
Electricity	
  Networks	
  	
  
Cost	
  structure	
  &	
  Customer	
  Behaviour	
  

Should	
  Network	
  tariffs	
  be	
  	
  

Cost	
  reflec<ve	
  or	
  Value	
  reflec<ve	
  	
  



•  Op<mum	
  Economic	
  Resource	
  Alloca<on	
  
–  Prices	
  should	
  be	
  set	
  so	
  as	
  to	
  ensure	
  a	
  match	
  between:	
  
the	
  incremental	
  economic	
  cost	
  of	
  providing	
  the	
  service	
  
and,	
  its	
  incremental	
  value	
  to	
  the	
  customer	
  

–  This	
  ensures	
  that	
  investment	
  in	
  the	
  industry	
  is	
  op<mal	
  –	
  
not	
  too	
  much,	
  not	
  too	
  liJle.	
  

•  Percep<on	
  of	
  “fair	
  and	
  equitable”	
  
– Usually	
  accepted	
  to	
  mean	
  	
  	
  

•  that	
  there	
  are	
  no	
  cross	
  subsidies	
  and	
  	
  
•  that	
  	
  customers	
  pay	
  what	
  it	
  costs	
  to	
  deliver	
  	
  

•  Pricing	
  that	
  matches	
  cost	
  delivers	
  both	
  objec<ves.	
  

•  But	
  what	
  does	
  it	
  cost	
  to	
  deliver	
  a	
  Network	
  Service?	
  



•  There	
  are	
  two	
  key	
  drivers	
  of	
  Network	
  costs:	
  
– The	
  customer’s	
  individual	
  loca<on	
  &	
  
– The	
  customers’	
  collec<ve	
  demand	
  for	
  
shared	
  asset	
  capacity	
  

•  BUT,	
  not	
  much	
  is	
  variable,	
  	
  
– Not	
  even	
  in	
  the	
  medium	
  term	
  

•  Most	
  Network	
  costs	
  are	
  now	
  “sunk	
  costs”	
  



•  Network	
  assets	
  are,	
  with	
  few	
  excep<ons,	
  
shared	
  assets.	
  

•  The	
  key	
  to	
  network	
  pricing	
  therefore	
  is:	
  
–  	
  in	
  understanding	
  the	
  basis	
  on	
  which	
  assets	
  
which	
  serve	
  different	
  network	
  func<ons	
  are	
  
shared,	
  and	
  

–  in	
  determining	
  an	
  appropriate	
  basis	
  for	
  sharing	
  
the	
  costs	
  of	
  servicing	
  those	
  assets	
  
•  Including	
  a	
  basis	
  for	
  sharing	
  “sunk	
  cost”	
  assets	
  



•  AEMC	
  have	
  decreed	
  LRMC	
  as	
  the	
  basis	
  for	
  Tariff	
  
seWng	
  

•  So,	
  what	
  drives	
  future	
  investment	
  (capital	
  and	
  
Opex)	
  
– New	
  connec<ons,	
  individual	
  and	
  collec<ve	
  
–  The	
  customers’	
  probable	
  (ex	
  ante)	
  collec<ve	
  demand	
  
at	
  the	
  various	
  levels	
  of	
  the	
  system	
  

•  But	
  “sunk	
  costs”	
  may	
  be	
  as	
  high	
  as	
  70%	
  
•  The	
  three	
  components	
  of	
  cost	
  recovery	
  
–  Connec<ons	
  (Inc.	
  shared)	
  -­‐	
  the	
  driver	
  is	
  spacing	
  
–  Capacity	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  the	
  driver	
  is	
  collec<ve	
  demand	
  
–  Sunk	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  there	
  is	
  no	
  driver	
  



•  Assumed	
  knowledge	
  (DM,	
  AC,	
  PV	
  &	
  BaJeries)	
  

•  To	
  demonstrate	
  that:	
  
– The	
  LRMC	
  principal	
  solves	
  only	
  a	
  small	
  part	
  of	
  the	
  
pricing	
  challenge	
  	
  

– The	
  current	
  industry	
  approach	
  of	
  introducing	
  ToU	
  
Demand	
  Tariffs	
  is	
  fundamentally	
  flawed	
  and	
  that	
  

– The	
  use	
  of	
  “market	
  value”	
  is	
  relevant	
  to	
  a	
  
regulated	
  monopoly	
  and	
  may	
  well	
  provide	
  the	
  
remainder	
  of	
  the	
  solu<on.	
  



•  Network	
  Topography	
  
•  Network	
  Cost	
  Structure	
  
•  Innate	
  Customer	
  Behaviour	
  

•  Problem	
  with	
  the	
  current	
  Industry	
  approach	
  
–  Some	
  modeling	
  

•  Market	
  Pricing	
  in	
  Regulated	
  Monopolies	
  

•  Summary	
  &	
  Conclusion	
  

Cost	
  Reflec<ve	
  Pricing	
  
	
  -­‐	
  Connec<ons	
  
	
  -­‐	
  Capacity	
  
	
  -­‐	
  Sunk	
  Costs	
  

Tariff	
  Op<ons	
  









•  Mul<	
  Leveled	
  
– Connec<ons	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1	
  customer	
  

– Street	
  LV	
  Distributor	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  30/100	
  customers	
  
– Distribu<on	
  Centre	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  300/500	
  customers	
  
– HV	
  feeder	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1/2000	
  	
  
– Zone	
  Substa<on	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  20/50000	
  
– Subtransmission	
  feeders	
  and	
  higher	
  levels	
  

•  Spa<ally	
  Distributed	
  
•  Discrete,	
  large	
  “economic	
  increments”	
  





•  In	
  urban	
  networks	
  
–  Including	
  sunk	
  costs,	
  Less	
  than	
  50%	
  of	
  costs	
  is	
  
driven	
  by	
  demand	
  

– More	
  than	
  50%	
  is	
  driven	
  by	
  customer	
  loca<on	
  

•  In	
  rural	
  networks	
  
– Loca<onal	
  costs	
  can	
  be	
  as	
  high	
  as	
  80%	
  -­‐	
  no<ng	
  
that	
  the	
  customer	
  pays	
  capital	
  contribu<ons	
  

•  The	
  spacing	
  between	
  customers	
  drives	
  most	
  
of	
  our	
  “poles	
  and	
  wires”	
  cost	
  (both	
  high	
  and	
  
low	
  voltage)–	
  regardless	
  of	
  demand	
  	
  



Distance	
  between	
  customers	
  	
  
varies	
  widely	
  

In	
  urban	
  areas	
  low	
  
voltage	
  mains	
  per	
  
customer	
  varies	
  
from	
  10	
  to	
  >100	
  
metres.	
  
The	
  quantum	
  per	
  
customer	
  is	
  
determined	
  by	
  the	
  
spacing	
  between	
  
customers,	
  
regardless	
  of	
  their	
  
demand.	
  
They	
  are	
  “shared	
  
connec<on	
  assets”	
  

Customer	
  Density	
  

High	
  Voltage	
  



AER	
  RIN	
  data	
  

Demonstrates	
  
that	
  
irrespec<ve	
  of	
  
cable	
  capacity	
  
(22kV	
  is	
  
double	
  11kV	
  
capacity),	
  HV	
  
cable	
  per	
  
customer	
  is	
  
the	
  same	
  

	
  Customer	
  Density	
  Customer	
  Density	
  



•  Mains	
  are	
  what	
  give	
  customers	
  access	
  to	
  	
  Networks	
  
Capacity	
  	
  
–  They	
  cost	
  the	
  same,	
  regardless	
  of	
  how	
  much	
  capacity	
  
the	
  customer	
  requires	
  

•  They	
  are	
  a	
  shared	
  connec<on	
  asset	
  	
  
–  The	
  quantum	
  being	
  dependent	
  on	
  density	
  
–  The	
  appropriate	
  basis	
  of	
  sharing	
  being	
  premises	
  spacing	
  

•  The	
  only	
  asset	
  that	
  is	
  dedicated	
  to	
  the	
  individual	
  
customer	
  is	
  the	
  “house	
  service”	
  

•  Logically	
  the	
  basis	
  of	
  sharing	
  would	
  be	
  loca<onal	
  	
  

Logically	
  paid	
  as	
  a	
  capital	
  contribu<on	
  at	
  the	
  
<me	
  of	
  connec<on	
  &/or	
  an	
  annuity	
  in	
  perpetuity	
  



HV	
  Mains	
  costs	
  are	
  
also	
  driven	
  more	
  by	
  
customer	
  density,	
  
rather	
  than	
  load	
  
density.	
  They	
  are	
  what	
  
they	
  are	
  because	
  of	
  
the	
  distance	
  between	
  
customers.	
  They	
  too	
  
are	
  a	
  connec<ons	
  
asset	
  

Substa<on	
  costs	
  are	
  
less	
  dependent	
  on	
  
density.	
  At	
  high	
  
density	
  real	
  estate	
  
costs	
  escalate.	
  At	
  low	
  
densi<es,	
  economies	
  
of	
  scale	
  are	
  lost.	
  They	
  
are	
  capacity	
  assets.	
  	
  

Mains	
  Driver	
  is	
  Mostly	
  Customer	
  Density	
  

Zone	
  Substa<on	
  
Driver	
  is	
  Load	
  Density	
  

	
  	
  Zone	
  Substa=on	
  &	
  Mains	
  Costs	
  per	
  MVA	
  



•  Zone	
  Substa<on	
  costs	
  are	
  less	
  dependent	
  on	
  density,	
  
than	
  mains	
  costs	
  
–  And	
  are	
  rela<vely	
  uniform	
  ($/MVA)	
  over	
  urban	
  densi<es	
  	
  
–  At	
  high	
  density	
  real	
  estate	
  costs	
  escalate.	
  At	
  low	
  
densi<es,	
  economies	
  of	
  scale	
  are	
  lost.	
  	
  

•  They	
  are	
  capacity	
  assets.	
  	
  
–  Built	
  to	
  meet	
  the	
  collec<ve	
  demand	
  of	
  the	
  area	
  they	
  
serve.	
  

–  But	
  augmented	
  in	
  large	
  economic	
  increments	
  (typically	
  
50%),	
  so	
  LRMC	
  is	
  spa<ally	
  variable	
  
•  In	
  areas	
  of	
  high	
  growth	
  they	
  are	
  high,	
  in	
  areas	
  of	
  low	
  growth	
  low.	
  

Logically	
  paid	
  for	
  through	
  some	
  some	
  sort	
  
of	
  capacity	
  usage	
  charge	
  (reflec<ng	
  
contribu<on	
  to	
  the	
  collec<ve	
  demand).	
  



Costs	
  per	
  MVA	
  -­‐	
  Distribu<on	
  Centres	
  
	
  ACTUAL	
  

Costs appear to have commenced upward trend at higher densities 

Average Metro is  

$660 000 per MVA 



•  These	
  too	
  are	
  heavily	
  density	
  dependent	
  
– At	
  rural	
  densi<es	
  we	
  require	
  one	
  per	
  customer.	
  	
  

•  They	
  are	
  a	
  dedicated	
  connec<on	
  asset	
  
– At	
  low	
  urban	
  densi<es	
  	
  

•  Networks	
  are	
  voltage	
  constrained,	
  their	
  number	
  is	
  
determined	
  by	
  customer	
  spacing.	
  Their	
  capacity	
  will	
  vary,	
  
but	
  their	
  cost	
  is	
  largely	
  independent	
  of	
  capacity	
  

•  They	
  are	
  a	
  shared	
  connec<on	
  asset	
  
–  	
  At	
  high	
  urban	
  densi<es,	
  	
  

•  networks	
  are	
  load	
  constrained.	
  Their	
  number	
  depends	
  
upon	
  the	
  collec<ve	
  customer	
  load	
  

•  They	
  are	
  a	
  capacity	
  asset	
  
–  For	
  large	
  individual	
  customer	
  they	
  are	
  a	
  dedicated	
  
connec<on	
  asset	
  
•  They	
  are	
  a	
  dedicated	
  connec<on	
  asset	
  



•  “House	
  Services”	
  are	
  a	
  dedicated	
  Connec<on	
  Cost	
  
–  	
  Driven	
  by	
  demand,	
  but	
  standardized	
  for	
  mass	
  market	
  	
  

•  Mains	
  are	
  a	
  shared	
  Connec<on	
  cost,	
  	
  
– Driven	
  by	
  customer	
  numbers	
  &	
  spacing	
  –	
  not	
  demand	
  

•  Distribu<on	
  Centre	
  costs	
  
–  Some<mes	
  dedicated	
  (rural	
  and	
  large	
  customer),	
  but	
  
mostly	
  (urban	
  residen<al)	
  shared	
  ARGUABLY	
  the	
  driver	
  
of	
  these	
  costs	
  is	
  loca<on	
  more	
  so	
  than	
  demand.	
  

•  Zone	
  (and	
  higher	
  system	
  level	
  costs)	
  are	
  shared	
  
capacity	
  costs	
  
–  	
  but	
  driven	
  by	
  customers’	
  collec<ve	
  demand	
  	
  



•  To	
  achieve	
  cost	
  reflec<ve	
  pricing:	
  
– Both	
  dedicated	
  (“House	
  Services”)	
  and	
  shared	
  
connec<ons	
  (mains	
  &	
  most	
  DC)	
  costs	
  would	
  be	
  
recovered	
  through	
  
•  Capital	
  contribu<ons	
  &/or	
  an	
  annuity	
  in	
  perpetuity	
  	
  

– Capacity	
  (some	
  DC,	
  Zone	
  Substa<on,	
  &	
  higher	
  
system)	
  costs	
  would	
  be	
  recovered	
  through	
  	
  
•  some	
  “sort	
  of”	
  capacity	
  usage	
  charge??	
  

•  Sunk	
  costs,	
  economists	
  tell	
  us	
  should	
  be	
  
recovered	
  in	
  “non	
  distor<onary	
  ways”??	
  



•  The	
  LRMC	
  principle	
  really	
  only	
  applies	
  to	
  capacity	
  
related	
  costs	
  	
  
–  recoverable	
  through	
  usage	
  charges	
  

•  Long	
  run	
  capacity	
  costs,	
  because	
  of	
  the	
  lumpy	
  nature	
  
of	
  network	
  capacity	
  investment,	
  are	
  highly	
  spa<ally	
  
variable	
  
–  Low	
  in	
  areas	
  of	
  low	
  growth	
  or	
  that	
  have	
  recently	
  been	
  
augmented	
  

–  High	
  in	
  areas	
  of	
  high	
  growth	
  or	
  in	
  need	
  of	
  augmenta<on	
  

•  Theore<cal	
  economists	
  would	
  like	
  to	
  see	
  these	
  
applied	
  as	
  spa<ally	
  variable	
  “conges<on	
  charges”,	
  
BUT	
  
–  The	
  jurisdic<ons	
  insist	
  on	
  uniform	
  tariffs.	
  



•  Networks	
  are	
  designed	
  ex	
  ante,	
  based	
  on	
  the	
  
forecast	
  collec<ve	
  demand	
  

•  Probable	
  collec<ve	
  demand	
  is	
  therefore	
  the	
  
investment	
  driver.	
  

•  What	
  maJers	
  is	
  the	
  customer’s	
  probable	
  
contribu<on	
  to	
  collec<ve	
  demand,	
  	
  
– not	
  this	
  years	
  or	
  last	
  years	
  actual	
  demand.	
  



	
  	
  	
  	
  	
  	
  	
  If	
  xi	
  are	
  random	
  variables,	
  and	
  if:	
  	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  y	
  =	
  Σall i	
  xi 
	
  	
  	
  	
  	
  	
  	
  Then:	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ε	
  [	
  y	
  ]	
  =	
  Σall i	
  	
  ε	
  [	
  xi ] 

Where	
  ε	
  is	
  the	
  expected	
  value	
  

To	
  understand	
  the	
  implica<ons	
  of	
  this	
  we	
  need	
  to	
  look	
  
at	
  and	
  understand	
  “Innate	
  customer	
  behaviour”.	
  





Individual	
  Customer	
  Load	
  Factors	
  Vary	
  Widely	
  

•  Load	
  Factor	
  is	
  
the	
  Ra<o	
  of	
  
Average	
  Demand	
  
to	
  Maximum	
  
Demand	
  

•  It	
  is	
  a	
  measure	
  of	
  
how	
  effec<vely	
  
consumers	
  
individually	
  use	
  
network	
  capacity	
  

•  Collec<vely	
  the	
  
domes<c	
  Load	
  
Factor	
  is	
  @	
  35%	
  

•  Solar	
  Ci=es	
  Data	
  

Load	
  Factor	
  



Individual	
  Customer	
  Diversity	
  Varies	
  Widely	
  
•  Diversity	
  is	
  the	
  

Ra<o	
  of	
  a	
  
customers	
  
contribu<on	
  to	
  
collec<ve	
  demand	
  
(System	
  Peak)	
  to	
  
his	
  individual	
  
Maximum	
  Demand	
  

•  50%	
  of	
  customer	
  
have	
  diversi<es	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
<	
  25%	
  

•  25%	
  <8%	
  

•  Average	
  diversity	
  is	
  
0.31	
  

•  Solar	
  Ci=es	
  Data	
  

Diversity	
  



	
  Because	
  innate	
  individual	
  
	
  customer	
  behaviour	
  is	
  

	
  stochas<c:	
  	
  

	
  Collec<ve	
  behaviour	
  is	
  very	
  
different	
  to	
  individual	
  

	
  behaviour	
  



•  Average	
  individual	
  
demand	
  is	
  3	
  <mes	
  
collec<ve	
  demand	
  

•  We	
  Build	
  for	
  the	
  
collec<ve	
  demand	
  	
  
-­‐	
  POE	
  10%	
  
	
   	
  	
  

•  Stand	
  alone	
  
requires	
  almost	
  4	
  
<mes	
  the	
  capacity	
  

•  We	
  can	
  measure	
  
the	
  blue	
  BUT	
  
Customers	
  
understand	
  	
  RED	
  	
  

	
  	
  	
  	
  	
  	
   	
  	
  
	
  	
  	
  	
  	
  	
  SGSC	
  data	
  

Diversity	
  

Connec=on	
  point	
  
demand	
  

Collec=ve	
  System	
  
demand	
  



NETWORK	
  LEVELS	
  

Same	
  chart	
  as	
  
previously,	
  but	
  
with	
  “aggregate	
  of	
  
32	
  customers”	
  
added	
  

32	
  has	
  been	
  
chosen	
  because	
  it	
  
is	
  the	
  lowest	
  level	
  
of	
  aggrega<on	
  –	
  
1φ	
  LV	
  Mains	
  

Conn	
  Connec=on	
  

LV	
  Mains	
  

Feeder/Zone	
  



10%	
  POE	
  
lines	
  have	
  
been	
  added	
  



The	
  purple	
  lines	
  
represent	
  the	
  
frequency	
  
distribu<on	
  of	
  
the	
  average	
  
aggregate	
  of	
  
millions	
  of	
  
customers	
  

	
  –	
  all	
  values	
  
reduce	
  to	
  @	
  
2.5kVa	
  



•  It	
  is	
  the	
  collec<ve	
  customers’	
  demand	
  that:	
  drives	
  the	
  
need	
  for	
  capacity	
  and	
  therefore,	
  drives	
  capacity	
  costs.	
  	
  

•  We	
  can	
  measure	
  (and	
  base	
  charges	
  on)	
  the	
  customers	
  
contribu<on	
  to	
  the	
  collec<ve	
  maximum	
  demand.	
  
–  But	
  customers	
  can’t	
  know	
  when	
  the	
  collec<ve	
  maximum	
  
will	
  occur	
  and	
  will	
  feel	
  disempowered	
  

•  Alterna<vely	
  we	
  can	
  measure	
  and	
  charge	
  for	
  
customers	
  connec<on	
  point	
  demand	
  
–  But	
  unfortunately	
  connec<on	
  point	
  demand	
  is	
  a	
  poor	
  
surrogate	
  for	
  contribu<on	
  to	
  collec<ve	
  demand.	
  	
  

•  It	
  all	
  depends	
  on	
  how	
  we	
  measure	
  demand.	
  



The	
  Problem	
  with	
  Connec<on	
  Point	
  Demand	
  	
  	
  	
  	
  
Tariffs	
  

Individual	
  
Customer	
  
Demand	
  is	
  a	
  
poor	
  surrogate	
  
for	
  contribu<on	
  
to	
  upstream	
  
collec<ve	
  
(system	
  peak)	
  
demand	
  

Solar	
  Ci=es	
  Data	
  

Diversity	
  

Diversity	
  

Any<me	
  Demand	
  



Does	
  Actual	
  Contribu<on	
  to	
  System	
  
Demand	
  Actually	
  Drive	
  costs?	
  

•  Networks	
  are	
  designed	
  ex	
  ante,	
  based	
  on	
  the	
  
forecast	
  collec<ve	
  demand	
  

•  So	
  what	
  maJers	
  is	
  the	
  customers	
  probable	
  
contribu<on	
  to	
  collec<ve	
  demand,	
  not	
  actual	
  

Here	
  we	
  need	
  to	
  dis<nguish	
  and	
  understand	
  the	
  	
  
difference	
  between	
  the	
  purely	
  random	
  and	
  the	
  
systemic	
  differences	
  between	
  customers	
  profiles	
  



•  The	
  vast	
  majority	
  of	
  the	
  differences	
  between	
  
customers’	
  load	
  profiles	
  is	
  purely	
  random.	
  
– Which	
  is	
  why	
  the	
  collec<ve	
  demand	
  per	
  customer	
  is	
  so	
  much	
  
less	
  than	
  the	
  individual	
  demand	
  

•  We	
  need	
  do	
  nothing	
  (indeed	
  should	
  do	
  
nothing)	
  to	
  manage	
  purely	
  random	
  varia<ons	
  
–  Such	
  as	
  whether	
  a	
  customer	
  happened	
  to	
  be	
  at	
  home	
  or	
  not,	
  
or	
  entertaining	
  or	
  not,	
  at	
  the	
  <me	
  of	
  the	
  peak	
  

•  Instead	
  focus	
  on	
  the	
  systemic	
  differences,	
  
such	
  as	
  	
  
–  whether	
  the	
  customer	
  has	
  an	
  AC	
  or	
  not	
  
– Whether	
  he	
  has	
  a	
  par<cular	
  mix	
  of	
  appliances	
  and	
  typical	
  
usage	
  paJerns	
  that	
  would	
  see	
  appliances	
  being	
  used	
  
concurrently	
  at	
  peak	
  <mes	
  

•  THE	
  IMPLICATIONS	
  OF	
  THIS	
  RANDOMNICITY	
  
ARE	
  TWOFOLD?	
  



Firstly:	
  
•  Average	
  demand,	
  during	
  periods	
  of	
  poten<al	
  peak	
  demand	
  

is	
  more	
  likely	
  to	
  be	
  a	
  reliable	
  indicator	
  of	
  the	
  systemic	
  
capacity	
  requirement,	
  than	
  any	
  measure	
  of	
  actual	
  demand	
  

Secondly:	
  
•  There	
  is	
  no	
  merit	
  in	
  aJemp<ng	
  to	
  apply	
  DM	
  to	
  the	
  
purely	
  random	
  components	
  of	
  a	
  customers	
  demand	
  	
  
–  reducing	
  a	
  customers	
  demand	
  by	
  a	
  factor	
  of	
  3,	
  achieves	
  no	
  benefit	
  if	
  it	
  

produces	
  iden<cal	
  load	
  profiles	
  for	
  all	
  customers	
  	
  

–  the	
  collec<ve	
  demand	
  will	
  be	
  UNCHANGED	
  

•  DM,	
  to	
  be	
  effec<ve,	
  must	
  be	
  aimed	
  at	
  shising	
  
demand	
  completely	
  away	
  from	
  periods	
  of	
  poten<al	
  
peak	
  demand	
  

•  DM	
  applied	
  at	
  <mes	
  of	
  other	
  than	
  poten<al	
  peak,	
  is	
  
a	
  waste	
  





•  The	
  problem	
  with	
  exis<ng	
  (energy	
  only)	
  network	
  
tariffs	
  is	
  that	
  they:	
  
–  Incen<vize	
  perverse	
  customer	
  behaviour,	
  which	
  
–  Results	
  in	
  intra	
  class	
  cross	
  subsidies,	
  which	
  
–  Threaten	
  long	
  term	
  sustainability	
  of	
  the	
  industry,	
  and	
  
–  Result	
  in	
  sub	
  economic	
  u<liza<on	
  of	
  na<onal	
  resources	
  

•  The	
  DNSP	
  industry	
  is	
  currently	
  advoca<ng	
  the	
  
introduc<on	
  of	
  ToU	
  Demand	
  Tariffs	
  for	
  domes<c	
  
and	
  small	
  business	
  customers.	
  

•  Unfortunately	
  these	
  new	
  tariffs	
  will	
  simply	
  
incen<vize	
  a	
  different	
  set	
  of	
  perverse	
  behaviour.	
  

First	
  Topic	
  



•  Modeling	
  Framework	
  
– 32	
  domes<c	
  residences	
  
–  Iden<cal	
  appliance	
  mix	
  
–  Iden<cal	
  probability	
  of	
  use	
  
–  Iden<cal	
  cycle	
  <mes	
  
– Non	
  Time	
  Impera<ve	
  Appliances	
  only	
  

•  Represents	
  both	
  
– 32	
  customers	
  on	
  a	
  distributer	
  
– 32	
  sta<s<cal	
  trials	
  of	
  the	
  same	
  customer	
  

•  Load	
  Profile	
  &	
  Tariff	
  
– Uniform	
  demand	
  throughout	
  8	
  hour	
  peak	
  period	
  

With	
  a	
  load	
  Management	
  
System	
  that	
  uses	
  
“appliance	
  queuing”	
  to	
  
manage	
  down	
  connec=on	
  
point	
  demand.	
  



Appliance	
  
In	
  Queue	
  
priority	
  

Demand	
  	
  
kW	
  

Probability	
  
Of	
  Use	
  at	
  
Peak	
  

Cycle	
  Time	
  
Intervals	
  	
  
On/Off	
  

Probable	
  
Demand	
  
kW	
  

Demand	
  
Ceiling	
  

Hot	
  Water	
   3.6	
   1	
   1/4	
   0.72	
  

3.6kW	
  

Refrigerator	
   0.5	
   1	
   2/2	
   0.25	
  

Freezer	
   0.4	
   1	
   2/4	
   0.13	
  

Dish	
  Washer	
   1.2	
   0.5	
   4/12	
   0.15	
  

Cl	
  Washer	
   0.5	
   0.3	
   10/6	
   0.09	
  

Cl	
  Dryer	
   2.1	
   0.3	
   5/5	
   0.32	
  

Pool	
  pump	
   0.2	
   1	
   16/0	
   0.20	
  

Pool	
  Cleaner	
   0.2	
   1	
   16/0	
   0.20	
  

PC	
  Chargers	
   0.1	
   1	
   8/8	
   0.05	
  

TOTAL	
   8.8	
   2.11	
  



Non-­‐Time	
  Impera<ve	
  Appliances,	
  with	
  a	
  3.6	
  kW	
  Water	
  Heater	
  
%	
  Connec<on	
  point	
  demand	
  reduc<on	
  is	
  6	
  <mes	
  collec<ve	
  reduc<on	
  

Chargeable	
  
demand	
  reduced	
  
by	
  5	
  to	
  55	
  %	
  
(average	
  38%)	
  

Expected	
  (average	
  
across	
  8	
  hours)	
  
Contribu<on	
  to	
  
collec<ve	
  demand	
  
reduced	
  by	
  6	
  %	
  

10%	
  POE	
  demand	
  
reduced	
  by	
  9	
  %	
  

6	
  %	
  of	
  load	
  shised	
  
beyond	
  the	
  peak	
  
period	
  



Non-­‐Time	
  Impera<ve	
  Appliances,	
  with	
  a	
  3.6	
  kW	
  Water	
  Heater	
  
%	
  Connec<on	
  point	
  demand	
  reduc<on	
  is	
  6	
  <mes	
  collec<ve	
  reduc<on	
  

Chargeable	
  
demand	
  reduced	
  
by	
  20	
  to	
  50	
  %	
  
(average	
  38%)	
  

Expected	
  (average	
  
across	
  8	
  hours)	
  
Contribu<on	
  to	
  
collec<ve	
  demand	
  
reduced	
  by	
  6	
  %	
  

10%	
  POE	
  demand	
  
reduced	
  by	
  9	
  %	
  

6	
  %	
  of	
  load	
  shised	
  
beyond	
  the	
  peak	
  
period	
  



But	
  Managed	
  Demand	
  is	
  not	
  Uniform	
  
%	
  Connec<on	
  point	
  reduc<on	
  is	
  ACTUALLY	
  10	
  <mes	
  collec<ve	
  reduc<on	
  

Whilst	
  
average	
  
demand	
  
across	
  the	
  8	
  
hours	
  is	
  
reduced	
  by	
  	
  
6%	
  

Actual	
  peak	
  
demand	
  
reduc<on	
  is	
  

<	
  4%	
  



Unmanaged	
  Demand	
  is	
  not	
  uniform,	
  Either	
  
Even	
  assuming	
  a	
  50%	
  varia<on,	
  %	
  Connec<on	
  point	
  

demand	
  reduc<on	
  is	
  8	
  <mes	
  collec<ve	
  reduc<on	
  
Average	
  
demand	
  
(across	
  the	
  8	
  
hours)	
  is	
  
reduced	
  by	
  	
  
5%.	
  

And	
  

Actual	
  peak	
  
demand	
  is	
  
reduced	
  by	
  	
  

5%.	
  



•  If	
  demand	
  is	
  measured	
  as	
  the	
  average	
  over	
  the	
  8	
  hour	
  period	
  then	
  
collec<on	
  point	
  demand	
  reduc<on	
  becomes	
  the	
  same	
  as	
  the	
  collec<ve	
  
reduc<on	
  (and	
  matches	
  %	
  load	
  deferred	
  to	
  beyond	
  the	
  peak	
  period)	
  

•  This	
  is	
  essen<ally	
  the	
  same	
  as	
  a	
  ToU	
  Energy	
  Tariff	
  

•  Queuing	
  (under	
  a	
  demand	
  ceiling)	
  delivers	
  only	
  marginal	
  benefit	
  to	
  the	
  
customer,	
  but	
  matched	
  to	
  the	
  collec<ve	
  reduc<on	
  

•  Customer’s	
  mo<va<on	
  would	
  logically	
  shis	
  to	
  deferring	
  (what	
  can	
  be	
  
deferred)	
  beyond	
  the	
  peak	
  period.	
  

•  If	
  dish	
  washing,	
  clothes	
  washing,	
  drying	
  and	
  pool	
  pumps	
  are	
  shised	
  
demand	
  and	
  energy	
  reduc<on	
  becomes	
  almost	
  50%.	
  	
  

•  Without	
  queuing	
  connec<on	
  point	
  demand	
  actually	
  rises	
  –	
  to	
  4.2	
  kW,	
  
BUT	
  Collec<ve	
  demand	
  drops	
  to	
  1.1	
  kW.	
  



•  Connec<on	
  point	
  Maximum	
  Demand	
  Tariffs,	
  whether	
  
TOU	
  or	
  any<me,	
  will	
  incen<vize	
  a	
  new	
  set	
  of	
  perverse	
  
customer	
  behaviors	
  

•  And	
  result	
  in	
  a	
  new	
  set	
  of	
  intra	
  class	
  cross	
  subsidies,	
  
which	
  this	
  <me	
  will	
  see	
  the	
  less	
  well	
  off	
  customers	
  
subsidizing	
  larger	
  beJer	
  off	
  customers	
  who	
  can	
  afford	
  
both	
  the	
  appliances	
  and	
  the	
  load	
  management	
  
systems	
  

•  Measuring	
  demand	
  as	
  the	
  average	
  over	
  the	
  periods	
  
when	
  demand	
  is	
  likely	
  to	
  be	
  maximum	
  will	
  ensure	
  
that	
  connec<on	
  point	
  demand	
  and	
  contribu<on	
  to	
  
collec<ve	
  demand	
  align.	
  
–  And	
  will	
  incen<vize	
  genuine	
  load	
  shising.	
  





•  Examples	
  from	
  Compe<<ve	
  Industries	
  
–  Butchers	
  

•  Mul<ple	
  products	
  from	
  a	
  cow	
  or	
  sheep	
  	
  

–  Frac<onal	
  Dis<lla<on	
  &	
  Cat	
  Crackers	
  
•  Mul<ple	
  products	
  from	
  the	
  dis<lla<on	
  process	
  

– Airlines	
  
•  Mul<ple	
  flight	
  <mes	
  –	
  each	
  a	
  different	
  product	
  
•  Service	
  differen<a<on	
  

•  The	
  cost	
  of	
  the	
  shared	
  produc<on	
  facility	
  (the	
  
cow,	
  the	
  cat	
  cracker	
  or	
  the	
  aero	
  plane),	
  is	
  
allocated	
  to	
  the	
  mul<ple	
  outputs,	
  according	
  to	
  
their	
  market	
  value.	
  



•  Once	
  commiJed	
  to	
  a	
  fleet	
  of	
  planes,	
  the	
  
airlines	
  objec<ve	
  is	
  to	
  generate	
  as	
  much	
  
revenue,	
  in	
  excess	
  of	
  SRMC,	
  as	
  possible	
  

•  This	
  can	
  be	
  achieved	
  by	
  pricing	
  flights	
  
differently	
  at	
  different	
  <mes	
  according	
  to	
  
market	
  demand,	
  so	
  as	
  to	
  maximize	
  the	
  
revenue	
  excess.	
  	
  
– Maximizing	
  revenue	
  is	
  different	
  to	
  maximizing	
  
u<liza<on.	
  

•  Floor	
  price	
  being	
  SRMC	
  



•  In	
  the	
  limit	
  each	
  8760	
  half	
  hourly	
  interval	
  could	
  be	
  
priced	
  so	
  as	
  to	
  op<mize	
  either:	
  	
  
–  revenue	
  or	
  volume,	
  in	
  that	
  period	
  

•  The	
  floor	
  price	
  would	
  be	
  the	
  SRMC,	
  which	
  for	
  other	
  
than	
  perhaps	
  1000	
  intervals	
  would	
  be	
  zero.	
  

•  Pragma<cally	
  this	
  would	
  be	
  approximated	
  by	
  	
  
–  A	
  peak	
  price	
  for	
  @	
  300	
  or	
  so	
  hours	
  and	
  	
  
–  A	
  shoulder	
  price	
  for	
  @	
  700	
  or	
  so	
  hours	
  
–  An	
  off	
  peak	
  price	
  for	
  the	
  remaining	
  7760	
  hours	
  

•  TOU	
  demand	
  and	
  energy	
  converge	
  	
  
•  The	
  cri<cal	
  pricing	
  decision	
  is	
  whether	
  to	
  op<mize	
  	
  

–  Revenue	
  or	
  volume	
  
–  An	
  unregulated	
  business	
  would	
  op<mize	
  revenue	
  
–  A	
  regulated	
  business	
  should	
  op<mize	
  volume	
  



•  In	
  URD	
  developments	
  the	
  way	
  in	
  which	
  the	
  capital	
  
contribu<on	
  (paid	
  by	
  the	
  developer	
  –	
  actual	
  cost)	
  is	
  
recovered	
  from	
  the	
  eventual	
  lot	
  purchasers,	
  is	
  
determined	
  by	
  the	
  market	
  for	
  residen<al	
  lots	
  –	
  there	
  
is	
  no	
  rule	
  that	
  all	
  should	
  pay	
  equally	
  –	
  premium	
  lots	
  
are	
  likely	
  to	
  pay	
  a	
  higher	
  propor<on.	
  

•  Ongoing	
  maintenance	
  and	
  replacement	
  costs	
  are	
  
currently	
  recovered	
  through	
  usage	
  charges	
  

•  BeJer	
  that	
  they	
  be	
  recovered	
  through	
  fixed	
  loca<onal	
  
specific	
  charges	
  

•  Why	
  should	
  not	
  the	
  basis	
  of	
  sharing	
  those	
  costs	
  be	
  
market	
  determined	
  –	
  but	
  how	
  does	
  a	
  monopoly	
  do	
  it?	
  



•  Retailers	
  are	
  currently	
  compe<<ve	
  
–  They	
  buy	
  energy	
  in	
  the	
  wholesale	
  market	
  and	
  charge	
  retail	
  
customers	
  according	
  to	
  their	
  load	
  profile,	
  respond	
  to	
  
compe<<ve	
  pressure	
  and	
  apply	
  market	
  risk	
  premiums	
  

–  They	
  buy	
  network	
  access	
  from	
  DNSPs	
  and	
  pass	
  through	
  
those	
  charges	
  =	
  to	
  the	
  DNSPs	
  end	
  use	
  customer	
  tariffs.	
  
•  I.e.	
  DNSPs	
  allocate	
  the	
  shared	
  network	
  costs	
  to	
  individual	
  customers	
  
and	
  retailers	
  pass	
  them	
  on.	
  	
  

•  Consider	
  the	
  market	
  alterna<ve	
  
–  DNSPs	
  charge	
  Retailers	
  in	
  bulk	
  for	
  their	
  collec<ve	
  retail	
  
customer	
  demand	
  and	
  connec<on	
  requirements	
  and	
  leave	
  
the	
  

–  Retailer,	
  by	
  responding	
  to	
  market	
  forces,	
  to	
  decide	
  the	
  
alloca<on	
  of	
  shared	
  costs	
  to	
  its	
  individual	
  retail	
  customers.	
  



– The	
  LRMC	
  principal	
  solves	
  only	
  a	
  small	
  part	
  
of	
  the	
  pricing	
  challenge	
  	
  

– The	
  current	
  industry	
  approach	
  of	
  
introducing	
  TOU	
  Connec<on	
  Point	
  Demand	
  
Tariffs	
  is	
  fundamentally	
  flawed	
  and	
  

– The	
  use	
  of	
  “market	
  value”	
  is	
  relevant	
  to	
  a	
  
regulated	
  monopoly	
  and	
  may	
  well	
  provide	
  
the	
  remainder	
  of	
  the	
  solu<on.	
  





Non-­‐Time	
  Impera<ve	
  Appliances,	
  with	
  a	
  2.4	
  kW	
  Water	
  Heater	
  
Rela<ve	
  to	
  3.6kW	
  
case:	
  

Chargeable	
  
demand	
  reduced	
  
by	
  43	
  to	
  68	
  %	
  

Expected	
  
Contribu<on	
  to	
  
collec<ve	
  demand	
  
reduced	
  by	
  21	
  %	
  

10%	
  PoE	
  demand	
  
reduced	
  by	
  25	
  %	
  

16	
  %	
  of	
  load	
  
shised	
  beyond	
  the	
  
peak	
  period	
  
Refrigera<on	
  5%	
  



Comparison	
  of	
  3.6kW	
  and	
  2.4kW	
  Water	
  
Heater	
  Modeling	
  –	
  Unmanaged	
  Load	
  



Ex	
  ante	
  Demand	
  

	
  	
  	
  	
  	
  	
  	
  If	
  xi	
  are	
  random	
  variables,	
  and	
  if:	
  	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  y	
  =	
  Σall i	
  xi 

	
  	
  	
  	
  	
  	
  	
  Then:	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ε	
  [	
  y	
  ]	
  =	
  Σall i	
  	
  ε	
  [	
  xi ] 

	
  	
  	
  	
  	
  	
  	
  	
  Where	
  ε	
  is	
  the	
  expected	
  value	
  



Ex	
  Ante	
  Demand	
  
	
  	
  	
  	
  	
  	
  	
  If	
  xi	
  are	
  random	
  variables,	
  &	
  if:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  &	
  if	
  	
  xi	
  is	
  homogeneous	
  &	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
ii	
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