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Trading Program TerminologyTrading Program Terminology

�� Open Markets: The standard theoretical presentation in Open Markets: The standard theoretical presentation in 
which firms buy and sell pollution allowances based on which firms buy and sell pollution allowances based on 
marginal abatement costs through a price mechanism.marginal abatement costs through a price mechanism.

�� Best suited for:Best suited for:
•• Large number of potential traders, withLarge number of potential traders, with
•• Heterogeneous abatement technologies across firms, andHeterogeneous abatement technologies across firms, and
•• Heterogeneous present capacity to meet standards. Heterogeneous present capacity to meet standards. 

�� Structured Bilateral Trades:  Profitable trading Structured Bilateral Trades:  Profitable trading 
opportunities identified, and implemented with multiyear opportunities identified, and implemented with multiyear 
contracts between firms.contracts between firms.

�� Best suited for:Best suited for:
•• Small number of potential traders, withSmall number of potential traders, with
•• Homogeneous abatement technologies across firms, andHomogeneous abatement technologies across firms, and
•• Most, if not all, firms do not have present capacity to meet Most, if not all, firms do not have present capacity to meet 

standard.standard.



Economic ModelEconomic Model

Minimize: Total abatement costs of meeting standard 
at all designated endpoints

Subject to: 1.  Total Firm Costs
a.  Operating and management (O&M) costs
b.  Capital costs (CC)
c.  Transactions costs

2.  Structure of management areas/endpoints.
a.  Downstream trades only, each firm is own 

management area.
b.  Three management areas two endpoints.

3.  Trading ratios between sites.



1a. Total Firm Costs: O&M1a. Total Firm Costs: O&M

� Data taken from 104 observations in “Nutrient Reduction 
Technology Cost Estimations for Point Sources in the 
Chesapeake Bay Watershed” (2002) and “Estimation of Costs of 
Phosphorus Removal in Wastewater Treatment Facilities: 
Adaptations of Existing Facilities” (2005).

� For a given flow level, O&M cost rise with treatment level.

�

O&M treatment 
costs fall with flow 
level
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1b: Total Firm Costs: Capital Costs1b: Total Firm Costs: Capital Costs

�� Data taken from same sources as O&M data.Data taken from same sources as O&M data.

�� Discrete function with CC steps at 1 mg/L, 0.5 mg/L, 0.25 mg/L, Discrete function with CC steps at 1 mg/L, 0.5 mg/L, 0.25 mg/L, 0.1 0.1 
mg/L.mg/L.

CC rise with flow level (however large firms will have lower average capital costs)
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2: Structure of Management Areas/Endpoints2: Structure of Management Areas/Endpoints

�� Two trading scenarios considered for each set of Two trading scenarios considered for each set of 
trading ratios.trading ratios.

�� Substantial effects on economics of trade.Substantial effects on economics of trade.

2a.2a. Downstream trades only, each firm is own 
management area.

�� Downstream trades only (seller located upstream)Downstream trades only (seller located upstream)

�� Water quality standard met at all points in watershed, no Water quality standard met at all points in watershed, no ““hot hot 
spotsspots””,,

�� Firms with lowest abatement costs must be located upstream.Firms with lowest abatement costs must be located upstream.



2b: Cross Tributary Framework:2b: Cross Tributary Framework:
Three Management Areas and Two EndpointsThree Management Areas and Two Endpoints

YesYesNoNoNoNo
Lower Passaic Lower Passaic 
MAMA

YesYesYesYesYesYes
Pompton    Pompton    
MAMA

YesYesNoNoYesYes
Upper Passaic Upper Passaic 
MAMA

Lower Lower 
Passaic MAPassaic MA

Pompton         Pompton         
MAMA

Upper Upper 
Passaic MAPassaic MA

BuyerBuyer

SellerSeller

�� Manage for endpoints only, assume no Manage for endpoints only, assume no ““hot spotshot spots”” at other at other 
locations,locations,

�� Trade no longer needs to be from upstream to downstream.Trade no longer needs to be from upstream to downstream.



3: Trading Ratios3: Trading Ratios

�� Trading Ratios: Seller always removes one more lb.Trading Ratios: Seller always removes one more lb.
�� 1, buyer receives 1 lb. allowance.1, buyer receives 1 lb. allowance.

�� 0.600, buyer  receives 0.600 lbs. allowance.0.600, buyer  receives 0.600 lbs. allowance.

�� 1.093, buyer receives 1.093 lbs. allowance.1.093, buyer receives 1.093 lbs. allowance.

�� Aggregating across noAggregating across no--diversion, diversion, and extreme diversion:diversion, diversion, and extreme diversion:
�� Geometric average, lowest trading ratio, and 90% of lowest tradiGeometric average, lowest trading ratio, and 90% of lowest trading ratio.ng ratio.

Sample trading ratio matrix: 90% of lowest trading ratio, 
three management areas and two endpoints.

TRADING RATIOS
Sellers in rows, buyers in columns

D1 D2 D3 P1 P2 P3 P4 P5 P6 P7 P8 W1 W2 W3 R1 W4 WQ T1 T2 P9 P10 P11
D1 1 1 1 0.854 0.854 0.854 0.854 0.780 0.780 0.780 0.780 0.872 0.872 0.872 0.996 0.872 0.537 0.396 0.396
D2 1 1 1 0.854 0.854 0.854 0.854 0.780 0.780 0.780 0.780 0.872 0.872 0.872 0.996 0.872 0.537 0.396 0.396
D3 1 1 1 0.854 0.854 0.854 0.854 0.780 0.780 0.780 0.780 0.872 0.872 0.872 0.996 0.872 0.537 0.396 0.396
P1 0.900 0.900 0.900 1 1 1 1 0.780 0.780 0.780 0.780 0.900 0.900 0.900 1.029 0.900 0.566 0.418 0.418
P2 0.900 0.900 0.900 1 1 1 1 0.780 0.780 0.780 0.780 0.900 0.900 0.900 1.029 0.900 0.566 0.418 0.418
P3 0.900 0.900 0.900 1 1 1 1 0.780 0.780 0.780 0.780 0.900 0.900 0.900 1.029 0.900 0.566 0.418 0.418
P4 0.900 0.900 0.900 1 1 1 1 0.780 0.780 0.780 0.780 0.900 0.900 0.900 1.029 0.900 0.566 0.418 0.418
P5 0.923 0.923 0.923 0.900 0.900 0.900 0.900 1 1 1 1 0.956 0.956 0.956 1.093 0.956 0.610 0.450 0.450
P6 0.923 0.923 0.923 0.900 0.900 0.900 0.900 1 1 1 1 0.956 0.956 0.956 1.093 0.956 0.610 0.450 0.450
P7 0.923 0.923 0.923 0.900 0.900 0.900 0.900 1 1 1 1 0.956 0.956 0.956 1.093 0.956 0.610 0.450 0.450
P8 0.923 0.923 0.923 0.900 0.900 0.900 0.900 1 1 1 1 0.956 0.956 0.956 1.093 0.956 0.610 0.450 0.450
W1 0.821 0.821 0.821 0.797 0.797 0.797 0.797 0.771 0.771 0.771 0.771 1 1 1 1.029 1 0.523 0.386 0.386
W2 0.821 0.821 0.821 0.797 0.797 0.797 0.797 0.771 0.771 0.771 0.771 1 1 1 1.029 1 0.523 0.386 0.386
W3 0.821 0.821 0.821 0.797 0.797 0.797 0.797 0.771 0.771 0.771 0.771 1 1 1 1.029 1 0.523 0.386 0.386
R1 0.649 0.649 0.649 0.630 0.630 0.630 0.630 0.600 0.600 0.600 0.600 0.692 0.692 0.692 1 0.69231 0.421 0.311 0.311
W4 0.821 0.821 0.821 0.797 0.797 0.797 0.797 0.771 0.771 0.771 0.771 1.000 1.000 1.000 1.029 1 0.523 0.386 0.386
WQ 0.486 0.486 0.486 0.462 0.462 0.462 0.462 0.429 0.429 0.429 0.429 0.500 0.500 0.500 0.621 0.500 1 1 0.720 0.290 0.214 0.214
T1 0.486 0.486 0.486 0.462 0.462 0.462 0.462 0.429 0.429 0.429 0.429 0.500 0.500 0.500 0.621 0.500 1 1 0.720 0.290 0.214 0.214
T2 0.608 0.608 0.608 0.577 0.577 0.577 0.577 0.536 0.536 0.536 0.536 0.625 0.625 0.625 0.755 0.625 0.829 0.829 1 0.363 0.268 0.268
P9 1 0.664 0.664

P10 0.871 1 1
P11 0.871 1 1



Baseline, No Trade ScenarioBaseline, No Trade Scenario

�� All firms must operate at 0.4 mg/L phosphorus All firms must operate at 0.4 mg/L phosphorus 
corresponding to TMDL and their historic average flow corresponding to TMDL and their historic average flow 
levels.levels.

�� Flow and concentration levels converted to pounds.Flow and concentration levels converted to pounds.

�� Annualized total costs:Annualized total costs:
O&MO&M $1,924,000$1,924,000

CCCC $1,234,000$1,234,000

TotalTotal $3,159,000$3,159,000

�� Total capital investment Total capital investment -- $12,811,000$12,811,000



Percent Total Cost Savings, Open MarketPercent Total Cost Savings, Open Market

�� Overall gains from trade low.Overall gains from trade low.

�� Gains increase marginally with greater flexibility in trading Gains increase marginally with greater flexibility in trading 

(i.e. between rows in table above)(i.e. between rows in table above)

�� Gains decrease marginally with choosing lower trading ratios Gains decrease marginally with choosing lower trading ratios 
(i.e. between columns in table above) (i.e. between columns in table above) 

Aggregate Trading Ratio

2.64 %2.74 %2.99 %
Three management areas, two 
endpoints  

1.19 %1.23 %1.33 %
Downstream trades only, each 
firm is own management area.

90% of 
Lowest

LowestGeometric 
Average



Percent Total Cost Savings, Structured Percent Total Cost Savings, Structured 
Bilateral TradesBilateral Trades

�� Increased gains of trade relative to open market scenario capturIncreased gains of trade relative to open market scenario captured by not ed by not 
having many firms upgrade beyond 0.5 mg/L.having many firms upgrade beyond 0.5 mg/L.

�� Patterns across rows and columns follow those described for openPatterns across rows and columns follow those described for open market.market.
�� Savings in bottom row attributed to upgrades of critically locatSavings in bottom row attributed to upgrades of critically located, large ed, large 

waste treatment plants, who sell permits to smaller firms so as waste treatment plants, who sell permits to smaller firms so as to preempt to preempt 
upgrading.  upgrading.  

Aggregate Trading Ratio

16.09 %16.69 %17.90 %
Three management areas, two 
endpoints    

5.82 %5.89 %6.08 %
Downstream trades only, each 
firm is own management area.

90% of 
Lowest

LowestGeometric 
Average



Why Structured Bilateral Trades WorkWhy Structured Bilateral Trades Work

�� Bear Creek, CO, each year a large discharger Bear Creek, CO, each year a large discharger 
(Evergreen Metro) reduces phosphorus release in a (Evergreen Metro) reduces phosphorus release in a 
trade of 40trade of 40--80 pounds per year so that a smaller 80 pounds per year so that a smaller 
discharger (Forest Hills) does not have to undergo a discharger (Forest Hills) does not have to undergo a 
costly upgrade to its facilities.costly upgrade to its facilities.

““It is estimated that Forest Hills saves over $1.2 million, It is estimated that Forest Hills saves over $1.2 million, 
the cost of an expensive system replacement that would the cost of an expensive system replacement that would 
be necessary to meet their allocation without a tradebe necessary to meet their allocation without a trade…… In In 
exchange for Evergreen Metro reducing their discharge, exchange for Evergreen Metro reducing their discharge, 
Forest Hills pays an undisclosed amount of money that Forest Hills pays an undisclosed amount of money that 

has been estimated to be around $5,000 per yearhas been estimated to be around $5,000 per year””
-- BreetzBreetz et alet al., p. 28., p. 28



Example of Sequential Example of Sequential 
Restrictions Restrictions 

WWTP Restriction  % Total Cost 
Saving

Open-Market Trade 2.64
W1 > 0.50 mg/L    3.95
P7 > 0.50 mg/L    4.60
P1 > 0.50 mg/L 5.44
P6 > 0.50 mg/L 6.24
W3 > 0.50 mg/L 7.41
D1 > 0.50 mg/L 7.95
W2 > 0.50 mg/L 9.68
P3 > 0.50 mg/L         10.61
P5 > 0.50 mg/L         11.48
P2 > 0.50 mg/L         11.99
R1 > 0.50 mg/L         13.26
P4 > 0.50 mg/L         13.55
D2 > 0.50 mg/L         13.88
D3 > 0.50 mg/L         14.32
P11 > 0.50 mg/L         15.23
P10        > 0.50 mg/L         16.09



In This Example: 19 In This Example: 19 ““ Structured Bilateral TradesStructured Bilateral Trades ””

R1R1WQWQ

P10, P11P10, P11P9P9

R1R1T1T1

D1, D2, D3D1, D2, D3T2T2

D1, D1, 

P5, P7P5, P7
P8P8

W1, W2, W3W1, W2, W3

R1R1

P1, P2, P3, P4, P6P1, P2, P3, P4, P6

W4W4

BuyerBuyerSellerSeller

Green type indicates sellers that will have to upgrade.



Summary and ConclusionsSummary and Conclusions

�� Open market trading program based strictly on Open market trading program based strictly on 
independent firms making purchase/sales decisions by independent firms making purchase/sales decisions by 
comparing market price with marginal abatement cost is:comparing market price with marginal abatement cost is:

�� Unlikely to develop in this watershed given the limited number oUnlikely to develop in this watershed given the limited number of f 
WWTPsWWTPs and other characteristics.and other characteristics.

�� Likely to provide only relatively modest cost savings in this Likely to provide only relatively modest cost savings in this 
watershed if an openwatershed if an open--market trading program develops.market trading program develops.

�� A structured bilateral trading program in which operating A structured bilateral trading program in which operating 
and capital costs are explicitly considered and a limited and capital costs are explicitly considered and a limited 
number of multinumber of multi--year contracts established between year contracts established between 
firms has the potential to generate larger watershedfirms has the potential to generate larger watershed--wide wide 
gains from trade and cost savings in this watershed.gains from trade and cost savings in this watershed.


