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1 I n tr o d u c t io n

T he C R E G  has com m issioned M arket Analysis to  specify th e  concep tual design and  th e  s tru c tu re  

of n a tu ra l gas auctions to  be im plem ented  in  Colom bia. T his p ro jec t builds on  previous work for 

th e  C R E G  by C ram to n  (2008) and  H arb o rd  (2010). T he requ ired  task s  include th e  specification 

of: (i) th e  p ro d u c ts  or co n trac ts  to  be sold in  th e  auctions (Task 1); (ii) th e  overall conceptual 

design of th e  auc tion  (Task 2); and  (iii) th e  deta iled  auc tion  rules (Task 3). T he la t te r  includes 

th e  auc tion  bid functions, i.e. th e  dem and  and  supply  curves to  be su b m itted  by buyers and  

sellers in  th e  auctions, th e  au c tio n  ac tiv ity  rules (if any), reserve prices (if any), th e  auc tion  

pricing and  a lloca tion  m echanism , and  any special rules requ ired  to  address p o ten tia l m arket 

pow er issues.

O ur Task 2 rep o rt of 8 M ay 2011 described two possible au c tio n  designs: a sim ultaneous 

ascending clock auction , sim ilar to  th a t  proposed  in  C ram to n  2008, and  a sim ultaneous sealed- 

b id  ("assignm ent" or "p roduct-m ix") auc tion  as described  in  M ilgrom  (2009) and  K lem perer 

(2010). I t  also con ta ined  proposals for th e  auc tion  p roduc ts , frequency, m inim um  lot size and  

considered w hether: (i) th e  p ro d u c ts  in  th e  auctions should d istingu ish  gas supplies by location , 

i.e. specify th e  field from  w hich th e  gas is to  be  delivered, or w he ther all gas offered in  th e  

auctions could be tre a te d  as if it o rig inated  in  th e  sam e location; and  (ii) w hether gas-fired pow er 

p lan ts  or u p stream  producers should be  able to  sell gas in  th e  p rim ary  auctions in  conditional 

firm  co n trac ts  or options.

Following our consu lta tions w ith  th e  C R E G  and  w ith  th e  industry , th is  rep o rt contains th e  

resu lts of Tasks 3 and  specifies th e  rules for th e  ascending clock au c tio n  to  be  im plem ented.

•  Section 2 sum m arizes th e  m ain  featu res of th e  proposed  auc tion  design

•  Section 3 describes th e  auc tion  design and  rules in  g rea ter deta il

•  Section 4 concludes

•  A nnex A describes special ac tiv ity  rules for "sw ap bids"

•  A nnex B describes th e  auc tion  "rulebook"

2 S im u lta n e o u s  A s c e n d in g  C lo c k  A u c t io n  for  G a s  S u p p ly  C o n ­
tr a c ts :  S u m m a r y

Following consu lta tions w ith  th e  C R E G  and  th e  in d u stry  it has been  decided to  develop an  

ascending clock auc tion  design. We propose a single, sim ultaneous annual au c tio n  including all 

fields and  producers, to  allow buyers to  see all th e  options for long-term  gas con tracts , and  to
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a rb itrag e  across th e  su b s titu te  con tracts , enhancing  price fo rm ation  and  reducing tran sa c tio n  

costs. T he clock auc tion  we propose w ould have th e  following features:

P r o d u c ts  S tandard ized  F irm  (F) and  C onditional F irm  (C F) co n trac ts  as developed by th e  

re la ted  consu ltancy  p ro je c t,1 of one and  five year d u ra tio n s w ith  th e  sam e s ta r t  d a te  and  

w ith  p ro d u c ts  d iffe ren tiated  by field. T he s ta r t  d a te  of th e  co n trac ts  w ould likely be one 

year from  th e  d a te  of th e  auction . T here  was b road  agreem ent in  th e  com m ents received 

from  th e  in d u stry  th a t  In te rru p tib le  co n trac ts  should n o t be sold in  th e  auctions, as th ey  

en ta il no com m itm ent.

L ot S iz e  A m inim um  lot size of 100 M B TU D s, w hich is th e  q u an tity  th resh o ld  for th e  nonreg­

u la ted  m arket, and  no m inim um  bid  u n it (i.e. an  allowable b id  is for any q u an tity  g reater 

th a n  th e  m inim um  lot size).

P a r t ic ip a t io n  o f  P r o d u c e r s  P roducers will only sell F irm  co n trac ts  in  th e  auctions and  com ­

m it to  th e  supply  of each ty p e  of co n trac t th a t  th ey  w ant to  offer, d ifferen tiated  by d u ra tio n  

and  field, and  th e ir  reserve prices if any, before th e  auctions begin. P roducers who have 

pre-sold C onditional F irm  co n trac ts  (i.e. to  Venezuela) will be able to  offer th e  equivalent 

of "option" co n trac ts  in  th e  auctions by using "swap" bids. T hey  can  do th is  by specifying 

before each auc tion  th e  q u an tity  th ey  w ish to  offer. T hey  will th en  be com m itted  to  supply  

an  equivalent q u an tity  of F  co n trac ts  and  be constra ined  to  purchase equivalent q uan titie s  

of e ith er C F  or F  co n trac ts  du rin g  th e  auction.

P a r t ic ip a t io n  o f  G a s-fired  P o w e r  P la n ts  Pow er p lan ts  p a rtic ip a tin g  in  th e  electricity  "firm 

energy m arket"  will be  able to  purchase th e  equivalent of "option" con trac ts  in  th e  auctions 

by using "swap" bids. T hey  do so by first com m itting  to  sell c e rta in  q u an titie s  of specific 

types of C F  co n trac ts  p rio r th e  auc tion  (d ifferentiated  by field and  d u ra tio n ) and  will th en  

be requ ired  to  purchase equivalent q u an titie s  of F  co n trac ts  or of C F  co n trac ts  during  th e  

auction.

I n fo r m a tio n  an d  P r ic e  I n c r e m e n ts  Before each auction , th e  auctioneer will announce th e  

to ta l supply  of each p ro d u c t offered for sale and  th e ir reserve prices (if an y ).2 A t th e  end 

of every round  th e  auc tioneer will report: (i) th e  excess d em and  for each p roduc t; and  

(ii) th e  prices of all p ro d u c ts  for th e  nex t round , w ith  price increm ents determ ined  by th e  

ex ten t of excess dem and  for each p roduc t.

1 C o n su lta n cy  fo r  s ta n d a rd iz in g  th e  co n tra c ts  f o r  su p p ly  a n d  p ip e lin e  tra n sp o r ta tio n  o f  n a tu ra l gas in  C olom bia , 
A u c tio n o n m ic s  a n d  F T I  C o n su ltin g .

2I f  p ro d u c e rs  choose  d iffe ren t re se rv e  p rice s  fo r a  p ro d u c t,  th e  a u c tio n e e r  a c tu a l ly  an n o u n ce s  a n  in c re as in g  
su p p ly  cu rv e  fo r t h a t  p ro d u c t.
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A c t iv it y  R u le  B idders can  sw itch dem and  freely du ring  th e  auc tion  betw een co n trac ts  differ­

en tia ted  by d u ra tio n  and  fields, b u t canno t increase to ta l q u an tity  dem anded , i.e. dem and  

can  only decrease as prices rise (sub ject to  th e  excess supply  ru le  im m ediately  below).

E x c e ss  S u p p ly  R u le  If one or m ore b idders w ish to  reduce d em and  for a p ro d u c t du ring  th e  

auc tion  w ith  th e  resu lt th a t  th e  p ro d u c t w ould be in  excess supply, reductions in  dem and  

for th e  p ro d u c t will be  accep ted  only u p  to  th e  po in t w here d em and  equals supply  for th a t  

p roduct.

A u c t io n  T e r m in a tio n  R u le  T he auc tion  te rm in a tes  w hen th ere  is no excess d em and  for any 

p ro d u c t, and  each w inning b idder is aw arded q u an titie s  of each co n trac t equal to  its  cu rren t 

dem and  and  pays th e  cu rren t auc tion  price for each co n trac t won (except th a t  m arg inal 

b idders m ay be ra tioned).

C o n tr a c t  A llo c a t io n  R u le s  Since th e  au c tio n  p ro d u c ts  will no t specify th e  seller, an  alloca­

tio n  procedure  will be im plem ented  afte r th e  auc tion  to  assign p a rticu la r co n trac ts  betw een 

buyers and  sellers.

In  th e  following section we describe th e  auc tion  featu res and  rules in  m ore detail.

3 T h e  S im u lta n e o u s  A s c e n d in g  C lo c k  A u c t io n

Section 3.1 describes th e  o p era tio n  of th e  sim ultaneous ascending clock auction. Section 3.2 

describes th e  auc tion  features and  rules in  m ore detail.

3 .1  G en era l D e sc r ip tio n

In  th e  ascending-clock auc tion  b idding  takes place in  d iscre te  rounds. In  each round  th e  au c tio n ­

eer announces a new price for th e  p ro d u c t being sold, and  each b id d er subm its a bid th a t  specifies 

th e  q u an tity  of th e  p ro d u c t th a t  it is in te re sted  in  acquiring  a t th e  announced  price. W hen  th ere  

are m ultip le  co n trac ts  on sale in  a sim ultaneous ascending-clock auction , ascending-clock auc­

tions for each co n trac t are ru n  sim ultaneously, in  order to  allow bidders to  com pare th e  cu rren t 

prices for all p ro d u c ts  and  observe th e  likely outcom e of th e  auctions for all p roduc ts , w hen 

deciding w hat q u an tity  to  dem and  of each con tract. In  each round  th e  auctioneer announces 

one price for each of th e  co n trac ts  on sale and  b idders ind icate  th e ir  dem and  for each p roduct. 

A fter each round, th e  b idding  resu lts are posted , typ ically  consisting of th e  to ta l  excess dem and  

for each p ro d u c t a t th e  cu rren t auc tion  price. In  subsequent rounds, th e  auc tioneer increases 

th e  price of any p ro d u c t w ith  excess dem and  b u t does n o t change th e  prices of p ro d u c ts  w ith  

no excess dem and. T he sim ultaneous ascending-clock auc tion  te rm in a tes  sim ultaneously  for all
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2009 auction fo r delivery at Cusiana Excess demand
all contracts start in 2010; lot = 100 MBTU/d; price = US$/MBTU No excess demand

1-year 2-year 3-year 4-year 5-year Total
Round Supply 600 500 400 400 400 2300

1 Price $5.00 $5.00 $5.00 $5.00 $5.00
Demand 1200 eoo 300 700 900 3900

O Price $5.50 $5.40 $5.00 $5.40 $5.60
z

Demand 1000 900 600 600 800 3900
Price $5.00 $5.00 $5.50 $5.80 $6.00

ó
Demand 900 900 600 550 750 3700

q Price $7.60 $7. B0 $7.70 $7.90 $7.90
Demand 600 500 450 400 400 2350

10 Price $7.60 $7. B0 $7.85 $7.90 $7.90
Demand 600 500 400 400 400 2300

F igure 1: C ram to n  Clock A uction  E xam ple

p roduc ts , w hen th ere  is no excess dem and  on any p roduc t. E ach w inning b id d er is aw arded 

a q u an tity  of each p ro d u c t equal to  its cu rren t dem and  (except th a t  m arg ina l b idders m ay be 

ra tioned) and  pays th e  cu rren t au c tio n  price for each co n trac t w on.3

F igure 1 (taken  from  C ram to n  2008) illu stra te s  how th e  ascending clock auc tion  works w ith  

m any  con tracts. T he to p  row ind icates th e  supply  offered for each of five co n trac ts  w ith  delivery 

a t C usiana.4 E ach co n trac t has th e  sam e s ta rtin g  price of $5. A t th is price, all b u t one of th e  

co n trac ts  has excess dem and; only th e  3-year co n trac t does not. As a resu lt, for round  2, th e  

price increases for all con tracts , except th e  3-year con tract. N otice th a t  th e  1-year and  5-year 

co n trac ts  increase slightly  faster, since these co n trac ts  h ad  g rea te r excess dem and. In  round  

2, overall dem and  is th e  sam e as in  round  1 a t 3900 lots. No b idder has reduced  dem ands. 

However, b idders d id  sw itch som e q u an tity  from  one co n trac t to  o thers. As a resu lt, a t th e  end 

of round  2 th e re  is excess dem and  for all con tracts , and  so all co n trac ts  have higher prices in  

round  3. B y round  9, supply  and  dem and  balance for four of th e  five con tracts; only th e  3-year 

co n trac t has excess dem and. T hus, in  round  10, only th e  3-year co n trac t has a h igher price.

3F o r a  m o re  d e ta i le d  d e sc rip tio n  o f th e  s im u lta n e o u s  a sc en d in g  a u c tio n  see o u r  T ask  2 re p o r t  o r A u su b e l a n d  
C ra m to n  (2004) a n d  (2010).

4C ra m to n ’s e x am p le  c o n sid e rs  five d iffe ren t c o n tra c t  d u ra tio n s  b u t  th e  c o n tra c ts  co u ld  ju s t  as eas ily  b e  d iffer­
e n tia te d  b y  ty p e , i.e. F irm  a n d  C o n d itio n a l F irm  c o n tra c ts ,  o r by  field.
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All co n trac ts  clear, and  th e  auc tion  ends, w hen th e  3-year price reaches $7.85 and  th ere  is a 

red u ctio n  of 50, causing dem and  to  m atch  supply.

3 .2  A u c tio n  F ea tu res  an d  R u les

3 .2 .1  A u c t io n  F req u en cy , P r o d u c ts  a n d  L o t S ize

T he auctions will be held annually  w ith  th e  first auc tion  held in  D ecem ber 2012. T he auc tion  

p ro d u c ts  are s tan d ard ized  F irm  and  C onditional F irm  co n trac ts  as developed by th e  re la ted  

consu ltancy  p ro jec t,5 of one-year and  five-year d u ra tio n s , w ith  th e  sam e s ta r t  d a te  beginning 

approx im ate ly  one year afte r th e  s ta r t  of each auction. T h a t is, co n trac ts  aw arded in  th e  auc tion  

held in  D ecem ber 2012 will all have a s ta r t  d a te  of 1 Jan u a ry  2014.

P ro d u c ts  are d ifferen tiated  by field (e.g. G ua jira , C usiana, and  La C reciente). Hence th ere  

will be  a t m ost four p ro d u c ts  offered from  each field (two F  and  two C F  co n trac ts), and  a t m ost 

twelve p ro d u c ts  offered in  each auction , assum ing th e  p a rtic ip a tio n  of producers from  a t m ost 

th ree  fields.

T here  was b ro ad  agreem ent in  th e  com m ents received from  th e  in d u stry  th a t  In te rru p tib le  

co n trac ts  should no t be  sold in  th e  auctions, as th ey  en ta il no com m itm ent. However in  recent 

m eetings we have h eard  opposite  views expressed, so th is  issue rem ains open.

Since th e  auc tion  co n trac ts  or p ro d u c ts  will n o t specify th e  p roducer or seller, a t th e  end of 

each auction , successful purchasers will be aw arded co n trac ts  from  p a rticu la r sellers in  a m anner 

w hich m inim izes th e  num ber of ind iv idual co n trac ts  aw arded.

T he m in im um  lo t size in  th e  auctions will be  for 100 M B TU D s w hich is th e  q u an tity  th resho ld  

for a nonregu la ted  m arket. T here  is no m inim um  bid  un it. T h a t is, an  allowable b id  is for any 

q u an tity  g rea ter th a n  th e  m inim um  lot size w ith  no re str ic tio n  on th e  num ber of decim al places 

in  th e  bids.

3 .2 .2  P a r t ic ip a t io n  o f  P r o d u c e r s

P roducers will only sell F  co n trac ts  in  th e  auc tion  and  m ust com m it to  th e  q u an tity  supplied  

before th e  auc tion  s ta rts . P rio r to  each auction , each p roducer will announce th e  q u an tity  of 

each ty p e  of firm  co n trac t, d ifferen tiated  by field and  d u ra tio n , th a t  it is w illing to  supply, and  

th e  m inim um  price it is w illing to  accept for each co n trac t ty p e  (reserve p rice).6 E ach  p roducer 

is free to  decide before th e  auc tion  how to  split its  to ta l  q u an tity  of firm  co n trac ts  by du ra tio n ,

B C o n su lta n cy  fo r  s ta n d a rd iz in g  th e  co n tra c ts  f o r  su p p ly  a n d  p ip e lin e  tra n sp o r ta tio n  o f  n a tu ra l gas in  C olom bia , 
A u c tio n o n m ic s  a n d  F T I  C o n su ltin g .

6D o m in a n t o r re g u la te d  p ro d u c e rs ’ re serv e  p rice s  m ay  b e  s u b je c t  to  re g u la tio n  o r  a p p ro v a l by  th e  C R E G . S ince 
p ro d u c e rs  h av e  u se d  th e  re g u la te d  G u a j ir a  p rice  to  se t th e ir  re se rv e  p rice s  in  th e  p a s t ,  one  p o ss ib ility  w o u ld  b e  
to  c o n tin u e  to  u se  th is  b e n c h m a rk , fo r e x am p le  by  s e t t in g  re se rv e  p rice s  e q u a l to  a P  w h e re  a  <  1 a n d  P  is th e  
r e g u la te d  G u a j ir a  p rice .
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Figure 2: Supply C urve for Single P ro d u c t

w ith  no requirem ent th a t  q u an tity  be offered for b o th  one-year and  five-year con tracts , or in  

any p a rtic u la r  proportion .

A ssum ing th a t  p roducers are free to  set th e ir own reserve prices, th en  (in our view) a single 

reserve price should be  set for each p ro d u c t for an  ind iv idual seller. D ifferent p roducers offer­

ing th e  sam e p ro d u c t from  a given field m ight set different reserve prices, however. F igure 2 

illu s tra te s  this.

In  F igure 2, one p roducer offers 100 u n its  of a p a rtic u la r  co n trac t (e.g. a one-year F  co n trac t 

from  C usiana) a t a reserve price of $4. A second p roducer offers an  add itional 30 u n its  of th e  

sam e co n trac t a t a reserve price of $7. T he aggregate supply  curve for th a t  co n trac t is th u s  an  

upw ard-sloping step  function . However each p roducer is lim ited  to  a single reserve price for its 

supply  of each ty p e  of con tract.

P r o d u c e r  sw a p  b id s P roducers who have pre-sold C F  co n trac ts  (e.g. to  Venezuela) will 

be able to  offer th e  equivalent of "option" co n trac ts  in  th e  auctions, i.e. to  sell gas w hen th e  

spot m arke t price for electricity  exceeds th e  reg u la ted  "scarcity  price" and  hence th ey  do no t 

have to  deliver gas u n d er th e ir  C F  con tracts. A p roducer w ishing to  sell a q u an tity  x  of one 

ty p e  of op tion  co n trac t in  th e  auc tion  (specifying field and  d u ra tio n ), can  do so by using an  

equivalent "swap" bid, sim ilar to  those described  for gas-fired pow er p lan ts  im m ediately  below. 

Specifically, th e  p roducer com m its to  sell a q u an tity  x  of one ty p e  of F  co n trac t (specifying field 

and  d u ra tio n ) before th e  auc tion  and  then , du ring  th e  auction , it buys an  equal q u an tity  x  of 

e ith er F  co n trac ts  or C F con tracts , or b o th , from  th e  sam e field and  of equal d u ra tio n  as th e  F 

co n trac t th a t  it com m itted  to  sell.
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Notice th a t,  by selling an  F  co n trac t and  buying  a C F co n trac t, th e  p roducer is ac tua lly  

selling an  "option" co n trac t in  th e  auction , a t a price equal to  th e  difference betw een th e  price 

of F  co n trac t and  th e  price of C F  con tract. By co n tra s t, if th e  p roducer buys F  co n trac ts  in  

th e  auction , it reduces its  supply  of o p tion  con tracts , w hich it m ay w ant to  do if C F  con trac ts  

becom e too  expensive com pared  to  F  co n trac ts .7

E x a m p le  C onsider a h y p o th e tica l p roducer who has a to ta l  firm  p ro d u c tio n  available of 

400 G B T U D s and  sells 100 G B T U D s in C F  co n trac ts  to  V enezuela before auction. T he p roducer 

th en  has 300 G B T U D s available in  F  co n trac ts  to  place in  th e  auc tion  and  100 G B T U D s in 

O ptions, or "swap" bids. To perform  th e  swap bid , th e  p roducer offers to  sell an  add itional 

100 G B T U D s in  F  co n trac ts  and  to  purchase 100 G B T U D s in  C F  con tracts . If successful, 

th e  p roducer will have sold 400 G B T U D s in  F  co n trac ts  in  th e  auction , and  purchased  100 

G B T U D s in  C F con tracts , exactly  as needed to  supply  Venezuela. T his is equivalent to  selling

300 G B T U D s of F  co n trac ts  in  Colom bia; 100 G B TU D s of CD co n trac ts  to  Venezuela; and  100

G B T U D s of options in  Colom bia. A lternatively , th e  p roducer is free to  “b uy  back” up  to  100

G B T U D s in F  co n trac ts  in  th e  auc tion  to  cancel th e  tran sac tio n .

3 .2 .3  P a r t ic ip a t io n  o f  G a s-fired  P o w e r  P la n ts

Gas-fired pow er p lan ts  in  th e  in terio r of C olom bia purchase large q u an titie s  of firm  gas con trac ts  

in  order to  p a r tic ip a te  in  th e  electricity  firm  energy m arket and  receive "reliability" paym ents. 

T h eir dem and  for firm  gas am ounts to  possibly 45% of th e  to ta l  available supply  of gas in  

Colom bia, and  th is  gas m ust be  resold by pow er p lan ts  to  o th er consum ers in  C onditional F irm  

or o th er form s of in te rru p tib le  or sh o rt-te rm  con tracts. Hence th e  gas-fired power p lan ts  w ould 

benefit from  being  able to  m ake th e ir  purchases of F irm  co n trac ts  in  th e  auctions contingent 

u p o n  selling equal q u an titie s  of C onditional F irm  con tracts , to  avoid "execution risk".

In  o rder to  achieve th is, gas-fired pow er p lan ts  will be able to  p a r tic ip a te  in  th e  auctions as 

b o th  buyers and  sellers, offering to  purchase F irm  co n trac ts  from  producers w hilst sim ultaneously  

offering to  sell C onditional F irm  co n trac ts  in  a "swap" b id .8 Specifically, before each auction , a 

pow er p lan t can  com m it to  sell a q u an tity  x  of one ty p e  of C onditional F irm  co n trac t (specifying 

field and  d u ra tio n ) and  then , during  th e  auction , to  purchase an  equal q u an tity  x  (or g reater) of 

e ith er F irm  co n trac ts  or C onditional F irm  con tracts , or b o th , from  th e  sam e field and  of equal 

o r longer d u ra tio n  as th e  C onditional F irm  co n trac t th a t  it has com m itted  to  sell.9

^S p ec ia l " a c tiv ity "  ru le s  fo r th e s e  "sw ap " b id s  a re  d e sc rib e d  in  m o re  d e ta i l  in  A n n e x  A . l  below .
I t  is p o ss ib le  t h a t  o th e r  ty p e s  o f  a g e n ts  m ay  w ish  to  offer "sw ap " b id s  in  th e  a u c tio n s . T h e re  w o u ld  a p p e a r  

to  b e  n o  re a so n  to  p re v e n t th e m  fro m  d o in g  so, a lth o u g h  o u r  d iscu ss io n  fo cu ses o n  g as-fired  p o w er p la n ts .
9 T h e re  is n o  n e ed  fo r p o w er p la n ts  to  sp ec ify  re se rv e  p rice s  fo r th e  c o n d itio n a l firm  th e y  offer s ince  th e y  w ill 

b e  ab le  to  " b u y  b ack "  a ll o r  p a r t  o f  th e  q u a n ti ty  o f c o n d itio n a l firm  offered  d u r in g  th e  au c tio n .
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T he pow er p lan t decides w hich ty p e  of co n trac t to  b uy  in  th e  auc tion  depend ing  on th e  

re la tive prices of th e  two co n trac t types. If: (i) th e  pow er p lan t purchases x  C ond itional F irm  

co n trac ts  du ring  th e  auction , th e n  th e  tran sa c tio n  cancels ou t w ith  th e  com m itm ent to  sell 

C onditional F irm  con tracts , and  th e  pow er p la n t’s net supply  of C onditional F irm  con trac ts  

is 0 (a lthough  th e  pow er p lan t can  still buy  an  ad d itio n a l q u an tity  of F irm  gas con tracts , of 

course); or (ii) if th e  power p lan t buys x or m ore F irm  co n trac ts  (and does no t b uy  C onditional 

F irm  co n trac ts), th en  it perform s th e  in ten d ed  tran sa c tio n  of buying  x  F irm  co n trac ts  and  

sim ultaneously  selling x C onditional F irm  co n tra c ts .10

N otice th a t  th e  tran sa c tio n  of buy ing  F irm  and  sim ultaneously  selling C onditional F irm  

co n trac ts  is equivalent to  buying  an  "option" th a t  allows th e  pow er p lan t to  o b ta in  gas w hen 

th e  spo t m arke t price for elec tricity  exceeds th e  regu la ted  "scarcity  price". T he price of th e  

"option" is equal to  th e  difference betw een th e  price of F irm  co n trac ts  purchased  and  th e  price 

of C onditional F irm  co n trac ts  sold.

Notice also th a t  th e  com m itm ent to  sell C onditional F irm  co n trac ts  does n o t im pose any 

real re s tra in t to  a b id d e r’s s tra teg y  in  th e  auction . For exam ple, suppose th a t  a pow er p lan t 

does no t w ant to  buy  F irm  co n trac ts  if th ey  are m ore expensive th a n  a price P,  regardless of 

th e  price a t w hich it can  sell C onditional F irm  con tracts. T h en  th e  pow er p lan t sim ply has to  

buy  x  C ond itional F irm  co n trac ts  in  th e  auc tion  if th e  price of F irm  con trac ts  is above P  (which 

is perfectly  consisten t w ith  su b s titu te  preferences), and  hence cancel its  com m itm ent to  sell x 

C onditional F irm  co n trac ts  before th e  auction.

3 .2 .4  In fo r m a tio n  P o lic y  a n d  P r ic e  In c r e m e n ts

Before each auction , th e  auctioneer will announce th e  to ta l  supply  of each p ro d u c t offered for 

sale and  th e ir  reserve prices (if any). If p roducers choose different reserve prices for a p roduc t, 

th e  auc tioneer ac tua lly  announces a w eakly increasing supply  curve for th a t  p ro d u c t. A t th e  

end of every round  of th e  auc tion  th e  auctioneer will report:

•  th e  excess d em and  for each p roduc t; and

•  th e  prices of all p ro d u c ts  for th e  nex t round , determ ined  by th e  ex ten t of excess d em an d .11

T he price increm ent betw een rounds for each p ro d u c t is determ ined  by th e  auctioneer ac­

cording to  th e  am oun t of excess dem and  on  th e  co n trac t, possibly tak in g  account of th e  overall 

level of excess dem and. P rice increm ents should becom e sm aller as th e  auc tion  proceeds as 

excess dem and  decreases.

10T h e  " a c tiv ity "  ru le s  fo r th e se  sw ap  b id s  a re  d e sc rib e d  in  m o re  d e ta i l  in  A n n e x  A .2 below .
11 A d d it io n a l  in fo rm a tio n  a b o u t  in d iv id u a l b id d e rs ’ d e m a n d  m ay  a lso  b e  a n n o u n c e d  to  fa c i li ta te  p rice  d iscovery . 

H ow ever, m o re  in fo rm a tio n  a lso  fa c i li ta te s  c o o rd in a tio n  a m o n g  b id d e rs  a n d  co llu sion .
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3 .2 .5  A u c t io n  A c t iv ity  R u le

B ecause b id d ers’ dem ands for one co n trac t will typ ically  depend  on th e  prices of o th er con tracts, 

to  ensure an  efficient allocation  it is essential to  allow b idders to  “sw itch” th e ir  dem ands betw een 

th e  different con trac ts  du rin g  th e  auc tion  as prices change. For exam ple, w hen th e  price of one 

co n trac t increases com pared  to  price of an o th er co n trac t, a b id d er m ay w ant to  reduce its 

dem and  on th e  first co n trac t and  increase its  dem and  on  th e  second. T he auc tion  m echanism  

should allow bidders to  do th is. Sw itching dem and  w hen re la tive prices change is n a tu ra l w hen 

co n trac ts  are  su b stitu tes , as it is a rguab ly  th e  case w ith  different types of gas supply  con trac ts  

covering different periods of tim e a n d /o r  delivered a t different locations.

Sw itching dem and  betw een th e  different co n trac ts  on sale will be allowed sub ject to  an  

“ac tiv ity  ru le” th a t  controls a b id d e r’s eligibility to  m ake new  bids on  th e  various con trac ts  

during  th e  auction . T he ac tiv ity  rule creates pressure on b idders to  b id  actively  from  th e  s ta r t 

of th e  auc tion  in  a way th a t  is consisten t w ith  th e  b id d e r’s tru e  preferences (e.g., avoiding 

“sniping” ) ,12 th u s increasing th e  pace of th e  auc tion  and  th e  am oun t of in fo rm ation  available 

to  b idders during  th e  auction.

T he ac tiv ity  ru le  requires th a t  a b idder canno t increase th e  to ta l  q u an tity  dem anded  as prices 

rise: each b idder m ust b id  a (weakly) dow nw ard sloping aggregate d em and  curve th ro u g h o u t 

th e  au c tio n  (see A ctiv ity  R ule 1 in  th e  A ppendix). T his ac tiv ity  ru le  im poses no restr ic tio n  on 

th e  ab ility  of th e  b idder to  a rb itrag e  across th e  co n trac ts  since th e  re s tr ic tio n  is w ith  respect to  

th e  aggregate q u an tity  dem anded , n o t th e  q u an tity  for any ind iv idual con tract. Hence, a b idder 

can  sw itch dem and  betw een co n trac ts  from  one round  to  th e  o ther, so long as th e  to ta l  q u an tity  

it dem ands does no t increase (subject to  th e  rules to  elim inate excess supply  and  th e  activ ity  

rules for sw ap bids th a t  are described below).

E x a m p le  C onsider a b idder th a t  in  one round  bids for 1500 M B TU D s of gas con tracts , say 

for 1000 M B T U D s 1-year F irm  co n trac ts  from  G u a jira  and  500 M B TU D s 5-year C onditional 

F irm  co n trac ts  from  C usiana. In  th e  nex t round , th e  b idders can  b id  for a to ta l  of 1500 M B TU D s 

or less of any ty p e  of gas co n trac t from  any field. So, for exam ple, th e  b idder can  b id  for 

1250 M B T U D s 5-year F irm  co n trac ts  from  G u a jira  and  250 M B T U D s 5-year C onditional F irm  

co n trac ts  from  C usiana. B u t, for exam ple, th e  b id d er canno t b id  for 1600 M B TU D s 5-year 

C onditional F irm  co n trac ts  from  C usiana.

12 S n ip in g  c o n s is ts  in  a  b id d e r  o n ly  b id d in g  a t  th e  v e ry  e n d  o f th e  a u c tio n  fo r th e  g o o d s  it  is in te re s te d  in , in 
o rd e r  to  fo reclose  c o m p e tin g  b id s  a n d /o r  to  avo id  re v ea lin g  in fo rm a tio n  a b o u t  i ts  t r u e  in te n tio n  a n d  v a lu a tio n s .
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3 .2 .6  R u le  to  E lim in a te  E x c e s s  S u p p ly

Sw itching or dem and  reductions m eans th a t  it is possible for a co n trac t to  go from  excess dem and  

to  excess supply. A lthough  th e  possib ility  of sw itching d em and  is essential to  ensure an  efficient 

a lloca tion  w ith  su b s titu te  con tracts, it m ay lead th e  auc tion  to  te rm in a te  w ith  excess supply. 

T his m ay happen , for exam ple, w hen a b idder sw itches d em and  away from  a co n trac t or reduces 

dem and  on th a t  co n trac t a t th e  end of th e  auction , th u s causing to ta l  dem and  on th a t  co n trac t 

to  be lower th a n  supply.

A so lu tion  is to  allow b idders to  sw itch or reduce dem and  on a co n trac t only up  to  th e  

po in t a t w hich dem and  equals supply  for th a t  co n trac t (as suggested by C ram ton , 2008). In  

th is  case: (i) a red u ctio n  in  th e  q u an tity  dem anded  of a co n trac t is only accepted  up  to  th e  

po in t w here dem and  equals supply  for th a t  co n trac t and  (ii) sw itches are sim ilarly  re s tr ic ted  to  

prevent excess supply. (See A ctiv ity  R ule 4 in  th e  A ppendix .)

W hen  m ore th a n  one b idder wishes to  reduce dem and  or sw itch away from  a co n trac t in  

one round, w ith  th e  resu lt th a t  in  aggregate dem and  is less th a n  supply, th e n  each b id d e r’s 

dem and  red u ctio n  will be allowed in  p ro p o rtio n  to  its size. For exam ple, if in  one round  b idder 

A a tte m p ts  to  reduce dem and  by 100 M B T U D s and  b id d er B is by 50 M B TU D s, b u t th e  cu rren t 

excess supply  is only 75 M B TU D s, th en  b id d er A is allowed to  reduce dem and  by 50 M B TU D s 

only and  b id d er B is allowed to  reduce dem and  by 25 M B TU D s only, so th a t  th e  excess supply  

is reduced  to  0.

W ith  these restric tions, once a co n trac t has excess dem and, it is gu aran teed  th a t  th e  con­

t r a c t ’s full q u an tity  will be sold.

In tra r o u n d  b id d in g : A re la ted  problem  is th a t ,  because th e  price increm ents betw een rounds

are discrete , in  th e  ascending auc tion  th e  price of a co n trac t m ay increase above its  m arket- 

clearing level, th u s  causing th e  auc tion  to  te rm in a te  w ith  excess supply. T he risk of generating  

excess supply  due to  d iscre te  price increm ents can  be (partia lly ) solved by using "in tra round" 

bids, w hich allows b idders to  express th e ir  dem ands for each co n trac t a t each price betw een th e  

sta rt-o f-ro u n d  price and  th e  end-of-round price chosen by th e  auctioneer, in  any round  (A usubel 

and  C ram ton , 2004). In tra ro u n d  b idding  is an  effective m eth o d  for a b idder who w ants to  reduce 

its  dem and  for a co n trac t to  ind ica te  th e  precise price a t w hich it is w illing to  do so, and  hence it 

is indifferent betw een doing it or no t. If  th is  red u ctio n  causes th e  em ergence of excess supply  for 

th e  co n trac t, th e  auctioneer can  choose an  au c tio n  price equal to  th e  th a t  precise price ind icated  

by th e  b idder, and  ra tio n  th e  b idder so as to  equalize th e  to ta l  dem and  and  supply  for th e  

con tract.

Notice, however, th a t  in tra ro u n d  b idding  is less helpful for a b idder who w ants to  sw itch
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dem and  betw een co n trac ts  (or in  general w hen th e  price a t w hich it w ants to  reduce its  dem and  

for one of th e  co n trac ts  also depends on  th e  prices of o th e r con trac ts). T he reason  is th a t ,  w ith  

in tra ro u n d  bids, a b idder canno t cond ition  its b id  for one of th e  co n trac ts  on  th e  prices of o th er 

con tracts; hence, it can n o t ind ica te  a t w hat precise relative price it w ants to  sw itch dem and, 

and  hence it is indifferent betw een doing it or not.

A no ther sim ilar p a r tia l so lu tion  to  prevent th e  auc tion  from  te rm in a tin g  w ith  excess supply 

due to  d iscre te  price increm ents is for th e  auc tioneer to  reduce th e  c o n tra c ts ’ prices to  th e  levels 

of th e  n ex t-to -las t round  w hen th e  auc tion  te rm in a tes  w ith  excess supply, and  allow bidders 

to  m ake best and  final bids. G iven those  bids, th e  auctioneer can  choose th e  precise co n trac t 

prices th a t  equalize supply  and  dem and. Basically, th is  is equivalent to  allowing b idders to  m ake 

in tra ro u n d  bids only in  th e  las t round  of th e  auction.

We are n o t necessarily  recom m ending th e  in tro d u c tio n  of in tra ro u n d  b idd ing  for th e  Colom ­

b ian  gas co n trac t auctions.

3 .2 .7  A u c t io n  T e r m in a tio n , C o n tr a c t  A llo c a t io n  an d  R a t io n in g

A u c t io n  T e r m in a tio n  R u les: T he auc tion  te rm in a tes  w hen th ere  is no excess dem and  on

any p roduc t. E ach  w inning b idder is aw arded a q u an tity  of each co n trac t equal to  its  dem and  

a t th e  closing auc tion  prices, and  pays th e  auc tion  price for each co n trac t aw arded. T he only 

exception  to  th is  is, because of th e  ru le  to  e lim inate excess supply, m arg ina l b idders m ay be 

ra tio n ed  a t th e  final auc tion  prices.

E x c e ss  S u p p ly  R u le s:  T he auc tion  m ay end w ith  excess supply  for some or all p roducts.

T his can  occur if: (i) th e re  is excess supply  on ind iv idual p ro d u c ts  from  th e  beginning of auction , 

b u t excess dem and  in  aggregate; or (ii) th e re  is excess supply  in  aggregate from  th e  beginning 

of auc tion  (a lthough  som e p ro d u c ts  m ay be in  excess dem and  w hen th e  auc tion  opens).

If all p ro d u c ts  are  in  excess supply  w hen th e  auc tion  opens, th en  con trac ts  are aw arded a t 

th e ir  reserve prices and  d em and  alloca ted  to  producers in  p ro p o rtio n  to  th e ir offers to  supply .13 

If some p ro d u c ts  are in  excess dem and  and  o thers in  excess supply  w hen th e  auc tion  opens, th en  

th e  auc tion  proceeds as norm al, increasing th e  prices of p ro d u c ts  in  excess dem and  u n til th e  

excess dem and  is e lim inated. P ro d u c ts  th a t  rem ain  in  excess supply  u n til th e  end of th e  auc tion  

are sold a t th e ir  reserve prices, w ith  d em and  allocated  to  p roducers in  p ro p o rtio n  to  th e ir  offers 

to  supply.

In  cases (ii), price increm ents for p ro d u c ts  in  excess dem and  should be m in im al to  allow 

bidders and  o p p o rtu n ity  to  sw itch dem and  to  p ro d u c ts  in  excess supply.

13F o r e x am p le , if  P ro d u c e r  1 offers 100 u n i ts  o f a  p ro d u c t  a n d  P ro d u c e r  2 50 u n its ,  a n d  d e m a n d  is 100, th e n  
P ro d u c e r  1 w ill b e  a llo c a te d  66 .67 u n i ts  a n d  P ro d u c e r  2 33.33 u n i ts  a t  th e  re se rv e  prices.
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P o s t -A u c t io n  C o n tr a c t  A llo c a t io n  R u les: T he auc tion  p ro d u c ts  will n o t specify th e  seller

of each con tract. A t th e  end  of each auction , successful buyers will be  aw arded con trac ts  from  

p a rtic u la r  sellers in  a m an n er w hich m inim izes th e  num ber of ind iv idual con trac ts  aw arded .14

4  C o n c lu s io n s

We have described  th e  rules and  procedures for im plem enting  a sim ultaneous ascending clock 

auc tion  for long-term  gas supply  co n trac ts  in  Colom bia. T he auc tion  design proposed  is s tan d a rd  

except for th e  inclusion of two types of "swap" bids for gas-fired pow er p lan ts  and  for producers. 

Allowing gas-fired pow er p lan ts  to  purchase F irm  co n trac ts  and  sim ultaneously  sell C onditional 

F irm  co n trac ts  in  th e  auctions is im p o rtan t for two reasons: (i) it m itiga tes th e  risk for pow er 

p lan ts  of purchasing  F irm  co n trac ts  before knowing e ith e r th e  q u an tity  of C onditional F irm  

co n trac ts  w hich will be dem anded, or a t w ha t price; and  (ii) it  allows o th e r buyers, such as 

d is trib u to rs  and  in d u stria l custom ers, to  see th e  price of C onditional F irm  co n trac ts  in  th e  

auc tion  and  su b s titu te  betw een  C onditional F irm  and  F irm  co n trac ts  accordingly.

If p roducers have sold q u an titie s  of C onditional F irm  co n trac ts  before th e  auction , it is also 

efficient to  allow th em  th e  o p p o rtu n ity  to  sell th e  equivalent q u an titie s  of "option" con trac ts  

in  th e  auction . We propose to  accom m odate th is  by allowing p roducers to  perform  a ty p e  of 

"swap" b id  sim ilar to  th a t  suggested for gas-fired power p lan ts. T he reason  for th is  is th a t  

in troducing  op tion  co n trac ts  in  th e  auctions creates com binations of p ro d u c ts  w hich are perfect 

su b s titu te s  for o th er p ro d u c ts , and  in troduces com plem entarities. For exam ple, from  th e  po in t 

of view of a d is trib u to r, purchasing  a C onditional F irm  co n trac t plus an  o p tion  is equivalent to  

purchasing  a F irm  con tract. Similarly, from  th e  po in t of view of a pow er p lan t, purchasing  an  

o p tion  is equivalent to  buy ing  a F irm  co n trac t and  selling a C onditional F irm  con tract. In  b o th  

cases, since we have crea ted  perfect su b stitu tes , we w ould expect large m ovem ents of dem and  

away from  some p ro d u c ts  and  tow ards o thers on th e  basis of infin itesim al price differentials. 

We would also have in troduced  com plem ents in  th e  auc tion  since, for a b id d er who wishes to  

purchase firm  gas, C onditional F irm  co n trac ts  and  options are perfect com plem ents. As no ted  

in  our previous rep o rt, auctions work b est if th e  p ro d u c ts  offered are su b s titu te s  from  th e  po in t 

of view of th e  buyers. M arket-clearing prices m ay no t exist w hen goods are no t su b stitu tes , or 

th e re  m ay be m ultip le, unrankab le  equilibria (see M ilgrom  2007; K lem perer 2010).

14 C ra m to n  (2008) p ro p o se d  t h a t  a n y  b u y e r  o f a  p ro d u c t  w o u ld  w in  q u a n ti ty  fro m  a ll p ro d u c e rs  in  p ro p o r t io n  to  
th e  q u a n ti ty  o ffered  b y  each  seller. H ow ever, th is  c o u ld  re su lt  in  a  v e ry  sm a ll p u rc h a se r  n e ed in g  to  sig n  c o n tra c ts  
w ith  tw o  o r m o re  p ro d u c e rs  in  a  g iven  field  (a n d  su b se q u e n tly  n o m in a tin g  gas fro m  m u ltip le  p ro d u c e rs  each  d ay ). 
I t  th e re fo re  a p p e a rs  p re fe ra b le  to  assig n  b u y e rs  to  p ro d u c e rs  in  a  m a n n e r  w h ich  m in im izes th e  n u m b e r  o f c o n tra c ts  
s ig n ed  by  each  p u rc h a se r .
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A  A c t iv i t y  R u le s  for  S w a p  B id s  

A . l  P r o d u c e r s ’ S w ap  B id s

P roducers who w ant to  sell o p tion  co n trac ts  of a p a rtic u la r  ty p e  (specifying field and  du ra tio n ) 

are allowed to  buy  e ith er F irm  or C onditional F irm  co n trac ts  of th e  sam e ty p e  during  th e  

auction , b u t only u p  to  th e  q u an tity  of op tion  co n trac ts  th a t  th ey  have offered to  sell —  i.e., 

only up  to  th e  q u an tity  of C onditional F irm  co n trac ts  sold to  Venezuela p rio r to  th e  auction. 

T his is to  prevent p roducers from  using th e  possib ility  of a swap b id  to  stra teg ically  reduce th e  

supply  of gas and  create  scarcity, by buy ing  back th e  F irm  co n trac ts  th a t  th ey  com m itted  to  

sell.

W hen  a p roducer ind icates th a t  it w ants to  sell a q u an tity  x  of a p a r tic u la r  ty p e  of op tion  

co n trac ts  before th e  auction , during  th e  auc tion  its  to ta l  d em and  for F irm  and  C onditional 

F irm  co n trac ts  from  th e  sam e field and  of equal d u ra tio n  is constra ined  to  be  exactly  equal to  

x. Specifically, let S q (/, d) be th e  q u an tity  of o p tion  co n trac ts  from  field /  and  of d u ra tio n  d 

th a t  th e  p roducer w ants to  sell. Let ( / ,  d) be th e  q u an tity  of F irm  co n trac ts  from  field /  

and  of d u ra tio n  d th a t  th e  producers dem ands in  round  t of th e  auction , and  let D^p  ( / ,  d) be 

th e  q u an tity  of C onditional F irm  co n trac ts  from  field /  and  of d u ra tio n  d th a t  th e  p roducers 

dem ands in  round  t  of th e  auction. In  any au c tio n  round  t, it m ust be th a t

D p  ( f , d )  + D q p  ( f , d )  =  S q ( f , d ) .

A .2 P o w er P la n ts ’ Sw ap  B id s

A n ad d itio n a l ac tiv ity  ru le is necessary to  ensure th a t  a pow er p lan t who w ants to  perform  a 

swap b id  for F irm  and  C onditional F irm  co n trac ts  does no t end u p  selling C onditional F irm  

co n trac ts  th a t  it does no t own (because of its  com m itm ent before th e  auction). Therefore, w hen 

a power p lan t com m its to  sell a q u an tity  x  of one ty p e  of C onditional F irm  con trac ts  before th e  

auction , during  th e  au c tio n  its  to ta l  dem and  for F irm  and  C onditional F irm  co n trac ts  from  th e  

sam e field and  of equal or longer d u ra tio n  is constra ined  to  be g rea ter th a n  or equal to  x.

Specifically, let S q f  ( f ,  d) be th e  q u an tity  of C onditional F irm  co n trac ts  from  field /  and  of 

d u ra tio n  d  th a t  th e  pow er p lan t com m its to  sell before th e  auction . L et ( / ,  Z) be th e  q u an tity  

of F irm  co n trac ts  from  field /  and  of d u ra tio n  I th a t  th e  pow er p lan t dem ands in  round  t  of th e  

auction , and  let D q F ( / ,  I) be th e  q u an tity  of C onditional F irm  co n trac ts  from  field /  and  of 

d u ra tio n  I th a t  th e  power p lan t dem ands in  round  t  of th e  auction . It m ust be  th a t

[D'p ( / ,  I) +  D ^ p  ( / ,  I)] > S CF ( / ,  d) , Vi.

O f course, th is  rule re s tra in s  a pow er p la n t’s ab ility  to  sw itch dem and  betw een co n trac ts  and  

reduce dem and  on ce rta in  co n trac ts  du rin g  th e  auction.
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B  A u c t io n  " R u leb o o k "

C o n tra c ts :  Before th e  s ta r t  of th e  auc tion  th e  auctioneer announces th e  co n trac ts  on sale in

th e  auction , d istingu ished  by ty p e  T  (T =  F ,C F ), d u ra tio n  (d) and  field ( / ) .

S u p p ly : Before th e  s ta r t  of th e  auc tion

•  E ach p roducer rep o rts  to  th e  auctioneer th e  q u an tity  of each F  co n trac t th a t  it is willing to  

supply, d istingu ished  by d u ra tio n  (d) and  field ( / ) ,  and  th e  reserve price for each con tract. 

Let Spi  (/, d) be th e  q u an tity  of F  co n trac ts  from  field /  and  of d u ra tio n  d offered by 

p roducer i (which also includes th e  q u an tity  of F  co n trac ts  th a t  th e  p roducer supplies in  

order to  perform  a swap b id  —  i.e., its  supply  of o p tion  con tracts). Let ( f , d)  be th e  

reserve price for th e  F  co n trac ts  from  field /  and  of d u ra tio n  d supplied  by p roducer i.

Therefore, th e  to ta l  supply  of F  co n trac ts  from  field /  by p roducer i is

S f í  ( f )  =  Y , d SFi ( M ’

and  th e  to ta l  aggregate supply  of F  co n trac ts  from  field /  is

•  E ach p roducer also rep o rts  th e  q u an tity  of each op tion  co n trac t th a t  it is w illing to  sell. 

Let Sqí  ( / ,  d) be th e  m axim um  q u an tity  of o p tion  co n trac ts  from  field /  and  of d u ra tio n  d 

th a t  p roducer i is w illing to  sell. Sqí  ( / ,  d) m ust be  equal to  th e  q u an tity  of C F con trac ts  

from  field /  and  of d u ra tio n  d th a t  p roducer i sold to  Venezuela; and  it m ust be  th a t

Soi  t f , d )  < S Fi ( f , d) .

•  E ach power p lan t rep o rts  to  th e  auc tioneer th e  q u an tity  of each C F  co n trac t th a t  it is 

w illing to  supply, d istingu ished  by d u ra tio n  (d) and  field ( / ) .  L et ScFi ( f j d )  be th e  

q u an tity  of C F  co n trac ts  from  field /  and  of d u ra tio n  d supplied  by pow er p lan t i.

•  T he auc tioneer announces th e  to ta l  supply  of each co n trac t on sale and  th e  corresponding 

reserve prices.

Let

S F ( f , d)  = Y , . S Fi ( f , d )

be th e  to ta l  supply  of F  co n trac ts  from  field /  and  of d u ra tio n  d, ignoring reserve prices. 

In  general, if p roducers choose different reserve prices for identical con tracts , th e n  th e
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aggregate to ta l  supply  function  of F  co n trac ts  from  field /  and  of d u ra tio n  d depends on 

th e  auc tion  price p of th a t  co n trac t and  is equal to

( 0 i i p  < r F1 (/, d)

S p  (f ,  d,p) = <

E^Ti1 s Ft (/, d)

S f i  (/, d) if rF1 ( / ,  d) < p  < rF2 (/, d)
S f i  (/, d) + S F2 (/, d) if rF2 (/, d) < p  < rF3 (/, d)

if rFn- i  ( / ,  d) < p  < rFn (/, d) 
if rFn (/, d) < p, T d = l S F i ( f , d )

w here 1, n  ind icates th e  p roducer w ith  th e  lowest, h ighest reserve price. 

Let

s c f  ( f , d )  =  y ^ . s CFi ( f , d )
¿— ¿i

be th e  to ta l  supply  of C F  co n trac ts  from  field /  and  of d u ra tio n  d.

A u c t io n  S ta r t in g  P r ic e s: Before th e  s ta r t  of th e  auction , th e  auctioneer announces th e

s ta rtin g  price of each co n trac t w hich is equal to  th e  lowest reserve price for th a t  con tract.

D e m a n d /B id s :  In  each round  of th e  auction , each b id d er rep o rts  to  th e  auc tioneer its  dem and

for each co n trac t a t th e  cu rren t auc tion  prices. P roducers can  b id  for F  and  C F  co n trac ts  from  

field /  and  of d u ra tio n  d only if th ey  are supplying o p tion  co n trac ts  from  field /  and  of d u ra tio n  

d. O th er b idders can  bid  for any co n trac t th ey  are willing to  acquire, sub ject to  th e  activ ity  

rules. Let ■ ( / ,  d) be th e  q u an tity  of co n trac ts  of ty p e  T  from  field /  and  of d u ra tio n  d th a t  

b id d er j  dem ands in  round  t of th e  auction.

A c t iv it y  R u les: B idders’ dem ands are sub ject to  th e  following ac tiv ity  rules.

A c t iv ity  R u le  1 (D ecreas ing  D e m a n d )  For every b idder j  and  for every round  t, it 

m ust be th a t

E /  E rf iDh  (/>d) + dcf3 (/>d)] ^ E rf î 1 (•/>d) + Dtch (/>d)/ ■

A c t iv ity  R u le  2 ( P r o d u c e r s ’ S w a p  B i d )  For every p roducer j ,  every co n trac t (from 

field /  and  of d u ra tio n  d) and  every round  t, it m ust be th a t

Dpj  ( f , d)  + D FFj ( f , d)  = So j  ( f , d ) .

A c t iv ity  R u le  3 ( P o w e r  P l a n t s ’ S w a p  B i d )  For every power p lan t j ,  every co n trac t 

and  every round  t, it m ust be  th a t

[D^j  ( f , l )  + Dc Fj  (/) 0] ^ ScFj  ( f , d ) .
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A c t iv ity  R u le  4  ( N o  Excess  Supp ly )  If  in  round  t bidder i w ants to  reduce its  dem and  

for a co n trac t of ty p e  T  (from  field /  and  of d u ra tio n  d) from  DÍj^1 ( / ,  d) to  K  (e ither because 

b id d er i w ants to  w ithd raw  dem and  or because it w ants to  sw itch dem and) b u t15

K  + ^ T j  ( f>d)  <  ( f , d ) ,

th en  b id d er i ’s dem and  for co n trac t T  (from  field /  and  of d u ra tio n  d) in  round  t  is constra ined  

to  be equal to

( / ,  d) =  ¿ 4  ( / ,  d) -  Dpj  ( / ,  d ) .

If in  round  t  m ore th a n  one b id d er w ants to  reduce d em and  for th e  sam e co n trac t of ty p e  

T  (from  field /  and  of d u ra tio n  d) b u t th is  w ould generate  excess supply  for th a t  con tract, 

those b id d ers’ dem and  reductions are ra tio n ed  so as to  prevent th e  em ergence of excess supply. 

Specifically, let Q be th e  set of b idders who w ant to  reduce dem and , and  let DRÍr i  ( / ,  d) be 

th e  am oun t of dem and  red u ctio n  requested  by b id d er i £ Q —  i.e., b idder i is requesting  to  

reduce its  d em and  to  ( / ,  d) — D R ^  ( / ,  d). T h en  each b idder i G II is only allowed to  reduce

dem and  by

f c i e n  ^  ( / ’ d) + £ k * n  ^  ( / ’ d) ~ ^  ( / ’ d))  '

In  o th e r words, b idder i ’s dem and  for co n trac t T  (from  field /  and  of d u ra tio n  d) in  round  t  is 

constra ined  to  be  equal to

d ‘t¡ (/, a  ^  D 'f/ (/. ( ] T en (/. ci) + Y . ktn A »  (/. <0 -  ^  (/. <0),

so th a t  th e  aggregate dem and  for co n trac t T  (from  field /  and  of d u ra tio n  d) in  round  t  is equal 

to

£ ¡ e n D I < < M  +  £ * n D h ( / , < ¡ )  =  sS -(/,<*)•

Inform ation: A t th e  end  of every round  of th e  auction , th e  auctioneer reports: (i) th e  excess

dem and  for each co n trac t —  i.e., for a co n trac t of ty p e  T  from  field /  and  of d u ra tio n  d,

ST( f ,  d) d);f ¿1,

and  (ii) th e  new prices of all p ro d u c ts  for th e  following round, w ith  price increm ents determ ined  

by th e  ex ten t of excess dem and  for each p ro d u c t possib ly  tak in g  account of th e  overall level of 

excess dem and..

1BW h e n  p ro d u c e rs  choose  d iffe ren t re se rv e  p rice s  fo r id e n tic a l c o n tra c ts ,  th e  su p p ly  o f a  c o n tra c t  o f ty p e  T  
d e p e n d s  o n  th e  a u c tio n  p rice  o f  th e  c o n tra c t  in  th e  c u r re n t  ro u n d  t ,  say  p f r i f . d ) .  F o r sim p lic ity , w e define
S tT { f , d )  =  S T ( f , d , p tT ( f , d ) ) .
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A u c t io n  T e r m in a tio n  R u le : T he auc tion  te rm in a tes  w hen th ere  is no excess dem and  on

any p ro d u c t —  i.e., in  round  t  w hen

for every co n trac t ty p e  T , field /  and  d u ra tio n  d. E very b id d er i is aw arded a q u an tity  of 

co n trac t ty p e  T  from  field /  and  d u ra tio n  d equal to  DÍri  ( / ,  d) a t  a per-co n trac t price equal to  

th e  auc tion  price of th a t  co n trac t in  round  t.

C o n tr a c t  A llo c a t io n  a n d  R a t io n in g  R u les: A t th e  end of th e  auction , successful buyers

will be  aw arded co n trac ts  from  p a rtic u la r  sellers in  a m an n er w hich m inim izes th e  num ber of 

ind iv idual co n trac ts  aw arded. If th e  au c tio n  te rm in a tes  w ith  excess supply  for a co n trac t of ty p e  

T  from  field /  and  d u ra tio n  d, th e n  each p roducer i supplying th a t  co n trac t is ra tioned , so its 

ra tio n ed  supply  ( / ,  d) is given by

s ™ (/) d) =  ^ (/) d)
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