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I. Introduction
In 2013, the Legislative Budget and Finance Committee released a study of
an alternative approach for how the Commonwealth can meet nutrient reduction
planning targets contained in its Chesapeake Bay Watershed Implementation Plan.
In November 2017, the Committee authorized its staff to update the cost estimates
in the report to reflect the Pennsylvania Department of Environmental Protection
use of a 3:1 “uncertainty” factor as applied to nutrient credits generated by nonpoint
(e.g., agricultural) sources.

Methodology
Information on the costs of best management practices (BMPs) came largely
from a May 2012 report funded by the Chesapeake Bay Commission entitled Nutrient Credit Trading for the Chesapeake Bay: An Economic Study. (See also Appendix A.)
To calculate nitrogen reduction costs from 2017 forward, we first needed to
establish a 2017 base year figure for Pennsylvania’s nitrogen load into the Chesapeake Bay for agriculture and urban runoff. Future reductions were then calculated off the 2017 base year number. To make this estimate, we calculated a
straight-line reduction from DEP’s report on 2016 Progress (63.01 million pounds of
load for agriculture and 17.58 million pounds for urban runoff) to the 2025 target
loads of 35.58 million pounds for agriculture and 10.26 million pounds for urban
runoff. This yielded an estimated nitrogen load for 2017 of 59.96 million pounds for
agriculture and 16.77 million pounds for urban runoff. Given Pennsylvania’s track
record, these estimates are likely to be at least somewhat low.

Important Note
This report was developed by the Legislative Budget and Finance Committee
staff. The release of this report should not be construed as an indication that the
Committee or its individual members necessarily concur with the report’s findings
and recommendations.
Any questions or comments regarding the contents of this report should be directed to Patricia A. Berger, Executive Director, Legislative Budget and Finance
Committee, P.O. Box 8737, Harrisburg, Pennsylvania 17105-8737.
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II. Updated Cost Projections
In January 2013, the Legislative Budget and Finance Committee released a
report entitled A Cost Effective Alternative Approach to Meeting Pennsylvania’s
Chesapeake Bay Nutrient Reduction Targets. In that report, we estimated that the
cost to achieve the nitrogen reductions called for under the 2011 Watershed Improvement Plan (WIP) would be 80-85 percent lower under a competitive RFP (Request for Proposal) program that by implementing various agricultural and urban
runoff1 Best Management Practices (BMPs).
Subsequent to the release of that report, the EPA issued a Technical Memorandum in which it recommended that, due to various uncertainty factors, the EPA
should use an uncertainty ratio of 2:1 when trading transactions occur between a
credit-generating nonpoint source (such as agriculture) and a credit-purchasing
point source (e.g., 2 pounds of nitrogen reduction is equivalent to 1 pound of nitrogen pollution reduction credit). To address EPA concerns and ensure consistency
with the Chesapeake Bay Total Maximum Daily Load (TMDL), in 2016 DEP agreed
to implement a 3:1 trading ratio for nutrient credits generated by agricultural
BMPs as an interim step until DEP can develop a performance-based or other approved method-based tool to use to establish baseline eligibility for nonpoint
sources.2
In November 2017, the LB&FC authorized a study to update the cost and
savings figures found in the 2013 report to reflect the 3:1 uncertainty factor. This
report, therefore, has a limited scope and should be read in conjunction with our
2013 report, which lists several factors that should be considered as part of any decision to proceed with a competitive RFP approach to meeting Pennsylvania’s nutrient reduction targets.

Background
In the late 1970s, a Congressional study highlighted the problems being
caused by high levels of nutrients flowing into the Chesapeake Bay, much of it coming from the Susquehanna River. Since that time, Chesapeake Bay states, including Pennsylvania, have made various efforts to reduce these nutrients.

Urban runoff, often referred to as stormwater, is the rain and snowmelt in urban and suburban areas that
falls on impervious surfaces, such as roofs and paved areas, and does not soak into the ground. This runoff is
typically collected in stormwater systems that then empty into streams or rivers.
2DEP notes the 3:1 factor decreases the number of nutrient credits available to trading to point source permit
nutrient requirements by 1/3; it is not applied to sediment or nutrient reductions reported to fulfill CB TMDL
requirements. Also, there is a cap to the number of credits that can be traded annually.
1

2

By 2009, however, it was clear that these efforts were inadequate, and in
2010 the Environmental Protection Agency imposed a TMDL limit on the nitrogen,
phosphorous, and sediment flowing into the bay. The Chesapeake Bay states were
required to submit WIPs indicating how they would reduce the level of pollutants to
achieve the TMDLs by 2025. By 2017, states are to have achieved 60 percent of the
required reductions.
Table 1 shows DEP’s estimate of the loads Pennsylvania delivered to the
Chesapeake Bay in 2016 and the loads, by sector, to meet the 2025 TMDL targets
for each pollutant.
Table 1

PA Nutrient and Sediment Loads Delivered to the Chesapeake Bay
2016 Progress and 2025 Target Pounds Per Year

2016 Progress
(M lbs/year)

Phase 2 Watershed
Implementation Plan
2025 Planning Target
(M lbs/year)

Sector
Agriculture .............................
Urban Runoff .........................
Waste water + CSO ..............
Septic ....................................
Forest ....................................
Totals...................................

Nitrogen
63.01
17.58
7.89
2.57
22.04
113.08

Nitrogen
35.58
10.26
8.92
1.74
22.49
79.00

Difference
-44%
-42
13
-32
2
-30%

Sector
Agriculture .............................
Urban Runoff .........................
Waste water + CSO ..............
Forest + Other .......................
Totals...................................

Phosphorous
2.50
0.70
0.63
.43
4.26

Phosphorous
1.82
0.42
0.9
.43
3.57

Difference
-27%
-40
43
0
-16%

Sector
Agriculture.............................
Urban Runoff .........................
Waste water + CSO ..............
Forest + Other .......................
Totals...................................

Sediment
1,504.21
530
19.69
380.59
2,434.49

Total Suspended Solids
1,092
277.72
186.87
388.61
1,945.23

Difference
-27%
-48
850
2
-20%

%

Source: Provided by EPA, Chesapeake Bay Watershed Model Version 5.3.2, the most recent version available.

While almost all wastewater treatment plants have already achieved, or are
near to achieving, their 2025 TMDL goals, other sectors—primarily agriculture and
urban/suburban stormwater—have been less successful. The high costs these sectors (i.e., agriculture and urban runoff) will incur to reduce nutrients to compliance
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levels was the impetus behind our 2013 study regarding an alternative approach involving the use of a competitive bidding program for nutrient credits rather than
sector allocation targets.
Our 2013 report estimated a competitive RFP program to reduce nitrogen
flowing into the Chesapeake Bay to EPA target levels (for agriculture and urban
runoff) would likely cost between $110 million in 2015 to $255 million in 2025. In
contrast, we estimated relying on agricultural and urban runoff BMPs to meet these
EPA targets, as provided for in the Commonwealth’s current WIP, would cost about
$628 million by 2015 and $1.77 billion by 2025. These estimates were based on nitrogen reductions through a competitive RFP program at $11 per pound.
Although DEP expressed interest in the concept of a competitive RFP program at the time we released our 2013 report, no action was taken, in part because
Publicly Owned Treatment Works (POTWs) in the Susquehanna River Basin had
largely upgraded their systems to meet required standards, and there was little demand for nutrient credits.3 Without demand for credits, which would require a fundamental restructuring of the approach used in the Commonwealth’s current WIP,
the concept of a competitive RFP program to generate tradable credits is not economically feasible.

Impact of the 3:1 Uncertainty/Safety Ratio
While Pennsylvania’s POTWs are ahead of schedule to achieve the reductions
needed for their component of the WIP, the agricultural and urban runoff (stormwater) sectors lag far behind. This, combined with the 3:1 uncertainty factor now
being applied to trading credits available to be generated by agricultural BMPs, has
led to renewed interest in broadening the nutrient credit trading program or restructuring the WIP in such a way that it could reduce the projected cost of addressing the required nutrient reductions, in particular (but not exclusively) by taking
advantage of technologies that could generate trading credits at a 1:1, rather than
3:1, ratio.4
Exhibit 1 shows our projection of the updated relative cost advantage for a
competitive RFP program for nitrogen reductions versus attempting to achieve
those same reductions using credits generated through agricultural BMPs (incorporating the 3:1 uncertainty factor) and urban runoff BMPs, which are not subject to
the 3:1 uncertainty factor. (See Methodology section for how we calculated nitrogen
loads for the 2017 base year.)
3 Only point source dischargers (primarily POWTs and large industrial/food processing facilities) are allowed to
purchase credits under Pennsylvania’s current nutrient trading program. MS4s (municipal separate storm
sewer systems) are not included as part of Pennsylvania’s nutrient credit trading program.
4 Examples of such technologies include Bion Environmental Technologies’ systems to reduce ammonia emissions and nitrogen in the effluent of dairy farms and EnergyWorks’ gasification technology to transform egg
layer manure into renewable energy and mineral by-products.
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Exhibit 1

Estimated Future Costs to Achieve 2025 Nitrogen Target for Agriculture and
Urban Runoff Using Tradable Credits Generated by Agricultural and Urban Stormwater BMPs Versus a Competitive RFP Program
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Urban Stormwater BMPs (@ $386 per pound)
Agricultural BMPs (@ $162 per pound)
Competitive RFP Program (@ $11 per pound)
Source: 2025 Nitrogen reduction targets from Table 1 (see also Methodology). BMP costs from Appendix A.

As shown in Exhibit 1, to achieve the required nitrogen reductions for agriculture using tradable credits generated by agricultural BMPS (incorporating a 3:1
uncertainty factor) would cost approximately $3.9 billion from a 2017 base year.
Achieving the required nitrogen reductions for urban runoff using stormwater
BMPs, which are not subject to the 3:1 uncertainty factor, would cost an additional
$2.5 billion, for a total of $6.5 billion. In contrast, achieving this level of nitrogen
reductions (30.9 million pounds) would cost only $340 million if the reductions could
be purchased through a competitive RFP program at $11 per pound.
Exhibit 1 is based on many of the same assumptions used in our 2013 report:
in particular, that the competitive RFP program could generate credits for $11 per
pound and the average cost to generate a one pound reduction in nitrogen from agricultural BMPS is $54 (prior to applying the 3:1 factor) and $386 per pound for urban stormwater BMPs (see Appendix A). These costs include one-time installation
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and capital costs, annual operation and maintenance (O&M) costs, and land costs,
as relevant. Exhibit 1 also assumes a straight-line reduction in the nitrogen loads
from 63.01million pounds for agriculture and 17.58 million pounds for urban runoff
in 2017 (see Methodology) to the 2025 target loads of 35.58 million pounds for agriculture and 10.26 million pounds for urban runoff.
The primary difference between our 2013 estimate and this current estimate
is that Exhibit 1 applies the 3:1 uncertainty factor to all agricultural nitrogen reductions, raising their cost from $54 per pound to $162 per pound.5
Our 2013 report did not attempt to estimate the O&M costs of the required
BPMs for the years after 2025 (when all required BMPs would presumably be installed). On-going O&M costs could, however, be a significant factor as they would
need to mirror the expanded/additional BMPs resulting from the 3:1 uncertainty
factor (e.g., if a 30-acre forest buffer is required rather than 10-acre buffer, it is
likely that annual O&M costs would also triple).6 We also did not attempt to factor
in annual or periodic “boots-on-the-ground” verification costs, which have been estimated at around $500-$750 per visit.
Readers should be aware that the estimates in Exhibit 1 assume that all
costs are allocated exclusively to nitrogen removal. Typically, however, a BMP,
such as establishing a wetlands or riparian buffer, reduces more than one pollutant,
albeit at different levels of effectiveness. Wetlands used to control stormwater runoff, for example, have an effectiveness rating of 60 percent for sediment, 45 percent
for phosphorous, and 20 percent for nitrogen. Exhibit 1 does not adjust for these
ancillary benefits (i.e., we did not attempt to calculate how achieving the phosphorus and sediment reductions would impact the required nitrogen reductions). Additionally, Exhibit 1 assumes a market (i.e., buyers) would exist for the credits generated, EPA would accept those credits toward meeting Pennsylvania’s Chesapeake
Bay TMDL obligations, and that agricultural operations would be relieved of the requirement that they meet baseline and threshold criteria before being allowed to
trade credits.7 Our 2013 report lists additional factors that should be considered as
part of any decision to proceed with a competitive RFP approach to meeting Pennsylvania’s Chesapeake Bay pollution reduction targets.

We did not attempt to factor in any economy-of-scale cost efficiencies that could be achieved to reduce the cost
ratio to below 3:1 (e.g., the cost to restore 3 acres of wetlands would likely be less than triple the cost of restoring 1 acre).
6 As a rough estimate, assuming half of the $3.5 billion in total (installation plus O&M costs) were attributable
to capital costs and assuming annual O&M costs are approximately 20-25 percent of capital costs, on-going
O&M costs could be on the order of $400 million a year.
7 DEP is currently in the process of developing its Phase III WIP, which will likely change the expected reductions from the agriculture and urban sectors in how PA plans to meet its 2025 target. Final plans are due April
2019.
5
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III. Appendices
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APPENDIX A
Estimated Cost of Best Management Practices a
Agriculture

Storm Water

Cover Crop Early Drilled Eye .....................

$ 24

Dry Extended Detention Ponds............

$ 468

Livestock Exclusion ....................................

7

Dry Ponds ............................................

4,662

Off Stream Watering ..................................

283

Urban Nutrient Management................

23

Precision Intensive Rotational Grazing ......

329

Street Sweeping ...................................

4,156

Continuous No-Till ......................................

56

Urban Filtering Practices ......................

627

Enhanced Nutrient Management ...............

33

Urban Infiltration Practices ...................

235

Decision Agriculture ...................................

117

Urban Infiltration - Sand/Vegetation ....

538

Grass Buffers .............................................

21

Wet Ponds and Wetlands ....................

463

Forest Buffers .............................................

37

Urban Forest Buffers ............................

348

Tree Planting ..............................................

83

Wetland Restoration ...................................

83

Land Retirement .........................................

46

Upland Prescribed Grazing ........................

86
Average (mean)b .................................

$386

b

Average (mean) .......................................

$54

_______________
a This reflects nitrogen only. Costs are based primarily on estimates of average capital, installation, operation and
maintenance, and land costs for each project type. They are expressed in annual terms, using the assumed lifespan
of the project.
b Excludes two highest cost BMPs for both sectors.
Source: Nutrient Credit Trading for the Chesapeake Bay: An Economic Study, Chesapeake Bay Commission, May
2012.
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APPENDIX B
Response to This Report
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*

_______________
* LBFC Note: The source was changed.
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APPENDIX C
LB&FC’s Comments on
Department of Environmental Protection’s Response
The concerns and issues raised by DEP are acknowledged in either the original
2013 report, this report, or both. As expressed on page 4, the approach outlined in this
report “would require a fundamental restructuring of the Commonwealth’s current
WIP....” Without such a restructuring, we acknowledge an RFP program such as described in this report would not be feasible.
However, there is also significant concern that the current sector approach
(whereby agriculture, sewage treatment facilities, and municipal storm water systems
each have specific goals to meet) as proposed in the Commonwealth’s WIP II is also
not feasible. We estimate the additional cost to Pennsylvania municipalities to meet the
2025 storm water targets for nitrogen (using 2016 discharges as the base year) will be
approximately $2.3 billion annually. The additional cost to agriculture to meet its 2025
nitrogen targets is estimated at $1.5 billion annually. The purpose of this report was to
attempt to identify a more cost-effective approach for the Commonwealth as a whole,
without regard to which specific industries/sectors would bear the costs.
We should also note the RFP approach outlined in the report could be used as a
supplement to a sector allocation approach. For example, some storm water BMPs are
effective at removing sediment and phosphorous, but not nitrogen, which is more readily
carried in water. Thus, municipalities could address the issue of local stream impairments, which are often caused by sediment and phosphorous, while using the RFP program to purchase relatively low-cost nitrogen credits to meet their nitrogen targets.
Finally, DEP indicated we incorrectly interpreted a 2013 Penn State cost analysis. We do not cite any information from, nor make any such reference to, the PSU
analysis in the report.
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