i t y "  and/or des ign  of o l de r  
homes. 

I n  REUMA homes a r e  grouped accord ing t o  t h e i r  age i n  
y e a r s .  A maximum age is determined and homes o l d e r  than t h a t  

1 0  One p o s s i b i l i t y  is t o  s imply rep lace  demolished homes 
w i t h  homes of t h e  same type  ( t o  rep lace  an apartment  
w i th  an apa r tmen t ) .  An a l t e r n a t i v e  p o s s i b i l i t y  is t o  
r e p l a c e  demolished homes accord ing t o  a  r a t i o  of s i n g l e  
f am i l y  homes t o  apar tments ,  which is chosen f o r  
INCREMENTAL HOMES ( s e e  INCREMENTAL HOMES sub rou t i ne ,  
s e c t i o n  3.3 . l) . 
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Figure 7 Flow Diagram - INCREMENTAL HOMES Needed t o  

House New Fami l ies 

maximum age a r e  not  assumed t o  be demolished. They are  
thought t o  account fo r  t h e  h i s t o r i c a l l y  or o therwise 
va luab le  f r a c t i o n  of t h e  housing s tock which w i l l  be 
maintained throughout t h e  s imulat ion per iod of t he  model. 
The demol i t ion of o ther  homes is s t ra igh t fo rward .  Each 
s imu la t ion  year a  c e r t a i n  f r a c t i o n  of t h e  homes in  each age 
group below the  maximum age is dest royed or converted t o  
purposes o the r  than housing. The f r a c t i o n  i nc reases  
exponen t ia l l y  w i t h  the  age of homes and is assumed no t  t o  
vary for  d i f f e r e n t  home types.  

Obviously demol i t ion does not  account f u l l y  fo r  a l l  
l o s s e s  t o  the  housing s tock .  Homes a l s o  cease t o  func t ion  a s  



r e s i d e n c e s  when t h e y  a r e  c o n v e r t e d  t o  o f f i c e s .  These  c h a n g e s  
i n  f u n c t i o n  a r e  assumed t o  o c c u r  m o s t l y  i n  c e n t e r s  o f  c i t i e s  
where  s e r v i c e s  a r e  c o n c e n t r a t e d  and  p e o p l e  a r e  moving o u t .  
I t  is t h o u g h t  t h a t  t h e s e  c h a n g e s  i n  f u n c t i o n  a r e  a g e  
d e p e n d e n t ,  s i m i l a r  t o  t h e  p r o b a b i l i t y  o f  d e m o l i t i o n  o f  
homes. 

I n  T a b l e  2  be low t h e  f i v e  q u a l i t y  g r o u p s  used  commonly 
i n  A u s t r i a n  b u i l d i n g  c e n s u s e s  a r e  p r e s e n t e d .  
F i g u r e  8 shows t h e  a g e  o f  homes i n  1 9 7 1  and t h e  breakdown 
i n t o  t h e  f i v e  q u a l i t y  g r o u p s  a c c o r d i n g  t o  a g e  g r o u p s .  The 
p r o b a b i l i t y  o f  d e m o l i t i o n  is a l s o  shown i n  F i g u r e  8. A s  can  
b e  s e e n  f r om F i g u r e  8  t h e r e  is i n  f a c t  a  c l o s e  c o r r e l a t i o n  
be tween  a g e  o f  b u i l d i n g s  and t h e  s t a n d a r d  o f  homes. The 
maximum a g e  up t o  wh ich homes a r e  d e m o l i s h e d  was set  a t  138  
y e a r s  f o r  A u s t r i a .  

T a b l e  2  Q u a l i t y  C l a s s i f i c a t i o n  o f  Homes 

C e n t r a l  S i n g l e  Oven Bath / T o i l e t  Water Remarks 
Heat ing o r  "Etagen- Shower w i t h i n  w i t h i n  

Heizung " F l a t  F l a t  

Group 1 y e s  no 
Group 2 no Yes 
Group 3 yes/no y e s  
Group 4 yes/no y e s  
Group 5 yes/no y e s  

Yes Yes Yes 
Yes Yes Yes 
no Yes yes  1 
no no yes  }Substan-  
no no no I da rd  Homes 

S c e n a r i o  R e s u l t s  -- -- - -- -- 

The s i m u l a t e d  number o f  d e m o l i s h e d  homes i n  t h e  
s c e n a r i o  unde r  s t u d y  i n c r e a s e s  s l i g h t l y  f r om 1 8 , 7 0 0  i n  1971  
t o  17 ,870  i n  2008 and 18 ,730  i n  2015. The r a t e  o f  d e m o l i t i o n  
d e c r e a s e s  f rom 0 .8% i n  1971  t o  0 .6% i n  2000,  and d e c l i n e s  
v e r y  s l i g h t l y  u n t i l  2015. 

L i m i t a t i o n s  - - - 

A l i m i t a t i o n  o f  t h e  d e m o l i t i o n  s u b r o u t i n e  is t h a t  t h e r e  
i s  no  d i s t i n c t i o n  made between d e m o l i t i o n  and c h a n g e s  i n  
f u n c t i o n  of homes. A u s t r i a n  s t a t i s t i c a l  d a t a  and p r o b a b l y  
mos t  d a t a  f o r  o t h e r  c o u n t r i e s  a r e  v e r y  l i m i t e d  i n  t h i s  a r e a .  
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F u n c t i o n a l  R e l a t i o n s h Q s  - - - . - - - - . - . - - . -- ---- - 

The f u n c t i o n a l  r e l a t i o n s h i p  u s e d  i n  t h e  d e m o l i t i o n  
s u b r o u t i n e  is: 

Pk = [RPK x  e (RDM x  k ) ]  - kmax 

where :  

Pk = p r o b a b i l i t y  o f  d e m o l i t i o n  
o f  a  home of a  g i v e n  a g e  k 

k = a g e  (1 t o  kmax y e a r s )  

kmax = maximum a g e  

RPK and RDM = e s t i m a t e d  p a r a m e t e r s  

The number o f  demo l i shed  homes w i t h i n  e a c h  g r o u p  o f  
homes k y e a r s  o l d  is d e r i v e d  f rom:  

where:  

Dk  = d e m o l i s h e d  homes o f  homes k y e a r s  o l d  
H k  = homes k y e a r s  o l d  

These  v a l u e s  c a n  be  summed f o r  k = 1 t o  k = maximum age  
t o  c a l c u l a t e  t h e  t o t a l  number o f  homes d e m o l i s h e d  i n  a g i v e n  
y e a r .  

F low Diagram f o r  t h e  D e m o l i t i o n  S u b r o u t i n e  --- -- --- - -- --------- 

F i g u r e  9 shows a s i m p l i f i e d  f l o w  d i a g r a m  f o r  t h e  
d e m o l i t i o n  s u b r o u t i n e .  



F i g u r e  9 Flow Diagram - D e m o l i t i o n  o f  Homes and  
Rep lacemen t  of Demo l i shed  Homes 

- 

REPLACEMEnT 
HOMES t o  
s u b s t i t u t e  
aemo l  i s n e a  
homes 

3.4 Ene rgy  z e s ,  -- H e a t i g  A p p l i a n c e s  and  S u b s t i t u t i o n  -.- -- --- ------ 
P r o c e s s e s  -- 

C 

I n  t h e  p r e v i o u s  two s e c t i o n s  t h e  bookkeep ing  
c a l c u l a t i o n  o f  t h e  number o f  o c c u p i e d  homes by home t y p e  
( i . e .  s i m u l a t i o n  o f  c h a n g e s  i n  t h e  s i z e  o f  t h e  h o u s i n g  s t o c k  
t h r o u g h  c o n s t r u c t i o n  and d e m o l i t i o n )  was d i s c u s s e d .  I n  t h i s  
s e c t i o n  d i f f e r e n t  e n e r g y  end  u s e s  and  e n e r g y  t y p e s  a r e  
d i s t i n g u i s h e d .  For  e a c h  home t y p e  t h e  ma jo r  d e t e r m i n a n t s  o f  
r e s i d e n t i a l  e n e r g y  consump t i on  a r e  t h e  t y p e  o f  s p a c e  and 
w a t e r  h e a t i n g  a p p l i a n c e ,  a s  w e l l  a s  t h e  e n e r g y  t y p e s  c h o s e n .  

I n  r e l a t i n g  home t y p e s  t o  t h e  d i f f e r e n t  e n e r g y  u s e s  and  
e n e r g y  t y p e s  a g r e a t  v a r i e t y  o f  c o m b i n a t i o n s  c a n  be c r e a t e d .  
Ene rgy  u s e  i n  a  home is b r o k e n  down i n t o  t h r e e  m a j o r  g r o u p s :  

f 
NEW HOME 
c o n s t r u c t i o n  

\ p o l i c y  

(demo l i t i on  \ 
a l l  i n h a b i t e d  
homes g rouped  3 

a c c o r d i n g  t o  a g e  
f rom one y e a r  t o  

by a g e  \maximum a g e  



energy  use f o r  

- space  h e a t i n g  ) 
) base  a p p l i a n c e s  

- water  h e a t i n g  ) 

- household ) every  a p p l i a n c e  which d o e s  n o t  f a l l  i n t o  
a p p l i a n c e s  ) t h e  p r e v i o u s  c a t e g o r y  ( s e e  s e c t i o n  3.5.4)  

App l i ances  f o r  space  and water  h e a t i n g  a r e  c a l l e d  base  
a p p l i a n c e s .  An impor tan t  c h a r a c t e r i s t i c  o f  base  a p p l i a n c e s  
i s  t h a t  t hey  a r e  b u i l t  i n t o  t h e  home and s t a y  w i t h  i t 
( e x c e p t  f o r  OLD HOMES where r e t r o f i t t i n g  can be s i m u l a t e d )  . 
I t  is  f u r t h e r  impor tan t  t o  know t h e  energy  t y p e  which is 
used by t h e  base a p p l i a n c e .  T h i s  w i l l  depend on t h e  t y p e  of 
b a s e  a p p l i a n c e ,  t h e  t y p e  o f  home, t h e  t ime  o f  c o n s t r u c t i o n  
and t h e  p r i c e  and l o c a l  a v a i l i b i l i t y  o f  ene rgy  t y p e s .  S i x  
e n e r g y  t y p e s  ( e l e c t r i c i t y ,  g a s ,  o i l ,  c o a l ,  wood, d i s t r i c t  
h e a t  p l u s  one a l t e r n a t i v e  energy  s o u r c e  l i k e  s o l a r  and/or 
h e a t  pumps) have been c o n s i d e r e d  i n  t h e  A u s t r i a n  s t u d y .  T h i s  
is  d i s c u s s e d  i n  s e c t i o n s  3 .4 .1  and 3.5.3.  Fur thermore  it 
h a s  been assumed t h a t  t h e r e  is a  c o n n e c t i o n  between t h e  
c h o i c e  of  h e a t i n g  a p p l i a n c e ,  t h e  energy  t y p e  used and 
h e a t i n g  h a b i t s ,  which is  d i s c u s s e d  i n  s e c t i o n  3.5.1.  

For A u s t r i a  it has  been assumed t h a t  a  consumer t r e n d  
towards  a  more c o n v e n i e n t  l i f e  s t y l e  i s  dominant i n  t h e  
r e s i d e n t i a l  s e c t o r .  Conven ien t ,  e a s i l y  c o n t r o l l e d  s p a c e  
h e a t i n g  u n i t s  a r e  adop ted ,  a s  w e l l  a s  h o t  water  f a c i l i t i e s  
such  a s  showers and b a t h s .  

3 . 4 . 1  - Energy Types - -- and Base m i a n c e s  . -- - - . - - f o r  - Space -.- - and Water - 
H e a t i s  

Two k i n d s  of base  a p p l i a n c e s  a r e  d i s t i n g u i s h e d  i n  t h e  model: 

- s p a c e  h e a t i n g  a p p l i a n c e s :  these a r e  grouped 
i n t o  e i t h e r  s i n g l e  oven a p p l i a n c e s  o r  c e n t r a l  - --- -- 
heat* a p p l i a n c e s  ---- 

- water  h e a t i n g  a p p l i a n c e s  

For a l l  t y p e s  of homes t h e  base  a p p l i a n c e  ownersh ip  
p r o b a b i l i t y  is  s p e c i f i e d .  The b a s e  a p p l i a n c e  ownersh ip  
p r o b a b i l i t y  is t h e  p e r c e n t a g e  o f  homes by t y p e  hav ing  a  
p a r t i c u l a r  base a p p l i a n c e  and u s i n g  a  s p e c i f i e d  energy  t y p e .  
S i x  ene rgy  t y p e s  p l u s  one a l t e r n a t i v e  energy  s o u r c e  can be 
c o n s i d e r e d .  The i n i t i a l  v a l u e s  a r e  t a k e n  from c e n s u s  d a t a  
and o t h e r  r e l a t e d  s t u d i e s .  Dur ing t h e  s i m u l a t i o n  r u n ,  t h e  



owner s h i p  p r o b a b i l i t i e s  can be changed i n  o r d e r  t o  examine 
r e t r o f i t t i n g  o f  OLD HOMES and c h a n g i n g  o f  c o n s t r u c t i o n  
p o l i c i e s  a c c o r d i n g  t o  assumed s h i f t s  t o w a r d s  o r  away f rom 
c e r t a i n  e n e r g y  t y p e s  and /o r  h e a t i n g  s y s t e m s .  REUMA 
c a l c u l a t e s  t h e  o w n e r s h i p  p r o b a b i l i t i e s  f o r  TOTAL N E W  HOMES 
which a r e  t h e  w e i g h t e d  a v e r a g e s  o f  NEW HOMES c o n s t r u c t e d  
between t h e  s t a r t i n g  y e a r  o f  REUMA and a  g i v e n  s i m u l a t i o n  
y e a r ,  e . g .  t h e  b a s e  a p p l i a n c e  owne rsh ip  p r o b a b i l i t y  o f  
d i s t r i c t  h e a t  of  a p a r t m e n t s  b u i l t  i n  t h e  s t a r t i n g  y e a r  of 
REUMA was assumed t o  be 20% i n  t h e  c a s e  o f  A u s t r i a ;  ove r  t h e  
time f rame of t h e  s c e n a r i o  t h i s  p r o b a b i l i t y  was assumed t o  
i n c r e a s e  t o  37% i n  t h e  y e a r  2015.11 The we igh ted  a v e r a g e  o f  
t h e  b a s e  a p p l i a n c e  o w n e r s h i p  p r o b a b i l i t i e s  o f  d i s t r i c t  h e a t  
o f  TOTAL NEW &PARTMENTS c o n s t r u c t e d  d u r i n g  t h e  45 y e a r  
p e r i o d  i s  32.8% Ownersh ip  p r o b a b i l i t i e s  f o r  TOTAL NEW HOMES 
a r e  n o t  assumed t o  be  changed d u r i n g  t h e  s i m u l a t i o n  p e r i o d .  

S i n g l e  o v e n s  l2  and c e n t r a l  h e a t i n g  a r e  t r e a t e d  
s e p a r a t e l y ,  i n  o r d e r  t o  p e r m i t  one  t o  a c c o u n t  f o r  t h e  
d i f f e r e n t  t e c h n i c a l  p rob lems  o f  e n e r g y  t y p e  s u b s t i t u t i o n s  
f o r  t h e s e  two b a s e  a p p l i a n c e  g r o u p s ,  a s  w e l l  a s  t o  be  a b l e  
t o  s i m u l a t e  t r a n s i t i o n s  f rom one  g r o u p  t o  t h e  o t h e r  ( e . g .  
s u b s t i t u t i n g  g a s ,  o i l ,  d i s t r i c t  h e a t  1 3  f o r  c o a l  s i n g l e  
o v e n s ;  s u b s t i t u t i n g  d i s t r i c t  h e a t  and g a s  f o r  o i l  q u i t e  
o f t e n  i n c l u d e s  a  s h i f t  f rom s i n g l e  o v e n s  t o  c e n t r a l  
h e a t i n g ) .  

S i m u l a t i o n  T e c h n i q u e  - f o r  - E n e g y  .- Type S h i f t s  

A s  h a s  been d i s c u s s e d ,  s i g n i f i c a n t  v a r i a t i o n s  i n  e n e r g y  
t y p e  s h i f t s  e x i s t  f o r  t h e  f o u r  home t y p e s ,  OLD SINGLE FAMILY 
HOMES, OLD APARTMENTS, NEW SINGLE FAMILY HOMES and NEW 
APARTMENTS. The change  i n  t h e  e n e r g y  t y p e  mix and a p p l i a n c e  
mix o f  t h e  h o u s i n g  s t o c k  h a s  t h r e e  components :  a )  
r e t r o f i t t i n g  o f  OLD HOMES c o n s t r u c t e d  b e f o r e  t h e  s t a r t i n g  
y e a r  o f  REUMA, b )  NEW HOMES c o n s t r u c t e d  p e r  y e a r  c )  

11 A s  shown i n  F i g u r e  10 on  page  39.  

1 2  A u s t r i a n  c e n s u s e s  d i s t i n g u i s h  a  f u r t h e r  t y p e  of  s p a c e  
h e a t i n g  a p p l i a n c e ,  which is  c a l l e d  " E t a g e n h e i z u n g " .  
S i n c e  " E t a g e n h e i z u n g e n "  a r e  c o n c e p t u a l l y  c l o s e l y  r e l a t e d  
t o  s i n g l e  ovens  and a c c o u n t  o n l y  f o r  a p p r o x i m a t e l y  4% of  
a l l  homes i n  1971 ,  E t a g e n h e i z u n g e n  and s i n g l e  o v e n s  a r e  
subsumed under  t h e  t e r m  s i n g l e  o v e n s .  

1 3  REUMA d o e s  n o t  i n c l u d e  c o n s i d e r a t i o n s  a b o u t  t h e  b a s i s  o f  
d i s t r i c t  h e a t  ( e . g .  c o a l  based  d i s t r i c t  h e a t ,  o i l  based  
d i s t r i c t  h e a t ,  e tc . )  . 



d e m o l i t i o n  o f  homes. 

I n  c o n s i d e r i n g  c h a n g e s  i n  e n e r g y  t y p e  mix one h a s  t o  
t a k e  i n t o  a c c o u n t  t h a t  e a c h  e n e r g y  t y p e  h a s  a  s p a t i a l  
d i i nens ion  which is d e t e r m i n e d  by t h e  n e c e s s a r y  d e n s i t y  o f  
consumers .  For  i n s t a n c e ,  a  d i s t r i c t  h e a t  o r  g a s  ne twork  
n e e d s  a  c e r t a i n  d e n s i t y  o f  consumers  i n  o r d e r  t o  o p e r a t e  
e c o n o m i c a l l y .  T h i s  d e n s i t y  most  o f t e n  is f ound  i n  
s e t t l e m e n t s  i n  wh ich a p a r t m e n t s  a r e  emphas i sed .  Energy  
t y p e s  and t h u s  t o  a  c e r t a i n  e x t e n t  b a s e  a p p l i a n c e s  f o r  
s i n g l e  f a m i l y  homes and  a p a r t m e n t s  a r e  e s s e n t i a l l y  
d i f f e r e n t .  Ano the r  i m p o r t a n t  d i s t i n c t i o n  h a s  t o  be made 
be tween  r e t r o f i t t i n g  o f  OLD HOMES (where  t e c h n i c a l ,  l e g a l  
and  f i n a n c i a l  p r o b l e m s  a r i s e )  and b a s e  a p p l i a n c e s  and  e n e r g y  
t y p e s  f o r  NEW HOMES. 

These  d i f f e r e n c e s  make it n e c e s s a r y  t o  s i m u l a t e  c h a n g e s  
i n  e n e r g y  t y p e  mix and  a p p l i a n c e s  i n d i v i d u a l l y  f o r  t h e s e  
f o u r  major  home t y p e s .  A s  w e l l ,  s i m u l a t i o n  o f  c h a n g e s  i n  
e n e r g y  t y p e  mix must  be pe r f o rmed  s e p a r a t e l y  f o r  e a c h  t y p e  
o f  b a s e  a p p l i a n c e s  ( s i n g l e  oven  h e a t i n g ,  c e n t r a l  h e a t i n g ,  
w a t e r  h e a t i n g ) .  

I n  o r d e r  t o  examine e n e r g y  t y p e  s h i f t s  o v e r  t h e  
s c e n a r i o  t ime- f rame,  t h r e e  m a t r i c e s  c o n t a i n i n g  t h e  
p r o b a b i l i t i e s  t h a t  a  home o f  a  s p e c i f i e d  t y p e  w i l l  have  a  
p a r t i c u l a r  b a s e  a p p l i a n c e  u s i n g  a  g i v e n  e n e r g y  t y p e  i n  a  
g i v e n  y e a r  have  been  c o n s t r u c t e d .  

The  i n i t i a l  m a t r i x  f o r  t h e  s t a r t i n g  y e a r  (1971)  was 
t a k e n  f rom c e n s u s  d a t a ,  and used  a s  d a t a  i n p u t  f o r  REUMA. A 
s e c o n d  m a t r i x  w i t h  t h e  p r o b a b i l i t i e s  f o r  a  y e a r  i n  t h e  n e a r  
f u t u r e  was d e r i v e d  f rom c e n s u s  d a t a  and  f rom t r e n d s  o f  t h e  
r e c e n t  p a s t .  T h i s  was done  b e c a u s e  o f  lack o f  d a t a  f o r  t h e  
r e g i o n s .  When c e n s u s  d a t a  become a v a i l a b l e ,  t h e  e s t i m a t i o n  
p r e c e d u r e  s h o u l d  be based  on time ser ies a n a l y s i s .  A t h i r d  
m a t r i x ,  f o r  a p p r o x i m a t e l y  t h e  l a s t  t h i r d  o f  t h e  s c e n a r i o  
t ime f r a m e ,  ( i . e .  f o r  t h e  y e a r  2000) was c o n s t r u c t e d  on t h e  
b a s i s  o f  a s s u m p t i o n s  a b o u t  e n e r g y  t y p e  s h i f t s  a n d  t r e n d s  
t o w a r d s  c e r t a i n  b a s e  a p p l i a n c e s .  These  a s s u m p t i o n s  
i m p l i c i t l y  i n c l u d e  f u t u r e  e n e r g y  p r i c e s ,  a v a i l a b i l i t y  o f  
e n e r g y  t y p e s  and e n v i r o n m e n t a l  c o n s i d e r a t  i o n s  (see s e c t i o n  
3 . 5 . 1 ) .  

I n  a submodel  exogenous  t o  REUMA t h e s e  t h r e e  
p r o b a b i l i t y  d i s t r i b u t i o n s  f o r  a  g i v e n  home t y p e  were used  t o  
d e t e r m i n e  t r a n s i t i o n  m a t r i c e s  c o r r e s p o n d i n g  t o  a  Markov 
c h a i n  w i t h  c o n s t a n t  t r a n s i t i o n  p r o b a b i l i t i e s  whose s t a b l e  
v a l u e s  are a p p r o x i m a t e l y  e q u a l  t o  t h e  h y p o t h e t i c a l  v a l u e s  i n  
t h e  y e a r  2000. These  t r a n s i t i o n  matrices have  been i n c l u d e d  
i n  t h e  d a t a  b a s e  and  p r o d u c e  i n  c o m b i n a t i o n  w i t h  t h e  
m a t r i c e s  f o r  t h e  s t a r t i n g  y e a r  t h e  d e s i r e d  p r o b a b i l i t y  



d i s t r i b u t i o n  f o r  t h e  d i f f e r e n t  home t y p e s  f o r  e a c h  
s i m u l a t i o n  y e a r .  

T a b l e  3 shows how t h e  d a t a  f o r  e n e r g y  u s e  and b a s e  
a p p l i a n c e  o w n e r s h i p  p r o b a b i l i t i e s  a r e  o r g a n i s e d  i n  m a t r i x  
fo rm.  Seven  e n e r g y  s o u r c e s  ( e l e c t r i c i t y ,  g a s ,  o i l ,  c o a l ,  
wood, d i s t r i c t  h e a t ,  and an a l t e r n a t i v e  e n e r g y  s o u r c e )  have  
been  c o n s i d e r e d .  The summation of t h e  p r o b a b i l i t i e s  f o r  
s p a c e  h e a t i n g  and  f o r  w a t e r  h e a t i n g  f o r  a g i v e n  home t y p e  
u s u a l l y  e q u a l s  o n e .  However, i n  t h e  c a s e  o f  A u s t r i a ,  t h e  
sum of p r o b a b i l i t i e s  f o r  w a t e r  h e a t i n g  o f  OLD HOMES h a s  been 
s e t  t o  less t h a n  one .  I t  is assumed t h a t  t h e  v a l u e  o f  one  is  
g r a d u a l l y  a p p r o a c h e d  by 1990 ,  a s  a l l  homes a r e  g r a d u a l l y  
f i t t e d  w i t h  a  b a t h  o r  shower .  

T a b l e  3 Data O r g a n i s a t i o n  f o r  M a t r i c e s  

S FH . . . S i n g l e  Fam i l y  Home APT . . .  Apar tment  homes 
H ... Homes 
s .  0.  . . . s i n g l e  oven a p p l i a n c e s  
c .  h. . . . c e n t r a l  h e a t i n g  a p p l i a n c e s  

S p l i t  i n t o  Urban and R u r a l  Com_~onents - - - - - .- - . - .. -- - .. -. - - . - - - - - 

Home Energy 
Types  Types 

Each o f  t h e  m a t r i c e s  f o r  a  g i v e n  home t y p e 1 4  h a s  t o  be 
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1 4  The f o u r  home t y p e s  a r e :  OLD SFH, OLD APARTMENTS, NEW 
SFH, and NEW APARTMENTS; SFH = s i n g l e  f a m i l y  homes. 
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s p l i t  i n t o  an  u rban  and r u r a l  corn o n e n t ,  i n  o r d e r  t o  match 
them w i t h  t h e  e i g h t  home t y p e s .  1g The d i s t i n c t i o n  made i n  
t h i s  s t u d y  between an u rban  and r u r a l  component  was o f  
g r e a t e s t  i m p o r t a n c e  f o r  e n v i r o n m e n t a l  i m p a c t s ;  t h e  
d i s t r i b u t i o n  o f  s i n g l e  f a m i l y  homes and a p a r t m e n t s  on t h e  
u r b a n - r u r a l  con t i nuum d o e s  n o t  a l t e r  t h e  o v e r a l l  e n e r g y  
consump t i on  a s  l o n g  a s  no d i f f e r e n c e s  i n  l i f e  s t y l e  o r  
t e c h n i c a l  p a r a m e t e r s  c o n c e r n i n g  p e r f o r m a n c e  o f  h e a t i n g  
a p p l i a n c e s  a r e  i n t r o d u c e d .  The e n e r g y  t y p e s  and t h e i r  u s e  
a r e  a l l o c a t e d  t o  u r b a n  and  r u r a l  a r e a s  i n  o r d e r  t o  a l l o w  an  
e v a l u a t i o n  o f  e n v i r o n m e n t a l  p o l l u t i o n  s temming f rom 
r e s i d e n t i a l  s e t t l e m e n t  p a t t e r n s .  

S i n c e  d a t a  b a s e d  d i r e c t l y  on community s i z e  was n o t  
a v a i l a b l e  f o r  A u s t r i a ,  i n d i c a t o r s  o f  community s i z e  had t o  
b e  used .  T h e  m i c r o c e n s u s  d a t a  of 1975  [ 17 ]  and 1977 [ 18 ]  
was a  g r e a t  a i d  i n  t h e  a n a l y s i s  o f  t h e  v a r i a t i o n  i n  t h e  mix 
o f  e n e r g y  t y p e s  and b a s e  a p p l i a n c e s  i n  u r b a n  v s .  r u r a l  
homes. The m i c r o c e n s u s  p r o v i d e d  d a t a  based  upon t h e  r a t i o  o f  
t h e  t o t a l  p o p u l a t i o n  o f  a community t o  p e o p l e  engaged  i n  
a g r i c u l t u r a l  work ( a g r a r i a n  q u o t a )  by community s i z e .  A s  
o n e  would e x p e c t ,  t h e r e  is a  c l o s e  c o r r e l a t i o n  between 
a g r a r i a n  q u o t a  and community s i z e .  Communi t ies  o f  3000 and 
less p o p u l a t i o n ,  wh ich a r e  d e f i n e d  i n  t h e  p o p u l a t i o n  
a l l o c a t i o n  model  a s  r u r a l ,  h a v e  an a g r a r i a n  q u o t a  
c o n s i s t a n t l y  h i g h e r  t h a n  1 B % .  C o n v e r s e l y ,  commun i t i es  w i t h  
3000 and  more i n h a b i t a n t s  have  an  a g r a r i a n  q u o t a  
c o n s i s t a n t l y  l ower  t h a n  1 0 % .  

T a b l e  4 shows how t h e  m i c r o c e n s u s  d a t a  i s  o r g a n i s e d  
[ 1 7 , 1 8 1 .  For  e a c h  o f  t h e s e  community t y p e s  t h e  o w n e r s h i p  
f r a c t i o n s  f o r  b a s e  a p p l i a n c e s  and  e n e r g y  t y p e s  c a n  be  
d e r i v e d  f rom t h e  m i c r o c e n s u s  d a t a .  The g r e a t  d i f f e r e n c e s  i n  
d i s t r i b u t i o n  of  e n e r g y  t y p e s  f o r  h e a t i n g  w i t h i n  t h e  s e v e n  
community t y p e s  a r e  d i s p l a y e d  i n  F i g u r e  10 be low.  A t  t h e  
p r e s e n t  s t a g e  of deve lopment  o f  REUMA t h e  m a t r i c e s  f o r  t h e  
f o u r  home t y p e s  (OLD SINGLE FAMILY HOMES, NEW SINGLE FAMILY 
HOMES, OLD APARTMENTS, NEW APARTMENTS) a r e  s p l i t  e a c h  y e a r  

I 
i n t o  two i d e n t i c a l  m a t r i c e s  f o r  t h e  u r b a n  and  r u r a l  
component  of t h e  home t y p e .  

A s  a  n e x t  s t e p  i n  t h e  deve lopmen t  o f  t h e  model i t  is 
s u g g e s t e d  t h a t  t h e  a r r a y  f o r  s p a c e  h e a t i n g  o f  one  home t y  e 
( i . e .  NEW SINGLE FAMILY HOMES wh ich  c o n t a i n s  1 2  componen ts  E6 

1 5  The e i g h t  home t y p e s  a r e :  -- OLD u r b a n / r u r a l  SFH, 
u r b a n / r u r a l  APARTMENTS, NEW u r b a n / r u r a l  SFH, u r b a n / r u r a l  
APARTMENTS; The m a t r i c e s o r  TOTAL NEW u r b a n / r u r a l  SFH 
and  TOTAL NEW u r b a n / r u r a l  APARTMENTS a r e  t h e  w e i g h t e d  
a v e r a g e  o f  t h e  r e s p e c t i v e  NEW HOME t y p e s .  SFH = s i n g l e  
f a m i l y  homes. 



T a b l e  4 Community T y p e s  Based upon t h e  A g r a r i a n  Q u o t a  
------ - --- --- - - - - - -- - .. .- -. - . - - - - - --- - - - -.-.- - 

Community S i z e  A g r a r i a n  Q u o t a  

1) c o m m u n i t i e s  w i t h  less more t h a n  30% 
t h a n  20 .000 i n h a b i t a n t s  

2  - 11 - 2 0 . 1 %  - 30 % 

3  - - 1 0 . 1 %  - 20 % 

4  - " - 5 . 1 %  - 1 0  % 

5 )  - - up t o  5  % 

6 )  c o m m u n i t i e s  w i t h  20 000 t o  250 000 i n h a b i t a n t s  
7 )  V i e n n a  

S o u r c e :  [ 1 2 , 1 3 1  

a d d i n g  u p  t o  1 0 0 % )  b e  s p l i t  i n t o  two  a r r a y s .  

H i s t o r i c a l  T r e n d s  o f  E n e r g y  S u b s t i t u t i o n  and  
--.---- - - -. -- - - - - .. . - -- 
R e t r o f i t t i n g  - - .- - - - - - - i n  A u s t r i a  -. . - - - - 

T h e  e n e r g y  t y p e  mix  f o r  s p a c e  h e a t i n g  h a s  shown s t r o n g  
s h i f t s  i n  t h e  r e c e n t  p a s t ,  a c c o r d i n g  t o  A u s t r i a n  c e n s u s  d a t a  
[ 1 9 , 2 0 , 2 1 , 2 2 ] .  I n  t h e  y e a r  1969  a b o u t  8 3 %  o f  A u s t r i a n  homes 
were h e a t e d  w i t h  c o a l  o r  wood ( c o a l  6 1 8 ,  wood 2 2 % )  m o s t l y  i n  
c o m b i n a t i o n  w i t h  s i n g l e  o v e n s .  O i l  was u s e d  by 1 0 %  o f  a l l  
homes.  By t h e  y e a r  1977  t h e  f r a c t i o n  o f  homes u s i n g  s o l i d  
e n e r g y  t y p e s  d r o p p e d  t o  46% ( c o a l :  2 9 % ,  wood: 1 7 % )  . 
C o n c u r r e n t l y  t h e  u s e  o f  o i l  h a s  c l i m b e d  t o  26% o f  a l l  homes. 

On t h e  b a s i s  o f  t h e s e  t r e n d s  it is assumed  t h a t  t h e  u s e  
o f  c o a l  w i l l  b e  n e a r l y  p h a s e d  o u t  by t h e  y e a r  2 @ d 0 ;  wood, 
h o w e v e r ,  w i l l  m a i n t a i n  i ts  i m p o r t a n c e  i n  r u r a l  a r e a s ,  d u e  t o  
i t s  a v a i l a b i l i t y  and low c o s t s .  C o n v e n i e n t  e n e r g y  t y p e s  l i k e  
o i l ,  g a s ,  e l e c t r i c i t y  a n d  d i s t r i c t  h e a t  are l i k e l y  t o  
c o n t i n u a l l y  g a i n  i n  i m p o r t a n c e  i n  t h e  r e s i d e n t i a l  s e c t o r  as  
a w h o l e .  F i q u r e  1 2  on  p a g e  44 shows  t h e  p e r c e n t  o f  homes 

1 6  The  t w e l v e  c o m p o n e n t s  a r e :  t h e  o w n e r s h i p  p r o b a b i l i t i e s  
t h a t  a home o f  a g i v e n  t y p e  is f i t t e d  w i t h  s i n g l e  o v e n s  
a n d  u s e s  o n e  o u t  o f  s i x  p o s s i b l e  e n e r g y  t y p e s ,  o r  is 
f i t t e d  w i t h  c e n t r a l  h e a t i n g  a n d  u s e s  o n e  o u t  o f  s i x  
p o s s i b l e  e n e r g y  t y p e s ;  compare  w i t h  T a b l e  3 ,  Data 
O r g a n i s a t i o n  f o r  Matrices. 
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F i g u r e  1 0  D i s t r i b u t i o n  o f  E n e r g y  T y p e s  f o r  S p a c e  H e a t i n g  
by  Community Type 

u s i n g  e a c h  e n e r g y  t y p e  f o r  s p a c e  h e a t i n g  i n  t h e  s c e n a r i o .  
T h e  h i s t o r i c a l  v a l u e s  f o r  1 9 6 9  t o  1 9 7 8  as  g i v e n  by t h e  
M i c r o c e n s u s e s  [ 1 9 , 2 0 , 2 1 , 2 2 , 2 3 ]  are  i n c l u d e d  i n  F i g u r e  1 2 .  

I n t e r l i n k e d  w i t h  t h e  s h i f t  t o w a r d s  c o n v e n i e n t  e n e r g y  
t y p e s  d u r i n g  t h e  s c e n a r i o  time frame is  t h e  t r e n d  t o w a r d s  
c o n v e n i e n t  space h e a t i n g  a p p l i a n c e s .  I n  1 9 6 9  9 0 %  o f  a l l  
homes were h e a t e d  w i t h  s i n g l e  o v e n s  a n d  1 0 %  were c e n t r a l l y  
h e a t e d .  I n  1 9 7 7  70% o f  a l l  homes were h e a t e d  w i t h  s i n g l e  
o v e n  and a l r e a d y  25% w e r e  c e n t r a l l y  h e a t e d .  [ 2 2 ]  1 7  I n  t h e  

1 7  E t a g e n h e i z u n g e n  a n d  s i n g l e  o v e n s  are subsumed u n d e r  t h e  



s c e n a r i o  46% o f  a l l  homes a r e  assumed t o  be  f i t t e d  w i t h  
c e n t r a l  h e a t i n g  by 2UQ0, and  62% by  2015 .  T h e s e  t r e n d s  
t o w a r d s  c e n t r a l  h e a t i n g  s y s t e m s  d i f f e r  f o r  s i n g l e  f a m i l y  
homes and a p a r t m e n t s ,  NEW HOMES and  r e t r o f i t t e d  OLD HOMES. 

J u s t  a s  a t r e n d  t o w a r d  c o n v e n i e n t  e n e r g y  t y p e s  and 
s p a c e  h e a t i n g  a p p l i a n c e s  was assumed  t o  o c c u r  i n  t h e  
s c e n a r i o ,  i t  is f o r e s e e n  t h a t  homes w i l l  b e  r a p i d l y  f i t t e d  
w i t h  b a t h s  o r  s h o w e r s .  A c c o r d i n g  t o  c e n s u s  d a t a  o f  1 9 6 1  
o n l y  29% o f  A u s t r i a n  homes had a  b a t h  o r  a  shower  [ 2 4 ]  ; by 
1 9 7 1  t h i s  f r a c t i o n  i n c r e a s e d  t o  53% [ 1 6 ]  a n d  by 1977  t o  72% 
[ 2 5 ] .  The a c t u a l  number o f  homes f i t t e d  w i t h  a  b a t h  o r  a 
s h o w e r  a p p r o x i m a t e l y  d o u b l e d  b e t w e e n  1 9 6 1  and  1 9 7 1  and 
t r i p l e d  b e t w e e n  1 9 6 1  and 1977 .  I n  t h e  s c e n a r i o  i t  is 
a s s u m e d  t h a t  by 1 9 9 0  n e a r l y  a l l  homes a r e  f i t t e d  w i t h  a  b a t h  
o r  s h o w e r .  T h i s  is a c h i e v e d  by r e t r o f i t t i n g  p r e - 7 1  (OLD) 
HOMES and f i t t i n g  10a  p e r  c e n t  o f  NEW HOMES w i t h  b a t h s  o r  
s h o w e r s .  C o n v e n i e n t  e n e r g y  t y p e s  s u c h  a s  e l e c t r i c i t y ,  g a s ,  
a n d  o i l  are  assumed  t o  be  u s e d  f o r  t h e s e  h o t  w a t e r  
a p p l i a n c e s .  

E n e r g y  Type - S u b s t i t u t i o n  - - -- - -- - -. ( R e t r o f i t t i n Q  . - - - - -. o f  -- OLD HOMES 

T h e r e  is a  h i g h  c o r r e l a t i o n  b e t w e e n  s u b s t a n d a r d  h o u s i n g  
c o n d i t i o n s  and  t h e  a g e  o f  homes.  T h i s  p r o b l e m  o f  s u b s t a n d a r d  
h o u s i n g  c a n  be  a t t a c k e d  by d e m o l i t i o n  a n d  r e c o n s t r u c t i o n  o f  
homes w i t h  s u b s t a n d a r d  c o n d i t i o n s .  1 8  R e t r o f i t t i n g  h a s  a l s o  
become a n  i m p o r t a n t  o p t i o n  i n  t h e  r e c e n t  p a s t  and  is 
i n c l u d e d  i n  REUMA. However ,  t h e  r e t r o f i t t i n g  r o u t i n e  c a n  b e  
b y p a s s e d  by t h e  u s e r  i f  h e  w i s h e s .  

I n  A u s t r i a  t h e  q u a l i t y  o f  t h e  p r e - 1 9 7 1  h o u s i n g  s t o c k  
(OLD HOMES) is st i l l  d o m i n a t e d  by many homes w i t h  
s u b s t a n d a r d  c o n d i t i o n s .  T a b l e  5  shows  t h e  d i s t r i b u t i o n  o f  
homes f o r  t h e  y e a r s  1 9 6 1 ,  1 9 7 1 ,  a n d  1 9 7 6  i n t o  t h e  q u a l i t y  
g r o u p s  d e f i n e d  i n  T a b l e  2 ,  w h i c h  p r e s e n t  t h e  t o t a l s  and 
p e r c e n t a g e s  i n  e a c h  g r o u p .  

G r o u p  1 c o n t a i n s  t h e  homes f i t t e d  w i t h  c e n t r a l  h e a t i n g ,  
t o i l e t ,  and a  b a t h  o r  a s h o w e r .  I n  c o n t r a s t  h o u s i n g  u n i t s  i n  
G r o u p  5  h a v e  n e i t h e r  t o i l e t  n o r  w a t e r  i n s i d e .  The 
s i g n i f i c a n c e  o f  T a b l e  5  l i e s  i n  t h e  r a p i d  t r e n d  t h a t  it 
shows  t o w a r d  h i g h e r  q u a l i t y  h o u s e s  o f  G r o u p  1 o r  2.  Though 

term s i n g l e  o v e n s .  The m i s s i n g  5  p e r c e n t  a c c o u n t  f o r  
unknown a p p l i a n c e s .  

1 8  The  t e r m  s u b s t a n d a r d  c o n d i t i o n s  r e f e r s  h e r e  t o  t h e  t y p e  
o f  e n e r g y  t y p e  and  t y p e  o f  b a s e  a p p l i a n c e  u s e d .  



T a b l e  5  D i s t r i b u t i o n  o f  Homes A c c o r d i n g  t o  t h e  F i v e  
Q u a l i t y  G r o u p s  f o r  t h e  Y e a r s  1 9 6 1 ,  1 9 7 1 ,  ,1976  

Q u a l i t y  Number o f  Homes P e r c e n t a g e  o f  T o t a l s  
g r o u p s  

1 9 6 1  1 9 7 1  1976  1 9 6 1  1 9 7 1  1976 

" r o u p  1 9w, w w w  3 5 8 , 6 2 6  832,gWW 4 . 2  1 4 . 7 5  32 
" r o u p  2 48@,aww 928,78w 954,gUU 22 .3  38.19 37 
b r o u p  3  I 4 ~ 9 , 1 9 5  286,OWU 1 6 . 8 3  11 
b r o u p  4 } 1 , 5 8 2 , 7 7 5  35w,138 3 1 @ , 0 a 8  73.5 14 .40  1 2  
u r o u p  5  1 3 8 5 , 1 6 3  188,0WU 15 .84  7  

3ee T a a l e  2 f o r  D e f i n i t i o n  o f  Q u a l i t y  

some s u b s t a n d a r d  homes (Groups  3 , 4 ,  and  5 )  w i l l  be 
d e m o l i s h e d ,  many w i l l  b e  r e t r o f i t t e d .  For  e x a m p l e  i n  T a b l e  
5 ,  a t  l eas t  58% o f  t h e  d i f f e r e n c e  i n  t h e  number o f  homes i n  
G r o u p  1 i n  1 9 7 6  compared t o  1 9 7 1  c a n  be  a c c o u n t e d  f o r  by 
r e t r o f i t t i n g . l g  I n  t h i s  c o n t e x t  r e t r o f i t t i n g  means c h a n g i n g  
b a s e  a p p l i a n c e s  and /o r  e n e r g y  t y p e s  i n  o r d e r  t o  p r o v i d e  more 
c o n v e n i e n c e .  

~ e t r o f  i t t i n g  o f  p r e - 1 9 7 1  (OLD) APARTMENTS is d i f f i c u l t  
a n d  c o s t l y  ( i n  1 9 7 1  91% had s i n g l e  o v e n s ,  two  t h i r d s  o f  
t h e s e  u s i n g  s o l i d  f u e l s  [ 2 0 ] ) .  O w n e r s h i p  p a t t e r n s  d o  n o t  
u s u a l l y  p e r m i t  t h e  u n i t e d  e f f o r t  n e e d e d  f o r  r e t r o f i t t i n g  a l l  
homes i n  a n  a p a r t m e n t  b l o c k  w i t h  c e n t r a l  h e a t i n g  o r  d i s t r i c t  

- h e a t .  Thus  e n e r g y  t y p e  s h i f t s  o c c u r  f o r  t h e  most p a r t  
w i t h o u t  a c h a n g e  i n  t h e  t y p e  o f  h e a t i n g  a p p l i a n c e ,  e . g .  a 
c o a l  s i n g l e  o v e n  is m o s t  o f t e n  r e p l a c e d  by a n  o i l  o r  g a s  
s i n g l e  o v e n .  

Homeowners o f  p r e - 1 9 7 1  (OLD) SINGLE FAMILY HOMES 
u s u a l l y  show more i n i t i a t i v e .  Thus  a more r a p i d  s h i f t  
t o w a r d s  c o n v e n i e n t  a p p l i a n c e s  is assumed f o r  t h i s  componen t  
o f  t h e  h o u s i n g  s t o c k .  The c h a n g e  i n  h e a t i n g  h a b i t s  w h i c h  
accompany e n e r g y  t y p e  s h i f t s  is d i s c u s s e d  i n  more d e t a i l  i n  
s e c t i o n  3 .5 .1 .  

1 9  T h i s  is b a s e d  upon t h e  a s s u m p t i o n  t h a t  t h e  t o t a l  
c o n s t r u c t i o n  f r o m  1 9 7 1  t o  1 9 7 6  (235.0kl0 homes) was i n  
g r o u p  1. No a l l o w a n c e  is y e t  made f o r  s e c o n d  homes 
i n c l u d e d  i n  t h i s  c o n s t r u c t i o n  f i g u r e .  



E n e r g y  Types  Chosen f o r  NEW HOMES - - - -- - - - -- 

The  b a s e  a p p l i a n c e  o w n e r s h i p  p r o b a b i l i t i e s  f o r  NEW ( =  
a n n u a l l y  c o n s t r u c t e d )  HOMES c a n  b e  changed  f o r  e v e r y  
s i m u l a t i o n  y e a r .  The b a s e  a p p l i a n c e  o w n e r s h i p  p r o b a b i l i t i e s  
f o r  TOTAL NEW HOMES (TOTAL NEW HOMES a r e  t h e  sum o f  NEW 
HOMES c o n s t r u c t e d  between t h e  s t a r t i n g  y e a r  and  a  g i v e n  
s i m u l a t i o n  y e a r )  a r e  t h e  w e i g h t e d  a v e r a g e s  o f  o w n e r s h i p  
p r o b a b i l i t i e s  f o r  NEW HOMES c o n s t r u c t e d  e a c h  y e a r .  No e n e r g y  
t y p e  s u b s t i t u t i o n  is assumed f o r  TOTAL NEW HOMES d u r i n g  t h e  
s c e n a r i o  time f r a m e .  

I n  A u s t r i a  NEW SINGLE FAMILY HOMES a r e  f i t t e d  t o  a  h i g h  
p e r c e n t a g e  w i t h  c o n v e n i e n t  e n e r g y  t y p e s  and  b a s e  a p p l i a n c e s ,  
and  b e l o n g  t o  Group  1 o r  2  i n  T a b l e  2. However,  t h e  u s e  o f  
wood is  e x p e c t e d  t o  c o n t i n u e ,  m o s t l y  i n  r u r a l  a r e a s  and  
a l w a y s  i n  c o n n e c t i o n  w i t h  c e n t r a l  h e a t i n g .  

I t  is assumed t h a t  NEW APARTMENT HOMES a r e  a l s o  f i t t e d  
w i t h  c o n v e n i e n t  e n e r g y  t y p e s  and b a s e  a p p l i a n c e s .  Here 
e m p h a s i s  is on e n e r g y  t y p e s  l i k e  d i s t r i c t  h e a t  and g a s .  

S c e n a r i o  R e s u l t s  
. - . - -- - - 

F i g u r e  11 shows t h e  e x a m p l e s  o f  assumed c h a n g e s  i n  
e n e r g y  t y p e  mix and b a s e  a p p l i a n c e s  o v e r  time i n  r e l a t i o n  t o  
t h e  home t y p e  ( ( p re -71 )  OLD SINGLE FAMILY HOMES, p re -1971  
(OLD) APARTMENTS, NEW SINGLE FAMILY HOMES, and  NEW 
APARTMENTS). The  p r o b a b i l i t y  t h a t  a  home o f  a g i v e n  t y p e  
w i l l  have  c e n t r a l  h e a t i n g  is shown by t h e  t o p  c u r v e  i n  
F i g u r e  11 a .  The s i x  a d d i t i o n a l  c u r v e s  i n  F i g u r e  11 a  show 
t h e  p r o b a b i l i t y  t h a t  t h e s e  homes u s e  e l e c t r i c i t y ,  g a s ,  o i l ,  
c o a l ,  wood o r  d i s t r i c t  h e a t  f o r  t h e i r  c e n t r a l  h e a t i n g  
s y s t e m s .  The  p r o b a b i l i t y  t h a t  a  home o f  a  g i v e n  t y p e  w i l l  
b e  f i t t e d  w i t h  a  s i n q l e  -- - oven  is s i m i l a r l y  shown by t h e  t o p  
c u r v e  i n  F i g u r e  11 b .  The s i x  a d d i t i o n a l  c u r v e s  i n  F i g u r e  
11 b  show t h e  p r o b a b i l i t y  t h a t  t h e s e  homes u s e  e l e c t r i c i t y ,  
g a s ,  o i l ,  c o a l  o r  wood f o r  t h e i r  s i n g l e  o v e n s .  

F i g u r e  1 2  shows t h e  p e r c e n t  o f  a l l  homes u s i n g  e a c h  
e n e r g y  t y p e  f o r  s p a c e  h e a t i n g  i n  t h e  s c e n a r i o .  The 
h i s t o r i c a l  v a l u e s  f o r  1969  t o  1 9 7 8  a s  g i v e n  by M i c r o c e n s u s e s  
[ 1 9 , 2 0 , 2 1 , 2 2 , 2 3 ]  a r e  i n c l u d e d  i n  t h e  F i g u r e .  The model  
c a l c u l a t e s  o v e r a l l  p e r c e n t a g e s  a s  a  r e s u l t  o f  t h e  assumed 
t r e n d s  f o r  t h e  i n d i v i d u a l  home t y p e s  a s  d i s c u s s e d  i n  t h i s  
sect  i o n .  
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F i g u r e  11 Changes of  Energy Type Mix and Base  A p p l i a n c e  
M i x  by Home Type 



o o o o Historical Values 

OIL 

GAS 

ELECTRICITY 

COAL 

YEAR 
-- ---- - ---- 

F i g u r e  1 2  Ene rgy  Type Mix f o r  S p a c e  H e a t i n g  - H i s t o r i c a l  
T r e n d s  and  Model S i m u l a t i o n s  1978  - 2015 

3.5 E n e r g y  Demand, L i f e  S t y l e  and  = l i ed  T e c h n o l o g i e s  -- - --- -- -.--- -- 

I n  t h e  p r e v i o u s  s e c t i o n s  it h a s  been  d e s c r i b e d  how t h e  
number o f  homes o f  a  g i v e n  t y p e  a n d  t h e  k i n d  o f  b a s e  
a p p l i a n c e  and  e n e r g y  t y p e  is  d e t e r m i n e d  on an  a n n u a l  b a s i s .  
I n  t h i s  s e c t i o n  t h e  method o f  c a l c u l a t i n g  t h e  e n e r g y  u s e  by 
e n e r g y  t y p e  is o u t l i n e d .  

The  amount  o f  e n e r g y  t y p e  F  used  f o r  s p a c e  h e a t i n g  



d u r i n g  t h e  w i n t e r  is d e t e r m i n e d  by t h e  f o r m u l a :  

where :  

= a n n u a l  amount o f  e n e r g y  
t y p e  F  f o r  s p a c e  h e a t i n g  

= Heat  l o s s  p e r  s q u a r e  meter p e r  h o u r  p e r  home t y p e  
= a v e r a g e  s i z e  o f  a  s i n g l e  f a m i l y  o r  a p a r t m e n t  home 

H = H e a t i n g  h o u r s  p e r  y e a r  
E = a v e r a g e  a n n u a l  H e a t i n g  s y s t e m  e f f i c i e n c y  
f  = F a c t o r  t o  i n d i c a t e  demand c h a r a c t e r i s t i c s  

a s s o c i a t e d  w i t h  c e r t a i n  e n e r g y  t y p e s  o r  
h e a t i n g  s y s t e m s ;  f o r  i n s t a n c e ,  
homes u s i n g  c o a l  o r  wood f i r e d  s i n g l e  o v e n s  h e a t  
o n l y  h a l f  of t h e i r  f l o o r s p a c e  a t  any  one  time 

s u b s c r i p t s :  

T  home t y p e  
B b a s e  a p p l i a n c e  t y p e  
F e n e r g y  t y p e  

From t h e  above  e q u a t i o n ,  i t  c a n  be s e e n  t h a t  t h e r e  a r e  two 
comp lementa ry  ways t o  e x p l a i n  and t o  r e d u c e  e n e r g y  
r e q u i r e m e n t s  f o r  h e a t i n g :  

- The b e h a v i o r a l  o r  l i f e  s t y l e  a p p r o a c h ,  i n c l u d i n g  
m e a s u r e s  which e n c o u r a g e  r e s i d e n t s  t o  h e a t  f ewe r  
h o u r s  p e r  y e a r  and t o  l owe r  t h e  a v e r a g e  room 
t e m p e r a t u r e .  

- A p p l i e d  t e c h n o l o g i c a l  m e a s u r e s  wh ich  d o  n o t  
a f f e c t  c o m f o r t  l i k e  a )  d e c r e a s e  o f  h e a t  loss 
f i g u r e s  t h r o u g h  improved t h e r m a l  i n t e g r i t y  o f  
homes and b )  a n  improvement i n  a v e r a g e  a n n u a l  
h e a t i n g  s y s t e m  e f f i c i e n c i e s .  



3 . 5 . 1  L i f e  S ty le  and Energy Use 
P - -- -- -- 

REUMA g i v e s  t h e  u s e r  t h e  c a p a b i l i t y  o f  exam in ing  t h e  
i n f l u e n c e  o f  l i f e  s t y l e  c h a n g e s  upon e n e r g y  use a t  v a r i o u s  
l e v e l s  of d i s a g g r e g a t i o n .  

The most  g e n e r a l  p o s s i b i l i t y  is  t o  set  a  p a r a m e t e r  t o  
v a l u e s  above  o r  below o n e ,  which w i l l  a f f e c t  t h e  o v e r a l l  
l e v e l  of e n e r g y  u s e  i n  a  g e n e r a l ,  non s p e c i f i c  way. Thus ,  
f o r  i n s t a n c e ,  a  change  i n  t h e  number o f  h e a t i n g  d e g r e e  d a y s  
c a n  be examined.  

Ave rage  Annual  --- --- H e a t i n q  Hours  ---- 

P u b l i c  a t t i t u d e s  t owards  e n e r g y  u s e  i n  c o n n e c t i o n  w i t h  
s p a c e  h e a t i n g  can  be r e f l e c t e d  i n  t h e  assumed a v e r a g e  a n n u a l  
h e a t i n g  h o u r s  p e r  home. T h i s  c a n  be done  i n d e p e n d e n t l y  f o r  
u r b a n  s i n g l e  f a m i l y  homes, u rban  a p a r t m e n t s  and  r u r a l  s i n g l e  
f a m i l y  homes and r u r a l  a p a r t m e n t s .  I t  h a s  been  assumed t h a t  
t h e s e  f i g u r e s  d o  n o t  depend  upon on whe the r  t h e  home is  OLD 
o r  NEW; however i t  is p o s s i b l e  t o  examine v a r i a t i o n s  i n  
u r b a n  v e r s u s  r u r a l  homes and s i n g l e  f a m i l y  homes v e r s u s  
a p a r t m e n t s .  

Average a n n u a l  e n e r g y  u s e  f o r  w a t e r  h e a t i n g  c a n  be 
d e t e r m i n e d  f o r  t h e s e  home t y p e s  and a d d i t i o n a l l y  f o r  OLD,  
N E W ,  and TOTAL NEW HOMES. l o w e v e f ,  i t is d o u b t f u l  i f  t h e r e  
i s  s u f f i c i e n t  i n f o r m a t i o n  a v a i l a b l e  t o  p e r m i t  u s e  o f  t h i s  
f e a t u r e  of REUMA. 

L i f e s t y l e  and C o n s t r u c t i o n  P o l i c i e s  - F l o o r ~ a c e  -- - - - - --- -- - - -- - - - - - - - 

I n  s e c t i o n  3 .3  t h e  c a l c u l a t i o n  of  t h e  number of  NEW 
HOMES e a c h  y e a r  was e x p l a i n e d .  Here  t h e  q u e s t i o n  examined is  
how l i f e s t y l e  is r e f l e c t e d  i n  c o n s t r u c t i o n .  I t  h a s  been 
assumed t h a t  a  r e l e v a n t  v a r i a b l e  which r e f l e c t s  l i f e s t y l e  i n  
t h i s  c o n n e c t i o n  is t h e  s i z e  o f  NEW HOMES. By d e t e r m i n i n g  
t h e  f l o o r  a r e a  o f  NEW SINGLE FAMILY HOMES and APARTMENTS, 
t r e n d s  t o w a r d s  more o r  l ess  f l o o r s p a c e  p e r  c a p i t a  c a n  b e  
s i m u l a t e d .  The home s i z e  o f  OLD SINGLE FAMILY HOMES and OLD 
APARTMENTS is d e r i v e d  from c e n s u s  d a t a .  REUMA c a n  be  used  
t o  c a l c u l a t e  a v e r a g e  f l o o r  s p a c e  p e r  c a p i t a  f o r  a l l  homes, 
f o r  a l l  s i n g l e  f a m i l i y  homes, f o r  a l l  a p a r t m e n t s ,  f o r  OLD, 
TOTAL NEW,  and NEW HOMES, etc .  

F i g u r e  1 3  shows p r e s e n t  t r e n d s  i n  t h e  g row th  o f  
f l o o r s p a c e  i n  u s t r i a .  The a v e r a g q  s i z e  o f  a  p re -1971  (OLD) 
H ME is  66.5  m4 ( a p a r t m e n t s  = 53 m , s i n g l e  f a m i l y  home = 83 9 m ) [ 1 6 ] .  The a v e r a g e  s i z e  o f  homes c o n s t r u c t e d  i n  t h e  y e a r  



(Historical Data S c e n a r i o t i o n s  - 
Ll 

$J loo 

1990 2000 

YEAR 

F i g u r e  1 3  Growth  i n  F l o o r s p a c e  o f  NEW HOMES 1 9 6 6  -1976 

1 9 7 1  was 82  m 2  ( o n  t h e  a v e r a g e  a p a r t  e n t s  were 67 m 2  and  9 s i n g l e  f a m i l y  homes were 1 0 5  m ) [ 2 6 ] .  The l a v e r a g e  
f l o o r s p a c e  p e r  c a p i t a  f o r  A u s t r i a  i n  1 9 7 1  was 22.6  m . 

I f  o n e  a s s u m e s  t h a t  t h e  £100 s p a c e  p e r  c a p i t a  i n c r e a s e s  5 a t  a m o d e r a t e  r a te  o f  0 . 4  m / y e a r  ( s t a r t i n g  f r o m  1 9 7 1  
v a l u e s ) ,  t h e n  a n  a v e r a g e  f l o o r s p a c e  p e r  c a p i t a  r e s u l t i n g  
f r o m  t h e s e  assumed  c o n s t r u c t i o n  t r e n d s  a n d  t o  a c e r t a i n  
e t e n t  f rom t h e  assumed d e c l i n e  i n  f a m i l y  s i z e  is 29 Z m / c a p i t a  i n  t h e  y e a r  2000 and 3 2  m2/capita i n  t h e  y e a r  
2015 .  

H e a t e d  ---- F l o o r s p a c e  

A d d i t i o n a l l y  o n e  h a s  to t a k e  i n t o  a c c o u n t  t h a t  t h e  
c h o i c e  o f  t h e  e n e r g y  t y p e  f o r  h e a t i n g  a n d  t y p e  o f  h e a t i n g  
s y s t e m ,  a n  i n d i c a t i o n  o f  l i f e  s t y l e ,  a s  d i s c u s s e d  i n  s e c t i o n  
3 . 5 . 1 ,  a l s o  i n f l u e n c e s  s p a c e  h e a t i n g  h a b i t s .  The  amount  o f  
h e a t e d  f l o o r s p a c e  o f  a h o u s i n g  u n i t  o f  a g i v e n  t y p e ,  w h i c h  
i s  r e l a t e d  t o  t h e  c o n v e n i e n c e  o f  t h e  e n e r g y  t y p e ,  t h e  



h e a t i n g  a p p l i a n c e ,  and e x p e c t e d  r e l a t i v e  e n e r g y  r e t a i l  
p r i c e s  can  be s p e c i f i e d  by t h e  u s e r  o f  REUMA. 

S i m i l a r  t o  t h e  d a t a  o r g a n i s a t i o n  u n d e r l y i n g  o w n e r s h i p  
p r o b a b i l i t i e s  f o r  e n e r g y  t y p e s  and b a s e  a p p l i a n c e s ,  a s  shown 
i n  T a b l e  4 ,  m a t r i c e s  f o r  t h e  e i g h t  home types20 have  been 
c r e a t e d  w i t h  i n f o r m a t i o n  a b o u t  s p a c e  and  w a t e r  h e a t i n g  
h a b i t s .  A v a l u e  o f  1 i n  t h i s  m a t r i x  means t h a t  t h e  e n t i r e  
f l o o r s p a c e  of a  home of  a  g i v e n  t y p e  is h e a t e d ,  o r  t h a t  t h e  
f u l l  a v e r a g e  amount of h o t  w a t e r  p e r  h o u s e h o l d  assumed i n  
t h e  s c e n a r i o s  is used .  V a l u e s  above  o r  below 1 i n d i c a t e  more 
o r  less e n e r g y  u s e  f o r  a  g i v e n  e n e r g y  t y p e ,  a  g i v e n  b a s e  
a p p l i a n c e  and a  g i v e n  home t y p e .  Thus by  s i m u l a t i n g  s h i f t s  
i n  e n e r g y  t y p e s  and s u b s t i t u t i o n s  o f  b a s e  a p p l i a n c e s ,  a  
p o s i t i v e  o r  n e g a t i v e  e f f e c t  upon e n e r g y  demand c a n  be 
examined .  z1 

An i m p o r t a n t  a s s u m p t i o n  f o r  A u s t r i a  i n  t h i s  c o n t e x t  is 
t h a t  homes w i t h  c o a l -  o r  wood- f i red  s i n g l e  o v e n s  
( a p p r o x i m a t e l y  two t h i r d s  o f  a l l  homes i n  t h e  y e a r  1971  
[ 2 0 1 )  h e a t  o n l y  h a l f  o f  t h e i r  f l o o r s p a c e  a t  any  one  time; 22 
o n  t h e  o t h e r  hand homes u s i n g  c o n v e n i e n t  e n e r g y  t y p e s  and /o r  
s p a c e  h e a t i n g  a p p l i a n c e s  a r e  assumed t o  have  t h e i r  e n t i r e  
f l o o r s p a c e  h e a t e d .  

Homes c o n s t r u c t e d  a f t e r  1971  a r e  i n  g e n e r a l  n o t  f i t t e d  
w i t h  s i n g l e  o v e n s  u s i n g  s o l i d  f u e l s .  A s  w e l l ,  c o n v e n i e n t  
e n e r g y  t y p e s  a r e  i n c r e a s i n g l y  s u b s t i t u t e d  f o r  s o l i d  f u e l s  i n  
p re -1971  (OLD) HOMES. The u s e  o f  c o n v e n i e n t  e n e r g y  t y p e s  
s u c h  a s  e l e c t r i c i t y ,  g a s ,  o i l ,  and d i s t r i c t  h e a t  h a s  t h e  
e f f e c t  t h a t  most  o f t e n  t h e  e n t i r e  f l o o r  s p a c e  o f  a  d w e l l i n g  
u n i t  is h e a t e d ,  r a t h e r  t h a n  j u s t  s i n g l e  rooms. For t h i s  
r e a s o n ,  t h e  amount  o f  h e a t e d  f l o o r  s p a c e  p e r  c a p i t a  
i n c r e a s e s  even  more s t e e p l y  t h a n  a  l o o k  a t  t h e  c o n s t r u c t i o n  
o f  b i g g e r  NEW HOMES and d e c l i n i n g  f a m i l y  s i z e  s u g g e s t s .  

0  The e i g h t  home t y p e s  a r e :  -- OLD u r b a n / r u r a l  SFH, 
u r b a n / r u r a l  APARTMENTS, -- NEW u r b a n / r u r a l  SFH, u r b a n / r u r a l  
APARTMENTS; SFH = s i n g l e  f a m i l y  homes. The v a l u e s  f o r  
TOTAL NEW HOMES a r e  t h e  w e i g h t e d  a v e r a g e s  o f  NEW HOMES 
c o n s t r u c t e d  be tween  t h e  s t a r t i n g  y e a r  and a  g i v e n  
s i m u l a t i o n  y e a r .  

2 1  I n  o r d e r  t o  k e e p  t h e  number o f  m a t r i c e s  used  t o  a  
minimum, t h e  m a t r i x  f o r  s p a c e  and  w a t e r  h e a t i n g  h a b i t s  
h a s  been m u l t i p l i e d  w i t h  t h e  m a t r i x  o f  e f f i c i e n c i e s  o f  
b a s e  a p p l i a n c e s ,  wh ich i s  o r g a n i s e d  i n  t h e  same way. 

22 I n  t h e  model  t h i s  was a c h i e v e d  by m u l t i p l y i n g  t h e  
e f f i c i e n c i e s  o f  c o a l  o r  wood f i r e d  s i n g l e  o v e n s  w i t h  0 . 5  
f o r  a l l  home t y p e s .  



3 . 5 . 2  E n e x  Demand, Hea t  Loss  and E f f i c i e n c i e s  - - . - - - - - - - - -- - - - - - - - - -- - -. - .- -- -- - 

H e a t  L o s s e s  --- 

A s  l o n g  a s  e n e r g y  p r i c e s  were low and  e n e r g y  s u p p l i e s  
were a b u n d a n t ,  l i t t l e  a t t e n t i o n  was p a i d  t o  i n s u l a t i o n  
m e a s u r e s .  I n  t h e  wake o f  g row ing  a w a r e n e s s  o f  t h e  
e n v i r o n m e n t a l  damage o f  r e s i d e n t i a l  e n e r g y  u s e  i n  u r b a n  
a r e a s  and t h e  r i s i n g  c o s t  o f  e n e r g y ,  t h e  r e d u c t i o n  o f  h e a t  
l o s s e s  t h r o u g h  i n s u l a t i o n  h a s  become a  ma jo r  i s s u e .  

REUMA p e r m i t s  e x a m i n a t i o n  o f  t h e  c o n s e q u e n c e s  o f  
p o l i c i e s  f o r  l o w e r i n g  t h e  h e a t  l o s s e s  i n  a l l  home t y p e s .  23 
The v a r i a b l e s  r e f l e c t i n g  t h e  h e a t  losses o f  TOTAL NEW HOMES 
homes a s  a  whole a r e  t h e  we igh ted  a v e r a g e s  o f  t h e  h e a t  
l o s s e s  o f  NEW HOMES b u i l t  e a c h  y e a r .  e . g .  t h e  h e a t  l o s s  o f  
a p a r t m e n t s  b u i l t  i n  t h e  s t a r t i n g  y e a r  o f  t h e  model  was 
assumed t o  be 90 k c a l / s q u a r e  me te r / hou r  i n  t h e  c a s e  o f  
A u s t r i a ;  o v e r  t h e  t ime f rame o f  t h e  s c e n a r i o  t h e  h e a t  l o ss  
o f  NEW APARTMENTS was assumed t o  d e c r e a s e  on a  s t e p w i s e  
b a s i s  t o  36 k c a l / s q u a r e  me te r / hou r  i n  t h e  y e a r  2015 a s  shown 
i n  F i g u r e  1 6  on page  59.  The we igh ted  a v e r a g e  o f  t h e  h e a t  
l osses  of  NEW APARTMENTS c o n s t r u c t e d  d u r i n g  t h e  45 y e a r  
p e r i o d  is 55 k c a l / s q u a r e  me te r / h .  24 I t  is  i m p o r t a n t  t o  n o t e  
t h a t  t h e  r e d u c t i o n  o f  a v e r a g e  h e a t  losses f o r  t h e  OLD and 
TOTAL NEW h o u s i n g  s t o c k  can  o n l y  p r e c e e d  v e r y  s l o w l y ,  due  t o  
t h e  g r e a t  number of homes i n v o l v e d  and  c o n s t r a i n t s  o f  
c a p i t a l ,  m a t e r i a l  and l a b o u r  f o r c e .  Hea t  l o s s e s  f o r  NEW 
HOMES can  be l owe red  s i g n i f i c a n t l y  i n  a  r e l a t i v e l y  s h o r t  
time by a p p r o p r i a t e  r e g u l a t i o n s  and t r a i n i n g  p rog rams  f o r  
t h e  p a r t i c i p a n t s  i n  t h e  c o n s t r u c t i o n  f i e l d ;  however t h i s  
number of homes is s m a l l  compared t o  t h e  o v e r a l l  h o u s i n g  
s t o c k .  

T h e r e  is  i n  g e n e r a l  ag reemen t  t h a t  t h e  h e a t  l o s s  o f  a n  
a v e r a g e  A u s t r i a n  home can  be  r e d u c e d  by 50 t o  60 % o f  t h e  
p r e s e n t  l e v e l  i f  a n  e f f i c i e n t  i n s u l a t i o n  p o l i c y  is a p p l i e d  
[ 2 7 ] .  The a v e r a g e  h e a t  l o s s  f i g u r e s  f o r  t h e  s i x  home t y p e s  
i n  t h e  s t a r t i n g  y e a r  1971  and t h e  p o s s i b l e  componen ts  o f  

23  OLD SINGLE FAMILY HOMES/APARTMENTS, TOTAL NEW SINGLE 
FAMILY HOMES/APARTMENTS, and f o r  NEW SINGLE FAMILY 
HOMES/APARTMENTS. Urban v s .  r u r a l  v a r i a t i o n s  a i e  n o t  
assumed.  

24 For  t h e  c a l c u l a t i o n  o f  t h e  a v e r a g e  h e a t  l o s s e s  no 
f u r t h e r  r e d u c t i o n  o f  h e a t  l o s s e s  o f  pos t -1971  (TOTAL 
N E W )  APARTMENTS was assumed.  



change have been l i s t e d  below i n  Tab le  6 .  Urban v s .  r u r a l  
v a r i a t i o n s  i n  h e a t  l o s s e s  a r e  n o t  assumed. 

T a b l e  6 Heat Losses  
--- ---- - - 

Home Time of Average Components 
Type C o n s t r u c t i o n  Annual of Change 

Heat  Loss 
kcal/sqm/h 

OLD SFH (pre-71)  128 

S i n g l e  NEW SPH 
P a n i l  y = c o n s t r u c t e d  
nomes i n  1971 
( s F H )  1 1 2 7  

TOTAL NEW SPH 
= c o n s t r u c t e a  
pos t -71  

d e m o l i t i o n ;  
r e t r o f i t t i n g  
o f  remainder  

improvement 
f o r  NEW SFH 

d e m o l i t i o n  
r e t r o f i t t i n g  
of remainder  

OLD APT (pre-71)  9d d e m o l i t i o n ;  
r e t r o f i t t i n g  
o f  remainder  

AEW APT 
A p a r t  c o n s t r u c t e d  improvement 
ments  f o r  N E W  APT 
(APT)  

d e m o l i t i o n ;  
'TOTAL flEW APT r e t r o f i t t i n g  
c o n s t r u c t e d  of remainder  . 
pos t -1971 

The a v e r a g e  annua l  h e a t  l o s s e s  f o r  OLD HOMES (pre-71)  
and f o r  NEW HOMES i n  1971 a r e  assumed t o  be t h e  same i n  
A u s t r i a ,  however t h e  r e s p e c t i v e  h e a t  l o s s e s  have d i f f e r e n t  
c a u s e s .  

The assumed a v e r a g e  h e a t  l o s s  f i g u r e s  f o r  p re -71  
(OLD) and post -1971 (TOTAL NEW) HOMES a s  w e l l  a s  f o r  
a n n u a l l y  c o n s t r u c t e d  (NEW) HOMES can  be changed by t h e  u s e r  
o f  REUMA f o r  a g i v e n  s i m u l a t i o n  y e a r .  Each y e a r  t h e  number 



o f  NEW HOMES is added t o  t h e  number o f  TOTAL NEW HOMES and 
new a v e r a g e  h e a t  l o s s e s  o f  TOTAL NEW HOMES a r e  c a l c u l a t e d .  
I t  s h o u l d  be n o t e d  t h a t  f i g u r e s  on a v e r a g e  h e a t  l o s s e s  and 
a v e r a g e  h e a t i n g  h o u r s  a r e  " s o f t "  d a t a .  

Base  - A p p l i a n c e  ---- E f f i c i e n c i e s  

The model  c a l c u l a t i o n s  f o r  e n e r g y  demand a r e  b a s e d  on 
m a t r i c e s  ( s i m i l a r  t o  t h o s e  i n  T a b l e  3 )  c o n t a i n i n g  
i n f o r m a t i o n  a b o u t  h e a t i n g  s y s t e m  e f f i c i e n c i e s  f o r  t h e  
c o m b i n a t i o n s  o f  t h r e e  b a s e  a p p l i a n c e s ,  t h e  s e v e n  p o s s i b l e  
e n e r g y  t y p e s  used  and t h e  t w e l v e  home t y p e s .  These  
e f f i c i e n c i e s  c a n  b e  changed i n d e p e n d e n t l y  f o r  252 d i f f e r e n t  
c o m b i n a t i o n s  f o r  e a c h  s i m u l a t i o n  y e a r . 2 5  

3 .5 .3  A l t e r n a t i v e  --- - Energy  S o u r c e s  f o r  Space and Water Hea t  --- -- - -  -- -- -- 

I n  REUMA t h e r e  is an o p t i o n  t o  e v a l u a t e  t h e  p e n e t r a t i o n  
o f  u n c o n v e n t i o n a l  e n e r g y  s o u r c e s  i n  t h e  r e s i d e n t i a l  s e c t o r .  
I t  h a s  been assumed t h a t  f u t u r e  i n n o v a t i v e  e n e r g y  
t e c h n o l o g i e s  f o r  t h e  r e s i d e n t i a l  s e c t o r  w i l l  be l i m i t e d  t o  
s m a l l  s c a l e  t e c h n o l o g i e s  a p p l i c a b l e  t o  s i n g l e  f a m i l y  homes, 
l i k e  s o l a r  e n e r g y  and h e a t  pumps. The t e c h n o l o g i e s  a r e  
assumed t o  r e q u i r e  a  s u p p l e m e n t a r y  s y s t e m  u s i n g  c o n v e n t i o n a l  
e n e r g y  s o u r c e s .  The f u e l  s a v i n g s  a c h i e v e d  by a l t e r n a t i v e  
e n e r g y  t e c h n o l o g i e s  is e x p r e s s e d  i n  terms of  t h e  amount o f  
e n e r g y  which would have  been o t h e r w i s e  used  by t h e  backup  
s y s t e m .  T h i s  p r o c e s s  can  be c o n s i d e r e d  a s  a  s u b s t i t u t i o n  o f  
a  new s p a c e  o r  w a t e r  h e a t i n g  t e c h n o l o g y  f o r  a  c o n v e n t i o n a l  
s p a c e  o r  w a t e r  h e a t i n g  t e c h n o l o g y .  

S u b s t i t u t i o n  Model - - - - - - - - -- . -- - - - 

The e x t e n t  t o  wh ich t e c h n o l o g i c a l  s u b s t i t u t i o n  w i l l  
o c c u r  h a s  been t h e  s u b j e c t  o f  many r e s e a r c h  e f f o r t s .  R .  H .  
PRY [ 2 8 1  and T. C .  FISHER 1291 r e c e n t l y  d e v e l o p e d  a  s i m p l e  
model  f o r  f o r e c a s t i n g  t h e  s u b s t i t u t i o n  o f  new t e c h n o l o g i e s  
and  t h i s  h a s  been  used  a s  a  b a s i s  f o r  s t u d y i n g  s u c h  
s u b s t i t u t i o n  i n  REUMA. 

25  E s p e c i a l l y  i n  t h i s  a r e a  t h e  a v a i l a b l e  d a t a  is " s o f t "  and  
1 i m i  t e d  . 



The B a s i s  o f  t h e  S u b s t i t u t i o n  Model - -- - -- --- 

I n  REUMA p a t t e r n s  o f  s u b s t i t u t i o n  a r e  b a s e d  o n  
f o l l o w i n g  a s s u m p t i o n s  ( s i m i l a r  t o  t h o s e  o f  P r y  and F i s h e r ) :  

- Many t e c h n o l o g i c a l  a d v a n c e s  c a n  be  c o n s i d e r e d  a s  
p o t e n t i a l  s u b s t i t u t e s  f o r  e x i s t i n g  t e c h n o l o g i e s .  

- I t  h a s  been  shown by P r y  and F i s h e r  t h a t  i n  t h e  
p a s t  t h e  d a t a  show ing  t h e  s u b s t i t u t i o n  o f  o n e  
t e c h n o l o g i c a l  p r o c e s s  f o r  a n o t h e r  f o l l o w s  a n  
S-shaped  c u r v e  r e m a r k a b l y  w e l l .  

- I f  a  s u b s t i t u t e  t e c h n o l o g y  h a s  c a p t u r e d  a  s m a l l  
s h a r e  o f  t h e  m a r k e t  it w i l l  e v e n t u a l l y  d o m i n a t e  
i t  a s  i t imp roves  t e c h n o l o g i c a l l y  and  becomes 
c h e a p e r .  

- The r a t e  o f  s u b s t i t u t i o n  o f  new f o r  o l d  
t e c h n o l o g i e s  is p r o p o r t i o n a l  t o  t h e  r e m a i n i n g  
amount  o f  t h e  o l d  t e c h n o l o g i e s .  

The  t o t a l  s u b s t i t u t i o n  p r o c e s s  c a n  be  c h a r a c t e r i z e d  by 
two  p a r a m e t e r s  ( d e l t a  t and to) .  

F u n c t i o n a l  -- - R e l a t i o n s h i p s  

2 I n  9 
a l p h a  = --------- 

d e l t a  t 

e x p  a l p h a  ( t - t o  ) f ( t )  = 
1 + e x p  a l p h a  ( t - to) 

where :  

f ( t )  = f r a c t i o n  o f  t h e  t o t a l  p o t e n t i a l  t h a t  h a s  
b e e n  t a k e n  o v e r  by t i m e  ( t )  

d e l t a  t = " t a k e  o v e r  t i m e "  t h e  time p e r i o d  r e q u i r e d  
t o  i n c r e a s e  t h e  m a r k e t  s h a r e  f r om  10  t o  90 % 

t o  = time when s u b s t i t u t i o n s  a r e  h a l f  c o m p l e t e  

a l p h a  = c o n s t a n t  r a t e  t h a t  c a n  b e  d e f i n e d  i n  terms 
o f  d e l t a  t 

S i n c e  e v e r y  home c a n n o t  be  f i t t e d  w i t h  a n  a l t e r n a t i v e  
e n e r g y  t y p e  t e c h n o l o g y ,  c e r t a i n  a s s u m p t i o n s  a b o u t  



1 i m i t a t i o n s  i n  s u b s t i t u t i o n  have  been made: 

- A l t e r n a t i v e  e n e r g y  t e c h n o l o g i e s  a r e  o n l y  
f e a s i b l e  f o r  a  c e r t a i n  f r a c t i o n  o f  s i n g l e  f a m i l y  
homes. ( D i r e c t i o n  of roo f  and  t h e  m i c r o c l i m a t e  
mus t  be a p p r o p r i a t e . )  

- The f r a c t i o n s  o f  t h e  t o t a l  e n e r g y  demand which 
c a n  be p r o v i d e d  f o r  room h e a t i n g  (app .  5 0 % )  and 
w a t e r  h e a t i n g  (app .  7 0 % )  h a s  t o  be d e t e r m i n e d  by 
t h e  u s e r  of  t h e  model .  

- The r e m a i n i n g  f r a c t i o n  o f  e n e r g y  w i l l  be 
p r o v i d e d  by c o n v e n t i o n a l  h e a t i n g  s y s t e m s  ( t h e  
back up  s y s t e m ) .  T h i s  a u x i l i a r y  h e a t i n g  s y s t e m  
mus t  be a p p r o p r i a t e  f o r  a u t o m a t i c  c o n t r o l .  

- E l e c t r i c  and g a s  s i n g l e  oven h e a t i n g  s y s t e m s  a r e  
assumed t o  be uneconomica l  i n  c o m b i n a t i o n  w i t h  
a l t e r n a t i v e  e n e r g y  t e c h n o l o g i e s  b e c a u s e  o f  t h e  
a d d i t i o n a l  c o n s t r u c t i o n  r e q u i r e d .  

A l l  a s s u m p t i o n s  c a n  be  changed  b e f o r e  o r  d u r i n g  
s i m u l a t i o n .  The p o s s i b l e  impac t  o f  a l t e r n a t i v e  e n e r g y  
s o u r c e s  on e n e r g y  r e q u i r e m e n t s  is  d i s c u s s e d  i n  d e t a i l  i n  
s e c t i o n  4 . 2 .  

3.5.4 Household  ( s e c o n d a r y )  ---- - - A p p l i a n c e s  -- 

I n  t h e  p r e v i o u s  s e c t i o n s  e n e r g y  u s e  and e n e r g y  t y p e s  
f o r  s p a c e  and w a t e r  h e a t i n g  have been c o n s i d e r e d .  I n  t h i s  
s e c t i o n  s e c o n d a r y  o r  househo ld  a p p l i a n c e s  ( a l l  ene rgy -  
consuming a p p l i a n c e s  e x c e p t  a p p l i a n c e s  used  f o r  s p a c e  
h e a t i n g  and /o r  w a t e r  h e a t i n g )  a r e  d i s c u s s e d .  F o u r t e e n  
s i n g l e  s e c o n d a r y  a p p l i a n c e s  o r  g r o u p s  o f  s m a l l  a p p l i a n c e s  
have  been c o n s i d e r e d .  A l l  s e c o n d a r y  a p p l i a n c e s  a r e  assumed 
t o  u s e  e l e c t r i c i t y  e x c e p t  f o r  g a s  s t o v e s  and g a s  d r i e r s .  

Assumpt ions  
-A- -- 

I t  was assumed t h a t  s e c o n d a r y  a p p l i a n c e s  t e n d  t o  move 
w i t h  a  homeowner and  i n  t h e  l o n g  r u n  w i l l  n o t  depend 
s i g n i f i c a n t l y  on whether  h e  is l i v i n g  i n  a n  u r b a n  o r  r u r a l  
a p a r t m e n t  o r  i n  an  u r b a n  o r  r u r a l  s i n g l e  f a m i l y  home. Though 
o w n e r s h i p  p a t t e r n s  o f  some k i n d s  o f  s e c o n d a r y  a p p l i a n c e s  
( e . g .  f r e e z e r s  i n  t h e  c a s e  o f  A u s t r i a )  v a r y  s i g n i f i c a n t l y  by 
home t y p e ,  s e c o n d a r y  a p p l i a n c e  o w n e r s h i p  f r a c t i o n s  have  been 
t r e a t e d  a s  r e g i o n a l  a v e r a g e s  w i t h o u t  r e g a r d  t o  home t y p e .  



S a t u r a t i o n  c u r v e s  d e f i n e  o w n e r s h i p  f r a c t i o n s  p e r  home 
f o r  a  set  o f  1 4  a p p l i a n c e s  (wash ing  m a c h i n e s ,  c o o k i n g  
s t o v e s ,  t e l e v i s i o n s ,  e t c . ) .  The 14  a p p l i a n c e s  s e l e c t e d  f o r  
A u s t r i a  a r e  l i s t e d  i n  T a b l e  7 .  The o w n e r s h i p  f r a c t i o n  is 
t h e  p e r c e n t a g e  o f  a l l  homes wh ich  c o n t a i n  a  s e c o n d a r y  
a p p l i a n c e  o f  a  g i v e n  k i n d .  The o w n e r s h i p  f r a c t i o n s  o f  
s e c o n d a r y  a p p l i a n c e s  can  be changed  o v e r  t i m e .  T h i s  is 
s i m u l a t e d  by g row th  c u r v e s  d e t e r m i n e d  by t h e  s t a r t i n g  and 
s a t u r a t i o n  v a l u e s  and t h e  time u n t i l  t h e  h a l f - s a t u r a t i o n  
p o i n t  is  r e a c h e d .  The l e v e l  and r a t e  o f  s a t u r a t i o n  f o r  e a c h  
a p p l i a n c e  i s  r e l a t e d  t o  t h e  g row th  o f  GNP and p e r s o n a l  
d i s p o s a b l e  income.  A d d i t i o n a l  v a r i a b l e s  t a k e n  i n t o  
c o n s i d e r a t i o n  a r e  t h e  p r i c e  o f  e l e c t r i c i t y  and  g a s ,  and  t h e  
p r i c e  o f  a p p l i a n c e s .  No q u a n t i t a t i v e  s t a t i s t i c a l  
r e l a t i o n s h i p  between t h e s e  v a r i a b l e s  and  t h e  l e v e l  and r a t e  
o f  s a t u r a t i o n  f o r  e a c h  a p p l i a n c e  h a s  been  e s t a b l i s h e d .  The 
r e l e v a n t  e l a s t i c i t i e s  a r e  p r o b a b l y  n o t  known w e l l  enough i n  
A u s t r i a  i n  o r d e r  t o  p e r m i t  t h e  f o r m u l a t i o n  o f  a n  e c o n o m e t r i c  
a p p r o a c h .  We have  used  judgement  r a t h e r  t h a n  a n  e x p l i c i t  
economic  method t o  r e l a t e  g r o w t h  o f  GNP t o  t h e  u s e  and 
consump t i on  p a t t e r n s  o f  s e c o n d a r y  a p p l i a n c e s .  By c h a n g i n g  
t h e  s a t u r a t i o n  v a l u e s  and t h e  time u n t i l  t h e  h a l f - s a t u r a t i o n  
p o i n t  is r e a c h e d ,  d i f f e r e n t  economic  s c e n a r i o s  c a n  be  
s t u d i e d  . 

The p a r a m e t e r  f o r  t h e  a v e r a g e  a n n u a l  e n e r g y  consump t i on  
o f  a  g i v e n  k i n d  o f  s e c o n d a r y  a p p l i a n c e  c a n  be  changed  d u r i n g  
a  s i m u l a t i o n  r u n  of REUMA. 

S c e n a r i o  - Data  

F i g u r e  14  shows a s  a n  examp le  t h e  s a t u r a t i o n  c u r v e s  o f  
1 4  h o u s e h o l d  a p p l i a n c e s  used  f o r  A u s t r i a  i n  t h e  c o n s e r v a t i o n  
s c e n a r i o .  The e n e r g y  consump t i on  p e r  a p p l i a n c e  p e r  home h a s  
been  h e l d  c o n s t a n t  o v e r  t h e  s i m u l a t i o n  p e r i o d ,  b u t  t h e  
d e c r e a s i n g  househo ld  s i z e  i m p l i e s  i n c r e a s e d  a p p l i a n c e  u s e  
p e r  c a p i t a .  I n  1 9 7 1  t h e  a p p l i a n c e  u s e  p e r  c a p i t a  p e r  annum 
was 495 x  l o 6  c a l .  A s  a  r e s u l t  o f  t h e  i n c r e a s e d  owne s h i p  
o f  a p p l i a n c e s  t h i s  is assumed t o  i n c r e a s e  t o  990 x  1 0 g  c a l  
p e r  c a p i t a  p e r  annum i n  t h e  c o n s e r v a t i o n  s c e n a r i o  by 2015. 
I t  s h o u l d  be n o t e d  t h a t  t h e  d a t a  a v a i l a b l e  f o r  a p p l i a n c e  u s e  
is  " s o f t " .  M i c r o c e n s u s  d a t a  h a s  been u s e d  a s  a  b a s i s  f o r  t h e  
s t a r t i n g  v a l u e s  of a p p l i a n c e  o w n e r s h i p  [ 3 3 ]  . 



Table 7 Summary and Average Annual Energy Consumpion of 
Household Appliances 

Seconc la ry  Ave. a n n u a l  e n e r g y  u s e  V a l u e s  A p p l i a n c e  
A p p l i a n c e  i n  kwh/anno a s  g i v e n  oy c h o s e n  O w n e r s h i p  

v a r i o u s .  A u s t r i a n  S o u r c e s  f o r  1 9 7 1  B 
E l e c t r i c i t y  [381 [31] [32] 1) 2  .................................................................. 
1 r e f r i g e r a t o r  3  d u 44U 3  5  8 2  5 U 8 4  
2  f r e e z e r  60d 8 8 d 7  d 5 8 8  2  2  
3  d i s h w a s n e r  6  i) b 1 3 1 ~  l a m  750 3  
4  c l o t h w a s h e r  St) W 73L.r 9d0 48 8 S 8  
5  e l e c t r i c  s t o v e  l l d d  146U 58 16 580 5 0 
6 e l e c t r i c  d r y e r  - - 988 7  a 8  5  
7  a&w . r ~  2dS 7  U 3 5  4  d 6 5  
8 c o l o r  TV - 14b 14  u 14 d  6 
9  s m a l l  a o o l i a n c e s  - - - 388 7  5  
1 0  l i g h t s  - 29 C1 7k48 1 5 8  9  9  
11 new a p p l i a n c e s  15) - - - 20B - 
1 2  new a p o l i a n c e s  1 1 ~ )  - - - 2W16 - 

3  3  4  
l a  s l a 9  c a l  .................................................................. 
1 3  g a s  s t o v e  1100 3 4  
1 4  g a s  d r y e r  7  0 0 3  

T h e  r e f e r e n c e s  f o r  [ 301 , [31] , and [32] a r e  g i v e n  i n  s e c t i o n  7  
1)  V a l u e s  u s e d  i n  t h i s  r e p o r t ,  a v e r a g e  h o u s e h o l d  s i z e :  2 . 9 4  p e r s o n s  

i n  1 9 7 1 .  
2 )  3 v n e r s h i p  f r a c t i o n s  u s e d  f o f  t h e  s t a r t i n g  y e a r  1 9 7 1  o f  t h i s  

r e p o r t .  
3 )  No s p e c i f i c a t i o n  o f  h o u s e h o l d  s i z e  is  p r o v i d e d .  
4 )  V a l u e s  r e f e r  t o  a  4  p e r s o n  house f i o ld .  
5 )  N e w  A p p l i a n c e s  I a n 3  I 1  r e f e r  t o  a p p l i a n c e s  w h i c h  h a v e  n o t  y e t  

a c i l i e v e a  a  l a r g e  m a r k e t  p e n e t r a t i o n ,  s u c h  a s  s a u n a s ,  s o l a r  i e n ,  
o r  new a p p l i a n c e s  wh ich  a r e  n o t  y e t  on  t h e  m a r k e t .  

Flow - Diagram - --- - for ----- Secondary - a l i a n c e s  - - - - - - - 

Below in Figure 15  a simple f low diagram shows the 
calculat ion of secondary appl iance energy use. 

Functional Relat ionships ------ - --.- 

The total energy consumption in a region for a given 
type of secondary appliance is: 
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Figure 1 4  Examples of Saturat ion Curves fo r  Household 
(Secondary) Appliances 

where: 

Cn = year ly  energy consumption 
of secondary appl iance type n 

f n  = f r ac t i on  of homes having secondary appl iance 
of type n 

H = number of homes 

E n  = year ly  average energy consumption of one secondary 
appl iance of type n 

where: 

f  = f r ac t i on  of homes having secondary appl iance n 

subscr ip ts :  

( t  + 1) i n  t he  year t + 1 
t i n  the year t 
1 i n  the s t a r t i n g  year 

'sat  = sa tu ra t ion  f r ac t i on  

k = -0 .693 
th = time u n t i l  the hal f  sa tu ra t ion  po in t  

( f s a t  - f 1 ) / 2  is reached 



-------- 

F i g u r e  1 5  Flow Diagram - Seconda ry  (Household  A p p l i a n c e s )  

' I 'otal number of 
i n h a b i t e d  homes 

A 

4 
p r o b a b i l i t y  t h a t  a  home has  a  secondary  
a p p l i a n c e  of kind X 

L i m i t a t i o n s  

c 4  

The l i m i t a t i o n  on  t h e  u s e  o f  t h i s  component o f  t h e  
model  is m a i n l y  i n a d e q u a t e  d a t a  on a p p l i a n c e  u s e .  

a v e r a g e  energy consumpt ion o f  secondary  
a p p l i a n c e  of kind X per year per  home - 

9 *c ia1 -- --- I s s u e s  - and -PA-- S e n s i t i v i Q  S t u d i e s  i n  t h e  R e s i d e n t i a l  --- - - 

v 
ene rgy  consunea 
Dy a l l  sccondary  
a p p l i a n c e s  o f  
kina X 

S e c t o r  

The h i g h  d e g r e e  o f  p a r a m e t e r i z a t i o n  i n  t h e  model a l l o w s  
o n e  t o  examine p o s s i b l e  i m p a c t s  o f  c e r t a i n  t y p e s  o f  p o l i c y  
m e a s u r e s  t h r o u g h  t h e  u s e  o f  s e n s i t i v i t y  s t u d i e s .  The 
t e c h n i q u e  used was t o  make two c a l c u l a t i o n s  w i t h  t h e  model ;  
i n  one r u n  o n l y  t h e  p a r a m e t e r s  d e s c r i b i n g  t h e  i n v e s t i g a t e d  
p o l i c y  a r e  changed .  I f  t h e  r e s u l t s  o f  t h e s e  two model r u n s  
a r e  compared,  c o n c l u s i o n s  a b o u t  p o t e n t i a l  i m p a c t s  f rom a  
p o l i c y  measure  can  be  drawn. The i s s u e s  examined i n  t h e  two 
f o l l o w i n g  s e n s i t i v i t y  s t u d i e s  d e v e l o p e d  f o r  A u s t r i a  a r e  t h e  
i m p o r t a n c e  o f  i n s u l a t i o n  and a l t e r n a t i v e  e n e r g y  u s e .  The 



c o n s e r v a t i o n  s c e n a r i o  has  been used a s  a  r e f e r e n c e  s c e n a r i o .  

4 . 1  -- The - Impor tance  o f  I n s u l a t i o n  --- - 

The g r e a t  impor tance  o f  i n s u l a t i o n  measures  can  be 
s t u d i e d  i f  a l l  assumpt ions  abou t  r e d u c t i o n  of h e a t  l o s s e s  
a r e  removed from t h e  c o n s e r v a t i o n  s c e n a r i o  and t h e  r e s u l t s  
a r e  t h e n  compared w i t h  a  r e g u l a r  c o n s e r v a t i o n  c a s e  run .  

F i g u r e  16  shows s c e n a r i o  assumpt ions  used i n  t h e  
c o n s e r v a t i o n  c a s e  i n  r e g a r d  t o  t h e  s i z e  o f  NEW HOMES and 
i n s u l a t i o n  (shown a s  h e a t  l o s s ) .  

- 1 = a v e r a g e  annua l  h e a t  l o s s  ( k c a l / s q u a r e  
me te r /h )  f o r  OLD (pre-1971)  SINGLE FAMILY HOMES. 

- 2 = a v e r a g e  annua l  h e a t  l o s s  ( k c a l / s q u a r e  
me te r /h )  f o r  OLD (pre-1971)  APARTMENTS. The 
a v e r a g e  annua l  h e a t  l o s s  f o r  t h e  two g roups  of  
homes d e c r e a s e s  ove r  t i m e  due  t o  d e m o l i t i o n  of  
t h e  most p o o r l y  f i t t e d  homes and t h e  assumed 
improvement of i n s u l a t i o n  i n  t h e  remainder .  

- 3 = a v e r a g e  a n n u a l  h e a t  l o s s  f o r  NEW ( a n n u a l l y  
c o n s t r u c t e d )  SINGLE FAMILY HOMES. 

- 4 = a v e r a g e  annua l  h e a t  l o s s  f o r  NEW ( a n n u a l l y  
c o n s t r u c t e d )  APARTMENTS. 

- 5 = shows how t h e  a v e r a g e  s i z e  o f  NEW SINGLE 
FAMILY HOMES i n c r e a s e s  over  t i m e .  

- 6 = s i m i l a r  f o r  t h e  a v e r a g e  s i z e  of NEW 
APARTMENTS 

I n  t h e  s e n s i t i v i t y  run  no improvements i n  i n s u l a t i o n  
have been assumed; a l l  o t h e r  p a r a m e t e r s  have been l e f t  
u n a l t e r e d .  

F i  u r e  17 shows a  compar ison  o f  o u t p u t s  f rom t h e s e  two 
r u n s .  2% The shaded a r e a s  i n d i c a t e  t h e  p o t e n t i a l  f u e l  
s a v i n g s  r e s u l t i n g  f rom t h e  s i m u l a t e d  i n s u l a t i o n  measures .  
I t  is i m p o r t a n t  t o  n o t e  t h e  t i m e  l a g  i nvo l ved  b e f o r e  t h e  
e f f e c t  of t h e  i n s u l a t i o n  measures  becomes n o t i c e a b l e  i n  t h e  
t o t a l  r e s i d e n t i a l  ene rgy  demand. An immediate i n v e s t m e n t  
h a s  t o  be made t o  a c h i e v e  r e d u c t i o n  i n  h e a t  l o s s e s  o f  homes, 
a l t h o u g h  t h i s  w i l l  pay o f f  o n l y  i n  accumula ted  ene rgy  t y p e  

26 The ene rgy  use o f  househo ld  ( s e c o n d a r y )  a p p l i a n c e s  is 
i n c l u d e d .  
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x - - F A M I L Y  HOtIES 

I 

1971 1980 1990 2000 2010 2015 

YEAR 

F i g u r e  1 6  S e l e c t e d  S c e n a r i o  A s s u m p t i o n s  f o r  t h e  
C o n s e r v a t i o n  C a s e  

s a v i n g s  o v e r  d e c a d e s .  N e v e r t h e l e s s  i n s u l a t i o n  p r o v i d e s  o n e  
r o b u s t  a p p r o a c h  t o  e n e r g y  c o n s e r v a t i o n  a t  t h e  p r e s e n t  t ime, 
l e a v i n g  a l l  o p t i o n s  o p e n  f o r  t h e  f u t u r e .  Added a d v a n t a g e s  
o f  i n s u l a t i o n  p o l i c i e s  are  t h a t  t h e y  d e c r e a s e  p e a k  demands ,  
r e d u c e  t h e  n a t i o n a l  e n e r g y  b i l l ,  d e c r e a s e  p o l l u t i o n ,  a n d  a r e  
l a b o u r  i n t e n s i v e  ( e s p e c i a l l y  i n  t h e  c a s e  o f  r e t r o f i t t i n g  o f  
e x i s t i n g  homes)  a n d  t h u s  h a v e  a f a v o u r a b l e  i m p a c t  upon t h e  
j o b  market. A c c o r d i n g  t o  a  r e c e n t  s t u d y  t h e  p a y b a c k  time 
f o r  t h e  e n e r g y  i n v e s t e d  i n  i n s u l a t i o n  m a t e r i a l  f o r  s i n g l e  
f a m i l y  homes is o n l y  a b o u t  2  m o n t h s  [ 3 4 ] .  27 

Even i n  t h e  most  u n l i k e l y  case o f  d e c l i n i n g  e n e r g y  
p r i c e s ,  e n v i r o n m e n t a l  c o n s i d e r a t i o n s  wou ld  be s t i l l  a n  
i m p o r t a n t  a r g u m e n t  i n  f a v o u r  o f  a  c o n s e r v a t i o n  p o l i c y ,  
e s p e c i a l l y  i n  u r b a n  a r e a s .  

27  t h e  p a y b a c k  t i m e  f o r  t h e  e n e r g y  i n v e s t e d  i n  h e a t  pumps 
a c c o r d i n g  t o  t h i s  s t u d y  is  5 t o  1 4  m o n t h s ,  f o r  s o l a r  
e n e r g y  1 6  t o  23 m o n t h s .  C o n v e n t i o n a l  o i l  c e n t r a l  
h e a t i n g  h a s  b e e n  u s e d  2s a c o m p a r a t i v e  s y s t e m .  



10'2 kul 

20 

I 

conservation 
Potential  

19 i l  1980 1990 2000 2015 
Year 

--------- - -- - - -- - 

Figure 17 Potential Savings by Insulation Measures & 
Efficiency Improvements for Space Heating by 
Energy Type 

4.2 Unconventional Energy (Solar, Heat Pumps) - - -- -- - - - -- 

The impact of alternative energy sources has been 
studied in terms of a sensitivity study for the Conservation 
Scenario. Clearly the results depend very much upon the 
boldness of the assumptions. A set of assumptions which is 
commonly accepted as "realistic" (50 percent of all single 
family homes with the appropriate back up system for space 
or water heating are fitted with alternative energy 
technology such as small scale solar systems by 2010) can 
substantially lower residential oil requirements in Austria. 
This is because it is thought that oil, which is easy to 
store, to transport and is network independent, will capture 



a  b i g  s h a r e  o f  t h e  s i n g l e  f a m i l y  homes a s '  a  h e a t i n g  e n e r g y  
t y p e  a s  l ong  a s  i t  is a v a i l a b l e  a t  r e a s o n a b l e  p r i c e s ,  u n l e s s  
a l t e r n a t i v e  e n e r g y  t y p e s  b e g i n  c a p t u r i n g  a n  i n c r e a s i n g  s h a r e  
o f  t h e  marke t .  

T h e r e  w i l l  be  l i t t l e  d i f f e r e n c e  i n  t h e  r e s u l t s  shown 
f o r  o v e r a l l  r e s i d e n t i a l  e l e c t r i c i t y  u s e  i n  A u s t r i a  i f  
a l t e r n a t i v e  e n e r g y  t e c h n o l o g y  is a p p l i e d  o r  n o t .  
E l e c t r i c i t y  s a v i n g s  g a i n e d  t h r o u g h  t h e  u s e  o f  a l t e r n a t i v e  
t e c h n o l o g y  i s  b a l a n c e d  o u t  by t h e  e l e c t r i c i t y  needed a s  
e n e r g y  i n p u t  t o  t h e  a l t e r n a t i v e  e n e r g y  t e c h n o l o g y  ( e . g .  
e l e c t r i c i t y  d r i v e n  h e a t  pumps) .  

F i g u r e  18 shows a  p o s s i b l e  marke t  p e n e t r a t i o n  c u r v e  o f  
t h e  new t e c h n o l o g y ,  t h e  s l o p e  and  t h e  p e n e t r a t i o n  l i m i t .  
T h i s  f u n c t i o n  shows t h e  assumed r a t e  a t  which s i n g l e  f a m i l y  
homes w i t h  t h e  a p p r o p r i a t e  back up s y s t e m s  w i l l  u s e  a n  
a l t e r n a t i v e  f u e l  t e c h n o l o g y .  28 

1971 80 90 2000 201 5 

Year 
- - - -- - -- - - - --- - -- - .- - .- -- - - -- -. - .- - - - - -- -- - 

F i g u r e  18 Market  P e n e t r a t i o n  Curve f o r  a n  A l t e r n a t i v e  
Energy  Technology 

The shaded  a r e a s  i n  F i g u r e  19  show t h e  p o t e n t i a l  
s a v i n g s  f rom t h e  a l t e r n a t i v e  e n e r g y  t y p e  t e c h n o l o g y .  By 2015 

28 I t  must be s t r e s s e d  t h a t  t h e  c u r v e  p e r t a i n s  o n l y  t o  
homes w i t h  c h a r a c t e r i s t i c s  a p p r o p r i a t e  f o r  a l t e r n a t i v e  
t e c h n o l o g i e s  i . e .  s i n g l e  f a m i l y  homes w i t h  t h e  
a p p r o p r i a t e  back up s y s t e m s  ( E l e c t r i c i t y ,  g a s  and o i l  
c e n t r a l  h e a t i n g  s y s t e m s  a s  shown i n  F i g u r e  11 on page  
4 3 ) .  T h e r e f o r e  50% p e n e t r a t i o n  r e f e r s  o n l y  t o  t h e s e  
homes and n o t  t o  t h e  h o u s i n g  s t o c k  a s  a  whole .  
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F i g u r e  19  P o t e n t i a l  S a v i n g s  f rom a n  A l t e r n a t i v e  Energy 
Techno logy  

240.000 s i n g l e  f a m i l y  homes ( 8 %  o f  a l l  homes, 1 8 %  o f  a l l  
s i n g l e  f a m i l y  homes) are  assumed t o  have  s o l a r  s p a c e  
h e a t i n g ,  and 540.000 (17% o f  a l l  homes, 41% o f  s i n g l e  f a m i l y  
homes) s o l a r  w a t e r  h e a t i n g .  S o l a r  s p a c e  h e a t i n g  is assumed 
t o  r e p l a c e  6 0 %  of  t h e  a n n u a l  h e a t i n g  r e q u i r e m e n t s ,  and  s o l a r  
w a t e r  h e a t i n g  7g% o f  t h e  a n n u a l  e n e r g y  u s e  f o r  w a t e r  
h e a t i n g .  7% o f  t h e  t o t a l  r e s i d e n t i a l  e n e r g y  demand would be  
p r o v i d e d  by s o l a r  e n e r g y  under  t h e s e  a s s u m p t i o n :   his u s e  o f  
s o l a r  e n e r g y  would r e l i e v e  1 7 %  o f  r e s i d e n t i a l  o i l  
r e q u i r e m e n t s  by 2015. ( 3 0 %  o f  t h e  1971  r e s i d e n t i a l  o i l  
r e q u i r e m e n t s ) .  



5 Examole of Overa l l  Scenar io Resul ts  - -- - -L - - - - -- --- - - 

The r e l a t i v e  importance of major end-use ca tego r ies  i n  
determining r e s i d e n t i a l  energy demand is shown fo r  the  
Aust r ian scenar io  and compared w i t h  t he  two s e n s i t i v i t y  
s t u d i e s  i n  Table 8. 

Table 8 Perce,ntage of End-Uses i n  Tota l  Res iden t i a l  
Energy Demand 

Conservation Scenar io 

Resu l ts  I nsu la t i on  Solar 
S e n s i t i v i t y  S e n s i t i v i t y  

- -  

Space " 82% 73% b 9 %  78% 7 7 %  63% 6(0% 
heat ing per cen t  of t o t a l  r e s i d e n t i a l  energy consumption 

inc rease 1 0 0 %  1 1 9 %  113% 151% 1 7 4 %  1 1 9 %  1 1 4 %  

Water " 7 %  11% 1 2 %  9 % 9 % 11% 1 2 %  
heat ing  per cen t  of t o t a l  r e s i d e n t i a l  energy consumption 

inc rease 1 8 0 %  2W7% 234% 2D78 234% 287% 2 0 4 %  

Househola 11% 1 6 %  1 9 %  13% 1 4 %  1 6 %  18% 
Appl iances per cent  of t o t a l  r e s i d e n t i a l  energy consumption 

inc rease l w w %  19W% 223% 19W% 223% 19(6% 223% 

The high f r a c t i o n  of demand due t o  space heat ing shows 
t h a t  inc reases  i n  f l o o r  space per cap i ta  and heat  l o s s e s  due 
t o  i n s u f f i c i e n t  i nsu la t i on  a re  the  most important f a c t o r s  i n  
determining t h e  t o t a l  amount of energy consumed by the  
r e s i d e n t i a l  s e c t o r .  The increase in  f loorspace per c a p i t a  
is  due t o  the  assumed dec l ine  i n  family s i z e ,  and to  a  
g r e a t e r  ex ten t  t o  the  s i z e  of N E W  HOMES. Espec ia l l y  the 
inpac t  of bigger NEW HOMES could be balanced of f  by improved 
i n s u l a t i o n  of cons t ruc t ion .  I t  can be argued t h a t  keeping 
t h e  s i z e  of N E W  HOMES low could add momentum t o  t h e  dec l i ne  
of family s i z e  and thus have an inc reas ing  e f f e c t  upon 
r e s i d e n t i a l  energy consumption. Even w i t h  a  s t r i c t  
conservat ion po l i cy  a s  app l ied  in  the conservat ion scenar io ,  
space heat ing w i l l  remain the  dominant end-use category in  



t h e  r e s i d e n t i a l  s e c t o r .  

The i n c r e a s i n g  s h a r e s  o f  w a t e r  h e a t i n g  and  s e c o n d a r y  
a p p l i a n c e s  i n  A u s t r i a  p o i n t s  a t  t h e  i n h e r e n t l y  g r e a t e r  
dynamic  of t h e s e  end u s e  g r o u p s  compared t o  s p a c e  h e a t i n g .  
The number of A u s t r i a n  homes f i t t e d  w i t h  a  b a t h  o r  a  shower 
d o u b l e d  between 1 9 6 1  and 1971  and t r i p l e d  be tween 1 9 6 1  and 
1977 .  A p p r o x i m a t e l y  by 1990 a l l  homes a r e  assumed t o  be 
f i t t e d  w i t h  a  b a t h  o r  a  shower .  The i n c r e a s i n g  s h a r e  o f  
househo ld  a p p l i a n c e s  is d u e  n o t  t o  i n c r e a s e d  consump t i on  p e r  
a p p l i a n c e ,  b u t  t h e  i n c r e a s i n g  f r a c t i o n  o f  homes a c q u i r i n g  
them. T h e i r  i n c r e a s i n g  s h a r e  o f  end u s e  e n e r g y  f o r  t h e  
c o n s e r v a t i o n  s c e n a r i o  is e x p l a i n e d  by t h e  f a c t  t h a t  t h e  
assumed v i g o r o u s  i n s u l a t i o n  p o l i c i e s  have  n o t  been matched 
w i t h  e q u a l l y  v i g o r o u s  p o l i c i e s  f o r  r e d u c e d  e n e r g y  u s e  o f  
h o u s e h o l d  a p p l i a n c e s  ( t h o u g h  mode ra te  s a t u r a t i o n  l e v e l  and 
s a t u r a t i o n  s p e e d s  were a s s u m e d ) .  T h i s  i n d i c a t e s  t h a t  a  
p o l i c y  a im ing  a t  l ess  e n e r g y  u s e  f o r  s e c o n d a r y  a p p l i a n c e s  
p e r  hour o f  u s e  would be n e c e s s a r y  t o  complement a  s t r i c t  
c o n s e r v a t i o n  p o l i c y .  

The r e s i d e n t i a l  s e c t o r  of  A u s t r i a  is  one  a r e a  where t h e  
demand f o r  f o s s i l  e n e r g y  t y p e s  c o u l d  b e  d e c r e a s e d  ( w i t h o u t  
s a c r i f i c i n g  c o m f o r t )  by a p p r o p r i a t e  p o l i c i e s .  

F i g u r e  20 shows t h e  r e s i d e n t i a l  demand by e n e r g y  t y p e  
f o r  A u s t r i a  f o r  t h e  C o n s e r v a t i o n  S c e n a r i o  and  t h e  
s e n s i t i v i t y  s t u d i e s ,  compar ing  h i s t o r i c a l  1971  d a t a  w i t h  t h e  
r e s u l t s  f o r  t h e  1990 and 2015. 

Fo r  1990 and 2015,  t h e  p e r c e n t a g e  o f  t o t a l  r e s i d e n t i a l  
demand f o r  e a c h  e n e r g y  s o u r c e  is e s s e n t i a l l y  t h e  same. T h i s  
is  because  t h e  e n e r g y  t y p e  mix f o r  s p a c e  and  w a t e r  h e a t i n g  
i s  k e p t  c o n s t a n t .  By 2015,  r o u g h l y  51% o f  t h e  r e s i d e n t i a l  
e n e r g y  demand is f o r  p e t r o l e u m  and  g a s e s ,  which must  be  
i m p o r t e d .  Wi th  t h e  e x p e c t e d  d e c l i n e  i n  f o s s i l  e n e r g y  t y p e  
a v a i l a b i l i t y ,  t h i s  h i g h  p e r c e n t a g e  o f  demand, even  i n  a  
c o n s e r v a t i o n  S c e n a r i o ,  is a  p o t e n t i a l  p rob lem.  
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6 C o n c l u d i n g  O b s e r v a t i o n s  - - 

I n  o r d e r  t o  b e  a b l e  t o  a n s w e r  t h e  s p e c i f i c  e n e r g y  
q u e s t i o n s  t h a t  d e c i s i o n  m a k e r s  a r e  c o n c e r n e d  w i t h ,  a  h i g h  
d e g r e e  o f  d i s a g g r e g a t i o n  h a s  b e e n  a p p l i e d  i n  REUMA. Thus  
t h e  d a t a  r e q u i r e m e n t s  o f  t h e  mode l  a r e  e x t e n s i v e .  The m a j o r  
s t r e n g t h  o f  t h e  r e s i d e n t i a l  model  is t h a t  i t  p r o v i d e s  a 
s y s t e m a t i c  f ramework  f o r  r e s i d e n t i a l  e n e r g y  c o n s u m p t i o n ,  
b a s e d  upon p h y s i c a l  c h a r a c t e r i s t i c s ,  e . g .  h e a t  l o s s  and 
f l o o r s p a c e ,  t o  a n a l y z e  p o l  i c y  i s s u e s  a n d  a l t e r n a t i v e  
f u t u r e s .  The  model  h a s  b e e n  a p p l i e d  t o  a w i d e  r a n g e  o f  
q u e s t i o n s  r e l a t e d  t o  r e s i d e n t i a l  e n e r g y  r e q u i r e m e n t s  and  t h e  
e n v i r o n m e n t .  A t  t h e  p r e s e n t  s t a g e  o f  d e v e l o p m e n t ,  e n e r g y  
p r i c e s  and  o t h e r  e c o n o m i c  v a r i a b l e s  a r e  n o t  i n c l u d e d  i n  t h e  
m o d e l ;  t h e y  m u s t  be t r e a t e d  i n  a n  i m p l i c i t  manner  o r  i n  
s u p p l e m e n t a r y  a n a l y s i s .  
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