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This research update presents the status of a 
U.S. Department of Energy program that addresses 
the technical, financial, and behavioral barriers 
to improving the energy efficiency of existing 
buildings. The program is implemented with 
expertise from four national laboratories, 
Princeton University, and the Alliance to Save 
Energy in cooperation with a large number of state, 
utility, and local agencies. 

The remaining potential for energy savings 
from cost effective retrofit measures in existing 
buildings is impressive, but a variety of barriers 
have been identified that reduce conservation 
investment. One significant barrier that the 
program can address is the large uncertainty about 
savings. Average savings for a large sample of 
retrofit hones is generally lower than expected, 
and savings in individual buildings varies 
unpredictably from negative to very high positive 
values. Our approach has been to provide reliable 
information on the performance and cost- 
effectiveness of energy conserving technologies and 
practices. Field performance monitoring is in 
progress in each building sector and development of 
diagnostic techniques and monitoring protocols is 
in progress. 

Improving energy efficiency of existing 
buildings through retrofit measures offers the 
largest potential for energy savings in the next 10 
to 15 years in the United States. Replacement of 
some 90 million buildings by more energy-efficient 
ones is slow; consequently, most of the existing 
stock will remain in use for the next 30 to 40 
years. It is estimated that almost 90% of the 1985 
stock of residential buildings will still exist in 
the year 2010. 

Energy retrofits of existing structures 
include improving the building's thermal envelope 
to minimize heat losses and improving or replacing 
mechanical equipment to reduce the use of energy 
for heating, air conditioning, and domestic water 
heating. Widespread use of retrofits for 
residential buildings could save 2.6 quadrillion 
Btu's (quads) per year and reduce annual energy 
costs by $17 billion. Full penetration of energy 

retrofits into the comercia1 building stock, for 
which initial costs are paid back by energy savings 
in three years of less, could save 2.5 quads per 
year and $15 to $20 billion per year. 

However, to increase the rate of adoption of 
building energy conservation measures, a variety of 
barriers to retrofitting buildings must be 
overcome. The following factors are among those 
that limit achievable and cost-effective energy 
savings : 

0 

0 

0 

0 

Division of financial benefits for 
retrofits of rented buildings leads to 
potential problems for both landlords and 
tenants, and neither group perceives 
clear incentives to proceed 

Retrofit investments are risky because 
energy savings are less than expected on 
the average and difficult to predict for 
individual buildings 

Recent fluctuations in natural gas and 
fuel oil prices have reduced interest in 
conservation 

Most conservation programs only apply 
cold-climate retrofit measures to the 
building envelope without consideration 
of mechanical system retrofit, different 
measures for hot climates, and operation 
and maintenance. 

Risk can be substantially reduced by providing the 
private sector with research results and predictive 
tools to help in the selection and installation of 
appropriate retrofits. This program within the 
Office of Buildings and Community Systems of the 
U.S. Department of Energy (DOE), is proceeding with 
research toward this long-term goal by focusing on 
four technical objectives: 

Provide reliable data on retrofit 
performance and the means of collecting 
such data 

Maintain the national capability for 
analyzing and updating retrofit 
performance data 

Measure and analyze the influence of 
human and other factors on the 
effectiveness of retrofits and post- 
retrofit operations and maintenance 

*~esearch sponsored by the office of Buildings 
and Community Systems. U.S. Department of Energy 
under contract DE-AC05-840R21400 with the Martin 
Marietta Energy Systems, Inc. 
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prepare appropriate  HUD repor t ing  forms, was having a common method f o r  c l a s s i f y i n g  bui lding 
designed t o  increase the p o t e n t i a l  f o r  improved energy perfomance r e l a t i v e  t o  o ther  bui ldings.  
operat ional  e f f ic iency  and energy. conservation a t  I n i t i a l  r e s u l t s  a r e  expected l a t e  i n  1988 o r  e a r l y  
the Public Housing Authority (PHA) l e v e l .  In  an i n  1989. 
i n i t i a l  e v a l u a t i o n  of r e t r o f i t  performance, 
e x i s t i n g  u t i l i t y  data  (pre-and p o s t - r e t r o f i t  
ana lys i s )  of 43 public  housing r e t r o f i t s  were 
analyzed. The ana lys i s  showed a median savings of 
148 (range of-68 t o  628) and a median payback of 12 
years  compared with about 158 median savings and a 
3 year  payback i n  p r iva te  multifamily bui ldings.  

Obtaining performance data  t h a t  a i d s  i n  
s e l e c t i n g  the appropriate  r e t r o f i t s  f o r  bui ldings 
i m  the program approach t o  reducing the  b a r r i e r s  t o  
adoption of e f f ic iency  measures. A major hurdle t o  
obtaining usefu l  performance da ta  t h a t  i s  being 
addressed i n  the commercial program is the problem 
of understanding the v a r i a t i o n s  i n  performance of 
the wide d i v e r s i t y  of bui ldings and possible  
e f f ic iency  measures. As the program develops 
methods f o r  deal ing with the d i v e r s i t y  and da ta  t o  
describe the  v a r i a t i o n s  i n  performance t h a t  can be 
expected f o r  s p e c i f i c  c lasses  of r e t r o f i t s  i n  
d i f f e r e n t  bu i ld ing  types,  the  motivational b a r r i e r  
t o  investment w i l l  be reduced. 

The monitoring protocol  s e t s  up a framework 
f o r  conducting f i e l d  monitoring proj  e c t s  and 
obtaining r e t r o f i t  performance da ta  t h a t  provides 
some s t r u c t u r e  f o r  understanding the d i v e r s i t y  of  
bui ldings and how r e t r o f i t s  would perform i n  o ther  
bui ldings.  The commercial protocol d i f f e r s  from 
the r e s i d e n t i a l  protocol  i n  the emphasis placed on 
defining the uses ,  a c t i v i t i e s ,  schedules, and 
d i v e r s e  sys tems  a s s o c i a t e d  wi th  commercial 
bui ldings.  A d r a f t  protocol  was developed i n  1987, 
and a published document is scheduled t o  be  
completed i n  1988. 

I n i t i a l  r e t r o f i t  performance monitoring 
e f f o r t s  included i n s t a l l a t i o n  of a "smart" 
thermostat t o  con t ro l  th ree  separate  heat ing and 
a i r  condit ioning systems i n  a small bank i n  
Tennessee and l i g h t i n g  r e t r o f i t s  i n  a small r e t a i l  
shop i n  Colorado. The next  important task is t o  
obtain and organize da ta  on r e t r o f i t  performance t o  
use and t e s t  the monitoring protocol .  

The development of ana lys i s  methods f o r  
est imating r e t r o f i t  performance i s  a n  important 
p a r t  of the  o v e r a l l  process. Analysis provides t h e  
answere t h a t  determine how e f f e c t i v e  d i f f e r e n t  
r e t r o f i t s  a r e  and monitoring methods a r e  influenced 
by the types of ana lys i s  t h a t  w i l l  be performed. A 
"power s ignaturesn concept wae developed which uses 
time s e r i e s  energy consumption t o  develop a 
c h a r a c t e r i s t i c ,  normalized p r o f i l e  of the power 
d e n s i t i e s  ( t y p i c a l l y  Watts per square f o o t )  f o r  
d i f f e r e n t  time i n t e r v a l s .  The power s igna ture  
represents  "energy c h a r a c t e r i s t i c s "  of a bu i ld ing  
t h a t  become p a r t  of  the o v e r a l l  bu i ld ing  
descript ion.  Development has begun of an a n a l y s i s  
too l  t h a t  performs energy t racking and d e f i n i t i o n  
of energy ind ica tors  (energy use ind ices  o r  EUIs) 
f o r  base l ine ,  weather adjusted,  and bu i ld ing  use 
adjusted values.  This t o o l  is a f i r s t  s t e p  toward 
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