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Summary 
This paper describes the importance and economic rationale of building 

rehabilitntion, with special reference to the Canadian situation. Through a 

review of varioua economic evaluation techniques, an attempt ig made to answer 

basic questions such aa why rehabilitation inatead of rebuilding. when to 

rehabilitate, and how much to invest. The paper concludes that in some 

eituatione the application of economic techniques may not provide conclusive 

evidence for or against rehabilitation, and makes an appeal for more atudies to 

determine the effectiveness of economic factors in actual rehabilitation-related 
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Sommaire 

L'Btude prEciee l'importance et la ralson d'8tre 6conomique de la 

rChabilitation, plus particulike~nt en regard de 1'Cconode canadienne. Par 

le biaie d'une Ctude de divereee techniques d'6valuation 6conomique, l'auteur 

e'efforce de repondre a certainee queetions fondamentales, eoit par exeqle 
pourquoi rehabiliter pluti3t que reconetruire, quand r6habiliter. combien y 

inveetir, etc. I1 en vient B la conclusion que dans certain8 can, l'application 

de techniques 6conomiquee peut ne pae offrir de preuve concluante pour ou contre 

la r6habilitation. et il suggare la r6alisation de nouvelles Ltudee pemettant 

d1Etab1ir lee effete dee facteure 6conodquee eur leu vgritablee d6ciaione en 



SOME ECONOMIC ASPECTS OF THE REHABILITATION OF BUILDINGS 

A.S. Rakhra. Canada 

INTRODUCTION 

A number of studies have examined the question of rehabilitating a building 

versus demolishing and rebuilding. Most of these studies have dealt with the 

normative aspects of the problem, i.e., how to choose rehabilitation over 

rebuilding. or vice versa. They have not emphasized the positive aspects, such 

as the reasons for undertaking the task of rehabilitation, the economic 

rationale behind the decision, or the amount of money that should be spent. 

Whenever answers to these questions were attempted. the techniques used were not 

satisfactory. 

A topic as important as rkhabllitation deserves more economic analytlte than it 

has received.' The purpose of this paper is to review the existing literature 

on the economics of rehabilitation and to suggest an economic framework that can 

answer the above-raised questions. The importance and economic rationale of 

rehabilitation is described, with special reference to the Canadian economy. 

DEFINLTION OF REHABILITATION 

Rehabilitation means different things to different people. Gordon Bagby wrote: 

"To a homeowner, rehabilitation encompasses everything from repairing 

the roof to changing a light bulb. To a contractor, it is the gutting 

and reconstruction of a home's interior. To an apartment owner, it is 

any improvement which allows him to increase the rent he receives. 

And to an economist, it is any reinvestment designed to forestall the 

capital depreciation of a structure...." (2 ) .  

For purposes of this paper, rehabilitation** is defined as a building activity 

that extends an existing building's economic life, without disturbing its 

The importance of rehabilitation can be gauged by the resources being devoted 

to it end related activities all over the world. It is predicted that in the 

United States about $30 billion will be spent on retrofitting existing non- 

residential buildings alone for energy conservation purposes in 1985, up from 

$8.6 billion in 1980 (1 ) .  

**There are several rehabilitation-related t e r m  currently used loosely and 

interchangeably, e.g.. renovation, restoration, retrofitting, remodelling. 

etc. A distinction between rehabilitation and renovation activities may be in 

order here. Rehabilitation does not involve a change of use while renovation 

usually involves a change in use or capacity or occupancy. For definitions of 

these and other related concepts, see (3). 



original features or use. It may require change of tenancy for its economic 

viability. It may also require upgrading (not necessarily to its previous or 

original state), remodelling, retrofitting (e.g., extra insulation) and some 

repairs. 

Theoretically, it may be possible to define end differentiate between these 

terms, but statistically it is difficult to do so because they are interrelated. 

For example, a rehabilitation job may involve installing extra insulation or 

replacing a roof, or tearing down a wall to expand the living area. 

Statistics Canada, a federal agency reaponsible for collecting and 

disseminating data on the Canadian economy, divides construction activity into 

two components: new construction and repairs. New construction is defined as 

the value of work performed on new structures plus the value of work performed 

on major alterations and conversions. Repair conatmction consists of atnor 

renovations and alterations made to maintain the operating efficiency of 

existing structures. 

From this classification, it ie difficult to know how olch of the repairs 

component of construction expenditure is rehabilitation, renovation or 

retrofitting. It is equally difficult to k n w  har prch of the new construction 

expenditure really falls into the category of renovation or rehabilitation. It 

is also not clear what constitutes aajor or minor renovations, conversions, 

additions, etc. 

WHY REHABILITATION? 

Several economic arguments have been offered to justify rehabilitation activity. 

The most noteworthy are deecribed below. 

Cash Flow and Affordability Argument 

It is claimed by some that existing buildings can be rehabilitated quickly and 

cheaply.* It is believed that rehabilitated buildings cost 50% less than new 

ones with the same design and floor area. In Canada, new house prices went up 

200% between 1971 and 1980, while the cost of operating and maintaining existing 

buildings rose 169%. Rising mortgage rates and new house prices ctmhined to 

raise capital costs 418% during the same period, thus reducing affordability. 

Energy and Other Scarce Resources Saving Argument, 

Materials used in buildings embody energy. It has been estimated that 

processing, manufacturing, transporting and putting in place construction 

material for new buildings account for 5 4 %  of total Canadian energy consumption 

*It has been proven, however, that in some cases rehabilitation is more 

expensive than new construction or rebuilding (4). 



and t h a t  conserv ing  even 1% of t h a t  energy r e p r e s e n t s  a  s a v i n g  of mi l l iona  of  

d o l l a r s .  S t a t i s t i c s  Canada r e p o r t e d  t h a t  between 1971 and 1981, dwel l ing  u n i t s  

valued a t  about  $3.5 b i l l i o n  were des t royed .  The f a c t  t h a t  some of them were 

perhaps  beyond r e p a i r  i n d i c a t e s  t h a t  t h e i r  ovners had f a i l e d  t o  r e h a b i l i t a t e  

them. 

An American study (5) indicates t h a t  new b u i l d i n g s  r e q u i r e  up t o  f i v e  t imes  

more energy f o r  construction and o p e r a t i o n  over  an expected l i f e a p a n  than  do 

r e h a b i l i t a t e d  bu i ld ings .  This  energy u s e  d i s p a r i t y  depends, of course ,  on t h e  , 
'.type and extended l i f e  of t h e  r e h a b i l i t a t e d  b u i l d i n g ,  how i t  waa e r e c t e d ,  and 

how it w i l l  be renovated. 

Alao, when comparing energy consumption p e r  d o l l a r  of new c o n s t r u c t i o n  v e r s u s  

t h a t  of r e h a b i l i t a t i o n ,  t h e  balance s h i f t s  t o  r e h a b i l i t a t i o n .  New c o n s t r u c t i o n ,  

f o r  example, r e q u i r e d  98,000 Btu p e r  d o l l a r  of a c t i v i t y  i n  1967, which was 32% 

more than  f o r  one d o l l a r  of a c t i v i t y  i n  maintenance and r e p a i r  (6) .  
I 
i 

Employment and Income C r e a t i o n  Argument 
! A r e c e n t  s tudy  (7)  i n  O n t a r i o  i n d i c a t e s  t h a t .  f o r  a  g iven  amount of money, 
I 

r e s i d e n t i a l  r e h a b i l i t a t i o n  g e n e r a t e s  . o r e  t o t a l  employlnent and income e f f e c t s  

( c o n s i s t i n g  of  d i r e c t ,  i n d i r e c t  and induced e f f e c t s )  than  does new cons t ruc t ion .  

Furthermore, a  l a r g e  percentage of t h e s e  e f f e c t a ,  e s p e c i a l l y  employment e f f e c t s ,  

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

Demographic Argument 

Popula t ion  d i s t r i b u t i o n  is  changing quick ly  bo th  i n  Europe and North America. 

I n  Canada, f o r  example, it is e s t i m a t e d  t h a t  t h e  25-34 age group'a ahare  of t h e  

o v e r a l l  p s p u l a t i o n  w i l l  d e c l i n e  from 17% i n  1981 t o  13.2% i n  2001, whi le  t h a t  of 

t h e  65-and-over group w i l l  i n c r e a s e  from 9.4% t o  11.2%. T h i s  s h i f t  w i l l  have 

impor tan t  i m p l i c a t i o n s  f o r  t h e  type  of housing r e q u i r e d  and hence f o r  

r e h a b i l i t a t i o n  a c t i v i t y  (8). 

REHABILITATION ACTIVITY IN CANADA 

There  a r e  no r e l i a b l e  d a t a  c o l l e c t e d  t o  i n d i c a t e  t h e  a c t u a l  l e v e l  of 

r e h a b i l i t a t i o n  a c t i v i t y  i n  Canada. P a r t  of t h e  problem is due t o  t h e  l a c k  of  

agreement on t h e  d e f i n i t i o n  of r e h a b i l i t a t i o n .  It i a  a l s o  due t o  t h e  f a c t  t h a t  

t h e  people involved i n  r e h a b i l i t a t i o n  i n  t h e  p a s t  d i d  n o t  keep records of 

expendi tures .  

The t a b l e  below provides  a  rough i d e a  about  t h e  e x t e n t  of r e h a b i l i t a t i o n  

a c t i v i t y  i n  Canada's housing s e c t o r .  It may be noted t h a t  n o t  a l l  t h e  

expendi tures  under column 4  r e p r e s e n t  r e h a b i l i t a t i o n ;  a  l a r g e  p a r t  (about  55%) 

l e r e l y  c o n s t i t u t e s  minor r e p a i r s .  Columns 6  and 7  s h w  t h a t  between 1977 and 

1982, r e p a i r s  and renovat ion  a c t i v i t i e a ,  bo th  a s  a  percentage  of t o t a l  hous ing  
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expenditures, rose from 15.7% to 21.8% and from 28.9% to 37.8% respectively. 

Conversions and alterations as a percentage of total renovation rose from 13.2% 

to 16.0%. However, expenditures on conversions fell significantly between 1981 

and 1982 and those on alterations rose marginally. This was due to a surge in 1 
new housing starts in 1981. They rose again in 1982 when new construction 

activities slackened. This means that rehabilitation activity is still residual I 
I 

to some extent -- an activity that compensates for the loss of new conatruction I 

activity. I 

VALUE OP UOUSINC RENOVATION ACILVIN (llPPA119. IWlOV8WHTS. UIWERSIONS) AS A PKRCENTffiK OF RESIDIUTIU 

mrsraucrxw.  CNIABA 1911-1981 ((ooo'.) 

Rep.1~. Rcnovaclon. AIter.tloo.. 

let.1 H o ~ e l n g  a. I of A. I of T o t a l  I q r o v e r a t .  

Alter.rlon. E=pendlcure. TaC.1 (Repair.. and Converelon. 

and Torn1 Ineludlng New Hou.lng I q r a r e r n r .  X of Tot.1 

(ear Uepalra Improrernr.  Gonver.lon. leuovatlon. and 8cp.lr. Sxpendlture. and Conrareton*) Renoratlon. 

(1)  ( 2 )  (3)  (4)  (5)  (I)n(s)-(6) (4)1(5)- (1)  (2)+(3)*(4)-(8) 

1911 2.059.918 1.120.442 16.299 3.796.659 13.125.598 15.7 28.9 13.2 

1918 2,129,408 2.019.211 21.683 4,110,168 13,911.158 16.1 11.4 14.1 

1979 2.619.217 2,249,932 28.986 4.928.155 l4.324.803 18.5 34.4 16.0 

1980 2.862.451 2.211.162 32.913 4,112,528 13,872.008 20.0 16.9 16.9 

1981 3,220,351 2,455.115 50.325 5,725.851 16,359,859 19.1 35.0 15.3 

1982 3.511.946 2.569.100 48.250 6.195.896 16.396.688 21.8 37 .8 16.0 

Source: Adapted f r a  cable reeelued tr- Canad. Worcg.8. and Hou.lng Corporation. 

POTENTIAL OF REHABILITATION MARKET 

Perhaps the potential for rehabilitation is a better indicator of its 

importance. A 1978 study estimated that about 13% of Canada's 7.5 million units 

of housing stock were in need of rehabilitation (9). There exists no such 

estimate for the non-residential sector. However, a recent study contracted by 

the Division of Building Research, National Research Council of Canada, 

estimated that 15% of the industrial building stock, 10% of the institutional 

buildings, and 11% of the other non-residential building stock, had been. built 

before 1947. In addition, 12% of marine construction, 7% of roads and bridges. 

3% of water works and sewage plants, 41% of dam and originator projects, 2% of 

electric power plants, 10% of railroads, 0.62% of oil and gas plants, and 3% of 

"other" engineering construction, had also been built before 1947. 

These statistics indicate vast potential for rehabilitation activity in 

Canada. However, it is yet to be seen how mch of this potential will be 

translated into practice. 

Lately, some doubts have been expressed about the potential market and 

effectiveness of rehabilitation activity. One source of doubt relates to the 

hidden costs of building rehabilitation (10). It is argued that if a decision 

to rehabilitate or rebuild is to be based on costs per year of useful life 

expectancy of completed projects, rebuilding is certainly more cost effective. 



With t h i s  k ind  of reasoning ,  t h e  choice  is not  between " r e b u i l d "  and "rehab",  

but  r a t h e r  when t o  rebui ld .  R e h a b i l i t a t i o n  accord ing  t o  t h i s  viewpoint i s  a  

temporary a c t i v i t y  u n t i l  rebui ld ing  becomes e i t h e r  more v i a b l e  o r  unavoidable.  

I Furthermore,  t h e  argument goes on, t h e  r e h a b i l i t a t i o n  economies a r e  f a l s e  

becguse t h e  new m a t e r i a l s  a r e  more energy e f f i c i e n t ,  of b e t t e r  q u a l i t y  and have 

h i g h e r  s trength-to-weight  r a t l o s  than  t h e  o l d  m a t e r i a l s .  

I The foregoing argument, al though convincing on t h e  s u r f a c e ,  ignores  t h e  f a c t  

I t h a t  resources  a r e  l i m i t e d  and have a l t e r n a t i v e  uses.  The r e u s e  o r  r e c y c l i n g  nf 

1 resources  may save b i l l i o n s  of d o l l a r s .  Moreover. u n c e r t a i n t i e s  and r i s k s  i n  

e s t i m a t i n g  r e h a b i l i t a t i o n  c o s t s  should no t  undermine t h e  importance of 

r e l i a b i l i t a t i o n .  A n a l y t i c a l  t echniques  t o  e s t i m a t e  r e h a b i l i t a t i o n  c o s t s  should  

be developed. Recent ly ,  t h e  Nat iona l  Rureau of S tandards  i n  Washington has  made 

such an e f f o r t  (11).  

REHAB OR REBUILD? 

The d e c i s i o n  t o  i n v e s t  i n  r e h a b i l i t a t i o n  o r  r e b u i l d i n g  is  a  complicated one. 

Besides economic f a c t o r s  such a s  i n t e r e s t  r a t e s ,  L n i t i a l  c o s t s .  maintenance and 

o p e r a t i n g  c o s t s ,  i t  depends on s o c i a l  and t e c h n i c a l  f a c t o r s .  In  t h i s  paper. 

on ly  economic f a c t o r s  a r e  considered.  

Most of t h e  economic l i t e r a t u r e  on t h e  s u b j e c t  d e a l s  b a s i c a l l y  with a  s i n g l e  

equa t ion  model based on presen t  va lue ,  i .e . .  comparing t h e  presen t  value of 

c a p i t a l ,  maintenance and running c o s t s  of a  r e h a b i l i t a t e d  b u i l d i n g  over  i t s  

l i f e t i m e  p l u s  t h a t  of the  to-be-buil t  new b u i l d i n g  a f t e r  t h e  l i f e  of t h e  

r e h a b i l i t a t e d  b u i l d i n g ,  w i t h  t h e  p r e s e n t  va lue  of t h e  proposed new bui ld ing .  

The most popular  equa t ion  used i n  t h e  l i t e r a t u r e  is t h a t  given by Needleman 

(12.13) and o t h e r s  (14.15). According t o  t h i s  equa t ion .  r e h a b i l i t a t i o n  i s  a  

p r e f e r r e d  choice  i f  

11- (1+1)-~1  
Cr > Cm + Cr(l+i)-A + (Da+Dh) (1)  

where: 

Cr = c o s t  of demol i t ion  and r e b u i l d i n g  

Cm = c o s t  of r e h a b i l i t a t i o n  o r  modernizat ion 

Da = d i f f e r e n c e  i n  annual  running c o s t s  between t h e  

r e h a b i l i t a t e d  and r e b u i l t  bu i ld ing8  

Dh = d i f f e r e n c e  i n  r e n t  f o r  r e h a b i l i t a t e d  and 

r e b u i l t  bu i ld ings  

i = r a t e  of i n t e r e s t  o r  d i scount  r a t e  

One of t h e  major drawbacks of t h i s  e q u a t i o n  i s  t h a t  i t  does no t  t ake  i n t o  

account the  behaviour of t h e  i n v e s t o r .  What does he t r y  t o  maximize o r  

minimize, o r  what is h i s  o b j e c t i v e  when h e  is faced  w i t h  v a r i o u s  a l t e r n a t i v e s ?  

Furthermore, t h e  equa t ion  shows t h a t  an i n v e s t o r  is faced  w i t h  only two choices :  



rehab o r  rebui ld .  It may very  w e l l  be t h a t  t h e  i n v e s t o r  does n o t  want t o  d o  

e i t h e r ;  he may wish  t o  g e t  o u t  of t h e  b u s i n e s s  e i t h e r  by s e l l i n g  o r  abandoning 

h i s  property.  

Sigsworth and Wilkinson (14) p o i n t e d  o u t  t h a t  t h i s  s imple  model g i v e s  undue 

suppor t  t o  r e h a b i l i t a t i o n  because it does no t  t a k e  i n t o  account  t h e  c a p i t a l  

v a l u e  of t h e  e x i s t i n g  b u i l d i n g  i n  t h e  r i g h t  hand a i d e  of t h e  equa t ion .  They 

a l e o  po in ted  o u t  t h a t  ignor ing  t h e  e s c a l a t i o n  of r e b u i l d i n g  c o s t s  a f t e r ,  gay. A 

y e a r s ,  would underes t imate  t h e  p r o f i t a b i l i t y  of  rebui ld ing .  Needleman a c c e p t e d  

i+e  A 
t h i s  c r i t i c i s m  and i n  h i s  1968 a r t i c l e  he sugges ted  t h e  s u b s t i t u t i o n  of c ~ ( ~ )  

A f o r  C r ( l + i )  (16) where e is t h e  r a t e  of  e s c a l a t i o n  of r e p l s c e ~ e n t  c o s t s .  (For 

more on t h i s  and o t h e r  p o i n t s .  s e e  Briichner (17).) 

F i n a l l y ,  t h e  s ing le -equa t ion  framework cannot  de te rmine  t h e  t ime a t  which 

r e h a b i l i t a t i o n  o r  r e b u i l d i n g  a c t i v i t i e s  have t o  be  undertaken.  I n  t h i s  

framework, t h e  t ime hae t o  be pre-spec i f ied .  

The foregoing  review i n d i c a t e s  t h e  need f o r  a n  e c o n o d c  framework t h a t  is  

behavioura l  and t h a t  can determine t h e  t iming  f o r  r e h a b i l i t a t i o n  and t h e  

economic l i f e  of  b u i l d i n g s  considered.  A framework t h a t  c a n  determine t h e  

optimum investment i n  r e h a b i l i t a t i o n  i e  a l s o  requi red .  One model t h a t  c o n t a i n s  

some of t h e  e lements  of t h e  behavioura l  framework is provided by Briichner (17 ) .  

Behavioursl  Model 

T h i s  model is behavioura l  i n  t h a t  i t  is based on t h e  behsviour of t h e  dec is ion-  

maker, t h e  owner of t h e  bu i ld ing .  

Assumptions. The model assumes t h a t  t h e  owner of t h e  b u i l d i n g  (owner-occupier 

o r  l a n d l o r d )  knoua t h e  choices  f a c i n g  him. Choices can  be r e h a b i l i t a t i o n ,  

r e b u i l d i n g ,  o r  t h e  s t a t u e  quo. His  aim is t o  maximize t h e  p r e s e n t  va lue  of n e t  

incone ( p r o f l t s  i n  t h e  c a s e  of l a n d l o r d s ,  o r  o p p o r t u n i t y  p r o f i t s  i n  t h e  c a s e  of 

t h e  b u i l d i n g  owner. i.e..  p r o f i t s  he could  l a k e  i f  he were t o  r e n t  h i s  b u i l d i n g  

t o  someone e l s e ) .  T h i s  framework a l s o  asstimes t h a t  t h e r e  p r e v a i l a :  1 )  p e r f e c t  

compet i t ion  i n  t h e  market f o r  new b u i l d i n g s  -- an owner can demolish h i s  home 

and b u i l d  i t  anew a t  a  p r i c e  h i s  neighbour h a s  t o  pay f o r  t h e  same k ind  of 

housing s e r v i c e s ,  o r  he can r e h a b i l i t a t e  h i e  home a t  s p r i c e  h i e  neighbour h a s  

t o  pay f o r  a c h i e v i n g  t h e  same k i n d  of  s e r v i c e s  f o r  t h e  same t y p e  of home; end 

2 )  p e r f e c t  compet i t ion  i n  t h e  c r e d i t  market - a l l  l e n d i n g  and borrowing r a t e s  

a r e  e q u a l  and an i n d i v i d u a l  can  bor rov  o r  lend  a s  m c h  o r  a s  l i t t l e  a s  he 

d e s i r e s ,  cona t ra ined  only by h i s  a b i l i t y  t o  repay. 

The model. This  model seeks  t o  maximize t h e  p r e s e n t  v a l u e  of n e t  income of t h e  

l a n d l o r d  over  a  g i v e n  per iod  of time. The n e t  i n c o m  i n  t h i s  c a s e  is der ived  by 
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subtracting the coat of rehabilitation of the building at one time over its 

lifetime from the rental income plus the increase in site value of the 

building. 

This objective function can be specified by the follouing equation:* 
T L -d+6)t dt + j R2e-(i+6)tdt - C(0)-(i+~)e 

Haxg,T = I R,e 
0 8 

+ s(o)(y-i)T 
where: 

R, = rental revenue less operating costs before rehabilitation 

R2 - rental revenue less operating costs after rehabilitation 
C(0) rehabilitation cost in the initial period 

S(0) - salvage value or resale price valued at the initial period 
8 = year in which rehabilitation to be carried out 

i = a constant discount rate 

6 = constant rate of physical depreciation (depreciation resulting from 

obsolescence is not considered.) 

u rate of cost decrease of rehabilitation over a period of time. This 

asarwes a gradual increaee in governmnt subsidies 

T = terminal year in life of building 

y - rate of increase in site value of building. 
A11 these values are expressed in constant dollars. 

From equation 2, we can obtain the optimum value for 0 by differentiating it 

partially with respect to Q and putting the outcome of the differentiation equal 

to zero. 

= (R -R )e-(i+6)0 + ~(~)((r+i)e -(u+i)e , ae 1 2 

Solving it, we get 

Equation 3 indicates that 8, the date of rehabilitation, will be postponed if 

rehabilitation costs and discount rates are high, but it will be advanced if 

there are large differences in the rental income levels after and before 

rehabilitation, provided the depreciation rate is lower than the rate of 

decreaae in rehabilitation costs. A point worth noting is that the 

rehabilitation date does not depend on the life of the building. However. the 

I life of the building is extended by rehabilitation. The extension in life can 
I 

also be determined by subtracting economic life before rehabilitation from that 

after rehabilitation. Optimizing equation 2 with respect to T will give us 
I 

optium economic life of the building after rehabilitation 

*Adapted from Jan BrBchner (17). 



1 Ta = - log [--- 
6 +Y S(O)(i-Y) R2 I ( 4 )  

Similarly, by taking out the second item (i.e.. rental income after 

rehabilitation) from equation 3 and differentiating the remaining component with 

respect to T will give us optimum economic life of the building without 

rehabilitation 

1 Tb - - (5) 

Subtracting 5 from 4, we get I R2 
Ta-Tb - AT - - log[--] 

6 9  PI 

Equation 6 reflects two important points. First, the extension in economic life 

of the rehabilitated building does not depend on discount rate, nor on the cost 

of rehabilitation nor on initial site value. Rather, it depends on the ratio 

between rental revenue after and before rehabilitation, sate of increaae in the 

site value, and the rate of depreciation. Second, expectations of high rental 

revenue after rehabilitation will prolong the econodc life greatly. However, 

depreciation and increase in site value rates will shorten the extension of 

economic life of buildings. 

HOW TO REHABILITATE AND HOW MUCH TO INVEST 

Economic analysia can also be used to choose the m a t  economical way of 

rehabilitating. There are several techniques that can be used to evaluate the 

various options. The most notable are life-cycle coating (LCC), benefit-to- 

cost-ratio (BCR) or savings-to-investment ratio (SIP), internal rate of return 

(IRR), and discounted payback period (DPB). (For a concise discussion of the 

meaning and application of these techniques, see (181.) The application of 

these techniques to rehabilitation varies from one situation to another. For 

example, if a homeowner wants to retrofit his home by raising the insulation 

level in the attic from the present R-12, he is interested in finding the 

optimum R level. The application of the LCC technique will provide that optimum 

R level at which total life cycle costa are minimum (or hie net savings are 

maximum), other things being equal, or, in terms of incremental analyeis, an 

optimum R level will be a point where no more net savings can be obtained by 

spending an additional dollar on insulation. (For more on the application of 

increnental or "marginal" analysia to retrofitting, see (19).) Similarly. if 
I 

the homeowner has not decided how to rehabilitate his home for energy i 

conservation, he may be facing the following options: 

(a) replacement of existing oil-fired furnace with high efficiency natural gas 

furnace; 



( b )  a d d i t i o n  of a t t i c  i n s u l a t i o n  t o  r a i s e  t h e  c u r r e n t  r e s i s t a n c e  l e v e l  from R- 

12 t o  R-36; 

(c )  replacement of nor th- fac ing  s ing le -g lazed  windows w i t h  double-glazed ones. 

I n  t h i s  s i t u a t i o n ,  t h e  a p p l i c a t i o n  of t h e  IRR technique would be a p p r o p r i a t e .  

The competing o p t i o n s  a r e  not  mutually e x c l u s i v e  and t h e  budgetary c o n s t r a i n t s  

may o r  may not  a l low him t o  choose a l l  t h e s e  op t ions .  Hence, he has  t o  rank t h e  

c h o i c e s  on t h e  b a s i s  of r a t e  of re turn .  Using t h e s e  rankings.  he may combine 

t h e  choices  i n  such a way s o  a s  t o  exhaus t  t h e  budget he h a s  s e t  a s i d e  f o r  

r e h a b i l i t a t i o n .  

WHERE SHOULD WE GO FROM HERE? 

The choice  between r e h a b i l i t a t i o n  and r e b u i l d i n g  is a complex i s s u e  t h a t  i s  

d i f f i c u l t  t o  r e s o l v e  s o l e l y  on t h e  b a s i s  of mechanical formula t ions .  Apart from 

economic a s p e c t s ,  t h e  choice  i n v o l v e s  s e v e r a l  s o c i a l  and human a s p e c t s ,  which 

have not  been d i s c u s s e d  i n  t h i s  paper. Undoubtedly, economic t o o l s  a r e  u s e f u l  

i n  reaching  "rehabm- o r  " rebui ld"- re la ted  d e c i s i o n s .  bu t  i n  some s i t u a t i o n s  

t h e i r  a p p l i c a t i o n s  may not  be conc lus ive .  Where one s i d e  of t h e  equa t ion  

( d i s c u s s e d  e a r l i e r )  is not  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  o t h e r  s ide .  i t  is 

hard t o  dec ide  p u r e l y  on t h e  b a s i s  of economic f a c t o r s .  S i m i l a r  problems a r e  

posed by t h e  a p p l i c a t i o n  of t h e  LCC and IRR techniques.  For example, a  s tudy  of 

t h e  Windsor S t a t i o n  i n  Montreal found t h a t  t h e  c r i t e r i o n  of i n t e r n a l  r a t e  of 

r e t u r n  on v a r i o u s  roof r e h a b i l i t a t i o n  a l t e r n a t i v e s  d i d  n o t  provide a conc lus ive  

r e s u l t .  Among t h e  s i x  a l t e r n a t i v e s ,  two ( a a p h a l t  s h i n g l e s  and s l a t e )  provided 

'pquiva len t  i n t e r n a l  r a t e s  of re turn .  The c o n s u l t i n g  f i r n  consequently advised  

t h e  c l i e n t  t o  base h i s  choice  on some o t h e r  c r i t e r i o n  a long  w i t h  t h e  economic 

c r i t e r i o n .  

More c a s e  s t u d i e s  should  be under taken  t o  determine t h e  e f f e c t i v e n e s s  of 

economic f a c t o r s  i n  i n f l u e n c i n g  t h e  rehab  versus  r e b u i l d  d e c i s i o n .  
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