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1 In troduction

The CREG  has commissioned M arket Analysis to  specify th e  conceptual design and  the  

s truc tu re  of n a tu ra l gas auctions to  be im plem ented in Colombia. This pro ject builds on 

previous work for th e  CREG  by C ram ton (2008) and H arbord (2010). The required tasks 

include th e  specification of: (i) th e  p roducts or contracts to  be sold in th e  auctions (Task 

1); (ii) th e  overall conceptual design of th e  auction (Task 2); and  (iii) th e  detailed auction 

rules (Task 3). The la tte r  includes th e  auction bid functions, i.e. th e  dem and and supply 

curves to  be subm itted  by buyers and  sellers in th e  auctions, th e  auction activ ity  rules 

(if any), reserve prices (if any), th e  auction pricing and  allocation mechanism, and  any 

special rules required to  address po ten tia l m arket power issues.

O ur Task 2 report of 8 M ay 2011 described two possible auction designs: a sim ultane­

ous ascending clock auction, sim ilar to  th a t proposed in C ram ton 2008, and a sim ultaneous 

sealed-bid ("assignm ent" or "product-m ix") auction as described in M ilgrom (2009) and 

K lem perer (2010). I t also contained proposals for th e  auction products, frequency, mini­

m um  lot size and  considered whether: (i) th e  p roducts in th e  auctions should distinguish 

gas supplies by location, i.e. specify th e  field from which th e  gas is to  be delivered, or 

w hether all gas offered in th e  auctions could be trea ted  as if it originated in th e  same 

location; and  (ii) w hether gas-fired power p lants or upstream  producers should be able to  

sell gas in th e  p rim ary  auctions in conditional firm contracts or options.

Following our consultations w ith  th e  industry, our Task 3 report of 12 Septem ber 

2011 specified th e  rules for th e  ascending clock auction to  be im plem ented. This report 

sum m arizes th e  results of Tasks 1,2 and 3 of th e  project and specifies th e  rules for the  

auction design to  be im plem ented, following further extensive consultations.

•  Section 2 sum m arizes th e  m ain features of th e  proposed auction design.

•  Section 3 describes th e  auction design and rules in g reater detail.

•  A nnex A describes th e  auction "rulebook".

O ur Task 3 report recom m ended "swap bids" for gas-fired power generators and  pro­

ducers in lieu of trad ing  option contracts in th e  auctions. The reasons for th is were 

described in th a t report and in our subsequent 15 Septem ber presenta tion  to  th e  industry  

in Bogota. In  brief, including b o th  C onditional F irm  and O ption contracts in th e  auc­

tions creates com binations of p roducts which are perfect substitu tes for o ther products,
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and introduces com plem entarities. For exam ple, from th e  point of view of a d istribu­

tor, purchasing a C onditional F irm  contract plus an O ption is equivalent to  purchasing 

a F irm  contract. Similarly, from th e  point of view of a power plan t, purchasing an O p­

tion  is equivalent to  buying a F irm  contract and  selling a C onditional F irm  contract. In 

b o th  cases, since we have created perfect substitu tes, we would expect large movements 

of dem and away from some products and  tow ards o thers on th e  basis of infinitesim al 

price differentials. We would also have introduced com plem ents in th e  auction since, for 

a bidder who wishes to  purchase firm gas, C onditional F irm  contracts and  options are 

perfect com plements. As noted in our previous report, auctions work best if th e  p roducts 

offered are substitu tes  from th e  point of view of th e  buyers. M arket-clearing prices may 

not exist when goods are not substitu tes, or there may be m ultiple, unrankable equilibria 

(see M ilgrom 2007; K lem perer 2010).

An unfo rtunate  consequence of th is auction design decision, however, is th a t it lim its 

producers sales of options (via swap bids) to  th e  am ount of gas sold under Conditional 

F irm  contracts in exports to  Venezuela or elsewhere. In  addition, under th e  new stan d ard ­

ized F irm  and  C onditional F irm  contracts developed by th e  rela ted  consultancy (which 

are essentially 100% take or pay contracts), large am ounts of gas purchased and resold 

by gas-fired power stations will become available in th e  secondary m arket a t zero oppor­

tu n ity  cost. This risks forcing secondary m arket prices down to  unacceptably  low levels 

and creating incentives for inefficient short-term  consum ption, investm ent and  production 

decisions.

In  light of this, we have decided th a t it would be b e tte r  if producers were able to  offer 

th e  entire array  of standard ized  contracts in th e  auctions - i.e. F irm  (F), Conditional F irm  

(CF) and  O ption (O) contracts. To avoid th e  issues described above however, such as the  

creation of perfect substitu tes and com plements, we propose a num ber of new restrictions 

on th e  auctions. F irst, gas-fired power p lan ts will no longer have th e  opportun ity  to  use 

"swap bids" in th e  auctions to  buy F irm  and sell C onditional F irm  con tracts.1 Second, 

all buyers will need to  decide prior to  each auction which contracts they  wish to  bid for: 

specifically buyers will inform th e  auctioneer before each auction w hether they  wish to  

bid for C onditional F irm  or for O ption contracts, bu t no buyer will be able to  purchase 

C onditional F irm  and O ption contracts in th e  same auction.

T he only o ther change to  th e  auction design is to  b e tte r  coordinate auction tim ing to

1 Gas-fired power sta tions will still be able to  purchase Firm  contracts in the  auctions, and resell 
Conditional F irm  contracts in the  secondary m arket on th e  M arket O p era to r’s platform s.
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th e  obligations of power p lan ts in th e  firm energy m arket. Hence we recom m end a change 

in th e  contract s ta rt dates from 1 January  in each relevant year to  1 Decem ber in each 

relevant year.

A final issue which has yet to  be resolved is th e  fixing of one of th e  prices in th e  O ption 

contracts so th a t they  can be sold in auctions. O ption contracts include b o th  a prem ium  

or daily "fee" and a per M BTU D  gas price when th e  option is exercised. Suggestions for 

resolving th is issue are discussed below.

2 Sim ultaneous A scending C lock A u ction  for Gas Sup­
ply Contracts: Sum m ary

Following consultations w ith  th e  industry  it was decided to  develop an ascending clock 

auction design for long-term  gas supply contracts in Colombia. O ur Task 3 report pro­

posed a single, sim ultaneous annual auction in which all fields and producers will be 

able to  partic ipa te , to  allow buyers to  see all th e  options for long-term  gas contracts, 

and to  arb itrage across th e  substitu te  contracts, enhancing price form ation and reducing 

transac tion  costs. The clock auction we propose would have th e  following features:

P r o d u c ts  Standardized F irm  (F), C onditional F irm  (CF) and  O ption (0 )  contracts as 

developed by th e  rela ted  consultancy p ro jec t,2 of one and five year durations w ith 

th e  same s ta rt date  and  w ith  p roducts differentiated by field. T he s ta rt date  of the  

contracts would be approxim ately one year from th e  da te  of th e  auction. There 

was broad  agreem ent in th e  com m ents received from th e  industry  th a t In terrup tib le  

contracts should not be sold in th e  auctions, as they  entail no com m itm ent.3

L ot S ize  A m inim um  lot size of 100 M BTUDs, which is th e  quan tity  threshold  for the  

nonregulated m arket, and no m inim um  bid unit (i.e. an allowable bid is for any 

quan tity  g reater th a n  th e  m inim um  lot size).

P a r tic ip a tio n  o f  P ro d u cer s  Producers will sell F irm , C onditional F irm  and O ption 

contracts in th e  auctions and com m it to  th e  supply of each type of contract th a t 

they  w ant to  offer, differentiated by duration  and  field, and the ir reserve prices if 

any, before th e  auctions begin.

2 Consultancy fo r  standardizing the contracts fo r  supply and pipeline transportation o f natural gas in 
Colombia, Auctiononm ics and  F T I Consulting.

3In terruptib le  contracts can be trad ed  instead on the  M arket O p era to r’s secondary m arket trad ing  
platform s.
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P a r tic ip a tio n  o f  B u y ers  All buyers will be able to  purchase F irm  and Conditional 

F irm  or O ption contracts in th e  auctions. P rio r to  each auction buyers m ust inform 

th e  auctioneer which contracts they  wish to  bid for, b u t no buyer will be able to  

purchase C onditional F irm  and O ption contracts in th e  same auction .T hat is, the  

possible com binations of contracts th a t any buyer m ay bid for in any auction are: 

< F ,C F > , or < F ,0 >  and buyers will inform th e  auctioneer prior to  each auction 

w hether they  will be bidding for C F or 0  contracts.

In fo rm a tio n  an d  P r ic e  In crem en ts  Before each auction, th e  auctioneer will announce 

th e  to ta l supply of each product offered for sale and  the ir reserve prices (if any).4 

At th e  end of every round th e  auctioneer will report: (i) th e  excess dem and for each 

product; and (ii) th e  prices of all p roducts for th e  next round, w ith  price increm ents 

determ ined by th e  ex tent of excess dem and for each product.

A c t iv ity  R u le  Bidders can switch dem and freely during th e  auction between th e  con­

trac ts  they  are allowed to  bid for (subject to  th e  excess supply rule im m ediately 

below), bu t cannot increase to ta l quan tity  dem anded, i.e. dem and can only de­

crease as prices rise.

E x cess  S u p p ly  R u le  If one or more bidders wish to  reduce dem and for a p roduct during 

th e  auction w ith  th e  result th a t th e  p roduct would be in excess supply, reductions 

in dem and for th e  p roduct will be accepted only up to  th e  point where dem and 

equals supply for th a t product.

A u c tio n  T erm in a tio n  R u le  T he auction te rm inates when there  is no excess dem and 

for any product, and  each w inning bidder is aw arded quantities of each contract 

equal to  its current dem and and pays th e  current auction price for each contract 

won (except th a t m arginal bidders m ay be rationed).

C o n tra ct A llo c a tio n  R u les  Since th e  auction p roducts will not specify th e  seller, an 

allocation procedure will be im plem ented after th e  auction to  assign particu la r con­

trac ts  between buyers and  sellers.

No additional rules, such as rules to  deal w ith  situations where buyers m ight be deemed 

to  have m arket power, have been found to  be necessary. T he following section describes 

th e  auction features and  rules in more detail.

4If producers choose different reserve prices for a product, th e  auctioneer announces an  increasing 
supply curve for th a t  product.
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3 A u ction  Features and R ules

3 .1  A u c t io n  F r e q u e n c y , P r o d u c t s  a n d  L o t S iz e

The auctions will be held annually w ith  th e  first auction held in O ctober 2012. T he auction 

p roducts are standard ized  Firm , C onditional F irm  and O ption contracts as developed by 

th e  rela ted  consultancy pro jec t,5 of one-year and five-year durations, w ith  th e  same s ta rt 

date  beginning approxim ately one year after th e  s ta r t of each auction. For exam ple, 

contracts aw arded in an  auction held on 1 O ctober 2012 will all have a s ta rt date  of 1 

Decem ber 2013.

P roducts  are differentiated by field or delivery point (e.g. G uajira , Cusiana, and  La 

Creciente). Hence there will be a t m ost six p roducts offered from each field (two F, two 

C F and  two O contracts), and a t most eighteen products offered in each auction, assum ing 

th e  partic ipa tion  of producers from a t m ost th ree  fields.

T here was broad agreem ent in th e  com m ents received from th e  industry  th a t In ter­

rup tib le  contracts should not be sold in th e  auctions, as they  en tail no com m itm ent.

Since th e  auction contracts or p roducts will not specify th e  producer or seller, a t the  

end of each auction, successful purchasers will be aw arded contracts from particu la r sellers 

in a m anner which minimizes th e  num ber of individual contracts awarded.

T he m inim um  lot size in th e  auctions will be for 100 M BTU Ds which is th e  quan tity  

threshold  for a nonregulated m arket. T here is no m inim um  bid unit. T h a t is, an allowable 

bid is for any quan tity  g reater th a n  th e  m inim um  lot size w ith no restric tion  on th e  num ber 

of decim al places in th e  bids.

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

Producers will sell F, C F and O contracts in th e  auction and m ust com m it to  th e  quan tity  

supplied before th e  auction starts. P rior to  each auction, each producer will announce the  

quan tity  of each type of contract, differentiated by field and duration , th a t it is willing 

to  supply, and th e  m inim um  price it is willing to  accept for each contract type (reserve 

price).6 Each producer is free to  decide before th e  auction how to  split its to ta l supply

5 Consultancy fo r  standardizing the contracts fo r  supply and pipeline transportation o f natural gas in 
Colombia, Auctiononm ics and  F T I Consulting.

6D om inant or regulated producers’ reserve prices may be subject to  regulation or approval by the 
CREG. Since producers have used the  regulated G uajira  price to  set the ir reserve prices in the  past, one 
possibility would be to  continue to  use th is  benchm ark, for exam ple by setting  reserve prices equal to  a P  
where a  < 1 and P  is th e  regulated G uajira  price. A reasonable value for a  m ight be 0.75 or 0.8.
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Figure 1: Supply Curve for Single P roduct

between th e  various contracts type, w ith  no requirem ent th a t quan tity  be offered for bo th  

one-year and five-year contracts of any type (F, C F or O), or in any particu la r proportion.

Assum ing th a t producers are free to  set the ir own reserve prices, then  (in our view) 

a single reserve price should be set for each product for an  individual seller. Different 

producers offering th e  same product from a given field might set different reserve prices, 

however. F igure 1 illustrates this.

In  Figure 1, one producer offers 100 units of a particu lar contract (e.g. a one-year F  

contract from Cusiana) a t a reserve price of $4. A second producer offers an  additional 

30 units of th e  same contract a t a reserve price of $7. T he aggregate supply curve for 

th a t contract is thus an upward-sloping step  function. However each producer is lim ited 

to  a single reserve price for its supply of each type of contract.

O p tio n  C on tracts: O ption contracts have two prices: a constant "prem ium ", or option

fee, paid  daily or m onthly and a gas price which applies when th e  option is "exercised". 

One possibility is to  allow producers to  specify th e  prem ium  prior to  th e  auctions (but 

th is  would lead to  contracts differentiated by producer). A second possibility is to  fix the  

M BTU D  gas price a t th e  level of th e  regulated  G uajira  price and allow th e  option fee to  

be determ ined by th e  auctions. On balance, we favour th is la tte r  proposal.
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3 .3  P a r t ic ip a t io n  o f  B u y e r s

All buyers will be able to  purchase F irm  and Conditional F irm  or O ption contracts in 

th e  auctions. P rio r to  each auction buyers m ust inform th e  auctioneer which contracts 

they  wish to  bid for, bu t no buyer will be able to  purchase C onditional F irm  and  O ption 

contracts in th e  same auction. T h a t is, th e  possible com binations of contracts th a t any 

buyer m ay bid for in any auction are: < F ,C F > , or < F ,0 >  and buyers will inform the  

auctioneer prior to  each auction which com bination they  wish to  bid for.

3 .4  In fo r m a tio n  P o l ic y  a n 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 roduct offered 

for sale and the ir reserve prices (if any). If producers choose different reserve prices for 

a product, th e  auctioneer actually  announces a weakly increasing supply curve for th a t 

p roduct. At th e  end of every round of th e  auction th e  auctioneer will report:

•  th e  excess dem and for each product; and

•  th e  prices of all p roducts for th e  next round, determ ined by th e  ex tent of excess 

dem and.7

T he price increm ent between rounds for each product is determ ined by th e  auctioneer 

according to  th e  am ount of excess dem and on th e  contract, possibly tak ing  account of the  

overall level of excess dem and. Price increm ents should become sm aller as th e  auction 

proceeds as excess dem and decreases.

3 .5  A u c t io n  A c t iv i t y  R u le

Because b idders’dem ands for one contract will typically depend on th e  prices of o ther 

contracts, to  ensure an e^ cient allocation it is essential to  allow bidders to  “sw itch” their 

dem ands during th e  auction as prices change between th e  contracts they  are allowed to  bid 

for. For exam ple, when th e  price of one contract increases com pared to  price of another 

contract, a b idder may w ant to  reduce its dem and on th e  first contract and increase 

its dem and on th e  second. T he auction m echanism  should allow bidders to  do this. 

Switching dem and when relative prices change is n a tu ra l when contracts are substitu tes,

7A dditional inform ation abou t individual b idders’ dem and may also be announced to  facilitate price 
discovery. However, more inform ation also facilitates coordination am ong bidders and  collusion.
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as it is arguably th e  case w ith  different types of gas supply contracts covering different 

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

Switching dem and between th e  different contracts on sale will be allowed subject to  

an “activ ity  ru le” th a t controls a b idder’s eligibility to  make new bids on th e  various 

contracts during th e  auction. The activ ity  rule creates pressure on bidders to  bid actively 

from th e  s ta rt of th e  auction in a way th a t is consistent w ith  th e  b idder’s tru e  preferences 

(e.g., avoiding “sniping” ),8 thus increasing th e  pace of th e  auction and  th e  am ount of 

inform ation available to  bidders during th e  auction.

T he activ ity  rule requires th a t a bidder cannot increase th e  to ta l quan tity  dem anded 

as prices rise: each bidder m ust bid a (weakly) downward sloping aggregate dem and 

curve th roughout th e  auction (see A ctivity Rule 1 in th e  A ppendix). This activ ity  rule 

imposes no restric tion  on th e  ability  of th e  bidder to  arb itrage across th e  contracts since 

th e  restric tion  is w ith  respect to  th e  aggregate quan tity  dem anded, not th e  quan tity  for 

any individual contract. Hence, a bidder can switch dem and between contracts from one 

round to  th e  other, so long as th e  to ta l quan tity  it dem ands does not increase (subject to  

th e  rule to  elim inate excess supply).

E x a m p le  Consider a bidder th a t in one round bids for 1500 M BTUDs of gas con­

trac ts , say for 1000 M BTU Ds 1-year F irm  contracts from G uajira  and 500 M BTU Ds 

5-year C onditional F irm  contracts from Cusiana. In th e  next round, th e  bidders can bid 

for a to ta l of 1500 M BTUDs or less of any type of gas contract from any field. So, for 

exam ple, th e  bidder can bid for 1250 M BTUDs 5-year F irm  contracts from G uajira  and 

250 M BTU Ds 5-year C onditional F irm  contracts from Cusiana. B ut, for exam ple, the  

bidder cannot bid for 1600 M BTUDs 5-year Conditional F irm  contracts from Cusiana.

3 .6  R u le  t o  E lim in a te  E x c e s s  S u p p ly

Switching or dem and reductions m eans th a t it is possible for a contract to  go from excess 

dem and to  excess supply. A lthough th e  possibility of switching dem and is essential to  en­

sure an efficient allocation w ith  substitu te  contracts, it m ay lead th e  auction to  te rm inate  

w ith  excess supply. This m ay happen, for exam ple, when a bidder switches dem and away 

from a contract or reduces dem and on th a t contract a t th e  end of th e  auction, causing

8 Sniping consists in a bidder only bidding a t th e  very end of the  auction for the  goods it is interested 
in, in order to  foreclose com peting bids a n d /o r to  avoid revealing inform ation abou t its tru e  intention 
and  valuations.
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to ta l dem and on th a t contract to  be lower th a n  supply.

A solution is to  allow bidders to  switch or reduce dem and on a contract only up to  the  

point a t which dem and equals supply for th a t contract (as suggested by C ram ton, 2008). 

In  th is case: (i) a reduction in th e  quan tity  dem anded of a contract is only accepted up 

to  th e  point where dem and equals supply for th a t contract and (ii) switches are similarly 

restric ted  to  prevent excess supply. (See A ctivity  Rule 2 in th e  Appendix.)

W hen more th a n  one bidder wishes to  reduce dem and or switch away from a contract 

in one round, w ith  th e  result th a t in aggregate dem and is less th a n  supply, then  each 

b idder’s dem and reduction will be allowed in proportion  to  its size. For exam ple, if in 

one round bidder A a ttem p ts  to  reduce dem and by 100 M BTU Ds and bidder B is by 50 

M BTUDs, bu t th e  current excess supply is only 75 M BTUDs, then  bidder A is allowed 

to  reduce dem and by 50 M BTU Ds only and bidder B is allowed to  reduce dem and by 25 

M BTU Ds only, so th a t th e  excess supply is reduced to  0.

W ith  these restrictions, once a contract has excess dem and, it is guaranteed th a t the  

co n trac t’s full quan tity  will be sold.

3 .7  A u c t io n  T e r m in a t io n , C o n tr a c t  A l lo c a t io n  a n d  R a t io n in g

A u c tio n  T erm in a tio n  R u les: The auction te rm inates when there  is no excess dem and

on any product. Each w inning bidder is aw arded a quan tity  of each contract equal to  

its dem and at th e  closing auction prices, and  pays th e  auction price for each contract 

awarded. T he only exception to  th is is, because of th e  rule to  elim inate excess supply, 

m arginal bidders m ay be rationed  a t th e  final auction prices.

E x cess  S u p p ly  R u les: The auction m ay end w ith  excess supply for some or all p rod­

ucts. This can occur if: (i) there  is excess supply on individual p roducts from th e  begin­

ning of auction, bu t excess dem and in aggregate; or (ii) there  is excess supply in aggregate 

from th e  beginning of auction (although some products may be in excess dem and when 

th e  auction opens).

If all p roducts are in excess supply when th e  auction opens, then  contracts are awarded 

a t the ir reserve prices and dem and allocated to  producers in proportion  to  the ir offers to  

supply.9 If some products are in excess dem and and others in excess supply when the

9 It has been suggested to  us th a t  an  alternative would be to  allow for bilateral negotiations between 
producers and  buyers if an auction  opens w ith excess supply for all products. Provided th a t: (i) producers 
are restricted  to  selling the  au c tio n s ' standardized products a t prices no higher th a n  the ir reserve prices; 
and  (ii) producers are prevented from w ithdraw ing supply for any standardized product type (i.e. F,
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auction opens, then  th e  auction proceeds as norm al, increasing th e  prices of p roducts in 

excess dem and until th e  excess dem and is elim inated. P roducts  th a t rem ain in excess 

supply until th e  end of th e  auction are sold a t the ir reserve prices, w ith  dem and allocated 

to  producers in proportion  to  the ir offers to  supply.

In  cases (ii), price increm ents for p roducts in excess dem and should be m inim al to  

allow bidders and opportun ity  to  switch dem and to  p roducts in excess supply.

P o s t-A u c tio n  C o n tra ct A llo c a tio n  R u les: T he auction p roducts will not specify

th e  seller of each contract. At th e  end of each auction, successful buyers will be awarded 

contracts from particu lar sellers in a m anner which minimizes th e  num ber of individual 

contracts aw arded.10
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CF and  O contracts of one and five year durations), we have no strong objections to  adopting such a 
procedure.

10 C ram ton (2008) proposed th a t  any buyer of a p roduct would win quan tity  from all producers in 
proportion to  the  quantity  offered by each seller. However, th is could result in a very small purchaser 
needing to  sign contracts w ith two or more producers in a given field (and subsequently nom inating gas 
from m ultiple producers each day). I t therefore appears preferable to  assign buyers to  producers in a 
m anner which minimizes th e  num ber of contracts signed by each purchaser. In Annex A we suggest one 
possible m ethod for doing so.
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A  A uction  "R ulebook”

C o n tr a cts . Before th e  s ta r t of th e  auction th e  auctioneer announces th e  contracts on

sale in th e  auction, distinguished by type T  (T  = F  for firm, C F  for conditional firm,

and 0  for option), duration  (d) and field ( / ) .

B u y ers . Before th e  s ta rt of th e  auction, each buyer reports to  th e  auctioneer w hether 

it will be bidding for C F  or 0  contracts. All buyers will be able to  bid for F  contracts. 

Buyers will be divided into 2 groups, according to  the ir preferences:

•  T ype A Buyers, th a t can bid for F  and C F  contracts, bu t not 0  contracts;

•  T ype A Buyers, th a t can bid for F  and 0  contracts, bu t not C F  contracts.

S u pp ly . Before th e  s ta rt of th e  auction:

•  Each producer reports to  th e  auctioneer th e  quan tity  of each F, C F  and  0  contract 

th a t it is willing to  supply, distinguished by duration  (d) and field ( / ) ,  and the  

reserve price for each contract. Let S t s ( f , d )  be th e  quan tity  of T  contracts (T  =  

F, CF,  0 )  from field /  and of duration  d offered by producer s. Let rxs ( / ,  d) be the  

reserve price for th e  T  contracts from field /  and  of duration  d supplied by producer 

s.

Therefore, th e  to ta l supply by producer s is

s, = Y,,  E,, i** w ’d)+Scf’ i-'-> ̂  •

•  T he auctioneer announces th e  to ta l supply of each contract on sale and th e  corre­

sponding reserve prices.

Let

ST (/, d) =  Y  St, ( f , d) ,  T  =  F, CF, 0

be th e  to ta l supply of T  contracts from field /  and of duration  d, ignoring reserve 

prices. In  general, if producers choose different reserve prices for identical contracts, 

then  th e  aggregate to ta l supply function of T  contracts from field /  and of duration
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d depends on th e  auction price pT of th a t contract and is equal to

' 0
S n  (/, d)

if pT < rT1 ( / ,  d)
if rT1 (/, d) < p T < r T2 ( / ,  d)

a j  \ ) S Ti ( f , d )  + S t 2 ( / ,  d) if r T2 ( / ,  d) < p T < r T3 ( / ,  d)

E s J i1 'S'ts ( / ,  d) if rTn- i  (/, d) < p T < rTn ( / ,  d)
, E L i  ( / ,  d) if r Tre ( / ,  d) <  Pt

where 1, n  indicates th e  producer w ith th e  lowest, highest reserve price.

A u c tio n  S ta r tin g  P r ice s . Before th e  s ta rt of th e  auction, th e  auctioneer announces 

th e  s ta rting  price of each contract which is equal to  th e  lowest reserve price for th a t 

contract.

D e m a n d /B id s . In each round of th e  auction, each bidder reports to  th e  auctioneer its 

dem and for each contract th a t it is allowed to  bid for a t th e  current auction prices. Only 

type-A  bidders are allowed to  bid for C F  contracts and only type-B  bidders are allowed 

to  bid for 0  contracts. B idders can bid for any contract they  are allowed to  acquire, 

subject to  th e  activ ity  rules. Let ( f , d )  be th e  quan tity  of contracts of type T  from 

field /  and  of duration  d th a t bidder b dem ands in round t  of th e  auction.

A c t iv ity  R u les . B idders’ dem ands are subject to  th e  following activ ity  rules.

A c t iv ity  R u le  1A  (T y p e  A  B id d e r s ) . For every type A bidder i (th a t is allowed 

to  bid for F  and C F  contracts only) and for every round t, it m ust be th a t

E; E d (/.<*) + D‘CFt </, á)] > E, E, L" (/,<*) + d ‘c¿, (/v)] •
A c t iv ity  R u le  I B  (T y p e  B  B id d ers) For every type B bidder j  ( th a t is allowed 

to  bid for F  and 0  contracts only) and for every round t, it m ust be th a t

E, E„ lDh  (/■ d) + r>M/, d)] > E, E, LS1 (/. d) + D 'P  (/. d)].
A c t iv ity  R u le  2 (N o  E x cess  S u p p ly ) Suppose th a t in round t  bidder b w ants to  

reduce its dem and for a contract of type T  (from field /  and of duration  d) from D !^ 1 ( / ,  d)
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to  K  (either because bidder i w ants to  w ithdraw  dem and or because it w ants to  switch 

dem and), bu t th is  would cause dem and for th a t contract to  be lower th a n  supply —  i.e.,11

K  +  Y Jk^ D T k U - d ) < S ‘T ( f , d ) ,

where ( f , d )  represents th e  to ta l supply of a contract of type T  (from field /  and of 

duration  d) in round t .12 T hen bidder 6’s dem and for contract T  (from field /  and of 

duration  d) in round t  is constrained to  be equal to

D'n  (/. d) =  S ‘T (/. d) -  D k  (/, d) ■

If in round t  more th a n  one bidder w ants to  reduce dem and for th e  same contract of 

type T  (from field /  and  of duration  d) bu t th is  would generate excess supply for th a t 

contract, those b idders’ dem and reductions are rationed  so as to  prevent th e  emergence 

of excess supply. Specifically, let Q be th e  set of bidders who w ant to  reduce dem and, and 

let DRtpi, ( / ,  d) be th e  am ount of dem and reduction requested by bidder b —  i.e., bidder 

b is requesting to  reduce its dem and from -D ^1 ( / ,  d) to  D 1̂ 1 ( f , d )  — D R ^  ( f , d) .  Then 

each bidder b who w ants to  reduce dem and in round t  is only allowed to  do so by13

where D ^ 1 ( / ,  d) represents th e  to ta l dem and for contract T  (from field /  and  of duration  

d) in round t  — 1. In  o ther words, th e  dem and of any bidder b who w ants to  reduce dem and 

for contract T  (from field /  and  of duration  d) in round t  is constrained to  be equal to

D'n  (/. d) =  D 'fJ (/. d) -  D R ” n í ' f f  (D 'r 1 (/, d) -  S'T (/. d))
Z ^ k e n  Tk  \ J  ’ a )

(while th e  dem and of o ther bidders does not change from round t  — 1 to  round f), so th a t 

th e  aggregate dem and for contract T  (from field /  and of duration  d) in round t  is equal 

to  its supply.

11 In the  following expressions, we denote by k a generic bidder different from b.
12 W hen producers choose different reserve prices for identical contracts, the  supply of a contract of 

type T  depends on the  auction price of the  contract in th e  current round t, say ( / ,  d ). For simplicity, 
we define ( / ,  d) = S T ( / ,  d .p ^  ( / ,  d)).

13In the  following expressions, we denote by k a generic bidder who w ants to  reduce dem and for contract 
T  (from field /  and of duration  d) in round t.

14



In fo rm a tio n . At th e  end of every round of th e  auction, th e  auctioneer reports: (i) 

th e  excess dem and for each contract —  i.e., for a contract of type T  from field /  and of 

duration  d,

D ‘n  ( / ,  d) -  S'T If, d ) ;

and (ii) th e  new prices of all p roducts 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 roduct possibly tak ing  account of 

th e  overall level of excess dem and.

A u c tio n  T erm in a tio n  R u le . T he auction term inates when there  is no excess dem and 

on any p roduct —  i.e., in round t  when

S t  (/> °0 ^  (/> °0 >

for every contract type T , field /  and duration  d. Every bidder b is aw arded a quan tity  

of contract type T  from field /  and duration  d equal to  ( / ,  d) a t a per-contract price

equal to  th e  auction price of th a t contract in round t.

C o n tra ct A llo c a tio n  an d  R a tio n in g  R u les . A t th e  end of th e  auction, successful 

buyers will be aw arded contracts from particu la r sellers in a m anner which minimizes the  

num ber of individual contracts awarded.

If th e  auction te rm inates w ith  excess supply for a contract of type T  from field /  and 

duration  d, then  each producer s supplying th a t contract is ra tioned  and its rationed 

supply S t s ( / ,  d) is

S ? J f , d )  =  ST, ( f , d ) J*r V ' ‘Q ,
S t  { f , d)

where S t s ( / ,  d) is th e  supply by producer s for contracts T  from field /  and duration  d 

a t th e  end of th e  auction, D t  ( / ,  d) is th e  to ta l dem and for contracts T  from field /  and 

duration  d a t th e  end of th e  auction, and  S t  ( / ,  d) is th e  to ta l supply for contracts T  from 

field /  and  duration  d a t th e  end of th e  auction.

C o n tra ct A llo c a tio n  M in im iz a tio n  R u le . Consider a contract of type T  from field /  

and duration  d. A t th e  end of th e  auction, order all bidders th a t have been aw arded th a t 

contract from th e  largest to  th e  sm allest —  i.e., from th e  one who dem ands th e  largest 

quan tity  of contract T  from field /  and  duration  d, to  th e  one who dem ands th e  smallest 

quantity. Proceed by m atching bidders dem anding larger quantities w ith  suppliers offering
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larger quantities. In  o ther words, th e  first bidder signs a contract w ith th e  supplier w ith 

th e  largest quan tity  of contract T ; and  each successive bidder signs a contract w ith  the  

supplier w ith  th e  largest residual quan tity  of contract T  (once contracts w ith  previous 

bidders have been signed). W henever there is a bidder who dem ands a quan tity  larger 

th a n  th e  residual quan tity  of any supplier, m atch th is bidder w ith  sm allest num ber of 

supplier th a t can satisfy its dem and —  i.e., th e  b idder signs contracts w ith  th e  suppliers 

w ith  th e  largest residual quan tity  of contract T , until all its dem and is exhausted.

Use th e  same procedure for all types of contracts.
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