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Trading Program Terminology.

Open Markets: The standard theoretical presentation In
which firms buy and sell pollution allowances based on
marginal abatement costs through a price mechanism.
Best suited for:
Large number of potential traders, with
Heterogeneous abatement technologies acress firms, and
Heterogeneous present capacity to meet standards.

Structured Bilateral Trades: Profitable trading
opportunities identified, and implemented with multiyear
contracts between firms.
Best suited for:
Small number ofi potential traders, with
Homogeneous abatement technolegies across firms, and

Most, if not all; firms do not have present capacity termeet
Standard.




Economic Model

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

Subjectto: 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&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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1h: Total Firm Costs: Capital Costs

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, 0.1
mg/L.

—&— ~1.3 MGD (chemical treatment)
—8— ~13 MGD (chemical treatment)
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CC rise with flow level (however large firms will have lower average capital costs)




2. Structure ofi Management Areas/Endpoints

Two trading scenarios considered for each set of

trading ratios.
Substantial effects on economics of trade.

2a. Downstream trades only, each firm is own
Mmanagement area.
Downstream trades only (seller located upstream)
Water quality standard met at all peints in watershed, no “hot
Spots”,
Firms with lowest abatement costs must be located upstream.




2h: Cross Tributary Framework:
Three Management Areas and Two Endpoints

Buyer Upper Pompton Lower
Seller Passaic MA MA Passaic MA

Upper Passaic v N v
MA es 0 es

Pompton v
MA es Yes

Lower Passaic N N v
MA o) o) es

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

Trade no longer needs to be from upstream to downstream.




3: Trading Ratios

Trading Ratios: Seller always removes one more Ib.
1, buyer receives 1 Ib. allowance.
0.600, buyer receives 0.600 Ibs. allowance.
1.093, buyer receives 1.093 Ibs. allowance.
Aggregating across no-diversion, diversion, and extreme diversion:
Geometric average, lowest trading ratio, and 90% of lowest trading ratio.
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Sample trading ratio matrix: 90% of lowest trading ratio,
three management areas and two endpoints.




Baseline, No Trade Scenario

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

Flow and concentration levels converted to pounds.

Annualized total costs:
O&M $1,924,000
cC $1,234,000
Total $3,159,000

Total capital investment - $12,811,000




Percent Total Cost Savings, Open Market

Aggregate Trading Ratio

Geometric
Average

Lowest

90% of
Lowest

Downstream trades only, each
firm is own management area.

1.33 %

1.19 %

Three management areas, two
endpoints

2.99 %

2.64 %

Overall gains from trade low.
Gains increase marginally with greater flexibility in trading
(I.e. between rows in table above)

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




Percent Total Cost Savings, Structured
Bilateral Trades

Aggregate Trading Ratio

Geometric | Lowest 90% of
Average Lowest

[_)ow_nstream trades only, each 6.08 % 5 89 04 5 82 04
firm is own management area.

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

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

Patterns acress rows and columns follow those described for open market.

Savings in boettom row attributed to upgrades ofi critically located, large
waste treatment plants, who sell permits to smaller firms so as to preempt
upgrading.




Why Structured Bilateral Trades Work

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

“It is estimated that Forest Hills saves over $1.2 million,
the cost of an expensive system replacement that would
be necessary to meet their allocation without a trade... In
exchange for Evergreen Metro reducing their discharge,
Forest Hills pays an undisclosed amount ofi meney that
has been estimated to be around $5,000 per year”

- Breetz et al., p. 28




Example of Sequential
Restrictions

WWTP Restriction % Total Cost
Saving




Ini This Example: 19 “ Structured Bilateral Trades

Seller Buyer

W4 Wi, W2, W3
R1

P1, P2, P3, P4, P6
P8 D1,

P5, P7

T2 D1, D2, D3

= P10, P11

WQ R1

T1 R1

Green type indicates sellers that will have to upgrade.




Summary and Conclusions

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

Unlikely to develop in this watershed given the limited number of
WWTPs and other characteristics.

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

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




