CHAPTER 3

PROGRAM DESIGN AND ENFORCEMENT IN TWO MARKET-BASED PROGRAMS

3.1 Introduction


This chapter provides descriptions of the structural design, enforcement strategies, and compliance results of the two most prominent market-based systems in U.S., the Sulfur Dioxide (SO2) Allowance Trading program under the Title IV of the 1990 Clean Air Act Amendments, and the Regional Clean Air Incentives Market (RECLAIM) program of the South Coast Air Basin of California.  The first section of this chapter describes the structure, goals, and trading performance of these programs.  The second section focuses on their enforcement provisions and compliance results achieved thus far.

3.2 Market-Based Programs: Basic Structure and Trading Performance

In this section we describe the basic structure and goals of the SO2 and RECLAIM programs, as well as the performance of their markets thus far.  We do so for two reasons.  First, an understanding of the enforcement components of these programs, which we provide in the next section, requires some understanding of how these programs are intended to function. Second, we describe how the permit market for these programs have performed because one of the over-arching conceptual messages that we hope to convey is that enforcement of transferable permit systems depends critically on the workings of permit markets, particularly the evolution of permit prices.  


From a conceptual perspective, compliance decisions in a transferable permit system, and hence, the design of an effective enforcement strategy, are keyed to prevailing permit prices [this point is extensively analyzed in chapter 4, chapter 5, and chapter 6 of this dissertation].  The reason is simple: the prevailing permit price in a well-functioning permit system is a facility’s marginal cost of acquiring enough permits to cover its emissions. Therefore, when permit prices are high, facilities have a greater incentive to be non-compliant, and when they are low, facilities are more likely to be compliant.  Because of the conceptual link between permit prices and compliance decisions, information about prices in the SO2 and RECLAIM programs can help us understand compliance decisions in these program thus far.  Furthermore, information about prices for permits that can be used in the future can give some indication about future compliance performance.  
3.2.1 Overall structure of the SO2 allowance trading program

The EPA’s Sulfur Dioxide Allowance Trading Program is the largest market-based system of pollution control in the United States.  The program is part of the U.S. Acid Rain Program implemented under Title IV of the 1990 Clean Air Act Amendments and is designed to reduce annual SO2 emissions from fossil-fueled electric utility units by almost 10 million tons, nearly 50% of the 1980 emissions levels.

The SO2 program was designed to run in two phases.  The program started its Phase I operations in 1995, affecting a total of 445 units.  This included 263 units at 110 mostly coal-burning electric utility plants, 175 units that voluntarily joined Phase I of the program as “substitution” units, and an additional 7 units that joined Phase I as “compensating” units [Ellerman, et. al. (1997)].
  Phase II of the program, which begins in the year 2000, tightens emissions limits imposed on Phase I units, and extends coverage of the program to smaller plants fired by coal, oil, and gas.  The program covers existing generators with an output capacity greater than 25 megawatts and all new utility units.  A total of 2,000 units will be covered by the SO2 program by the year 2000.  For an approximation of the relative scope of this program, consider that in 1990 total SO2 emissions from Phase I units represented around 50% of total estimated emissions of SO2 in the United States. 

The program allocates emissions allowances to SO2 sources, each one of which authorizes its owner to emit one ton of SO2 during a given year or any year thereafter. Allowances are fully marketable commodities; they can be bought and sold, or held for compliance purposes in future years. Sources cannot, however, borrow against future allocations for present compliance purpose.
 

Overall emissions reductions are achieved by limiting the number of allowances in circulation. In total, Phase I units were allocated allowances for roughly 8.74 millions tons of SO2 for the first year of the program (1995).
  The total allocation to Phase I units was steadily decreased over time; in 1996 it was 8.3 million tons, and then fell to 7.2, and 7.0 millions tons of SO2 for the 1997 and 1998 compliance years, respectively. The initial basic allocation for each original Phase I unit is determined by multiplying a fixed emission rate of 2.5 pounds of SO2 per million British thermal units (Btu) of heat input and the baseline heat input, which is generally the unit’s 1985-1987 average heat input from fuel burned within that period.
  Table 3.1 shows the total allowance allocations for Phase I of the program between 1995 and 1999. 

During Phase II of the program, the regulation sets a permanent ceiling of 8.95 million allowances per year for allocation to affected utilities.  Including bonuses stemming from certain provisions, roughly 9.4 million allowances are available for each year from 2000 until 2009, and 8.95 million tons are available annually thereafter [Joskow and Schmalensee (1998)]. The determination of individual source allocations in 

Phase II is similar to Phase I, but a lower emission rate of 1.2 pounds of SO2 per million British thermal units is used.

Table 3.1. Phase I Allowance Allocations in the SO2 Program

(Million of SO2 Tons)

	Year
	Initial Allocat.
	Phase I Extens.
	Substit.

Units
	Compens.

Units
	Auction
	Othera
	TOTAL

	1995
	5.55
	1.35
	1.22
	0.11
	0.15
	0.36
	8.74

	1996
	5.55
	1.34
	1.16
	0.02
	0.15
	0.08
	8.30

	1997
	5.55
	0.27
	1.02
	0.02
	0.15
	0.14
	7.15

	1998
	5.55
	0.18
	 0.95
	0.02
	0.15
	0.12
	6.97

	1999
	5.55
	NA
	NA
	NA
	0.15
	NA
	NA


Source: Ellerman, et. al. (1997), “Emissions Trading Under the US Acid Rain Program: Evaluation of Compliance Costs and Allowance Market Performance,” pages 8-9; and U.S.EPA Acid Rain Program “1995 Compliance Report,” “1996 Compliance Report,” “1997 Compliance Report,” and “1998 Compliance Report.”

aIncludes specific provisions for “early reduction credit,” “opt-in program,” “small diesel,” and “conservation allowances.”  The “opt-in program” gives sources not required to participate in the Acid Rain Program the opportunity to enter the program on a voluntary basis, and then includes different sources from “substitution” and “compensating” units.

3.2.2 Trade in SO2 allowances and allowance prices

Although 1995 was the first compliance year of the SO2 program, private trading activity actually started early in 1991.  Table 3.2 shows data on private transfers of allowances for the period 1994-1999.  It can be seen there that the total number of allowances privately transferred do not exhibit a clear trend during these six years.  In fact, while private transfers reached a maximum of 16.7 million during the first compliance year of the program, they fell by half during 1996, rising again to 13.5 million during 1998 [see Table 3.2, last column]. 
Table 3.2. Distribution of Private Transfer Activity: 1994-1999

(Million of Allowances)a,b,c

	Year
	Quarter
	Different  Organization
	Same Organization
	Total Private Transfers

	1994
	1
	NA
	NA
	NA

	
	2
	0.8   (0.89)
	1.0  (0.12)
	1.8   (0.20)

	
	3
	0.0   (0.00)
	1.7   (0.19)
	1.7   (0.18)

	
	4
	0.1   (0.11)
	5.7   (0.69)
	5.8   (0.63)

	Annual
	
	0.9   (1.00)
	8.3   (1.00)
	9.2   (1.00)

	1995
	1
	0.5   (0.26)
	10.1   (0.68)
	10.6   (0.63)

	
	2
	0.2   (0.11)
	2.0   (0.14)
	2.2   (0.13)

	
	3
	0.4   (0.21)
	0.4   (0.03)
	0.8   (0.05)

	
	4
	0.8   (0.42)
	2.3   (0.16)
	3.1   (0.19)

	Annual
	
	1.9  (1.00)
	14.8  (1.00)
	16.7  (1.00)

	1996
	1
	0.9   (0.20)
	2.5   (0.66)
	3.4   (0.41)

	
	2
	0.5   (0.11)
	0.0   (0.00)
	0.5   (0.06)

	
	3
	0.9   (0.20)
	0.2   (0.05)
	1.1   (0.13)

	
	4
	2.1   (0.48)
	1.1   (0.29)
	3.2   (0.39)

	Annual
	
	4.4  (1.00)
	3.8  (1.00)
	8.2  (1.00)

	1997
	1
	1.7   (0.22)
	2.4   (0.33)
	4.1   (0.27)

	
	2
	1.9   (0.24)
	2.3   (0.32)
	4.2   (0.28)

	
	3
	1.6   (0.20)
	0.4   (0.05)
	2.0   (0.13)

	
	4
	2.7   (0.34)
	2.2   (0.30)
	4.9   (0.32)

	Annual
	
	7.9  (1.00)
	7.3  (1.00)
	15.2  (1.00)

	1998
	1
	2.0   (0.21)
	2.6   (0.65)
	4.6   (0.34)

	
	2
	2.3   (0.24)
	0.5   (0.13)
	2.8   (0.21)

	
	3
	2.7   (0.28)
	0.7   (0.17)
	3.4   (0.25)

	
	4
	2.5   (0.26)
	0.2   (0.05)
	2.7   (0.20)

	Annual
	
	9.5  (1.00
	4.0  (1.00)
	13.5  (1.00)

	1999
	1
	1.1   (0.52)
	4.1   (0.69)
	5.2   (0.65)

	
	2
	1.0   (0.48)
	1.8   (0.31)
	2.8   (0.35)

	
	
	    2.1  (1.00)
	5.9  (1.00)
	8.0  (1.00)


Source: Columns 3 and 5 (except figures in parentheses) U.S. EPA Acid Rain Program “Cumulative Trading Activity Table,” http://www.epa.gov/acidrain/ats/cumchart.html.  Column 4 and all figures in parentheses are calculations by the authors.

aThese data represent only those transfers of allowances which are reported to the EPA’s Allowance Tracking System, which may not account for all private transfers. The data exclude transfers from EPA accounts to units’ accounts (e.g. auctions, Phase I extension allowances, substitution allowances, etc.). 

bFigures in parentheses are proportions of annual transfers.   

cPrivate transfers are separated into transfers between different organizations (Different Organization) and transfers within the same economic organization (Same Organization).

A different picture of the allowance transfer trend appears, however, when we examine the number of allowances privately transferred more closely. According to the EPA’s classification, private transfers of allowances are composed of transfers within the same economic organization and transfers between different economic organizations.
 In fact, private transfers between different economic organizations have steadily increased from less than 1 million in 1994 to 9.5 million in 1998 [Table 3.2, column 3]. In addition, while most private transfers in 1994 and 1995 occurred within organizations, since 1996 private transfers between different economic organizations have become at least as important as transfers within the same organization. Thus, it appears that facilities are now using the allowance market to secure allowances for compliance or investment purposes as readily as they use transfer opportunities within their own organizations.   

An interesting pattern emerges when considering private transfers within organizations by quarter [Table 3.2, column 4].   Specifically, the data suggest that intra-firm transfers are largely concentrated in the first quarter of each year for every year in which there is complete information. The first two months of the first quarter of every year is a reconciliation period in which sources make sure that they hold enough allowances to cover emissions for the previous year. Concentrated intra-firm transfers in the first quarter suggests that utilities have been actively using the grace period to transfer allowances within their organizations to make sure that each of their units is in compliance for the previous year.

The performance of the SO2 program should also be examined from the perspective of the evolution of allowance prices. The first EPA auction was conducted in March of 1993, with relatively low clearing prices; $131 for vintage 1995 allowances and $122 for vintage 2000 allowances. Furthermore, price data from before the beginning of the program in 1995 suggests highly variable trading prices; however, by the EPA’s third auction in March 1995, allowance prices had converged so that allowances were trading at roughly the same prices [Schmalensee, et. al. (1998)].  Although prices were converging, they were also falling.  By the EPA’s auction in March of 1996, the market price of a current vintage allowance had fallen to $68 per ton.
   Since that date, however, current vintage prices have steadily increased; by the end of 1996, prices went up to $90, and then to $115 early in 1997.  In 1998, the average price of a current vintage allowance increased from $100 at the beginning of the year to nearly $200 by the end of the year.  By June of 1999, the monthly average price for current vintage allowances was in the range $210-$212, but again fell below $200 in the latter half of 1999.
 Table 3.3 shows average quarterly prices for current vintage allowances since the second quarter of 1994 to the fourth quarter of 1999.

Table 3.3. Current Vintage Average Allowance Prices 

($/Ton)

	Year
	Quarter
	Average Price a

	1994
	3
	148.7.

	
	4
	143.4

	Annual
	
	146.1

	1995
	1
	135.7

	
	2
	131.7

	
	3
	129.0

	
	4
	117.3

	Annual
	
	128.4

	1996
	1
	82.3

	
	2
	80.9

	
	3
	83.7

	
	4
	90.9

	Annual
	
	84.5

	1997
	1
	103.7

	
	2
	100.8

	
	3
	92.6

	
	4
	103.6

	Annual
	
	100.2

	1998
	1
	101.9

	
	2
	150.1

	
	3
	188.0

	
	4
	188.8

	Annual
	
	157.2

	1999
	1
	209.3

	
	2
	210.5

	
	3
	194.9

	
	4
	164.7

	Annual
	
	194.8


Source: Calculations by the authors from information on monthly average prices for current vintage allowances, U.S. EPA, ”Monthly Average Prices of Sulfur Dioxide Allowances Under the Acid Rain Program,” http://www.epa.gov/acidrain/ats/prices.html.

aCalculated as simple means by using current vintage average monthly prices.

One of the surprises of the SO2 program is that allowance prices have been much lower than expected.
  Ellerman, et. al. (1997) estimated the average total cost and the
long-run marginal cost of abatement in 1995 to be around $200 and $300 a ton respectively. Earlier marginal abatement costs estimates were even greater. A pre-1989 industry estimate was around $1,500 a ton, while a 1990 EPA estimate was about $750 a ton [Burtraw (1996), Table 1]. However, for the whole period in which there is consistent price information, allowance prices have ranged from a minimum of about $70 in March of 1996, to $212 in June of 1999. It wasn’t until early 1999 that prices exceeded $200 per ton.

Because sources can also trade allowances dated for the future, we also have some indication of future allowance prices.  Consider for example the results from the most recent  “7-year advance” auction by the U.S. EPA.
  The clearing prices for these auctions were about $102 a ton in 1997, $108 per ton in 1998, and $168 a ton in 1999.  For the same years the clearing prices in the spot auctions were about $107, $115, and $201, respectively.
  Although limited, this information implies that, as for now, allowance prices in the near future are likely to be similar to current prices (in real terms). Much of the reason for this is probably due to the existence of a large number of banked permits. If the permit bank is reduced over time, then the addition of a large number of facilities and the reduction in allowance allocations in Phase II of the program could lead to higher allowance prices over time.  

If it is true that allowance prices in the near future will not be very different from current prices, then facilities’ are likely to face similar compliance incentives as well.  However, if allowance prices eventually increase, then non-compliance may become more of a problem than it is at present. 
3.2.3 Overall structure of the RECLAIM program

The Regional Clean Air Incentives Market [RECLAIM] program is a market-based pollution control program that is part of the larger Air Quality Management Program of the South Coast Air Quality Management District [AQMD] of Southern California.  The RECLAIM program was designed as a part of the efforts to clean up the Los Angeles region airshed—one of the smoggiest in the U.S.—and achieve federal ambient standards for ozone and particulate matter.  The program serves these purposes by reducing emissions from stationary sources of two pollutants, Nitrogen Oxides (NOx) and Sulfur Oxide (SOx).  It is expected that by the year 2003 the program will achieve an almost 70% reduction of emissions of both pollutants from their 1990 levels by sources covered under the program.
 

Although the RECLAIM program is a cap-and-trade program, it also includes emissions taxes (fees).  The two instruments—the market for pollution permits and the emissions fees—have two different purposes, reducing emissions with the former and raising revenue to finance administration of the program with the latter.
  

Assessment of emissions fees is based on each facility’s total certified emissions.
  For annual emissions between 4 and 25 tons per year, the fees are $171.30 and $203.10 per ton of NOx and SOx, respectively.  When annual emissions are greater than 25 tons per year but lower or equal to 75 tons per year, the fees are $272.10 and $328.30 per ton of NOx and SOx, respectively.  Finally, for annual emissions greater than 75 tons, the fees are $409.80 and $492.90 per ton of NOx and SOx, respectively.
 Although the emissions fees were clearly not intended to provide incentives for pollution control, but rather are used to help finance the program, they probably have an impact on facilities’ choices of emissions control and on the performance of the NOx and SOx markets.

The RECLAIM program started operation in October of 1993 with 394 facilities. The initial universe of RECLAIM sources included all those stationary sources with NOx or SOx emissions greater than four tons in 1990 or any subsequent year.
 As a consequence of facility inclusions, exclusions, and shutdowns, by the end of the 1997 compliance year the RECLAIM universe consisted of 326 facilities located in Los Angeles, San Bernardino, Orange, and Riverside counties of Southern California [South Coast Air Quality Management District (1999)]. 

By October 1993, RECLAIM facilities received allocations of RECLAIM Trading Credits [RTCs] for each year until 2010.
 Overall reductions in NOx and SOx 

emissions are achieved by reducing credit allocations over time. Each RTC has a denomination of one pound of RECLAIM pollutant and a term of one year. In each compliance year, facilities may use their allocations for compliance purposes or sell or buy RTCs as they see fit. There is, however, a single spatial restriction on trading RTCs.  Specifically, a facility in Zone 1 (the coastal zone) may only obtain RTCs from other Zone 1 facilities, while a facility in Zone 2 (the inland zone) may obtain RTCs from either Zone 1 or 2 [Regulation XX-RECLAIM, Rule 2005, (e)].
   

As in the SO2 program, RECLAIM facilities cannot borrow credits against future allocations. In contrast to the SO2 program, RECLAIM facilities also cannot save RTCs for use or sale in the future. However, since facilities know their RTC allocation schedule over time, they can trade RTCs designated for future compliance years at any time prior to their expiration date.

The initial allocation of RTCs for each facility is determined primarily by multiplying each source’s maximum historical output level reported to the AQMD during the baseline period (1989-1992) and the (per unit of output) emission factor for the subject source or process unit defined in the RECLAIM regulation.
 Further, the allocations for the years between 1994 and 2000 for both pollutants are determined by a straight-line rate of reduction between the starting allocations and the year 2000 allocations.  For years 2001 and 2002, the allocations are determined by a straight-line 

rate of reduction between the year 2000 and 2003 allocations.  Finally, allocations for each year after 2003 are equal to the facilities’ ending allocations. Total allocations of NOx and SOx RTCs for the years 1994, 2000, and 2003 are provided in Table 3.4.  The 
final allocations of RTCs imply a reduction in the emissions cap by almost 71% and 60%, for NOx and SOx, respectively. 

Table 3.4. Allocations of NOx and SOx RECLAIM Trading Credits

(Thousand of Tons)

	Year
	Initial Allocation of NOx RTCs
	Initial Allocation of SOx RTCs

	
	Originala
	Adjustedb
	Finalc
	Original
	Adjusted
	Final

	1994
	37.60
	38.29
	40.00
	9.38
	9.38
	10.29

	2000
	12.78
	14.16
	15.91
	5.11
	5.04
	5.95

	2003
	9.49
	10.37
	11.61
	3.65
	3.54
	4.12


Source: Calculations by the authors based on South Coast Air Quality Management District (1998), “RECLAIM Program Three-Year Audit and Progress Report,” Table 2-5 and Table 2-6, page 2-5.  

aOriginal allocations developed in 1993.

bIncludes adjustments to individual facility allocations, inclusions and exclusions, and results of rule reviews.

cFinal allocations include adjusted allocations plus Emissions Reduction Credits (ERC) from RECLAIM and non-RECLAIM facilities and conversion of mobile sources.
3.2.4 Trading in the RECLAIM program and RTC prices

Information on trading activity in the RECLAIM program is provided in Table 3.5.  The number of transactions of NOx and SOx are reported, differentiating those transactions that occurred at a price from those transactions implemented without price.
 

Table 3.5.  Trading Activity in the RECLAIM Program: 1994-1998

(Thousand of Tons)

	Yeara
	NOx
	SOx

	
	With Priceb
	Without Pricec
	With Price
	Without Price

	
	Tons
	Tons
	Tons
	Tons

	1994
	2.2
	5.8
	0.0
	0.3

	1995
	11.7
	66.8
	3.1
	14.1

	1996
	5.6
	41.7
	5.2
	19.1

	1997
	9.2
	38.6
	5.1
	15.6

	1998
	26.0
	19.1
	1.8
	7.9


Sources: South Coast Air Quality Management District (1998), “RECLAIM Program Three-Year Audit and Progress Report,” Figure 4-1, and Figure 4-3 page 4-5, and South Coast Air Quality Management District (1999), “Annual RECLAIM Audit Report for the 1997 Compliance Year,” Figure 2-4 and Figure 2-5, pages 2-5 and 2-6, respectively.

aCalendar year.

bIncludes direct transactions among facilities and transactions from brokers to buyers.

cIncludes intra-company transfer of RTCs for sources with common ownership, and transfers from seller to brokers, between brokers, and RTC transfers in the case of change of ownership of a facility.

It appears that, with the exception of NOx trading in 1998, most RTC trades have been implemented without price. However, these figures should be considered carefully because trades without price may commonly involve double counting.  This may occur when RTCs are transferred from a seller to a broker with the purpose of selling the RTCs to a third party.  If the broker does not find a buyer, the RTCs are transferred back to the owner, double counting the number of RTCs despite the fact that no actual trade takes place.

Despite the fact that most RTCs are transferred without prices, market prices for NOx and SOx RTCs are well established [South Coast Air Quality Management District 

(1998 and 1999)].  Average prices for a ton of NOx emissions during the first four calendar years of the program were always below $250, but rose to $451 during the 1998
calendar year.
 Average prices per ton of SOx were under $150 during the first four years of the program but rose to over $300 in 1998. As in the SO2 program, these prices are far lower than what was expected before the program started.  In an early assessment of the RECLAIM program in 1993, RTC prices per ton of NOx were projected to be around $580 and $8,900 in 1994 and 1998, respectively.  Prices per ton of SOx were projected to be about $580 and $3,000 in 1994 and 1998, respectively [South Coast Air Quality Management District (1998), Table 4-3].  There is not a clear explanation of why prices in the RECLAIM program have been lower than expected.  One reason may be that high forecasts of RTC prices triggered over-investment in abatement technology, which resulted in an excess supply of RTCs.  In what appears to be a similar line of argument, RECLAIM authorities claim that their projections of RTC prices have not been realized because they used incorrect projections of future abatement technologies to obtain their forecasts [South Coast Air Quality Management District (1998)].

It is also possible that early projections of RTC prices failed to account for the emissions fees that RECLAIM facilities are required to pay. Relative to average prices for RTCs, these fees are not small. For example, a facility that emitted more than 75 tons 

of Sulfur Oxide (SOx) in 1998 would have paid a tax of $493 per ton, while the average price of SOx trading credits in that year was about $450 per ton. As with the effects of all unit taxes, RTC prices would have to be lower to accommodate the taxes than they would be in the absence of the fees.  Although it seems likely that early forecasts of RTC prices would have taken into account the depressing affect of the emissions fees on RTC prices, we are not certain that they did.

Prices for RTCs that can be used for future compliance purposes are much higher than prices for current vintage RTCs, perhaps indicating that facilities are anticipating that the declining supply of RTCs will make them much more scarce in the future. In 1997, average prices for NOx were $1,880 per ton for 2010 RTCs, while for SOx they were as high as $2,393 per ton for 2003 RTCs and $2,385 per ton for 2004 and beyond RTCs [South Coast Air Quality Management District (1998)]. More recent information suggests that in 1998, average prices for NOx were $1,971 per ton for 2003 RTCs and $1,859 per ton for 2010 RTCs.  In 1998 there was only one trade with a price for future-dated SOx RTCs, which took place at $2,385 per ton for 2003 and 2010 RTCs. [South Coast Air Quality Management District (1999)]. 

All indications are that real RTC prices will be substantially higher in the future than they are now.  As we report in the next section, the RECLAIM program has experienced some non-compliance problems. With RTC prices that may be four or five times higher in real terms, we fear that there will be substantially more incidences of non-compliance in the future.
  
3.2.5 Comparison and contrast: SO2 trading vs. RECLAIM 

Although the general design elements of the SO2 and RECLAIM programs include several common characteristics, there are also some important differences between them. Table 3.6 provides a comparison of general design aspects of the SO2 and RECLAIM programs.


A number of differences between these programs have to do with the scale, number, location, and type of regulated units.  As noted before, the SO2 program is the largest market-based program for controlling industrial pollution in U.S..
 The program is expected to cover about 2,000 units, and specifies an expected reduction of annual SO2 emissions of nearly 10 million tons.  Sources under the SO2 program are all fossil-fueled electric utilities that are spread out over a large portion of the U.S.  In contrast, the 

RECLAIM program covers less than 350 facilities, which are expected to reduce annual emissions by 28 thousand and 6 thousand tons of NOx and SOx, respectively, by the year 2003. Regulated units under this program are concentrated in four contiguous counties in Southern California and cover a wide range of different industries.


In the sense that it is aimed at controlling one pollutant, the SO2 program is less ambitious than RECLAIM, which covers two. Therefore, trade in SO2 allowances takes place in a single market, while trade in SOx and NOx RTCs takes place in two distinct markets. 


Another set of important differences involves trading regulations. While, in principle, allocations are fully marketable commodities in both programs, banking of allowances for future use is allowed under the SO2 program, but is not under RECLAIM. Neither program allows facilities to borrow from future allocations.  Furthermore, in addition to this temporal restriction on trade, the RECLAIM program includes one spatial restriction as well. RECLAIM facilities in the coastal zone may only obtain RTCs from other coastal zone facilities, while inland facilities may obtain RTCs from both coastal and inland facilities.


In practice the RECLAIM program involves the use of two emissions control instruments, a market for pollution permits and taxes (fees) on emissions. The tax feature is not shared with the SO2 program. The RECLAIM emissions fees are not intended to provide additional incentive for pollution control, but rather are one type of fee among a number of others that are collected to finance the management of the program. However, given the size of the fees relative to current RTC prices and the fact that they are differentiated by the level of a source’s emissions, it is quite likely that they affect the facilities’ emissions choices and the performance of the RTC markets.

Finally, the emissions markets in both programs are well established.  Facilities in both programs appear to be using these markets as well as internal transfer opportunities to meet their compliance obligations.  Going prices in both markets are well below early forecasts, suggesting perhaps that facilities are using the flexibility of cap-and-trade programs in ways that program designers did not anticipate.  An important difference between the performance of the SO2 and RECLAIM markets has to do with current prices
and expected prices over the next ten years or so.  It appears that allowance prices
in the SO2 program will be similar in the future to current prices, but RECLAIM credits are likely to be much more expensive than they are currently.  These expectations suggest that SO2 facilities will face compliance incentives in the future that are similar to what they face now; however, high RECLAIM credit prices in the future will probably have a substantial impact on the compliance choices of RECLAIM facilities.

Table 3.6. General Design of the SO2 and RECLAIM Programs

	Item
	SO2
	RECLAIM

	Program Description
	The Sulfur Dioxide Allowance Trading Program is a market-based pollution control program that seeks to reduce emissions of Sulfur Dioxide (SO2) from fossil-fueled electric power plants
	The RECLAIM program is a market-based pollution control program that seeks to reduce emissions of Nitrogen Oxide (NOx) and Sulfur Oxide (SOx) from stationary sources with releases above a certain amount. 



	Program Goal
	The program is expected to achieve a 50% reduction in SO2 emissions from electric utilities by 2010.
	RECLAIM is expected to achieve a nearly 70% and 60% reduction of NOx and SOx emissions, respectively, by affected sources by the year 2003.



	Starting Date
	1995, for Phase I.  Phase II begins in the year 2000.  
	October 1993, although 1994 is considered the first compliance year.



	Coverage 
	445 units in Phase I.  These included 263 units at 110 mostly coal-burning electric utility plants and 182 additional units that joined the program as substitution or compensating units. Phase II of the program, which will cover about 2,000 units, affects existing utility units serving generators with an output capacity greater than 25 megawatts, as well as all new units.


	394 facilities in the first compliance year.  A facility may have more than one source of emissions.  The initial universe of sources includes all sources that had more than four tons of emissions of NOx or SOx in 1990 or any subsequent year.

	What is traded?
	Allowances.  Each allowance permits a unit to emit one ton of SO2 during or after a specified year.  For each ton of SO2 discharged in a given year, one allowance is retired.


	Reclaim Trading Credit [RTC].  Each RTC covers one pound of pollutant that can be released by the facility, but only in the year that the RTC was allocated.   

	Initial Allocation
	Units were allocated allowances based on their historic fuel consumption and one specific emissions rate. The total supply of allowances was 8.7 million tons of SO2 in 1995.
	A facility’s allocation of RTCs is based on its historical operations previously reported to the Air Quality Management District [AQMD], and the specific equipment classification of the facility.  The total supply of RTCs in 1994 was 40 thousand tons of NOx and 10.3 thousand tons of SOx.
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Table 3.6. Continued

	Item
	SO2
	RECLAIM

	Trading Regulations
	Allowances may be bought, sold, or banked.  Any person may acquire allowances and participate in the trading system.  The EPA also holds an annual auction of a relatively small number of allowances.
	RTCs may be bought and sold, but not banked. The only other trading restriction established a two zone program under which coastal zone facilities may only acquire RTCs from other coastal zone facilities.   




Sources: Regulation XX-RECLAIM, http://www.aqmd.gov/rules/html. 

Johnson, Scott L. and David Pekelney (1996), “Economic Assessment of the Regional Clean Air Incentives Market: A New Emissions Trading Program for Los Angeles,” Land Economics, 72(3): 227-97.

 South Coast Air Quality Management District (1998),“RECLAIM Program Three-Year Audit and Progress Report,” South Coast Air Quality Management District, Diamond Bar, CA.

U.S. Environmental Protection Agency (1997), Acid Rain Program 1996 Compliance Report, U.S. EPA Acid Rain Program, Washington D.C.

3.3 Enforcement and Compliance in the SO2 and RECLAIM Programs
At the simplest conceptual level, enforcement of any law is characterized by two components; monitoring to detect violations and the assessment of sanctions if a violation is found. In this section we describe these components of the SO2 and RECLAIM programs and their compliance records thus far.

3.3.1 Enforcing the SO2 program

A necessary requirement for enforcing any market-based pollution control program is a system to keep track of emissions permits.  To accomplish this in the SO2 program, the EPA has established the Allowance Tracking System (ATS), the primary purpose of which is to provide an automated means of monitoring compliance with the Acid Rain Program.  As the name suggests, the ATS tracks the issuance of allowances, the holding of allowances in accounts, the holding of allowances in various allowance reserves, the deduction of allowances for compliance purposes, and the transfer of allowances between accounts [U.S. Environmental Protection Agency, “The Allowance Tracking System: Accounting for SO2 Allowances Under the Acid Rain Program”].  The ATS is organized into two types of accounts, unit accounts and general accounts.  Unit accounts are used by facilities for compliance purposes, while general accounts are used to hold or trade allowances and are not subject to allowance deductions to cover emissions.

Compliance in a market-based program is simply a matter of reconciling a facility’s permit holdings with its total emissions over some compliance period.  Emissions monitoring in the SO2 program is based on emissions data provided by the facilities themselves.  The structure of the monitoring component of the program is aimed primarily at guaranteeing accurate reports of emissions.
  Regulated units must continuously measure and record emissions of SO2, emissions of NOx, volumetric flow, diluent gas (O2 or CO2), and opacity.  Continuous emissions monitoring systems [CEMS], or an equivalent device, must be used to monitor each sources’ emissions.
  All CEMS must be in continuous operation and must be able to sample, analyze, and record data at least every 15 minutes and then reduce the data to 1-hour averages.  A unit’s CEMS sends the emissions data to the utility’s Data Acquisition and Handling System (DAHS), which collects and records the necessary measurements and formats the information electronically into a quarterly report.  These quarterly reports are submitted to the EPA, and can be delivered electronically [U.S. EPA, “Emissions Monitoring and Reporting,” http://www.epa.gov/acidrain/so2.emis.html]. 

Facilities’ emissions reports are sent to the EPA’s Emissions Tracking System (ETS).  With the ETS, the EPA is able to check a unit’s emissions reports for reporting errors and data problems. Furthermore, the EPA uses the ETS jointly with the ATS to ensure that affected units are in compliance.  

Authorities in the SO2 program focus their monitoring efforts on auditing sources’ emissions reports.  The EPA subjects every emission report to a series of reviews to verify their accuracy. Audits appear to be primarily of the source’s reports rather than site visits, although the EPA may conduct site audits to inspect CEMS devices and review on-site operations and CEMS quality assurance records.

To be compliant in a particular compliance year, a facility must surrender to the EPA enough allowances at the end of each compliance year to cover their emissions for the year.  Actually, they are granted a 60-day grace period—the reconciliation period—at the end of each compliance year (January and February).
  During that period, additional SO2 allowances may be purchased, if necessary, to correct a shortfall in allowance holdings. At the end of the grace period (the Allowance Transfer Deadline), the allowances a unit holds in its ATS unit account must equal or exceed the unit’s annual SO2 emissions.  Any remaining allowance may be sold or banked for use or sale in the future [U.S. EPA, “Annual Reconciliation Factsheet,” http://www.epa.gov/acidrain/trueup/trueup.html]. 

To provide a deterrent against non-compliance in market-based systems, facilities whose emissions exceed their permit holdings for some compliance period must face sanctions for these violations. The penalty system for violations in the SO2 program is unique among environmental policies in that financial penalties for emissions violations are explicit and are intended to be assessed automatically.  The monetary penalty was set at $2,000 per ton of excess emissions in 1990, and is indexed to inflation. Consequently, in 1998 the penalty was $2,581 per ton of excess emissions.  In addition to the monetary penalty, a non-compliant utility must offset the excess SO2 emissions from its allowance allocation in some future year.  A utility may either have allowances deducted immediately or at a later date. 

The SO2 sanctions provide a strong incentive to facilities to avoid emissions violations, because their unit value has always been many times higher than prevailing allowances prices. For the 1998 compliance year, including the reconciliation period, allowance prices ranged between $100 and $200 per ton of emissions. For that same year the unit value of the SO2 sanctions exceeded $2,600. Thus, the unit value of the SO2 sanctions in 1998 were more than 13 to 26 times higher than market prices for SO2 allowances.

3.3.2 Compliance in the SO2 program

The SO2 program is now in its fifth year of operation. Table 3.7 shows relevant aggregate performance information for Phase I units during the 1990s. It can be seen that emissions were reduced in 1995—the first compliance year of the program—by more than 3 million tons from 1994.  Furthermore, emissions in 1995 represent less than half of the emissions from these same sources in 1980 [Table 3.7, column 2].

The data in Table 3.7 reveal that, in aggregate, sources in the SO2 program have been significantly over-compliant.  Aggregate emissions in every year thus far have been well below aggregate allocations—by as much as 39% lower in 1995 [Table 3.7, column 4].  And relative to total allowable emissions—the total allocation of allowances plus allowances held over from previous years—aggregate emissions have been surprisingly low, falling to only 35% of allowable emissions in 1998 [Table 3.7, last column].

Table 3.7.  Emissions and Allowances in Phase I of the SO2 Program 

(Million of Tons of SO2)

	Year
	SO2 Emissions

(1)
	Allocationa
(2)
	(1)/(2)b
	Bankedc

(3)
	Total Allowabled
	(1)/[(2)+(3)]e

	1980
	10.90
	     

	1990
	9.96
	

	1994
	8.50
	

	1995
	5.30
	8.74
	0.61
	-
	8.74
	0.61

	1996
	5.44
	8.30
	0.66
	3.44
	11.73
	0.46

	1997
	5.47
	7.15
	0.77
	6.29
	13.44
	0.41

	1998
	5.29
	6.97
	0.76
	7.96
	14.93
	0.35


Source: U.S. Environmental Protection Agency, “1995 Compliance Report,” “1996 Compliance Report,” “1997 Compliance Report,” and “1998 Compliance Report,” and calculations by the authors.

aIncludes the basic allowance allocation and additional allowances implied by all the special provisions.

bSO2 Emissions divided by Allocation.

cAllowances banked at year t.  Banked allowances at year t are those held over from previous years and can be used for compliance purposes in year t, or any year thereafter. 

dCalculated as Allocation plus Banked allowances.

eSO2 Emissions divided by Total Allowable.

The reason that emissions as a percentage of allowable emissions fell through the 90’s is that the stock of banked allowances increased very rapidly.  While emissions fell dramatically in 1995, they were relatively constant for the remainder of Phase I of the 

program. On the other hand, column 5 of Table 3.7 shows the extent to which units have been banking allowances. While the stock of banked allowances in 1996 represented 3.44 million tons of SO2, it rose to almost 8 million tons in 1998. In fact, in 1998 the stock of 
banked allowances actually surpassed the allowance allocation for that year.  While total emissions have been relatively constant since 1995, allowable emissions have been rising rapidly because the increase in banked allowances has far outweighed the more modest decrease in the basic allocation of allowances.  

Not only can the SO2 program boast of aggregate compliance in every year thus far, but each facility has been compliant in each year as well.  This, perhaps, should come as no surprise. A facility that discovers during the annual reconciliation period that it does not hold enough allowances to cover its emissions for the previous year can suffer the sanction for the violation, or it can enter the allowance market to purchase enough allowances to cover its excess emissions.  Because sanctions have always far exceeded $2000 per ton and allowance prices have never risen to much over $200, the incentive a facility that finds itself in this situation has to purchase additional allowances has always been very clear. 

Although there have been no violations in the SO2 program, it may be helpful to take a closer look at individual units’ compliance data.  Doing so may provide some preliminary information on how far or close units have been from being in violation during a given compliance year, and may also help reveal whether or not there are significant differences among units in terms of relative compliance levels.  

To examine individual compliance performance we use facility level data provided in the “1998 Compliance Report” [U.S. Environmental Protection Agency (1999), Appendix B-4].  Two pieces of information were used for the analysis; allowances deducted for emissions, and number of permits held in unit accounts as of March 1st, 1999, the end of the reconciliation period for the 1998 compliance year.  The ratio of allowances deducted for emissions to the number of permits held in unit accounts as of March 1st 1999 was calculated for each unit.  A ratio close to zero means that for that unit the number of allowances deducted for emissions were far smaller than the total number of allowances held in the unit account at the end of the reconciliation period.  On the other hand, a ratio close to one implies that the level of allowances deducted for emissions for that unit approaches the number of allowances the unit had available for compliance that year. The distribution of the emissions/allowances ratios among the units is shown in Figure 1.

The mean of the emissions/allowances ratio is around 0.56, with a standard deviation of 0.11.  Interestingly, 100 out of the 381 units had emissions that were very close to the number of allowances they held in their unit accounts; that is, they had emissions/allowances ratios between .90 and 1.00.  Furthermore, 3 out of those 100 units were found to have emissions/allowances ratios exactly equal to 1.00, and therefore were just compliant. Figure 3.1 clearly shows the concentration of firms in the highest (90 – 100%) category of allowance holdings relative to emissions.  Thus, while at the aggregate

level total emissions have been always far lower than total allowable emissions, some units appear to have been less over-compliant than others.

Figure 3.1.  Allowances Deducted for Emissions Relative to Allowances Held-1998
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3.3.3 Enforcing the RECLAIM program 

As in the SO2 program, RECLAIM authorities spent a great deal of effort designing a monitoring system that focuses on obtaining accurate reports of emissions from the facilities themselves. To monitor their emissions, regulated units in the RECLAIM program are required to install emissions monitoring equipment.
  Equipment requirements and reporting frequency differ among emissions sources. Specifically, NOx sources are classified into four categories depending upon emissions levels: major sources, large sources, process units, and equipment [Regulation XX-RECLAIM, Rule 2011].  SOx sources are classified into three categories; major sources, 

process units, and equipment [Regulation XX-RECLAIM, Rule 2012; http://www.aqmd.gov/rules.html].

Continuous Emissions Monitoring Systems [CEMS] are required for all NOx and SOx major sources. Maintenance and testing procedures for all CEMS to assess their performance during each compliance year are required; in fact RECLAIM requires two testing procedures per year.
 Facilities in other source-categories are required to install monitoring systems that are cheaper than CEMS, and that are correspondingly less accurate. NOx large sources must install a device called a fuel flow meter, also known as continuous process monitoring system.  Process units and equipment categories for both NOx and SOx sources are required to use fuel flow meters or timers (engine hour meters) for emissions monitoring purposes.  These devices are intended to produce periodic usage reports (amount of fuel or time of utilization) which, combined with equipment emission standards, are used to produce emissions reports [South Coast Air Quality Management District (1991)]. 

Estimated emissions must be reported to the AQMD with additional equipment and specific software.  Major sources must use a Remote Terminal Unit [RTU] to telecommunicate data to the AQMD Central Station.  The RTU collects data, performs calculations, generates the appropriate data files, and transmits the data to the Central Station.  Data for large sources and process units may be transmitted via RTU; alternatively, they may compile the data manually and transmit them to the Central Station via modem.  Finally, RECLAIM also establishes specific requirements reporting frequency, which differ among source categories.

Under the RECLAIM program, the compliance year is divided into four quarters, and after each quarter there is a reconciliation period.  The 30 calendar days after the conclusion of each of the first three quarters are the first three reconciliation periods, while the 60 days after the last quarter is the last reconciliation period.  During each reconciliation period, facilities are required to calculate their emissions for that quarter and acquire additional RTCs to cover these emissions if necessary.  Upon submission of its quarterly report, RTCs equal to the facility’s reported emissions are debited from its allocation account. 
 Furthermore, upon expiration of the annual reconciliation period, facilities are required to certify their emissions for the preceding year by submitting Annual Permit Emissions Program Reports. This report is used for permit compliance reporting, review, and fee reporting, and in practical terms is the last chance for facilities 

to check and make corrections to their reported information during the past compliance year [Regulation XX-RECLAIM, Rule 2004 (b) and (c); http://www.aqmd.gov/rules/html]. 

After the fourth quarter reconciliation period has ended and facilities have submitted their APEP reports, AQMD initiates audits for the previous compliance year. The main objective of AQMD monitoring of reported data is to ensure reliability of the data and to check for incidences of noncompliance. RECLAIM authorities claim to have reviewed every single emissions report in every single year. Surprisingly, each of these reviews apparently included site visits to inspect equipment, monitoring devices and operation records [South Coast Air Quality Management District (1998 and 1999)].

Whenever an audit reveals a facility to have emissions in excess of RTC holdings, the facility is provided an opportunity to review the audit and to present additional data to further refine the audit results.  If, after that review, the facility is judged to be non-compliant, the AQMD automatically reduces the facility’s allocation for the subsequent compliance year by the total amount of excess emissions. The AQMD may also impose additional permit conditions to prevent further violations [Regulation XX-RECLAIM, Rule 2010 (b), 1 and 2; http://www.aqmd.gov/rules.html].

In addition, the AQMD may seek to impose administrative monetary penalties. Non-compliant facilities may face penalties of up to $500 for every 1,000-pound exceedance for every day the exceedance persists.  Perhaps recognizing the greater incentive to be non-compliant when RTC prices are high, if the annual average price of RTCs per ton reaches $8,000, then the $500 penalty can be applied to every 500 pounds of excess emissions, effectively doubling the available penalty. Application of the $500 penalty is not automatic. Imposition of the penalty depends on the facts of a particular case, including the extent of excess emissions, apparent reason for the exceedance, and the vigor with which a source moves to correct its violation. [See Regulation XX RECLAIM, Rule 2004 (d) for the definition of violations, and Rule 2010 (c) for procedures for assessing administrative penalties (http://www.aqmd.gov/rules/html)].

It is clear that any application of monetary penalties in the RECLAIM program will be made on a case-by-case basis.  Because of the resulting uncertainty that facilities must have about the consequences they will face if they are non-compliant, it is difficult to judge the deterrence value of the RECLAIM sanctions.  We do know, however, that they provide less of an incentive to avoid emissions violations than if they were fixed and applied automatically as in the SO2 program.  This is true because facilities will not base their compliance decisions on the stated maximum penalty, but on their expectations of what penalty may actually be applied, which, of course, will be some lower value than the maximum applicable penalty.

The time element of the RECLAIM monetary penalty is somewhat puzzling.  It seems clear that the purpose of the time dimension is to encourage non-compliant sources to move quickly to correct their compliance problems.  However, compliance is essentially a matter of holding enough RTCs at the end of the year to cover total emissions for the year; that is, it is a year-by-year determination. Applying penalties every day a facility is in violation does not match up well with how compliance is actually determined.  One may think that this distinction is of no consequence.  However, it will not always be clear how many days a facility’s excess emissions persists, and therefore, time and effort must be expended to resolve the uncertainty. To us, this time and effort is simply waste that might easily been avoided by a simpler method for applying penalties.

3.3.4 Compliance in the RECLAIM program

The RECLAIM program is now in its sixth year of operation. Data on the program’s performance for the 1994 to 1997 compliance years are provided in Table 3.8.
  Several implications of program’s performance may be obtained from this information.  

First, the data provided in Table 3.8 suggests that, in the aggregate, RECLAIM facilities have been over-compliant in every compliance year.  That is, aggregate emissions have always been lower than the emissions cap given by the total supply of RTCs.
  Note that total emissions of NOx fell by about 13 % between 1993—the year just prior to the program’s inception—and the 1997 compliance year; however, it was only during the 1997 compliance year that a substantial emissions reduction was achieved. Aggregate SOx emissions fell by 9.7% from 1993 to 1997, but first rose by about 1,000 tons before there was a significant reduction in total emissions.

Finally, the level of unused RTCs suggests an over-supply of RTCs from the 1994 to the 1997 compliance years. Although the level of unused RTCs have been decreasing over time in absolute and relative terms for both pollutants, in1997 it still represented about 22% and 21% of the total RTC supply for NOx and SOx, respectively.
Table 3.8.  Emissions and RTC Allocations in the RECLAIM Program

(Thousand of Tons)

	
	NOx
	SOx

	Yeara
	Total Emiss.b

(1)
	Total

RTCsc
(2)
	(1)/(2)d
	Unused RTCse
	Total 

Emiss.b

(3)
	Total

RTCsc

(4)
	(3)/(4)d
	Unused RTCse

	1993
	25.0
	
	7.2
	

	1994
	25.3
	40.1
	0.63
	14.8
	7.2
	10.4
	0.70
	3.1

	1995
	25.8
	36.0
	0.72
	10.2
	8.1
	9.6
	0.84
	1.6

	1996
	24.8
	32.0
	0.78
	7.7
	6.5
	8.9
	0.73
	2.4

	1997
	21.8
	27.9
	0.78
	6.1
	6.5
	8.2
	0.79
	1.7


Source: South Coast Air Quality Management District (1998), “RECLAIM Program Three-Year Audit and Progress Report,” Table 3-1, page 3-3; South Coast Air Quality Management District (1999), “Annual RECLAIM Audit Report for the 1997 Compliance Year,” Table 3-1 and Table 3-2, page 3-2, and calculations by the authors.  

a Compliance years except for 1993, which is a calendar year.

b Total annual emissions.

c Total RTCs. Includes total RTC allocation plus converted Emission Reduction Credits (ERC).

d Total emissions divided by total RTCs.

e Unused RTCs.  Calculated as total RTCs minus total emissions.

Compliance by individual facilities has been somewhat different from the aggregate results.  During the first four compliance years, a number of facilities were 

found with emissions exceeding their RTC holdings: 36 in 1994, 43 in 1995, 51 in 1996, and 19 in 1997 [South Coast Air Quality Management District (1998), page 5-4; (1999), page 5-2].
 However, the proportion of compliant facilities has always been between85% and 95%. We should emphasize that, relative to many other environmental programs, this is a very good compliance record.  


For the 1994, 1995, and 1996 compliance years, the most common causes of excess emissions were misunderstandings of the required protocols, particularly the misapplication of missing data procedures that are used to estimate a facility’s emissions when its monitoring equipment is malfunctioning.  One may expect these sorts of problems in the first few years of a new program.  One would also expect these problems to diminish over time as facilities gain more experience. This is exactly what has occurred in the RECLAIM program.  Of the 19 incidences of excess emissions in 1997, only 6 were thought to be due to simple misunderstandings or miscalculations.  


RECLAIM officials do not attempt to explain why the remaining 13 non-compliant facilities remained in violation through a reconciliation period for a year that had an excess supply of RTCs of over 20%, offering only the empty reason of “failure to reconcile emissions with credits” [South Coast Air Quality Management District (1999), page 5-2]. Apparently some of these facilities attempted to purchase additional credits, but the transactions ran into problems that were not resolved before the end of the compliance period [South Coast Air Quality Management District (1999), page 5-4].

For those facilities that exceeded their RTC holding during the 1994-1997 compliance years, the offset penalties were applied in the subsequent years.  Of the 19 facilities with excess emissions in 1997, 9 were issued notices of violations.  We have not been able to determine whether any monetary penalties have been assessed thus far.
  RECLAIM officials appear to prefer a “soft enforcement” approach to maintaining compliance; that is, they seem to prefer to work with non-compliant facilities in a more cooperative manner to resolve problems instead a automatically levying penalties.  Of course, the ability of RECLAIM officials to impose financial and other penalties must serve as a background threat in these cooperative efforts. 
3.3.5 Comparison and contrast: enforcement of the SO2 and RECLAIM programs

Although the SO2 and RECLAIM programs have several similarities, there are also important differences in the ways these programs are enforced.  Table 3.9 provides a comparative summary of the enforcement strategies of these programs. 


In their essentials, the monitoring strategies of both programs are very similar.  Both programs have systems in place to track permit holdings.  Emissions monitoring in both programs relies heavily on self-reporting of emissions by the facilities themselves. To help achieve accurate emissions reporting, both programs impose rather stringent technological and process requirements on all facilities. All SO2 sources and large RECLAIM sources are required to install continuous emissions monitoring systems. These systems are capable of providing very accurate accounts of the volume of emissions leaving a facility, but they are quite expensive.  Because of this, smaller RECLAIM sources use less expensive monitoring technologies. Despite also being less accurate than CEMs, we have not detected any serious concerns about emissions monitoring of smaller RECLAIM facilities.  


There are other differences in reporting requirements between the programs and among RECLAIM facilities, particularly in the frequency of reporting and the manner in which reports are submitted, but these differences do not appear to be significant.  It is obvious that a significant amount of effort went into designing emissions monitoring systems for both programs that would yield timely and accurate emissions reporting.


Agency monitoring activities in both programs are focused largely on the facilities’ emissions reports, as well as testing and maintenance reports. In both programs, emissions reports are run through a series of tests to assess their validity. In conjunction with these tests, RECLAIM authorities claim to have conducted site audits of each facility for each compliance year.  SO2 officials have the authority to conduct site visits, but it is not clear how often these audits have been conducted.  


Facilities in both programs have 60 days at the end of each compliance year to make sure they hold enough permits to cover their emissions for the year. These reconciliation periods are essentially grace periods to give facilities the opportunity to acquire additional permits if they have a shortfall, or to sell permits (or save them in the SO2 program) if they hold more than they need. RECLAIM facilities also enjoy 30-day reconciliation periods after each of the first three quarters of the compliance year. The purpose of these reconciliation periods appears to be to encourage facilities to reconcile the number of credits they hold to their emissions on a more frequent basis than just once a year. 


Perhaps the most significant difference between the enforcement strategies of the two programs is the way sanctions for emissions violations are applied. While both programs automatically deduct excess emissions from future allocations on a one-to-one basis, the financial sanctions in the two programs are very different.  The monetary penalty for excess emissions in the SO2 program is a fixed per-unit penalty that is to be imposed automatically. This penalty probably provides a strong deterrent against emissions violations because of its automatic nature and because it has always been many times higher that prevailing allowance prices. 

Monetary penalties in the RECLAIM program are more complicated, probably unnecessarily so. Stated penalties are maximum administrative penalties per unit of excess emissions (1,000 pounds or 500 pounds, depending on RTC prices) that can be imposed for every day an emissions violation persists.  The RECLAIM financial sanctions produce two sorts of uncertainty for facilities.  First, because these penalties are not fixed or automatic, but rather are to be determined on a case-by-case basis, facilities cannot know for certain what consequences they will face should they be in violation.  Second, the time dimension attached to the penalties will probably introduce uncertainty because the determination of the number of days a violation lasts will not always be clear. Unfortunately, both types of uncertainty will lessen the deterrence value of the monetary sanctions available in the RECLAIM program.  


As for the performance of the enforcement strategies in the SO2 and RECLAIM programs, both have been quite successful thus far. In the aggregate, both programs have achieved significant over-compliance in the sense that aggregate emissions have always been substantially lower than allowable emissions. At the individual source level, the SO2 program has achieved perfect compliance in every year, while individual compliance rates in the RECLAIM program have been between 85% and 95%.  Although it is difficult to predict what compliance rates will be in the future, it seems likely that the perfect compliance record of the SO2 program will persist as long as allowance prices remain well below the penalty for excess emissions. We are, however, somewhat pessimistic about the future compliance performance of the RECLAIM program. Recall that indications are that RTC prices will rise rather dramatically over the next decade.  If this occurs, the compliance problems the RECLAIM program has experienced, though relatively few thus far, will probably increase in the future. 

Table 3.9. Enforcement Design in the SO2 and RECLAIM Programs 

	Item
	SO2
	RECLAIM

	Monitoring Requirements
	Under the Acid Rain Program, each regulated unit must continuously measure and record its emissions using a continuous emission monitoring system [CEMS], or an equivalent technology.  There are also provisions for initial equipment certification, periodic quality assurance and quality control tests, and procedures for filling in missing data.
	Regulated sources are required to install emissions monitoring equipment, which differs by facility-source categories.  Major sources are required to install Continuous Emissions Monitoring Systems [CEMS].  Lower emissions categories are allowed to use other types of monitoring devices that are less expensive and less accurate.



	Reporting Requirements
	Units report hourly emissions data in an electronic format to EPA on a quarterly basis.  A unit’s CEMS sends the emissions data to its computerized Data Acquisition and Handling System (DAHS). The DAHS collects and records the necessary measurements, formats the information electronically into a quarterly report, and submits the report to the EPA. The reported emissions data is recorded in the EPA’s Emissions Tracking System (ETS) which serves as a repository of the emissions data for the utility industry.  


	Facilities’ are required to report their emissions to the Air Quality Management District [AQMD] using electronic reporting technologies.  Equipment requirements and reporting frequency differ among source categories.  For example, major sources are required to use a Remote Terminal Unit [RTU].  This device collects data, performs calculations, generate appropriate data files, and transmits the data to the AQMD Central Station.  Other sources may compile the data manually and transmit it to the Central Station via modem.  At  the end of a given compliance year, including the 60-day grace period, facilities must submit the Annual Permit Emissions Program Report.



	Auditing Activity
	The EPA subjects each emissions report to a series of reviews to verify their accuracy.  These audits appear to be primarily of the source’s reports rather than site visits. However, the EPA may conduct site audits to inspect CEMS devices and review on-site operations and CEMS quality assurance records.  
	The main purpose of AQMD monitoring activities is to ensure reliability of the data submitted by RECLAIM facilities.  To that end, AQMD initiates audits after the reconciliation period at the end of each compliance year.  Monitoring activities performed by the AQMD include not only reviews of the APEP reports, but also field inspections to check equipment, monitoring devices, and operation records.  
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Table 3.9. Continued
	Item
	SO2
	RECLAIM

	Reconciliation Periods
	At the end of each compliance year, regulated utilities are granted a 60-day grace period, the reconciliation period, during which additional allowances may be purchased, if necessary, to cover emissions for the year.  At the end of the grace period, the allowances a unit holds for compliance purposes in its unit account must equal or exceed the unit’s annual SO2 emissions for the year.  Any remaining allowances may be sold or banked for future years.


	The RECLAIM compliance year is divided into four quarters for emissions reporting and certification purposes.  The 30 days after the conclusion of each of the first three quarters are the first three reconciliation periods, while the 60 days following the last day of the compliance year is the reconciliation period for the last quarter.  During these grace periods, facilities have the opportunity to check their RTCs holdings and their reported emissions.    

	Compliance Status and Effects
	At the end of each calendar year, EPA compares SO2 emissions with allowance holdings of the source maintained in the Agency’s Allowance Tracking System [ATS] to ensure that the unit is in compliance. If by the end of the reconciliation period, a unit is out of compliance, it faces a fixed monetary penalty for each unit of excess emissions.  Furthermore, the utility must offset excess SO2 emissions in the previous year from its allocation in the current year or some future year; that is, a utility may either have allowances deducted immediately or at a later date.
	At the end of each compliance year, and after the last quarter reconciliation period has ended, facilities must hold sufficient RTCs in their allocation accounts to cover their emissions for that year.  Whenever an audit reveals an exceedance of emissions over RTC holdings, the offending facility is provided the opportunity to review the audit and present additional information.  If after corrections an emissions violation remains, in addition to possible monetary penalties, the AQMD reduces the facility’s allocation for the subsequent year by the amount of the exceedance. 



	Monetary

Penalties
	Penalties for emissions violations are explicit and are intended to be assessed automatically.  The monetary penalty was set at $ 2,000 per ton of excess emissions in 1990, and is indexed to inflation.  In 1998 the penalty was $ 2,581 per ton of excess of emissions.
	Monetary penalties for non-compliant RECLAIM facilities are administrative penalties, the levels of which are based on the factors of that particular case, including the extent of exceedance, apparent reason for the exceedance, the vigor with which the source moves to correct problems, and even RTC prices at the time of non-compliance.
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Table 3.9. Continued
	Item
	SO2
	RECLAIM

	Monetary

Penalties
	Penalties for emissions violations are explicit and are intended to be assessed automatically.  The monetary penalty was set at $ 2,000 per ton of excess emissions in 1990, and is indexed to inflation.  In 1998 the penalty was $ 2,581 per ton of excess of emissions.
	Monetary penalties for non-compliant RECLAIM facilities are administrative penalties, the levels of which are based on the factors of that particular case, including the extent of exceedance, apparent reason for the exceedance, the vigor with which the source moves to correct problems, and even RTC prices at the time of non-compliance.




Sources:Air Quality Management District Regulation XX-RECLAIM. Web site: http://www.aqmd.gov/rules/html; 

Johnson, Scott L. and David Pekelney (1996), “Economic Assessment of the Regional Clean Air Incentives Market: A New Emissions Trading Program for Los Angeles,” Land Economics, 72(3): 227-97.

 South Coast Air Quality Management District (1998),“RECLAIM Program Three-Year Audit and Progress Report,” South Coast Air Quality Management District, Diamond Bar, CA.

U.S. Environmental Protection Agency (1997), Acid Rain Program 1996 Compliance Report, U.S. EPA Acid Rain Program, Washington D.C.

� This chapter is taken from Stranlund, Chavez, and Field (2000).


� Acidic deposition (acid rain) occurs when emissions of Sulfur Dioxide (SO2) and Oxides of Nitrogen (NOx) react in the atmosphere with water, oxygen, and oxidants to form various acidic compounds.  These compounds then fall to the earth as gas, particles, rain, snow, or fog, causing acidification of lakes and streams, and damaging trees and buildings.  A wealth of information about the U.S. Acid Rain Program, including the SO2 Allowance Trading Program can be found on the internet at � HYPERLINK "http://www.epa.gov/acidrain.html" ��http://www.epa.gov/acidrain.html�.  For the enabling legislation, see U.S. EPA, “Clean Air Amendments of 1990 (Public Law 101-549), Title IV-Acid Deposition Control,” http://www.epa.gov/acidrain/lawsregs/title-4.pdf.


� Title IV includes two provisions that allow Phase II units to voluntarily join Phase I.  First, under the substitution provision the owner or operator of a Phase I unit can propose to reassign that units’ emissions reduction obligations to a non-Phase I unit that is under its control.  Upon approval, that unit—now a substitution unit—becomes for all purposes a Phase I unit.  Second, anticipating that utility operators may shift generation of power and emissions from Phase I to Phase II units, the provision allows operators to submit a reduced utilization plan for any Phase I unit that is planned to be utilized below its baseline level of operation. The plan may designate a Phase II unit—the compensating unit—to which production will be shifted.  Other options are also available. For a thorough description of these voluntary compliance provisions and their welfare implications, see Montero (1999).


� Regardless of the number of allowances a source holds it may not emit at levels that would violate existing federal or state standards set under Title I of the Clean Air Act.





� This allocation consisted of a basic allocation of 5.55 million of tons and an additional 3.19 millions of tons under other specific provisions, including provisions for substitution and compensating units, and the EPA’s annual auction of allowances.





� Departures from this basic allocation formula were considered and implemented in the final bill.  Joskow and Schmalensee (1998) discuss these departures and their affects on final allocations.


� Private allowance transfers within economic organizations include any allowance transfer within one company or between companies of the same parent company.  Private transfers between different economic organizations include transfers between utilities, transfers between brokers and utilities, and transfers between fuel companies and utilities.  [See U.S. Environmental Protection Agency, “EPA’s Classification Methodology for Private Allowance Transfers Reported to ATS,” http://www.epa.gov/acidrain/ats/defs.html].


� The current vintage is defined as those allowances that can be used to cover current emissions.  In other words it includes allowances allocated for the current period plus banked allowances from previous compliance years.  





� Updated information on allowance prices and transactions can be found at U.S. EPA, “Monthly Average Prices of Sulfur Dioxide Allowances Under the Acid Rain Program,” � HYPERLINK "http://www.epa.gov/acidrain/ats/prices.html" ��http://www.epa.gov/acidrain/ats/prices.html�.  Price information is obtained from brokerage firms and the Fieldstone Publication’s market survey.


� Explaining the low allowance prices of the SO2 program has been a major focus of the literature [see for example Burtraw (1996), Cason (1993), Cason (1995), Ellerman and Montero (1998), and Ellerman, et. al. (1997), especially section VI].  A number of explanations have emerged.  Some of these have focused on institutional imperfections; for example, some have suggested that the design of the EPA’s auction may produce a downward bias on prices [Cason (1993), Cason (1995)].  Others have suggested that state public utility policies have also been a source of such imperfections [Burtraw (1996)].  Others have suggested that allowances were over-supplied because of specific provisions introduced in Phase I legislation.  Political concessions were introduced for certain utilities that were required to invest in a high-cost abatement technologies (particularly scrubbers) to facilitate continuous use of local high-sulfur coal deposits [Burtraw (1996), Ellerman, et. al (1997)].  Still another explanation suggests that unexpectedly low allowance prices reflect the fact that irreversible investments were made in advance of compliance deadlines and were based upon imperfect expectations of higher than actual prices for low-sulfur coal and flue gas desulfurization equipment. Under this hypothesis, low actual allowance prices reflect past expectations of higher prices that did not materialize [Ellerman, et. al. (1997), Ellerman and Montero (1998)].





� Information on the results of annual auctions can be found at U.S. EPA, “Acid Rain Allowance Auctions,” http://www.epa.gov/acidrain/auctions/aucmain.html.  As the name suggests, “7-years advance” allowances can first be used for compliance purposes seven years into the future.  A “6-years advance” auction was also conducted between 1994 and 1997.





� In emissions markets with perfect certainty and frictionless trading, banking of emissions permits across periods would allow perfect arbitrage between present and future compliance costs and between allowances of differing vintages. Thus, except for adjustments for transaction costs and uncertainty about future compliance costs the difference between the “spot” price for allowances and the price of a forward allowance should be zero. Bailey (1998) has conducted an analysis of the term structure of allowance prices in the SO2 program and concluded that forward markets for allowances are reasonably efficient.


� RECLAIM sources represent only a small portion of the overall emissions inventory in this region; about 10 % of the total NOx emissions inventory and 20% of the total SOx inventory in 1990 [Schwarze and Zapfel (1999)].





� California law provides the South Coast Air Quality Management District with the  authority to adopt a fee schedule for the issuance of permits to cover the costs of evaluation, planning, inspection, and monitoring. AQMD Rule 301 establishes the conditions and procedures for assessing several types of fees affecting RECLAIM facilities. Emissions fees are only one of a number of other fees paid by RECLAIM facilities.  [South Coast Air Quality Management District, “Rule 301.  Permitting and Associated Fees,” http://www.aqmd.gov/rules/html/r301.html].





� Total certified emissions refer to a source’s reported emissions in a compliance year.  RECLAIM emissions fees for the 1994 compliance year—the first compliance year of the program—were based on facilities’ total permit holdings. Since the 1995 compliance year the fee assessment is based on reported emissions.  





� These and other fees paid by RECLAIM facilities appear not to be indexed to inflation. Therefore, if they are not increased periodically, their real values will fall over time.





� Certain facilities were specifically excluded from RECLAIM.  These include, among others, dry cleaners, restaurants, police and fire fighting facilities, and potable water delivery operations.  In addition, facilities that are not automatically subject to RECLAIM regulations have the option of voluntarily entering the program. [For details on the exemptions to the general inclusion criteria see Regulation XX-RECLAIM, Rule 2002, (i) and (f); http://www.aqmd.gov/rules.html].





� February 1997 amendments to RECLAIM rules, Regulation XX-RECLAIM, extended the program indefinitely beyond 2010.  Facilities were issued the same number of RTCs for each post 2010 year as it was allocated for 2010.  


� Facilities under RECLAIM are divided into two cycles with compliance schedules that are staggered by six months.  Compliance years for Cycle 1 facilities run from January 1 through December 31 and Cycle 2 compliance years are from July 1 through June 30. There are no restrictions on trading RTCs by facilities in different cycles.





� The allocation methodology is specified in Regulation XX-RECLAIM, Rule 2002 [http://www.aqmd.gov/rules/html].  Other sources of credits, like Emissions Reduction Credits (ERC) from RECLAIM and non-RECLAIM facilities and conversion of mobile sources, were also considered in the final allocation of RTC’s.   


� While transactions with price includes direct trades among facilities and from brokers to buyers, transactions without price may include intra-company transfers of RTCs among sources with common ownership, transfers from sellers to brokers, transfers between brokers, and even transfers in the case of change of a facility’s ownership.


� Note also that transfers of NOx RTCs without price were substantially higher in 1995 than in any other calendar year. Program authorities claim that this can be partially explained by the fact that program fees were applied to RTC holdings in the first year of the program and then changed to apply to emissions thereafter. During the 1995 calendar year, because fees were applied to RTC holdings, it was not unusual for regulated facilities to "dump” their excess allocations by transferring them to entities other than RECLAIM facilities in order to avoid the fees  [South Quality Management District (1998), page 4-6].


� While RTCs are expressed in pounds, the AQMD reports prices per ton of emissions.


� RECLAIM designers appear to have been aware of potential compliance problems they may face from high RTC prices.  They established a “backstop price” of $15,000 per ton, which if reached would trigger a complete reassessment of the program [Regulation XX-RECLAIM, Rule 2015, (b)-6]. Furthermore, as we report in the next section, if RTC prices reach $8,000 per ton, available monetary penalties for non-compliance are effectively doubled [Regulation XX-RECLAIM, Rule 2004, (d)-3; http://www.aqmd.gov/rules.html].





� The SO2 program is part of the Acid Rain Program, which also includes regulation of Nitrogen Oxide (NOx).  Control of this pollutant has, until very recently, taken a command-and-control approach. However, a market-based policy—the Ozone Transport Commission (OTC) NOX Budget Program—aimed at reducing summertime NOx emissions from electric utilities and large industrial boilers located in the Northeast began on May 1, 1999.  [See U.S. EPA, “Ozone Transport Commission NOx Budget Program: An Overview,” � HYPERLINK "http://www.epa.gov/acidrain/otc/ovrvw.html" ��http://www.epa.gov/acidrain/otc/ovrvw.html�].  This is a collaborative effort between the EPA and the states of the OTC. The EPA established the overall NOX cap and distributed it among the participating states; each state then distributed its allocation among the sources located therein.  Compliance assurance is to be pursued by the states using allowance and emissions monitoring procedures established by the EPA. Trading rules are very similar to those of the SO2 program. It is too early to tell how trading will go under the program and what compliance problems may be encountered. [U.S. Environmental Protection Agency, “Ozone Transport Commission NOx Budget Program: An Overview”].


� Information about the structure of the Allowance Tracking System can be found at U.S. EPA, “Allowance Trading System Fact Sheet” (� HYPERLINK "http://www.epa.gov/acidrain/allsys.html" ��http://www.epa.gov/acidrain/allsys.html�).  For each allowance transaction an Allowance Transfer form is to be submitted to the EPA.  Because submitting Allowance Transfer forms to the EPA is voluntary until the holder wants to use the allowances for compliance purposes (transfer to the unit account), not all private trades will be recorded in the ATS.  Different views exist about the reliability of the ATS to track allowances.  The EPA expects that most transfer will be recorded in the ATS [U.S. Environmental Protection Agency, “Annual Reconciliation Factsheet,” � HYPERLINK "http://www.epa.gov/acidrain/ats/atsintro.html" ��http://www.epa.gov/acidrain/ats/atsintro.html�].  Others believe that prompt recording of private trades was the rule in the earlier stages of the program, but as the market has developed allowances have not been moved into unit accounts until needed for compliance [Ellerman, et. al. (1997)].





� The same is true of the RECLAIM program.  Later in this dissertation, it is argue from a conceptual standpoint that designing enforcement strategies that guarantee accurate emissions reporting is necessary to achieve high rates of compliance in market-based systems that include self-reporting requirements.  


� These systems are not cheap.  Ellerman, et. al. (1997) estimated the average cost of installing a CEMS for electric generating facilities covered under Phase I of the SO2 program to be around $700,000, with average annual operating costs of about $47,000. 





� Other requirements to support monitoring and reporting are related to initial equipment certification procedures, periodic quality assurance and quality control procedures, and procedures for filling in missing data.  The approach for estimating emissions when monitoring equipment is not working properly is designed to over-estimate emissions.  This biased approach is meant to provide incentive to sources to keep downtime of the monitoring systems to a minimum.


� For details on the review process and audits see “Quarterly Report Review Process for Determining Final Annual Data,” [U.S.EPA, (1998)].





� The reconciliation period was 30 days long in the first three years of the program.


� The total number of units in the SO2 program during 1998 was 408; however, from that number we excluded those units that had no emissions for the year, and hence, held no allowances in their unit accounts. Consequently, a total of 381 units are represented in Figure 1.





� This information should not be interpreted to mean that significant numbers of facilities are on the edge of non-compliance. Recall that units hold allowances in two separate accounts, their unit accounts and their general accounts.  The former is used by facilities for compliance purposes and the latter is used to hold or trade allowances and is not subject to allowance deductions to cover emissions.  Therefore, even though an emissions/allowances ratio close to 1.00 may signal that a facility is closer to being non-compliant than other facilities, it may be the case that the facility also holds a significant number of permits in their general account. Without much difficulty, allowances can be transferred from general accounts to unit accounts for compliance purposes.


� As in the SO2 program, RECLAIM rules also include an upwardly biased approach for estimating emissions when monitoring equipment is not working properly.   


� For a detailed description of the types of sources in each category see Regulation XX-RECLAIM, Rule 2011 (c), (d) and (e), and Rule 2012 (c) and (d). A


 preliminary 1996 audit of emissions provides an approximation of the distribution of emission among types of sources. Major NOx sources were responsible for 84% of RECLAIM NOx emissions, while major SOx sources represented almost 98% of total RECLAIM SOx emissions [South Coast Air Quality Management District (1998)].





� The costs of CEMS are highly variable; however, in general they are quite expensive.  The South Coast Air Quality Management District (1998) estimates the average installed cost of CEMS for RECLAIM facilities to be around $264,000, with an industry minimum of about $37,000 and a maximum of around $675,000. RECLAIM allows major sources to use alternatives to CEMS that are equivalent in terms of relative accuracy, reliability, reproducibility, and timeliness. 


� Major sources must report emissions on a daily basis.  For large sources the reporting frequency is monthly.  The other source-categories must report quarterly.  In addition, major SOx facilities must submit a monthly emissions reports that aggregates SOx emissions from all its sources within 10 days following the end of each calendar month.  In this report, the facility may correct previously transmitted data for that month.  Similar reporting requirements apply to major NOx sources.





� RTCs may be held in a facilities’ allocation account, where they are available for compliance purposes, or in its certificate account, where they can be held for investment or trading purposes.  


� The burden of proof for determining the number of days a violation persists falls on the facility.  If the facility is unable to show the number of days its violation lasted to the AQMD’s satisfaction, it can be assessed the financial penalty for every day of the entire compliance year [Regulation XX RECLAIM, Rule 2004 (d), and Rule 2010 (c)].  Thus, a non-compliant facility may face a financial sanction of $365,000 for every ton of excess emissions! It is to believe that any facility, or any RECLAIM official for that matter, views this as a credible threat.





� Because RECLAIM program involves compliance schedules that are staggered by six months, the 1998 compliance year ended in June of 1999. The 1998 compliance report was not yet available at the time of this writing.





� At least for the first three years of the program, the data for aggregate emissions is probably higher than actual emissions. This is due to the widespread application in these years of missing data procedures that are used to estimate facilities’ emissions when their monitoring equipment is not operating properly. Since these procedures are designed to over-estimate a facility’s emissions, reported emissions in 1994-1996 are probably higher than actual emissions [South Coast Air Quality Management District (1998), pages 3-5 and 3-6].  Conclusions drawn from the data in Table 3.8 should keep this caveat in mind. 


� The number of non-compliant facilities for the 1996 and 1997 compliance years are reported as provisional and may be reduced.


� The RECLAIM officials we spoke with were not very forthcoming on this point.
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