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ABSTRACT 

Energy Management systems and p a r t i c u l a r l y  demand c o n t r o l l e r s  a r e  becoming more popular  a s  commercial and l i g h t  
i n d u s t r i a l  o p e r a t i o n s  a t t empt  t o  reduce t h e i r  e l e c t r i c a l  usage and demand. Numerous techniques  a r e  used t o  
c o n t r o l  energy u s e  and demand and many manufac ture rs  a r e  o f f e r i n g  equipment. T h i s  s t u d y  a t t e m p t s  t o  charac-  
t e r i z e  and q u a n t i f y  t h e  e f f e c t s  o f  v a r i o u s  c o n t r o l  ph i losophies  used i n  t h e s e  equipments. Monitor ing and 
c o n t r o l  equipment h a s  been i n s t a l l e d  i n  commercial f a c i l i t i e s  w i t h  r e s u l t s  used i n  t h i s  s t u d y .  I n d i v i d u a l  
loads  have been c h a r a c t e r i z e d  by t h e i r  demand c o n t r i b u t i o n  and run  timlas. Load p r o f i l e s  and demand h i s t o r i e s  
f o r  v a r i o u s  f a c i l i t i e s  have been used t o  ana lyze  s e v e r a l  energy c o n t r o l  ph i losophies .  The r e s u l t s  from p r e  
and pos t  c o n t r o l  s i t u a t i o n s  a r e  h e r e i n  p resen ted  by u s i n g  t h e  c o l l e c t e d  f i e l d  d a t a .  It h a s  been found t h a t  
f a c i l i t i e s  which appear  q u i t e  s i m i l a r  may v a r y  i n  load c h a r a c t e r i s t i c s  such t h a t  t h e  same c o n t r o l  ph i losophies  
may n o t  produce t h e  same r e s u l t  i n  demand l i m i t i n g  o r  energy sav ings .  S p e c i f i c a l l y ,  t h e  p roper  energy manage- 
ment phi losophy depends not  on ly  on t h e  o p e r a t i o n  of t h e  f a c i l i t y .  but  a l s o  on t h e  c h a r a c t e r i s t i c s  of  t h e  in -  
d i v i d u a l  l o a d s  which may be c o n t r o l l e d .  T h i s  paper g i v e s  comments concerning schedul ing  c o n t r o l  concepts  and 
demand l i m i t i n g  philosophy. S p e c i a l  recommendations a r e  made regard ing  demand c o n t r o l  techniques.  

INTRODUCTION 

With t h e  p r o l i f e r a t i o n  of low c o s t  energy management 
systems (EMS), smal l  commercial and l i g h t  i n d u s t r i a l  
o p e r a t i o n s  a r e  c o n s t a n t l y  faced w i t h  t h e  d e c i s i o n  of  
"Should an energy management system be  i n s t a l l e d ? "  
and, " I f  s o ,  which one?" Of t e n  t h e  f a c i l i t y  o p e r a t o r s  
t u r n  t o  energy management f i r m s  o r  h i r e  a  c o n s u l t a n t  
competent i n  t h e  a r e a  of  energy management t o  make 
s p e c i f i c  recommendations based upon t h e  f a c i l i t y ' s  
needs. J u s t  a s  o f t e n .  t h e  energy e x p e r t  is faced  w i t h  
making recommendations based upon l i m i t e d  d a t a ,  sub- 
j e c t i v e  d e s c r i p t i o n s  of  p a s t  exper ience  o r  even i n -  
s t i n c t i v e  guesses .  

To supplement t h e  d a t a  a v a i l a b l e  t o  a c o n s u l t a n t ,  var- 
i o u s  types  of  i n s t r u m e n t a t i o n  can be  i n s t a l l e d  t o  pro- 
v i d e  a d d i t i o n a l  d a t a  when d e s i r e d .  I n  many c a s e s ,  t h e  
d a t a  obtained from t h e s e  measurements is  i n  such a  
crude form t h a t  i t  becomes d i f f i c u l t  and t ime consum- 
i n g  t o  a c c u r a t e l y  e v a l u a t e  a  f a c i l i t y ' s  o p e r a t i o n s  and 
t h e  p o t e n t i a l  e f f e c t s  o f  a  c o n t r o l  d e v i c e  on t h e  fa-  
c i l i t y .  F u r t h e r ,  recommendations t h a t  a r e  based on  
t h i s  type of d a t a  may be  implemented bu t  never c l o s e l y  
checked a g a i n s t  t h e  d a t a  gathered dur ing  t h e  energy 
a u d i t .  

A s p e c i f i c  a r e a  of  energy management t h a t  s u f f e r s  
g r e a t l y  from t h e  l a c k  of  d a t a  o r  t h e  l a c k  of  c o n c i s e  
d a t a  is  demand l i m i t i n g .  To prov ide  some i n s i g h t  i n -  
t o  t h i s  problem, MICON Engineering began s e v e r a l  y e a r s  
ago e s t a b l i s h i n g  a  t echnique  f o r  o b t a i n i n g  d a t a  from 
f a c i l i t i e s  f o r  use  i n  e v a l u a t i n g  PIS equipment and 
t h e  p o t e n t i a l  f o r  demand l i m i t i n g .  A f t e r  s e l e c t i n g  
d a t a  a n a l y s i s  techniques,  f i e l d  i n s t a l l a t i o n s  were 
made t o  v e r i f y  t h e  v a l i d i t y  of t h e  techniques a s  w e l l  
a s  t o  de te rmine  t h e  e f f e c t i v e n e s s  o f  v a r i o u s  demand 
l i m i t i n g  a lgor i thms .  

The work presen ted  i n  t h i s  paper  i e  t h e  r e s u l t  of  f i v e  
y e a r s  of e f f o r t  i n  energy c o n s u l t i n g ,  a u d i t i n g ,  re- 
search ,  and c o n t r o l  a p p l i c a t i o n s .  During t h e  c o u r s e  

of  i n v e s t i g a t i o n s  i n v o l v i n g  energy a u d i t s ,  i t  became 
apparen t  t h a t  t h e  i s s u e  of  demand l i m i t i n g ,  w h i l e  
s imple  i n  con'-ept,  p resen ted  d i f f i c u l t  problems. I n  
p r a c t i c e .  s e l e c t i n g  a good demand l i m i t  and determin- 
i n g  t h e  impact o f  t h e  c o n t r o l l e r  on t h e  f a c i l i t y  a r e  
e i g n i f i c a n t  problems. To h e l p  s o l v e  t h i s  problem. a  
d a t a  a c q u i s i t i o n  system was developed t h a t  would a i d  
i n  t h e  e v a l u a t i o n  of demand l i m i t i n g  p o t e n t i a l .  T h i s  
d e v i c e  was microprocessor-based and p o r t a b l e  t o  a l low 
i n s t a l l a t i o n  st s e v e r a l  f a c i l i t i e s .  The d a t a  gath-  
e red  by t h i s  3ystem and its subsequent  a n a l y s i s  i n d i -  
c a t e d  t h a t  a s t a t i s t i c a l  approach t o  de te rmin ing  a  
f a c i l i t y ' s  denand l i m i t i n g  p o t e n t i a l  might be  poss i -  
b l e .  To prove E e a s i b i l i t y  of such an approach, i t  
was necessary  t o  implement s e v e r a l  demand l i m i t i n g  
a lgor i thms  a n 1  c l o s e l y  monitor  t h e i r  e f f e c t i v e n e s s  a s  
a demand limiter, a s  w e l l  a s  t h e i r  e f f e c t  on t h e  
f a c i l i t y .  

This  paper  p r e s e n t s  a  c h r o n o l o g i c a l  overview t o  t h e  
implementat ion of  a  d a t a  a c q u i s i t i o n  system developed 
t o  a i d  i n  s e t t i n g  demand l i m i t s .  I n  a d d i t i o n ,  i t  
prov ides  in format ion  on a n a l y s i s  o f  t h e  d a t a  rece ived ,  
u s e  of s t a t i s t i c a l  d a t a  t o  e s t a b l i s h  a  demand l i m i t ,  
and f i e l d  implementat ion of  s e v e r a l  a lgor i thms .  Some 
problems normally encountered w i t h  s t a n d a r d  demand 
l i m i t i n g  a lgor i thms  a r e  d i s c u s s e d  and conclusionn 
reached from t h e  work t o  d a t e  a r e  p resen ted .  

DATA ACQUISITION 

The most d i f f i c u l t  problem a s s o c i a t e d  w i t h  s p e c i f y i n g  
and subsequent ly  e s t a b l i s h i n g  t h e  performance of  
energy management systems is  t h e  l a c k  of  adequate 
d a t a .  P r e i n s t a l l a t i o n  d a t a  i s  d i f f i c u l t  t o  o b t a i n .  
Therefore ,  many c o n s u l t a n t s  and o p e r a t o r s  make no 
a t t e m p t  t o  c h a r a c t e r i z e  t h e i r  p a r t i c u l a r  c o n t r o l  
problem p r i o r  t o  i n s t a l l a t i o n  of  a n  energy management 
system. A t y p i c a l  approach is t o  i n s t a l l  t h e  equip- 
ment and hope f o r  t h e  b e s t .  

An e q u a l l y  d i f f i c u l t  problem is  a t t e m p t i n g  t o  charac-  
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t e r i z e  t h e  performance and r e s u l t i n g  s a v i n g s  of  a n  
energy management system fo l lowing  t h e  i n s t a l l a t i o n  
of equipment. I n  many c a s e s ,  t h e  l a c k  o f  a "base 
case" makes q u a n t i t a t i v e  performance comparisons 
eva lua t ions  impossible .  It has f u r t h e r  been e s t a b -  
l i s h e d  t h a t  t h e  s o  c a l l e d  base  c a s e  s t u d i e s  which 
come from genera l  f a c i l i t y  e v a l u a t i o n s  and c l i m a t i c  
d a t a  a r e  v i r t u a l l y  u s e l e s s  w i t h  r e s p e c t  t o  p r e d i c t i n g  
and eva lua t ing  demand c o n t r o l  performance. 

As a  r e s u l t ,  a  d a t a  a c q u i s i t i o n  system is necessary  
such t h a t  a  t r u e  e v a l u a t i o n  o f  an energy management 
system us ing  pre  and p o s t  i n s t a l l a t i o n  d a t a  can be 
accomplished. 

Before c o n s t r u c t i n g  t h e  d a t a  a c q u i s i t i o n  system, i t  
was determined t h a t  a system capable  of  c o l l e c t i n g  
l a r g e  q u a n t i t i e s  o f  d a t a  would be necessary.  It was 
a n t i c i p a t e d  t h a t  on ly  a  s u b s e t  o f  t h e  d a t a  c o l l e c t e d  
would be used f o r  s e l e c t i n g  a  demand l i m i t .  The d a t a  
a c q u i s i t i o n  system s p e c i f i c a t i o n s  c a l l e d  f o r  t h e  u n i t  
t o  be capable  of t h e  fo l lowing  tasks .  

The l o a d s  were monitored v i a  s e v e r a l  t echniques ,  p r i -  
m a r i l y  e i t h e r  c u r r e n t  s e n s i n g  d e v i c e s  o r  v o l t a g e  
s e n s i n g  d e v i c e s  which were c a p a b l e  o f  g i v i n g  an i n d i -  
c a t i o n  whether  t h e  equipment was on o r  o f f .  The 
microprocessor  s t o r e d  t h e  t ime a t  which each p i e c e  o f  
equipment went o f f  o r  on  and t r a n s f e r r e d  t h i s  i n f o r -  
mation t o  t h e  c a s s e t t e  t a p e  a long  w i t h  t h e  b u i l d i n g  
power d a t a .  The d a t a  s t o r e d  on t h e  c a s s e t t e  t a p e  was 
l a t e r  brought back t o  an a n a l y s i s  computer capable  o f  
read ing  t h e  d a t a  and doing a  v a r i e t y  of c a l c u l a t i o n s .  

DATA ANALYSIS TECHNIQUE 

A f t e r  t h e  d a t a  a c q u i s i t i o n  system was i n s t a l l e d  i n  a  
f a c i l i t y ,  d a t a  was ga thered  a t  approximately one-week 
i n t e r v a l s .  C a s s e t t e  t a p e s  from t h e  d a t a  a c q u i s i t i o n  
system were o b t a i n e d  from t h e  f a c i l i t y  and analyzed 
on  a  g e n e r a l  purpose microprocessor  system. S p e c i a l  
a n a l y s i s  programs were w r i t t e n  t o  i n t e r p r e t  t h e  d a t a  
and g i v e  v a r i o u s  forms of  ou tpu t .  The process  o f  
determiningwhich d a t a  was impor tan t  was accomplished 
i n  an i t e r a t i v e  f a s h i o n  a s  a n a l v s i s  oroceeded.  A 
c r o s s  s e c t i o n  o f  t h e  t y p e  of  dais o b i a i n e d  is  shown 

Logging of  f a c i l i t y  power l e v e l s .  i n  F igure  2. The f i r s t  group of  d a t a  concerns t h e  
i n s t a l l a t i o n  parameters  and prov ides  a  record  f o r  t h e  

Monitoring of  i n d i v i d u a l  load  run t imes.  test. Also. by r e c o r d i n g  t h e  read ings  from t h e  fa -  
c i l i t y  u t i l i t y  mete r ,  i t  was p o s s i b l e  t o  check c a l i -  

Maintaining t h e  t ime of  day w i t h  r e s p e c t  t o  b r a t i o n  of t h e  d a t a  a c q u i s i t i o n  system a g a i n s t  t h e  
a l l  a c t i v i t i e s .  u t i l i t y  meter  and v i c e  v e r s a .  

S t o r i n g  a t  l e a s t  one week of  da ta .  

Maintaining f l e x i b i l i t y  a s  t o  t h e  type  of  
equipment t h a t  cou ld  be monitored. 

The second group of d a t a  shown i n  F igure  2, Equipment 
Use Summary, p rov ides  in format ion  on i n d i v i d u a l  l o a d s  - 
showing d u t y  c y c l e s ,  energy use. and energy u s e  a s  a  
percen t  of t h e  t o t a l  energy  used by t h e  f a c i l i t y .  
The r a t e d  Dower f o r  each load  was ob ta ined  e i t h e r  

The r e s u l t i n g  microprocessor-based system is shown i n  from nameplate  d a t a  o r  by measurements t aken  d u r i n g  
block diagram form i n  F i g u r e  1. The b u i l d i n g  energy i n s t a l l a t i o n .  From t h i s  in format ion ,  v a r i o u s  char-  
use was measured u t i l i z i n g  a  wat t  t r a n s d u c e r  which a c t e r i s t i c s  of each load  can be seen.  The Maximum, 
produced a  s i g n a l  p r o p o r t i o n a l  t o  t h e  i n s t a n t a n e o u s  -- Minimum and Average Dura t ion  s e c t i o n  a l s o  prov ides  
power use.  T h i s  s i g n a l  was d i g i t i z e d ,  s t o r e d  i n  t h e  in format ion  about  o p e r a t i n g  c h a r a c t e r i s t i c s  o f  each 
microprocessor .  and l a t e r  t r a n s f e r r e d  t o  t h e  c a s s e t t e  load  a s  r e l a t e d  t o  t h e  on-times and of f - t imes  o f  
t ape .  each  load .  For  purposes of  demand l i m i t i n g ,  i t  is 

B U I L D I N G  
S E R V I C E  

EQUIPMENT P R I N T E R  
A N A L Y S I S  

-- 

~Tk-l 
STORAGE 

WATT DATA A C Q U I S I T I O N  
TRANSDUCER MICROPROCESSOR 

Figure  1: DATA A C Q U l S l T I O N  SYSTEM 
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INSTALLATION DATA 

The recording dura t ion  was 5 days, 1 3  hours, 5 minutes. The wat t  t ransducer was configured 
with a PT r a t i o  of 3:2 and a CT r a t i o  of 9 0 0 ~ 5  f o r  a f u l l  s c a l e  reading equal t o  405.0 kw. The 
maximum in tegra ted  demand recorded was 183.2 kw a t  17:07 on Friday. The energy measured i n  t h e  
i n t e r v a l  monitored to t a l ed  13731 KWH. The u t i l i t y  meter measured 13402 KWH i n  t h i s  p e r i d .  

EQUIPMENT USE SUMMARY 
RATED POWER (KJ) -- 

11.00 
DUTY CYCLE (X) -- 

1.6 
ENERGY USE (KWH) --- - 

23.55 
ENERGY USE .(%) 
p- 

.17 P a t t i e  g r i l l  
Soup k e t t l e  
East f r y e r  
West f rye r  
Steam booster  
Outside l i g h t s  
Dishwasher booster 
Oven 
Center ~ /C(p r im)  
East A/C(prim) 
Center A/C(sec) 
East A/C(sec) 
Base load 

MAXIMUM, MINIMUM, AND AVERAGE DURATIONS - - -- 
ON DURATION OFF DURATION 

MAXIMUM 
0:49 

AVERAGE 
0:18 P a t t i e  g r i l l  

Soup k e t t l e  
East f r y e r  
West f rye r  
Steam booster  
Outside l i g h t s  
Dishwasher booster 
Oven 
Center A / C  (prim) 
East A / C  (prim) 
Center A/C(sec) 
East A/C(sec) 

DEMAND PEAK CONTRIBUTIONS (PERCENT OF RATED POWER) -- 

P a t t i e  g r i l l  
Soup k e t t l e  
East f r y e r  
West f r y e r  
Steam Booster 
Outside l i g h t s  
Dishwasher booster  
Oven 
Center A/C(prim) 
East A/C(prim) 
Center A/C(sec) 
East A/C (sec)  

SUN - 
2.4 
4.2 
7.1 

59.2 
46.7 

0.0 
100.0 

0.0 
100.0 
100.0 
100.0 

0.0 . 

MON - 
0.0 

TUE - 
0.0 

WED - 
0.0 

THU - 
0.0  

FRI - 
0.0 

SAT - 
0.0 

DAILY DEMAND PEAS (MEASURED AM) ESTIMATED FOR LOADS STUDIED) --- 
ESTIMATED MEASURED 

09:52:30 SUNDAY 144.44 KW 168.163 
21 : 32 : 30 MONDAY 136.58 KW 175.55 KW 
00:21:00 TUESDAY 79:22 KW 125:03 KW 
16:13:00 WEDNESDAY 135.26 KW 165.32 KW 
17:25:30 THURSDAY 
17:07:30 FRIDAY 
18:54:30 SATURDAY 

FIGURE 2. Sample Data from Data Acquisi t ion System 
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important  t o  know informat ion  concerning d e v i c e s  
whose running t imes a r e  longer  than t h e  15-minute 
perlod used f o r  c a l c u l a t i n g  t h e  f a c i l i t y  demand. I n  
a d d i t i o n  t o  demand l i m i t i n g ,  t h i s  type o f  in format ion  
was a l s o  a b l e  t o  d e t e c t  overloaded o r  mal func t ion ing  
equipment. e s p e c i a l l y  i n  t h e  c a s e  of  r e f r i g e r a t i o n  
compressors. 

The Demand Peak C o n t r i b u t i o n s  and Dai ly  Demand Peaks 
s e c t i o n s  of F igure  2 d i r e c t l y  a d d r e s s  t h e  demand pro- 
blem, showing the  percen t  of t ime each load was 
running dur ing  t h e  15-minute per iod  t h a t  c r e a t e d  t h e  
demand peak f o r  each day of  t h e  week. This  i n f o r -  
mation i s  v e r y  v a l u a b l e  i n  de te rmin ing  t h e  l o a d s  
which should be s t r o n g l y  considered f o r  demand l i m i t -  
ing.  A s  an a d d i t i o n a l  check on t h e  thoroughness of 
t h e  s tudy ,  a  demand peak was es t imated  f o r  each day  
of  t h e  week based s o l e l y  upon t h e  loads  t h a t  were 
running d u r i n g  t h a t  15-minute per iod .  I f  t h e  e s t i -  
mated demand peak remained lower bu t  changed con- 
s i s t e n t l y  w i t h  t h e  f a c i l i t y  peak, then i t  was assumed 
t h a t  l o a d s  being monitored f a i r l y  represen ted  t h e  
f a c i l i t y ' s  demand. Any l a r g e  d i s c r e p a n c i e s  i n  t h e  
es t imated  peak and t h e  measured peak would i n d i c a t e  
a  major p i e c e  of  equipment had been ignored o r  some 
o t h e r  f a c t o r s  were a f f e c t i n g  t h e  demand peak. 

While t h i s  d a t a  provided extremely u s e f u l  i n s i g h t  
i n t o  t h e  c h a r a c t e r i s t i c s  of  each load  and which l o a d s  
should be c o n t r o l l e d ,  i t  proved t~ be  a  v e r y  t e d i o u s  
d a t a  base when used t o  s e l e c t  t h e  demand l i m i t .  I n  
an e f f o r t  t o  more c o n c i s e l y  p r e s e n t  t h e  d a t a ,  a  
s t a t i s t i c a l  approach was implemented. The demand 
p r o f i l e  ( p r o b a b i l i t y  d e n s i t y  f u n c t i o n )  shown i n  F igure  
3 g i v e s  t h e  percent  o f  t ime t h e  f a c i l i t y  demand was 
a t  a  p a r t i c u l a r  va lue .  From t h i s  p l o t ,  f a c i l i t y  
c h a r a c t e r i s t i c s  can be s e e n  i n d i c a t i n g  t h e  demand a t  
which t h e  f a c i l i t y  s p e n t  most of i t s  time. This  p l o t  
i n d i c a t e s  t h e  f a c i l i t y  spen t  a  g r e a t  d e a l  of time i n  
t h e  a r e a  of 120KW. However, i t  d i d  spend a t  l e a s t  15 
minutes a t  a demand o f  200KW. This  s m a l l  p e r c e n t  of 
t h e  time a t  t h e  high demand l e v e l  e s t a b l i s h e d  t h e  
demand b i l l  f o r  t h e  month. 

A d i f f e r e n t  p r e s e n t a t i o n  of t h e  game d a t a  (cumulat ive 
d e n s i t y  f u n c t i o n )  is  shown i n  F igure  4 ,  where t h e  p l o t  
r e p r e s e n t s  t h e  percen t  o f  t i m e  t h e  f a c i l i t y  demand 
s t a y s  above a  p a r t i c u l a r  v a l u e .  For t h e  example 
shown, t h e  percen t  of t h e  record ing  time t h a t  t h e  
f a c i l i t y  remained above 150KW was approximately 5%. 
This  p a r t i c u l a r  format f o r  d a t a  p r e s e n t a t i o n  has  
proved t o  be one of  t h e  most c o n c i s e  and u s e f u l  
techniques u t i l i z e d  t o  d a t e .  
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Figure  4: T I M E  SPENT A B O V E  A  S P E C I F I C  DEMAND VALUE 

DETERMINATION OF DEMAND LIMITING POTENTIAL 

R e f e r r i n g  a g a i n  t o  F i g u r e  3, i t  can be  observed t h a t  
o n l y  a  s m a l l  f r a c t i o n  o f  t ime is  s p e n t  a t  t h e  h i g h e s t  
demand l e v e l s .  Th is  would i n d i c a t e  a  g r e a t  p o t e n t i a l  
f o r  demand l i m i t i n g  i n  t h i s  f a c i l i t y .  

F igure  4 prov ides  a  s imple technique t o  p r e d i c t  t h e  
e f f e c t s  o f  s e l e c t i n g  a  p a r t i c u l a r  demand l i m i t .  For 
t h e  e a r l i e r  example, i f  a  demand l i m i t  of  150KW was 
s e l e c t e d ,  t h e  c o n t r o l l e r  would have t o  shed l o a d s  f o r  
a  minimum of  5% o f  t h e  t i m e  t o  m a i n t a i n  t h e  demand 
below 150KW. I f  t h e  demand l i m i t  was e r roneous ly  
s e l e c t e d  a t  120KW. t h e  c o n t r o l l e r  would shed l o a d s  
approximately 50% of t h e  time. For most f a c i l i t i e s ,  
t h i s  e x c e s s i v e  amount of c o n t r o l  is  u s u a l l y  unac- 
c e p t a b l e  t o  t h e  f a c i l i t y  o p e r a t i o n s .  

From a  p l o t  such a s  t h e  one i n  F igure  4 ,  i t  is  
p o s s i b l e  t o  de te rmine  t h e  maximum demand l i m i t i n g  
p o t e n t i a l  f o r  a  f a c i l i t y .  The g e n e r a l  r u l e  would 
be t h a t  demand l i m i t  cannot  be s e t  below v a l u e s  
l o c a t e d  i n  t h e  s t e e p e s t  s e c t i o n  of  t h i s  curve.  I n  
o t h e r  words, t h e  p resence ,  absence,  and /or  s i z e  of 
t h e  t a i l  i s  an i n d i c a t o r  of  t h e  demand l i m i t i n g  
p o t e n t i a l .  F a c i l i t i e s  which do no t  e x h i b i t  a  long  
t a i l  have almost  no p o t e n t i a l  f o r  demand s a v i n g s  
wi thout  r e s u l t i n g  i n  c o n s i d e r a b l e  occupant  d i s s a t i s -  
f a c t i o n .  Experience h a s  s h o w  t h a t  a lmost  a l l  
f a c i l i t i e a  have some t y p e  of t a i l ;  however, t h i s  
t a i l  may range  from 5% o f  t h e  f a c i l i t y  demand peaks 
t o  25% o f  t h e  f a c i l i t y  demand peaks. 
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?vent ing easy  s e l e c t i o n  of t h e  
~ i t h  t h e  demand l i m i t i n g  phi losophy 
t r o l l e r .  F igure  5 shows a p l o t  of  
E i le  along wi th  a demand p r o f i l e  
~ t r o l  a lgor i thms .  Note t h a t  t h e  

c o n t a i n s  no t a i l  w h i l e  t h e  con- 
1s a s m a l l  t a i l .  Th is  comparison 
x i f i c  c h a r a c t e r i s t i c s  of t h e  de- 
Lthm t o  be used must be considered 
nand l i m i t i n g  p o i n t .  For t h e  i m -  
x i t h m  t o  main ta in  a s e l e c t e d  de- 
l a 1  percen tage  of t ime s p e n t  con- 
e a t e r  than t h a t  der ived  from t h e  

igh t  i n t o  t h e  two problems s t a t e d  
~ d e d  f i e l d  t e s t s  would be necessary  
t e r i s t i c s  of s e v e r a l  demand l i m i t -  

To conduct t h e  a lgor i thm t e s t s  and t o  g a t h e r  f u r t h e r  
d a t a ,  a microprocessor-based c o n t r o l  system was de- 
veloped t h a t  could be programmed w i t h  many of  t h e  
f e a t u r e s  and a lgor i thms  a v a i l a b l e  commercially. The 
main f e a t u r e s  of t h i s  system included:  

* Load c o n t r o l  ou tpu ts .  

* Load run i n d i c a t i o n  i n p u t s .  

* Temperature i n p u t .  

* Power usage i n p u t .  

* B a t t e r y  backed up d a t a .  

* Remote communications. 

* Data logging.  

The d a t a  logging f e a t u r e s  were p a r t i c u l a r l y  important  
i n  e v a l u a t i n g  t h e  e f f e c t i v e n e s s  o f  v a r i o u s  c o n t r o l  a l -  
gorithms. The bu i ld ing  energy use  was logged t o  a l low 
c o n t i n u a l  monitor ing of t h e  b u i l d i n g  demand p r o f i l e .  
I n  a d d i t i o n ,  o t h e r  d a t a  such a s  t h e  t o t a l  energy used,  
t h e  number of  sheds  per  l o a d ,  and t h e  run  t i m e s  f o r  
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each load  were logged. The a b i l i t y  t o  set a s t u a y  
l e v e l  t o  any demand l e v e l  enabled moni tor ing  of  i n d i -  
v i d u a l  demand 1.evels. The c o n t r o l  system k e p t  t r a c k  
of t h e  number a f  demand excurs ions  above t h e  s tudy  
l e v e l ,  t h e  numtrer o f  t imes t h e  s tudy  l e v e l  was 
exceeded, t h e  average  d u r a t i o n  above t h e  s t u d y  l e v e l .  
T h i s  d a t a  provided t h e  means of  de tenning  whether t h e  
f a c i l i t y  was being over -cont ro l led  o r  under-control led 
on a r e g u l a r  b i ~ s i s .  

A Simple Demand L i m i t e r  

The f i r s t  a lgoz i thm implemented was a aimple approach 
t o  demand limiting. Whenever t h e  demand went above a 
s p e c i f i e d  v a l u e ,  t h e  l o a d s  were d u t y  cycled.  The 
du ty  c y c l e  percen tages  were p r e s e l e c t e d  t o  prevent  
any p i e c e  of equipment from be ing  cycled t o o  r a p i d l y .  
A s  expected,  t 'n is  a l g o r i t h m  was no t  a b l e  t o  c o n t r o l  
t h e  demand l i m i t  t i g h t l y .  By t h e  t i m e  t h e  demand 
l i m i t  was recognized,  i t  was o f t e n  t o o  l a t e  t o  pre- 
v e n t  a demand l e v e l  overshoot .  While t h i s  could be 
compensated f o r  by lowering t h e  demand l i m i t ,  such 
a c t i o n  would r e s u l t  i n  unnecessary o v e r - c o n t r o l l i n g  
a s  could be p r e d i c t e d  by t h e  demand p r o f i l e  i n  
F igure  4. 

A Slope S e n s i t i v e  Demand L i m i t e r  

The nex t  a l g o r i t h m  implemented incorpora ted  e l o p e  sen- 
s i t i v e  demand l i m i t i n g  techniques .  By looking  a t  t h e  
c u r r e n t  i n s t a n t a n e o u s  power t r e n d  and p r o j e c t i n g  fu- 
t u r e  demand, c o n t r o l  a c t i o n s  were taken a p p r o p r i a t e l y .  
F igure  6 shows t h e  c o n t r o l  curve  u t i l i z e d  f o r  t h i s  
a lgori thm. Bc.sed upon t h e  c u r r e n t  15 minute average 
demand and t h e  i n s t a n t a n e o u s  demand, d e c i s i o n s  were 
made a s  t o  whether  no l o a d s  would be  shed,  l o a d s  
would be  shed c o n d i t i o n a l l y ,  o r  l o a d s  would be shed 
unconditional3.y. Condi t iona l  sheds  r e q u i r e d  t h a t  
each load meet i t s  minimum of f - t ime  and minimum on- 
t ime t o  prevent  r a p i d  cyc l ing .  I n  a d d i t i o n ,  l o a d s  
were s e l e c t e d  us ing  a p r i o r i t y  scheme based on a 
scheduled p r i o r i t y ,  runt ime,  and tempera ture  i n f o r -  
mation, i f  a p p l i c a b l e .  I f  t h e  average  demand e v e r  
exceeded t h e  d e s i r e d  demand l i m i t ,  u n c o n d i t i o n a l  
shedding woulcl o v e r r i d e  a l l  minimum on-times and 
p r i o r i t i e s .  "he r e s u l t  was a n  a l g o r i t h m  which could 
more c l o s e l y  ho ld  t o  a s e l e c t e d  demand l i m i t ;  however, 
t h e  t y p i c a l  problem a s s o c i a t e d  w i t h  d o p e  s e n s i t i v e  
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a l ~ o r i t h m s  began t o  occur .  

Even though t h e  demand p r o f i l e  and s tudy  d a t a  i n d i c a t -  
ed t h a t  o n l y  l i g h t  c o n t r o l l i n g  was i n  o r d e r ,  t h e  num- 
ber  of sheds i n d i c a t e d  t h a t  a  l a r g e  number of  c o n t r o l  
a c t i o n s  were being taken.  Close i n s p e c t i o n  o f  t h e s e  
excess  c o n t r o l  a c t i o n s  revea led  a  problem of  con- 
t r o l l i n g  t h e  demand i n  a  f a c i l i t y  which has  many l o a d s  
t h a t  have a  v e r y  high i n s t a n t a n e o u s  power but a r e  on 
f o r  very  s h o r t  d u r a t i o n s .  (The d a t a  i n  F igure  2 had 
forewarned of s e v e r a l  l o a d s  having t h e s e  c h a r a c t e r -  
i s t i c s ;  however, t h e i r  impact was no t  recognized un- 
t i l  a f t e r  t h e  c o n t r o l l e r  was i n s t a l l e d .  T h i s  s i t u a -  
t i o n ,  u n f o r t u n a t e l y ,  occurs  r e g u l a r l y  w i t h  many EMS 
i n s t a l l a t i o n s . )  I n  t h i s  c a s e ,  cooking equipment such 
a s  f r y e r s  and steam t a b l e s  was t h e  cause.  I t  is  
l i k e l y  t h a t  t h i s  problem a l s o  occurs  i n  t h e  i n d u s t r i a l  
environment where motors and compressors may run  f o r  
v e r y  s h o r t  per iods .  The s o l u t i o n  t o  over -cont ro l l ing  
was t o  d e - s e n s i t i z e  t h e  a l g o r i t h m  such t h a t  i t  d i d  
not  respond a s  r a p i d l y  t o  t h e  ins tan taneous  peaks 
c r e a t e d  by t h i s  type  of equipment. The i n e v i t a b l e  
nega t ive  e f f e c t  of d e - s e n s i t i z a t i o n  was a n  i n a b i l i t y  
t o  i n s t i t u t e  c o n t r o l  a c t i o n s  f a s t  enough when a  r e a l  
demand problem occurred.  Allowing an a lgor i thm t o  
c o n t r o l  u n n e c e s s a r i l y  would n o t  a l l o w  a c c u r a t e  d e t e r -  
minat ion o f  a n  a p p r o p r i a t e  demand l i m i t  from t h e  de- 
mand p r o f i l e .  Allowing t h e  demand l i m i t e r  t o  r e a c t  
too s lowly ,  and t h e r e f o r e  permit  over-shoots  t o  occur ,  
requ i red  t h a t  t h e  demand l i m i t  be s e t  below i ts  o p t i -  
mum l e v e l .  Ne i ther  of t h e s e  two p o s s i b i l i t i e s  were 
deemed accep tab le .  

These f i n d i n g s  i n d i c a t e d  t h a t  t h e  demand l i m i t i n g  
a lgor i thms  implemented i n  most a v a i l a b l e  EMS equipment 
possessed s e v e r e  shortcomings. The need f o r  an a l -  
gorithm t h a t  would n o t  u n n e c e s s a r i l y  shed loads ,  y e t  
would main ta in  t h e  d e s i r e d  demand l i m i t ,  was n o t  o n l y  
necessary t o  u t i l i z e  t h e  demand p r o f i l e  t echnique  pre-  
v i o u s l y  s e l e c t e d ,  b u t  might a l s o  v a s t l y  improve s t a t e -  
o f - the-a r t  demand c o n t r o l l e r s  f o r  c e r t a i n  f a c i l i t i e s .  

I n  a d d i t i o n  t o  t h e  c o n t r a 1  problem, i t  waa a l s o  re-  
cognized t h a t  a  s i g n i f i c a n t  problem e x i s t e d  i n  s e t t i n g  
t h e  demand l i m i t  t o  be  used on a c o n t i n u i n g  b a s i s .  
Seasonal  changes d r a m a t i c a l l y  a f f e c t e d  t h e  demand pro- 
f i l e .  thus  i n d i c a t i n g  t h a t  t h e  demand l i m i t s  should 
be changed on a r e g u l a r  b a s i s  t o  main ta in  e i t h e r  maxi- 

>r t o  prevent  s i g n i f i c a n t  over -cont ro l l -  

! t h a t  s i g n i f i c a n t  i m -  - 
:e o r  less "standard" 
iew program has  been 
:hanges t o  t h e  s l o p e  

le f e a t u r e s  t h a t  have 

d  sheds when t h e  
,educe over- 

d  sheds  when t h e  
a l low f a s t  
,oblems. 

l o a d s  when t h e  
oads from being 

Increased  t ime t o  r e s t o r e  l o a d s  when t h e  
demand is  h i g h  t o  p revent  c o n t r o l l e d  loads  
from compounding t h e  demand problem. 

U t i l i z a t i o n  of  r a t e d  power and run  i n d i c a -  
t i o n s  t o  more a c c u r a t e l y  p r e d i c t  when t h e  
c o n t r o l l e r  must shed l o a d s  t o  p revent  a 
demand problem i n  t h e  f u t u r e .  

Computer s i m u l a t i o n s  i n c o r p o r a t i n g  t h e s e  new concepts  
have i n d i c a t e d  t h a t  t h e  new a lgor i thm i s  much l e s s  
s e n s i t i v e  t o  i n s t a n t a n e o u s  demand y e t  w i l l  main ta in  
w i t h i n  a  percen t  o r  two t h e  s e l e c t e d  demand l i m i t .  
The a lgor i thm has  been i n s t a l l e d  a t  s e v e r a l  f a c i l i t i e s .  
and t h e  d a t a  is c u r r e n t l y  be ing  e v a l u a t e d  t o  de te rmine  
t h e  a l g o r i t h m ' s  e f f e c t i v e n e s s .  

I t  is  f e l t  t h a t  a  demand l i m i t i n g  a lgor i thm,  t o  he 
t r u l y  e f f e c t i v e  throughout  t h e  y e a r ,  must be capable  
of c o n s t a n t l y  a d j u s t i n g  i ts  own demand l i m i t  based 
upon t h e  in format ion  a v a i l a b l e .  S e v e r a l  approachcs 
have been i n v e s t i g a t e d  t o  a d j u s t  t h i s  demand l i m i t  
based upon t h e  demand p r o f i l e .  R e s u l t s  of t h i s  work 
a r e  encouraging,  b u t  t h e  p r o p r i e t a r y  n a t u r e  of t h c  
work p r e v e n t s  i ts  p r e s e n t a t i o n  a t  t h i s  time. 

CONCLUSIONS 

Based upon t h e  work performed t o  d a t e ,  s e v e r a l  con- 
c l u s i o n s  can be drawn r e g a r d i n g  t h e  g a t h e r i n g  of d a t a  
f o r  purposes of  demand l i m i t i n g .  s e l e c t i n g  an appro- 
p r i a t e  demand l i m i t ,  and choosing t h e  demand a lgor i thm 

used.  The major conc lus ions  a r e  a s  fo l lows:  

Improved d a t a  a c q u i s i t i o n  equipment is 
necessary  t o  p r o p e r l y  e v a l u a t e  demand l i m i t -  
i n g  p o t e n t i a l .  It i s  p r e f e r r e d  t h a t  t h e  
necessary  in format ion  b e  o b t a i n e d  from one 
c e n t r a l  l o c a t i o n .  

A s t a t i s t i c a l  demand p r o f i l e  can r a p i d l y  and 
c o n c i s e l y  i d e n t i f y  demand l i m i t i n g  poten- 
t i a l .  

The c h a r a c t e r i s t i c s  of many of t h e  common 
demand l i m i t i n g  a l g o r i t h m s  a r e  i n  need of  
improvement . 
F a c i l i t i e s  c o n t a i n i n g  l o a d s  w i t h  h i g h  power 
r a t i n g s  and s h o r t  on-durat ions p rov ide  a  
s p e c i a l  problem t o  demand l i m i t e r s .  

The au tomat ic  adjustment  of  a  demand l i m i t  may 
be accomplished u t i l i z i n g  t h e  demand p r o f i l e  
t echnique .  

h o ~ e d  t h a t  t h e  d i s c u s s i o n  and d a t a  e v a l u a t i o n  
presen ted  i n  t h i s  paper  show t h e  n e c e s s i t y  of ade- 
q u a t e  d a t a  a c q u i s i t i o n  and e v a l u a t i o n  i n  t h e  p e r f o r -  
mance c h a r a c t e r i z a t i o n  of  energy management systems. 
It h a s  been shown t h a t  i t  is q u i t e  p o s s i b l e .  u s i n g  
normal "energy a u d i t "  techniques.  t o  draw i n c o r r e c t  
conc lus ions  concerning t h e  p o t e n t i a l  f o r  demand l i m i t -  
i n g  based on t h e  i n d i v i d u a l  o p e r a t i n g  p r o f i l e  of  t h e  
f a c i l i t y .  It h a s  f u r t h e r  been shown t h a t  our  normal 
e x p e c t a t i o n s  of demand s a v i n g s  can be exaggerated i f  
t aken  from a  d a t a  base  which c o n s i s t s  of  equipment 
r a t i n g s  and exc lud ing  a c t u a l  equipment d u t y  c y c l e s .  

I t  is s p e c i f i c a l l y  impor tan t  t o  n o t e  t h a t  an a c t u a l  
unders tand ing  o f  t h e  d u t y  c y c l e  and demand c o r r e l a -  
t i o n  of a l l  l a r g e  a p p a r a t u s  is  necessary  i f  p roper  
demand c o n t r ~ l  t echniques  a r e  t o  be u t i l i z e d .  
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