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1. INTRODUCTION

The co s t o f  e le c tr ic ity  is a s ig n ific a n t p o rtio n  o f the opera ting  cos ts  o f rail 

trans it sys tem s. The im pact o f  increasing energy costs is fe lt  by those  system s 

p resen tly  in o pe ra tion  and and w ill be fe lt  by those in the planning or construc tion  

phases. Because o f the num ber o f nuclear pow er plants com ing on line in areas 

served by tra ns it, the in fluence  o f  e le c tr ic ity  cos ts  on operating and design po lic ies  

o f ra il tra n s it au th o ritie s  is expected to  g row  in fu ture  years.

Concerned by ris ing  energy costs, managers o f several ra il tra n s it au thorities 

have es tab lished  energy management program s. The o b jec tives  o f  these program s 

are energy co s t reduction  . and im proved energy e ffic ie n c y . Energy m anagem ent is a 

process o f  understanding a sys te m 's  energy requirem ents, w ith  the goals o f  reduced 

energy co s t and increased energy e ffic ie n c y . Both goals enhance ra il trans it 

p ro d u c tiv ity . The b o tto m  line is low er e lec tric  b ills  fo r  the tra ns it au tho rity .

Energy m anagem ent research aind deve lopm ent fo r  rail tra n s it sys tem s began at 

the Rail S ys tem s Center (RSC) at C arnegie-M ellon U n ive rs ity  in I976. The e ffo r t  was 

estab lished to  help ra il tra n s it au thorities  manage energy w ith in  the ir organizations. 

The ou tpu t o f  th is  w o rk  is the to o ls  and m ethodolog ies fo r  assessing energy 

conserva tion  s tra teg ie s  and pow er rate structure  m o d ifica tion s .

A s a rule, energy m anagem ent can fo s te r its  largest p a y o ff when it is in itia ted  

during the design and co ns tru c tio n  phase o f  a ra il trans it system . The high do lla r 

Savings occur because lo w  energy cost tech n o log y  and operating p ractices can be 

engineered in to  the system  at the outset. However, changes in tech n o log y  and 

opera tions o f present tra n s it system s can a lso reduce the e le c tr ic  b ill. Reduction o f 

energy co s t can be achieved through energy conservation, load m anagem ent, and 

pow er rate in te rven tio n .
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2. ENERGY COST AND EFFICIENCY

The fa c to rs  that determ ine e le c tr ic ity  cost in ra il transit are re la ted to  variab les 

o f  sys tem  design and operating p ractices (referred to  as the energy use pattern), and 

the pow er rate structure  o f  the e le c tr ic  u tilit ie s  that serve the system . The energy 

use patte rn  is co n tro llab le  w ith in  lim its  by tra ns it management. The pow er rate 

s tructure , w hich sets the schedule o f charges fo r  e le c tr ic ity  fo r  energy use, pow er 

demand, and fa c ilit ie s  is a m atter o f  nego tia tion s  between the tra ns it au tho rity  and 

the e le c tr ic  u tilit ie s  subject to  rate m aking ju risd ic tio n  o f  the public u t i l ity  

com m iss ions.

The cos t o f  e le c tr ic ity  on ra il tra n s it system s is made up o f fa c ilit ie s , pow er 

demand and energy use com ponents. The fa c ilit ie s  charges are genera lly  fixed  and 

m ay p a rtia lly  be_ funded by the tra n s it sys tem s ' con tribu tions-in -a id  o f construction . 

The energy consum ption  and pow er dem and com ponents resu lt fro m  operating the 

tra n s it sys tem . Energy consum ption  is the actual use o f pow er in tegrated over tim e  

and it is measured by e lec tric  m eters in units o f k ilow a tt-h ou rs  (kWh). Power 

demand represents the generation, tra nsm iss io n  and d is tribu tion  fa c ilit ie s  shared by 

tra n s it w ith  o thpr custom ers or groups o f  custom ers o f  fhe e lectric  u t i l i ty  se rv ing  the 

tra n s it system . Power demand is measured and recorded by the m eters, and 

com puted using a com plex m athem atica l fo rm u la , w hich is usually d iffe re n t fo r  every 

ra il tra n s it system . Pow er demand has un its  o f  k ilo w a tts  (kW).

It is the m arriage o f  the pow er ra te  structure  w ith  the energy use pattern w hich 

dete rm ines energy cost, and in o rder to  e ffe c t  energy cost reduction , both aspects 

m ust be addressed by tra ns it management.

The true measure o f  ra il tra n s it energy e ffic ie n c y  is re lated to  the m ovem ent 

o f  people. The index m ost co m m o n ly  used is the w att-hour per passenger-m ile. 

This is a p ro d u c tiv ity  index, fo r  it re la tes m iss ion  oriented output (passenger-m iles) 

to  energy input (watt-hours). The index includes m arketing e ffe c tive n e ss  as w e ll, 

since passenger-m iles  depends on how  the sys tem  is used by its  custom ers.

Energy m anagem ent perfo rm ance ind ices represent measures w h ich  can be used 

by tra n s it au th o ritie s  to  determ ine the e ffe c tiv e n e s s  o f energy m anagement s tra teg ies 

and/or gauge the energy p ro d u c tiv ity  o f  the tra n s it system .

A  useful index which is reported by many rail transit systems is the kilowatt
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hour per ca r-m ile .. There are tw o  m ajor p rob lem s w ith  the .reporting  o f  th is  index. 

F irst, energy on som e sys tem s includes both tra c tio n  and support com ponents , w h ile  

on o ther sys tem s o n ly  the tra c tio n  com ponent is included. Secondly, k ilo w a tt-h o u rs  

per ca r-m ile  varies w ith  the type s  o f tra ins being run, the routes on w h ich  they  run 

and the tim e  o f day and day o f  week on w hich they operate.

A ll ind ices, w h ich  are reported , are based on "ave rage" p rope rties  o f  the tra n s it 

sys tem  and are m ost usefu l when com paring the e ffe c ts  o f  energy conse rva tion  

s tra teg ies  w ith  o ther type s  o f operation.

2.1 ENERGY CONSUMPTION RELATED DESIGN AND OPERATING PARAMETERS

The design and opera ting  param eters w hich in fluence  energy use, pow er demand 

and u lt im a te ly  energy co s t can be grouped, in to  s ix broad categories:

1. General tra n sp o rta tio n  .sys tem  characte ris tics  such as passenger vo lum es, 
headways, s ta tio n  d w e ll tim e s , speed, accelerating  and braking ra tes and 
sizes o f  tra ins,

2. R ight o f  w a y  charac te ris tics  such as m iles o f  track, number o f  s ta tion s , 
s ta tio n  spacing, grades, speed re s tric tio n s  and curves,

3. P ow er tra nsm iss io n  and d is trib u tio n  sys tem  characte ris tics  such as 
im pedances, vo ltage  ranges, type  o f transm iss ion  and d is tr ib u tio n  
n e tw o rks  and subs ta tion  equipm ent.

4. Vehicle  charac te ris tics  such as em pty  w e igh t, tra in  resistance
ch arac te ris tics , a ux ilia ry  pow er required and ro ta tio n a l w eight.

5. Vehicle  p ropu ls ion  and braking system  type  and. characteristics.

6. S upport pow er requirem ents.
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3. RAIL SYSTEM DESIGN AND CONSTRUCTION

Rail , sys tem  design and co n s tru c tio n  re fe rs  both to  new rail, system s or to  

a dd itions  to  or extensive m o d ific a tio n s , o f : o ld  ra il system s. Design and construc tion  

o f  a ra il system  is usually d iv ided  in to  f iv e  phases, all o f w hich genera lly  overlap:

1. Planning

2. Design

3. P rocurem ent and C onstruction

4. Testing

5. In itia l Revenue Operation

th e re  are a c tiv it ie s  associa ted  w ith  reduction  o f energy cos t and im provem erft 

o f  energy e ff ic ie n c y  in each o f  the f iv e  phases. During phases 1-3, analyses are 

conducted to  determ ine the energy co s t consequences o f m a jo r p lanning, design, 

p rocurem ent and construc tion  dec is ions. These co s ts  m ust be included in the overa ll 

c o s t-e ffe c tiv e n e s s  evaluations as part o f  the dec is ion  m aking process. It is a lso 

during th is  tim e  (phases 1-3) tha t m a jo r energy conserva tion  stra teg ies are designed 

in to  the system , jjr 'ov idecP  that; these s tra teg ie s  are also c o s t-e ffe c tiv e . During 

phases 4-5, v e r if ic a tio n  o f the energy cos t and e ff ic ie n c y  m odel o f the ra il system  

is conducted. W hat genera lly  re su lts  fro m  the v e r if ic a tio n  process, js a fine  tuning 

o f the m odel, so that, it Can be used .during fu ll revenue opera tion  o f the system .

The energy m anagement a c tiv it ie s  appropria te  to  each o f  the f iv e  phases o f ra il 

sys tem  design and construc tion  are d iscussed in the fo llo w in g  subsections.

3.1 PLANNING PHASE

During the planning phase o f  a ra il sys tem , an energy management plan is 

assem bled. This plan conta ins an o u tline  o f  a ll o f  the tasks necessary to  in tegrate  

energy cos t reduction  and im proved  energy e ff ic ie n c y  in to  the design, procurem ent 

and co ns tru c tio n  o f  the ra il sys te m  and subsequent v e r if ic a tio n  o f th is  in tegra tion . 

The fo llo w in g  issues are addressed in the plan:

1. Id e n tif ic a tio n  o f  ana ly tica l s tud ies  to  be undertaken during design, w hich 
m ay have a s ig n ifica n t energy co s t com ponent.

2. P re lim inary  d iscussions w ith  the e le c tr ic  u t ilit ie s  w h ich  w i l l  p rov ide  pow er 
to  the ra il system , to  de te rm ine  the range o f o p tio n s  o f  pow er rate 
s truc tu re  available.



5

3. M anagem ent co n tro ls  to  assure . that short term  design dec is ions, w hich 
have a m ajor energy cost or e ff ic ie n c y  im pact, are considered. This m ay 
include appo in tm ent o f an energy m anagem ent o ff ic e r .

The ana ly tica l stud ies undertaken during the design phase should include the 

in ve s tig a tio n  o f c o s t-e ffe c tiv e  energy conserva tion  and load m anagem ent stra teg ies.

3.2 DESIGN PHASE

During th is  phase o f the design and co ns tru c tio n  process, energy cos t and 

e ff ic ie n c y  tra d e -o ff  s tud ies are conducted. The use o f the Energy M anagem ent 

M odel (EMM) or s im ila r s im u la tio n  to o ls  fo r  those stud ies in vo lv in g  tra c tio n  energy is 

h igh ly  recom m ended. S tud ies should be conducted in the fo llo w in g  areas.

1. Route S e lection  -  A lthough  route se lec tion  is usua lly in itia te d  during the 
planning stage o f the design and co ns tru c tio n , it is tru ly  a part o f design.
There is an energy cos t com ponent to  rou te  se lec tion , w hich has not 
genera lly  been considered in w eighing a lte rna tives . Topography and route 
d irectness can have an im portan t in fluence  on energy cos t during 
subsequent revenue opera tion. If the energy cost com ponent, o f 
a lte rna tive  routes is estim a ted  and included among the . o ther post 
cons ide ra tions  in the . a lte rna tive  route ana lys is  w o rk , a m ore com ple te  
p ic tu re  is obta ined be fo re  a decis ion on the fin a l ro u te -is  made.

2. S ta tio n  Loca tions -  There can be s ig n ific a n t energy cost im p lica tio n s  in 
the lo ca tion  o f passenger s ta tions. The term  loca tion  re fe rs  both to  the 
ve rtica l (above /a t/be low  grade) and the geographical. S ta tions  located  fa r 
be low  the surface require energy fo r  ligh ting , escalators, e leva to rs  and 
env ironm enta l co n tro l. A lso , s ta tions  located  deeper underground than 
adjacent s ta tions  could  cause m ore .tra c tio n  energy to  be expended 
because o f  adverse grades negotia ted  by tra ins  in the ingress and egress 
to  the s ta tion . D isp lacem ent o f the s ta tio n  fro m  the general d irec t route 
w il l  a lso have energy cos t im p lica tions. These costs  are estim a ted  using 
tra in  perfo rm ance  s im u la tio n . The change in support energy required as 
a lte rna tive  ve rtica l s ta tio n  loca tions are considered should a lso be 
estim a ted  to  com p le te  the analysis.

3. Track N etw ork  - The track ne tw ork  re fe rs  to  the num ber o f  paralle l tracks, 
includ ing  turn backs and sid ings, along the route. S election  o f the track 
n e tw o rk  can s ig n if ic a n tly  a ffe c t both  energy cost and e ffic ie n c y . The use 
o f turnback tracks at in term ediate  s ta tion s  a llo w s  the f le x ib il i ty  o f bette r 
passenger loading during both  peak and o ff-p e a k  hours. L ikew ise , regions 
o f three or fo u r para lle l tracks or s id ings  a llo w  running o f  loca l and 
express serv ice  to  o p tim ize  passenger loading. In add ition  to  sp e c ific  
energy cost and e ff ic ie n c y  com ponents, se le c tion  o f  the track ne tw ork  has 
an e ffe c t on overa ll tra n s it p ro d u c tiv ity .

4. Passenger S ta tion  A ccom m o da tio ns  - A ccom m o da tio ns  and serv ices fo r  
passengers in s ta tion  areas w ill use energy. The energy cos t is recurring 
over the life tim e  o f the sta tion . D esign o f: passenger s ta tion s  fo r  m odern
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ra il tra n s it has not cons ide red  the energy co s t com ponent. C ontro l o f 
se lected  support sys tem s, such as L ighting , A ir  C ond ition ing , Heating, 
E scalators and E levators can a llo w  p o rtion s  o f  the system  to  be sw itched 
o f f  at se lected  c r itic a l tim e s , e ither when demand is reaching its  maxim um 
or w hen no t required.

5. Pow er T ransm iss ion  and D is tr ib u tio n  -  M any cons ide ra tions  a ffe c t energy 
co s t in the se lec tion  o f  the pow er tra nsm iss io n  and d is tr ib u tio n  sys tem 's  
n e tw o rk  co n fig u ra tio n  and com ponents. These cons ide ra tions  are:

a. Physical layou t "

b. Inverte r/E nergy storage  substations(R  &  D area)

c. C ircu it c o n d u c tiv ity

d. N om inal V oltage and V o ltage  to lerances

e. P ow er fa c to r

f. C ircu it m o n ito rin g

6. P re lim inary  Rate S tructu re  R eview  - It is during the early p o rtio n  o f  the
design phase ; tha t a p re lim in a ry  eva lua tion  o f the pow er rate structure
should be conducted. A ll o f  the e le c tr ic  u tilit ie s  w hich could provide
pow er to  the ra il sys tem  shou ld  be id e n tifie d . L ikew ise , a ll o f  the public 
u t i l i ty  com m iss ions , w h ich  have ju r is d ic tio n  ove r rate and service m atters 
should a lso  be lis ted . There are several steps in the rate structure

: eva lua tion  process.

a. D eterm ine in to  w h ich  cu s to m e r class the u tilit ie s  intend to  put the
ra il sys tem . I f  a ra ilw a y  custom er c la s s ific a tio n  is already 
recognized w ith in  the ju r is d ic tio n , then it is lik e ly  that the new
serv ice  w o u ld  be grouped in to  tha t class. I f  such a class does not 
ex is t, then it  is lik e ly  tha t the. u t i l i ty  w il l  w ant to  put the service 
in to  one o f  the e x is tin g  co m m e rc ia l/ind u s tria l custom er classes. This 
m ay not be approp ria te  in term s o f  the rate based on the u tilities!' 
co s t to  serve the ra il sys te m  as a custom er.

b. R eview  o f  the s p e c ific  ra te  that the u ti lit ie s  in tend to  charge the ra il 
. system . This re v ie w  shou ld  be conducted to  determ ine rate fa irness

to  the tra n s it sys te m  and fo r  the purposes o f  de term in ing  the cost 
o f  energy fo r  va rious  scenarios -of ra il equipm ent se lec tion  and 
opera tiona l s tra teg ie s , w h ich  m ay be investiga ted  during the design 
process. The ra te  shou ld  re fle c t custom er and. load characte ris tics  
o f  the ra il system . It should be ju s t, reasonable, non -d ise rim ina to ry , 
and based on the c o s t o f  p ro v id in g  serv ice . .

c. Conduct a tra d e o ff s tu d y  on the ow nersh ip  o f  the excess or special 
tra n sm iss io n  lines fro m  the u ti lit ie s ' substa tions  to  the feeds to  the 
ra il tra n s it subs ta tions . It is a general rule that when the trans it 
a u th o rity  ow ns these lines, the m eters are placed at the ; u t i l ity 's  
subs ta tion  and a ll p o w e r de live red  to  the tra n s it substa tions, w hich 
feed  fro m  the u t i l i ty  su bs ta tio n , is recorded on a sing le  meter.
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d. M eetings should be held w ith  the e le c tr ic  u t i lit ie s  w h ich  w il l  serve 
the system . These in itia l m eetings w ill set the tone fo r  subsequent 
rate nego tia tions .

7. Vehicles -  The veh ic les  to  be used to  make up the tra in  co ns is ts  w hich
are used fo r  revenue serv ice  are an im po rta n t cons idera tion  in assessm ent 
o f energy consum ption . There are several w ays that the ra il vehic le
in fluences energy consum ption. One w ay is through the physical 
characte ris tics , p r in c ip a lly  w e igh t and physica l d im ensions. S e lection  o f 
p ropu ls ion  and braking subsystem s a lso  has a large in fluence on energy 
consum ption  w h ile  the tra ins  are running. The auxilia ry pow er requirem ent 
on-board the car in fluences tra c tio n  energy since that pow er m ust be
delivered  to  the car v ia  the tra c tio n  pow er d is trib u tio n  sys tem  (th ird  ra il 
or tro lley). F ina lly, characte ris tics  o f  the car or f le e t that can in d ire c tly  
a ffe c t energy consum ption  are grouped under operational f le x ib il i ty .  These 
characte ris tics  genera lly  re fe r to  the a b ility  to  match ca r-m iles  to  
passenger-m iles using the m inim um  num ber o f car-m iles. Such th ings as 
quick uncouple/couple opera tions and the a b ility  to  use cars as head ends 
and in in te rio rs  o f  tra ins  provide  th is  opera tiona l f le x ib ility .

8. Train C ontro l -  Tra in  co n tro l m ay be manual or autom atic (ATC). In the
new heavy ra il sys tem s, tra in  co n tro l is autom atic. In the new  ligh t ra il
system s and o lde r heavy and ligh t ra il system s w hich are being 
m odernized, tra in  co n tro l is usually manual. There are tw o  general 
cons idera tions in the design o f tra in  co n tro l system s, w hich w i l l  in fluence 
both  pow er demand and energy consum ption. These are tra in  in te rfe rence  
and tra in  perform ance.

a. Train in terfe rence. U ntil recen tly , m ost o f the concern in the tra in  
in terference  area has been to  m ain ta in  capacity and reduce delay 
tim e. Because o f  reduction o f  subsid ies to  tra n s it au thorities , 
reducing opera tiona l cos t is a lso im portan t, and energy cos t is one 
o f the easiest o f  opera tiona l cos ts  to  reduce.

b. Train perfo rm ance. G enerally, tra n s it au thorities  use the ir equipm ent 
to  m in im ize  the running tim e  betw een s ta tions, subject to  speed 
re s tric tio n s , grades, t ra f f ic  in te rfe rence, program  stop  requirem ents 
and other opera tiona l po lic ies. This m in im um  run tim e  does not 
resu lt in m in im um  energy consum ption. S trateg ies o f tra in  running 
w hich resu lt in run tim es greater than the m inim um  are know n as 
perfo rm ance m o d ific a tio n  stra teg ies. Perform ance m o d ific a tio n  
s tra teg ies to  reduce energy consum ption  are not new. Several kinds 
have been im plem ented  in the past on ra il trans it system s. These 
include acce le ra tion  and dece le ra tion  reduction, speed reduction, 
coasting  and op tim um  perform ance reduction. The last s tra teg y  re fe rs  
to  reducing perfo rm ance  such tha t the ir is maxim um reduction  o f  
energy per running tim e  increase. In all cases, running tim e  increase 
is kept to  a m in im um  so tha t capacity  o f the sys tem  is not 
influenced.

9. Planned System  O pera tion  -  During the d e s ig n , phase, a sys tem  operating
plan is developed. The plan usua lly  conta ins several a lte rna tives  fo r
fu tu re  opera tion , beginn ing w ith  in it ia l revenue opera tion  and continu ing
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fo r  several years. It is the basis fo r  vehic le , tra in  con tro l and pow er 
d is tr ib u tio n  equipm ent procurem ent. Both tra in  perform ance and operation 
are s p e c ifie d  and are used as the basis fo r  es tim a ting  the energy use 
patte rn , w h ich  is subsequently used fo r  e le c tr ic  u t i l ity  rate negotia tion . 
P redicted passenger f lo w s  are rio sacred cow s. In fac t, they are probably 
one o f  the w eakest know ns in the system . Energy cost w ill be least 
when schedules are deve loped to  best match ca r-m iles  to  passenger-m iles 
w ith o u t c row d ing. U ltim a te ly , th is  m atching can o n ly  be done under actual 
revenue opera ting  co nd itio n s . It is desirable, no t Only fro m  an energy use 
but a lso  fro m  an o ve ra ll tra n s it p ro d u c tiv ity  perspective , to  op tim ize  
passenger load fa c to r (passenger-m iies/car-m iles).>

3.3 PROCUREMENT AND CONSTRUCTION PHASE

During th is  phase o f the design and co ns tru c tio n  process, the resu lts  o f  the 

energy cos t tra d e o ff s tud ies are incorpora ted  in to  procurem ent and construc tion  

dec is ions. Energy e ff ic ie n c y , when appropria te , is incorporated  in to  the s p e c ifica tio n  

fo r  the veh ic les, tra in  co n tro l, pow er d is tr ib u tio n  and passenger s ta tio n  equipm ent. 

There is an im po rta n t rule w h ich  should be fo llo w e d  here: IF A  METHOD DOES NOT

EXIST FOR PROVING THAT A  SPECIFICATION HAS BEEN MET. THEN DO NOT MAKE 

THE SPECIFICATION.

The m odel w h ich  w ere used fo r  the energy co s t tra d e o ff s tud ies should rem ain 

ac tive  to  help evaluate the b ids subm itted  by the suppliers during th is  stage. This 

m odel should be made availab le  to  the serious b idders, especia lly  i f  the same m odel 

w i l l  be used to  evaluate the bids.

Test p lans should be deve loped  to  evaluate the energy use o f  the equipm ent 

and sys tem s. Supp lie rs, should a lso have copies o f  these te s t plans befo re  the bid. 

The te s t p lans should  c lea rly  s p e c ify  the m e tho d o log y  and cond itions  o f the test.

S ince energy use patte rns o f  the a lte rna tive  scenarios o f ra il sys tem  opera tions 

have been deve loped  as part o f  the sys tem  opera ting  plan, serious nego tia tions  w ith  

the e le c tr ic  u ti l it ie s  w ho w il l  supp ly  pow er can continue,. These nego tia tions  w il l  

include in te rim  ra tes during p ro to ty p e  tes ting  and startup  o f  revenue opera tion, when 

sys tem  p ow er requirem ents w i l l  be unpredictable. Requirem ents fo r  pow er demand 

m o n ito r in g  should a lso  be d iscussed at th is  tim e.

There are fo u r m ajor areas in w hich energy use can be sp e c ifie d  e ither c o v e rtly  

o r o v e r tly  in the supply. These areas are: vehic les, tra in  co n tro l, pow er d is tr ib u tio n

and support, equipm ent.
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Test p lans should be produced to  determ ine energy re la ted characte ris tics  o f 

the vehicle , tra in  co n tro l, pow er transm iss ion  and d is trib u tio n  system , support 

equipm ent pow er and any m o n ito rin g  equipment;

Test opera tions  on the new or add ition  to  the ra il system  w ill produce an 

energy use patte rn  su b s ta n tia lly  d iffe re n t fro m  that w hich w ill be seen during revenue 

opera tion. The e le c tr ic  b ill fo r  tes t operations could be quite high re la tive  to  the 

actual use i f  som e arrangem ents are not made beforehand to  a le rt the u t i l i ty  o f  the 

pattern. During the in it ia l nego tia tions  w ith  the u ti l ity  the rates during th is  phase o f 

design and co ns tru c tio n  should be discussed separa te ly  fro m  the revenue opera tion  

rate structure .

3.4 TEST OPERATIONS

The resu lts  o f the energy related tes ts  w ill resu lt in some m o d ific a tio n  o f  the 

energy re la ted  input param eters in to  the model used to  estim ate energy use patte rns 

fo r  a lte rna tive  tra in  opera tion  scenarios under fu ture  revenue opera tions. If  these 

m o d ific a tio n  are substantia l, the energy use patterns fo r  these scenarios should be 

reestim ated. These reestim ates could in fluence decis ions that w ere  made during the 

design phase.

The energy use patte rns predicted fo r  revenue opera tions should now  be the 

best es tim a tes  available  fo r  d iscussion w ith  the e lec tric  u tilit ie s . I f  these are the 

basis fo r  cos t o f  se rv ice  dete rm ina tion  by the u ti lity ,  the rates fo r  in it ia l revenue 

opera tion  w il l  be f in a lly  set on these p red ictions.

3.5 INITIAL REVENUE OPERATION

An energy audit should be conducted a fte r about tw o  years o f  revenue 

opera tion. The resu lts  o f  the energy audit should be compared w ith  the p red ic ted  

energy use patterns. Changes which have occurred in the tra in  opera tion  scenarios 

because o f experience obta ined in revenue opera tion  together w ith  m odel changes, 

w h ich  w ere m andated b y  the v e rif ic a tio n  process, require updating o f  the energy use 

patte rn  fo recas ts . These should be carried out at th is  tim e.

Rate in te rve n tio n  w i l l  s t i l l  occur on those issues which have no t been reso lved  

in the past. S o lid  energy use patterns are now  available fo r  true co s t o f  serv ice  

ana lys is  by the u ti lity .  These should be conducted in line w ith  the next rate hike 

request.
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4. RAIL SYSTEM OPERATION

The app lica tion  o f energy co s t reduction  to  ra il trans it system s w hich are 

p re sen tly  operating is som ew hat d if fe re n t fro m  those in the design and construc tion  

phase. There are tw o  steps:

1. Energy management study, and

2. Im p lem enta tion  o f energy co s t reduction.

The energy management s tud y  has fo u r phases:

1. Energy audit.

2. S im u la tion  and V e rific a tio n  o f  Norm al O peration.

3. Pow er Rate S tructure  Evaluation.

4. Id e n tif ic a tio n  o f Energy C ost Reduction O pportun ities.

4.1 ENERGY MANAGEMENT STUDY

The energy management s tudy  is the beginn ing o f any energy m anagement 

program  applied to  system s a lready in opera tion. It is here that the com ponents o f 

energy cost, obta ined by the m arriage o f  the energy use pattern and the pow er rate 

structure  are understood. The co s ts  and b en e fits  realizable by app lica tion  o f energy 

conse rva tion  and load m anagem ent stra teg ies are also predicted. A ll o f th is  is 

accom plished  in fo u r stages.

1. Energy A u d it -  Through the use o f  an audit procedure, the actual energy 
use patte rn  o f  the ra il sys tem  is estab lished. The deta il to  w hich th is  can 
be accom plished depends on the deta il o f  data available. I f  the data are 
availab le , th is  audit should take the fo rm  o f a deta iled com puter analysis 
o f  m etering  in fo rm a tio n  (w hich can be obta ined fro m  the e le c tr ic  u tilit ie s  
serv ing  the system ) at each pow er d e live ry  p o in t over successive demand 
in te rva ls  over a long period  o f  tim e  (at least a year or more), and a 
deta iled  es tim a te  o f energy end use at each meter. The audit must 
include tra c tio n  energy, used to  run the tra ins  and provide  auxilia ry 
support pow er aboard them , and support energy, used to  provide  support 
serv ices.

2. S im u la tio n  and V e rific a tio n  o f  Norm al O pera tion  -  In order to  p rovide  a 
base fo r  reduction  o f e le c tr ic  pow er use caused by app lica tion  o f  energy 
conse rva tio n  techniques, it  is necessary to  estim ate  the energy use pattern 
by s im u la tion . The support and tra c tio n  pow er w hich do not depend on 
tra in  opera tion  are treated  as background pow er, w hich m ay have am bient 
and t im e  o f  day va ria tion , w h ile  the tra c tio n  pow er w hich resu lts  fro m  
tra in  opera tion  is es tim a ted  using the EMM or s im ila r to o l. The 
v e r if ic a tio n  procedure is the com parison  o f  the estim ates o f the trac tion
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energy use patte rn  obta ined  through s im u la tion , w ith  the resu lts  obta ined 
in the energy audit. The level o f deta il o f  th is  com parison  depends on 
the deta il achieved in the energy audit.

3. Power Rate S tructure  E valuation -  The basic regu la to ry  p rin c ip le  on yvhich 
th e ,p o w e r rate s tructure  should be evaluated is tha t the ra il tra ns it system  
be required to  pay no m ore fo r  the ir e le c tr ic ity  than the co s t to  the u ti l ity  
to  serve it. The eva lua tion  begins by rev iew ing  the h is to ry  o f pow er rate 
structure  at the tra n s it system . It includes re v ie w in g  the orig ina l 
nego tia tions  and/or m aster agreem ent and subsequent ra te  increases that 
had been im plem ented fo r  various com ponents o f  the ta r i f f .  In order to  
com ple te  th is  com prehensive  rev iew  process, coope ra tion  and assistance 
o f the u t i l i ty  p ro v id in g  e lec tric  service is crucia l. Once the rev iew  
process has been com p le ted , the tra ns it a u th o rity  should seek to  reso lve  
unfa ir rate s tructures and issues, through d irect n eg o tia tion s  w ith  the 
u ti l ity  or in te rven tio n  in fo rm a l rate proceedings, be fo re  the public u t i l ity  
com m iss ion . A ll o f  the issues m ay not be reso lved  in the con tex t o f  a 
s ingle rate proceeding. U t i l i ty  rate m aking is a continuous problem  and 
each rate proceeding presents the tra ns it management w ith  an o p p o rtun ity  
and a challenge to  reduce its  pow er cost.

4. Id e n tif ic a tio n  o f  Energy Cost Reduction O pportun ities  - This stage o f the 
energy m anagem ent s tud y  is the fin a l one. The energy co s t savings o f 
energy conse rva tion  and load management s tra teg ies  are determ ined along 
w ith  the costs  assoc ia ted  w ith  im plem enting  them. Savings associated 
w ith  rate in te rven tion , e ither by nego tia ting  w ith  the e le c tr ic  u tilit ie s  or by 
presenting a case to  the regu la to ry  agency, are a lso es tim a ted  along w ith  
the costs  o f the action . A  plan fo r  im plem enting  those actions w hich are 
id e n tifie d  as c o s t-e ffe c tiv e  is also included. Evaluation o f  the pow er rate 
structure  leads to  an es tim a ted  cost savings, should the issues id e n tifie d  
in the eva lua tion  be reso lved . The estim ates here are necessarily  much 
s o fte r than those made on the opera tions side. The degree to  w hich rate 
re lie f can be realized is a lw ays uncertain. Since any rate re lie f achieved 
by the tra n s it a u th o rity  sh ifts  the burden to  o ther custom ers o f the 
e le c tr ic  u tilit ie s , there is an inducem ent fo r  them  to  oppose the case. 
C om m issions lo o k  on custom ers w ho do not in tervene as s a tis fie d  w ith  
the ir rate s tructure . A ll o f  these th ings m ust be ca re fu lly  considered 
be fo re  a ttem p ting  rate in te rven tion .

4.2 IMPLEMENTATION OF ENERGY COST REDUCTION

C om ple tion  o f the energy m anagement study, ou tlined  in the p revious section , 

im p lie s  a dec is ion  p o in t fo r  tra n s it management on w h ich  s tra teg ies  to  se lect fo r  

im p lem en ta tion . A ll o f  the theore tica l es tim a tes  o f  cos t and b en e fit are n o w  

available.

1. P ro to typ e  O peration and V a lida tion  -  It is im portan t to  m in im ize  the 
technica l and fin a n c ia l risk  o f app ly ing  the se lected  conserva tion  
s tra teg ies. A  lo w  cos t experim ent should be conducted during w h ich  both 
the actual energy savings and perform ance changes can be measured under 
actual opera ting  co nd itio n s . The resu lts  should be com pared w ith  the 
s im ula ted  case.
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2. Full Im p lem enta tion  and M o n ito rin g  -  The p ro to typ e  opera tion  and 
va lid a tion  step should reduce the technica l risk  fo r  im plem enting  energy 
cos t reduction  on a w id e r basis. H ow ever, the program  does not end 
here. Continued m o n ito r in g  o f the energy cos t savings is s t i l l  required, 
toge the r w ith  any sys tem  perfo rm ance  changes w hich resu lt fro m  the 
program . It is at th is  stage o f  the program  that the nego tia tion  ca pa b ility  
o f the trans it a u th o rity  w ith  the e le c tr ic  u tilit ie s  m ust be s trongest, since 
the reduction  o f  revenue to  the u tilit ie s  because o f the program  w il l  be 
fe lt .  Changes in the pow er rate structure  m ay bring other oppo rtun ities  to  
reduce energy co s t as w e ll. Thus, the energy management s tudy  should 
be updated fro m  tim e  to  tim e , ty p ic a lly  on a f iv e  year basis. If  the 
o rig ina l s tudy were conducted p roperly , updating should hot be d if f ic u lt .

3. Rate In te rven tion  -  I f  the tra n s it au th o rity  decides to  proceed w ith  rate 
in te rven tion , the f ir s t  step  is to  m eet w ith  the u t i l i ty  to  negotia te  issues 
w h ich  can be se ttled  ou ts ide  o f regu la to ry  hearings. The rem ainder o f  the 
tasks m ay be conducted b e fo re  and during the next rate proceedings:

a. Select a loca l law  f irm  w ho has som e -experience in rate 
proceedings. S ince part o f the in te rven tio n  w ill be an educational 
process o f  the re g u la to ry  com m iss ione rs , a law  firm  w hich can ease 
th is  process is m ost appropria te.

b. Review and analyze the u ti l ity 's  rate increase proposal. This rev iew  
should be based on the cos t to  serve p rinc ip le  and be considered in 
the ligh t o f the o ther issues to  be addressed at the rate proceeding.


