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The purpose of this paper is to provide an indication of the technical and economic feasibility of producing electricity and/or process steam from poultry litter.  This is a rather challenging task because using poultry litter for energy has not yet been implemented commercially in the United States.  Electricity is being produced commercially from poultry litter in the United Kingdom, but most details from these operations are not in the public domain.  Poultry litter has been tested in several energy conversion technologies, but the results generally are not in the public domain.  Therefore, the technical feasibility discussion is based partly on extrapolation from experiences with biomass fuels with properties and challenges similar to those with poultry litter, and partly on test results in the public domain.  Assessing economic feasibility is also a difficult task because commercial examples are lacking and because several of the important factors are quite site specific, including (1) competing fuel and electricity prices, (2) delivered poultry litter feedstock prices, and (3) net revenues that can be generated at an energy plant from poultry litter ash.  In addition to being site specific, the latter two factors are rather speculative at this point.  Prices that an energy plant will have to pay for poultry litter will depend a lot on how much environmental pressure there ultimately is for developing alternatives to local land application of poultry litter.  The net revenue that an energy plant can generate from the fertilizer value of the ash depends on several technical and market factors that need further clarification.  This paper provides a framework for assessment and a first-approximation assessment of technical and economic feasibility for some potential scenarios.

NUTRIENT MANAGEMENT DRIVER

Concentrated poultry areas generally produce several times more manure phosphorus (P) than is taken up and removed by crops in these areas (Lander et al., 1998).  The basic reason for the P imbalances is that large quantities of P are imported into these regions in feedstuffs (grain and inorganic P supplements), resulting in more manure P than is taken up and removed by crops grown in these regions.  The surplus P has been building up in soils in concentrated poultry areas for several years, and there is increasing concern about P runoff from these high-P soils causing surface water quality problems.  Of greatest concern are ecological problems and odor and taste problems in drinking water, resulting from excess algae growth due to P enrichment of the water.  Because of these water quality concerns, restrictions on local land application of poultry litter are likely, and it is projected that alternatives to local land application will be needed for much of the poultry litter produced in concentrated poultry areas.

This paper makes the case that using poultry litter to produce process steam and/or electricity is a promising, high-volume alternative to local land application.  Combusting or gasifying poultry litter concentrates P, K, S, and micronutrients in the ash, thereby facilitating significantly more economical transport of surplus P out of concentrated poultry areas (more details in next paragraph).  Furthermore, the fertilizer value of the nutrient rich ash is expected to offset most or all of the delivered poultry litter feedstock costs, resulting in a near net-zero feedstock cost (more details later).  The forest products industry has demonstrated that using its by-products for energy is economically viable when the delivered feedstock cost is near zero, and this concept should apply to poultry litter.

The ash content of poultry litter is about 15 percent on an as-received basis.  This implies that nutrients, such as P, potassium (K), sulfur (S), and micronutrients, remaining in the ash are 6 to 7 times more concentrated than that for poultry litter.  Poultry litter ash has a bulk density about 1.5 to 2.5 times greater than that for poultry litter.  The combined effects of greater nutrient concentration and higher bulk density result in nutrient densities (i.e., lb nutrient/ft3 of material) 10 to 17 times greater for poultry litter ash than for poultry litter.  An order of magnitude increase in nutrient density greatly reduces transportation costs for exporting surplus P from concentrated poultry areas.

In addition to nutrient concentration in the ash and enhanced economics of nutrient transport, combustion and gasification provide a year-round use for poultry litter.  This contrasts with land application in which most of the litter is applied in the spring and fall and much of the litter is stored for a significant period of time before being applied on the land.  Proper storage is costly.  Improper storage results in potential for nutrient and pathogen runoff into surface waters.  Because of year-round demand, using poultry litter for energy should facilitate a staggered year-round cleanout of houses, minimize the amount of litter that has to be stored, and reduce the potential for nutrient and pathogen runoff from stored litter.

TECHNICAL CHALLENGES AND SOLUTIONS

Poultry litter is a more challenging fuel than wood for several reasons.  The ultimate analyses (Table 1) indicate some of the reasons.  One reason is that the nitrogen content is about 10 times higher in poultry litter than wood.  This increases the potential for fuel NOX emissions and requires special measures to reduce these emissions.  The sulfur content of poultry litter is more than 10 times higher than that of wood.  This increases the potential for SOX emissions and requires special measures to reduce these emissions.  Chloride levels are higher in poultry litter than in wood.  High chloride levels, in conjunction to high alkali levels, increase the potential for particulate emissions, corrosion problems, and acid gas emissions, and requires special measures.  Ash levels are much higher in poultry litter than in wood, requiring higher-volume ash-handling equipment and more attention to particulate removal, slagging, and fouling.

Table 1. Ultimate Analysis (As-Received) of Sawdust and Delmarva Poultry Litter.a


Sawdust
Poultry litter

Carbon, %
24.2
27.2

Hydrogen, %
2.8
3.7

Oxygen (by difference), %
18.3
23.1

Nitrogen, %
0.22
2.7

Sulfur, %
0.02
0.3

Chlorine, %
--
0.7

Ash, %
2.0
15.7

Moisture, %
52.6
27.4

Higher heating value (HHV), Btu/lb
4,150
4,637

HHV (dry), Btu/lb
8,760
6,394

aPoultry litter samples from Maryland Department of Environmental Resources (Bock, 1999).

Elemental analyses of the ash (Table 2) indicate additional reasons that poultry litter is a more challenging fuel than wood.  The concentration of alkali metals (sodium oxide, Na2O, and potassium oxide, K2O) is much higher in poultry litter than in wood.  The lb alkali/MBtu is 9.3 for poultry litter vs. 0.4 for wood.  High alkali content, especially in conjunction high chloride levels, results in a high potential for slagging, fouling, particulate emissions, and corrosion.

Following are key measures that have been employed for dealing with the challenging fuel properties of poultry litter.

NOX Emissions:  Staged combustion is a widely used option for lowering NOX emissions from a high-nitrogen fuel such as poultry litter.  With staged combustion, combustion conditions are somewhat more reducing and less fuel nitrogen is converted to NOX.  Ammonia injection under appropriate conditions also reduces NOX emissions, and the naturally occurring ammoniacal nitrogen in poultry litter helps keep NOX emissions low.  In some cases, more rigorous NOX control measures, such as selective catalytic reduction, may be required for poultry litter.

Table 2. Elemental Analysis (%) of Ash From Sawdust and Delmarva Poultry Litter.a


Sawdust
Poultry litter

SiO2
35.6
8.1

Al2O3
11.5
1.9

TiO2
0.9
0.2

Fe2O3
7.6
1.2

CaO
24.9
17.3

MgO
3.8
5.0

Na2O
1.7
9.2

K2O
5.8
16.3

P2O5
1.9
24.4

SO3
0.8
6.7

CO2/other
5.7
9.7

Total
100.0
100.0

lb alkali/MBtu
0.35
9.3

aPoultry litter samples from Maryland Department of Environmental Resources (Bock, 1999).

SOX Emissions:  The naturally occurring calcium and magnesium in poultry litter can trap some SOX in the form of sulfates.  If additional measures are needed, lime injection, either with the fuel or downstream, is the primary option for reducing SOX emissions.

Alkali Problems:  Maintaining low combustion or gasification temperatures is the main line of defense in controlling alkali-related slagging and fouling problems.  Lower combustion or gasification temperatures mean that more heat exchange surface area is needed to achieve a given boiler efficiency.  In some cases, lime injection also helps alleviate alkali problems.  In fluidized-bed systems, lime injection prevents agglomeration of the bed material, and at the same time, alleviates slagging, fouling, corrosion, and acid-gas emission problems.  In some cases, lime injection, followed by hot-gas filtration, is a potential option for capturing volatile alkalis before they are deposited on heat exchange surfaces.

Chloride-Related Problems:  For electrical power generation, the superheated steam temperature is limited to about 750oF to avoid rapid corrosion of superheater boiler tubes.  The high chloride concentrations found in poultry litter requires expensive alloys in the design of superheater boiler tubes to improve longevity.  Refractories used in the furnace must be an ultra-low cement material, since refractories containing calcium are rapidly attacked by chlorine.  Careful attention to flue gas dewpoint temperatures is necessary to avoid cold-end corrosion in economizers and air heaters.  From an air pollution perspective, chloride abatement can be minimally accomplished with the addition of a dry scrubber, depending on the size of the boiler project.  Chloride is listed as a hazardous air pollutant under the Clean Air Act, with a 10-ton/year emission limit to avoid major source designation.

Particulate Emissions:  In addition to normal fine particulate emissions that occur from burning wood, volatile alkalis (mainly KCl) from poultry litter can carry through to the boiler and increase the particulate load that must be removed from the flue gas.  Baghouse capacity may need to be increased relative to that required for wood; in some cases, cloth-to-air ratios have been increased for high-ash fuels to reduce cleaning frequency and increase bag life.

TECHNOLOGY EXAMPLES

Several technologies that have been proposed for using poultry litter for energy were reviewed recently for the Northeast Regional Biomass Energy Program (NRBP, 1999a).  Poultry litter test results are not in the public domain for most of these technologies.  Two technologies with poultry litter test data in the public domain are discussed below to illustrate the techniques for dealing with the challenging fuel properties of poultry litter.  Some additional energy conversion technologies that are scheduled to be used in projects, which have recently been announced, are also briefly described.

Energy Products of Idaho (EPI) Bubbling Fluidized Bed

EPI recently completed poultry litter tests with its bubbling fluidized bed (BFB) technology (Murphy, 2000).  These test results illustrate several techniques for dealing with the difficult fuel properties of poultry litter and are very encouraging concerning the technical feasibility for using the EPI BFB technology with poultry litter as a fuel.  The BFB technology uses a sand bed that is suspended via combustion air injected at the bottom of the bed.  The bed contains a significant store of energy that drives off most of the fuel moisture before igniting the fuel.  This allows use of fuels that are wetter and of poorer energy value than other combustion technologies.  The turbulent bed also prevents ash residue from building up on fuel particles as they burn, thereby providing virtually complete burnout of high-ash fuels.  In addition to improving energy efficiency, complete burnout improves the fertilizer value of the ash.  When lime is injected with the fuel, the bed turbulence provides good mixing of the lime and fuel with the bed material, increasing lime effectiveness in reducing SOX emissions and preventing bed agglomeration from high-alkali fuels.  No fuel preparation is required for poultry litter.

In the EPI tests, a relatively low bed temperature of about 1550oF was maintained, and lime was injected with poultry litter to provide a lime Ca to fuel S ratio of 2:1.  The injected lime eliminated SOX emissions, prevented bed agglomeration, and helped alleviate slagging and fouling.  Significant ash slagging or accumulation was not observed with these operating conditions.  Staged combustion and ammonia injection using selective noncatalytic reduction technology reduced NOX emissions to 25 ppm, equivalent to 0.08 lb/MBtu.  Lime and ammonia injection both helped reduce HCl emissions.  More details are provided by Murphy (2000).

Primenergy Gasification/Staged Combustion

Primenergy has conducted several tests of poultry litter, with its gasification/staged combustion technology.  A process description and early test results with poultry litter are reported by McQuigg and Scott (1998).  The first stage of the Primenergy process occurs in the gasifier that operates at relatively low temperatures (typically 1200°-1500°F) in a low oxygen environment which supplies about 30 percent of the stoichiometric air required for complete combustion of the poultry litter.  Slagging generally is not a problem at the low temperatures in the gasifier.  Most of the ash that potentially could cause slagging problems is collected at the bottom of the gasifier, and the low Btu gas produced in the gasifier is released to the overfire chamber where the second stage of combustion occurs at 2200°-2400°F using about 15 percent of the stoichiometric air required for complete combustion of the poultry litter.  The higher temperatures and reducing atmosphere in the overfire chamber convert much of the fuel bound nitrogen to molecular nitrogen (N2) rather than NOX.  In some cases, additional reductions in NOX will be required.  Volatile alkalis and small amounts of ash carry over into the overfire chamber.  With the higher temperatures in the overfire chamber, the mixture of volatile alkalis and fly ash can yield sticky agglomerates and cause slagging problems.  In preliminary tests, lime injection, followed by filtration of the gas between the gasifier and overfire chamber, has been effective in preventing slagging problems in the overfire chamber.  Lime injection also holds promise for reducing SOX emissions.  The third, and final, stage of combustion occurs with excess air injection to consume the combustibles from the second stage.  No fuel preparation is required for poultry litter, except possibly some breaking up of clumps.

The EPI and Pimenergy test results illustrate that combusting or gasifying poultry litter is technically feasible and can be achieved without causing air quality problems.

Technologies in Recently Announced Projects

Earlier this year, Allen Family Foods, Inc., and CHx Engineering Company announced a project that will gasify poultry litter to provide 4 MW of electricity and by-product heat for a poultry processing plant.  The gasifier will be provided by Canadian Environmental Energy Solutions (CEES, 2000).  The low-Btu gas will be used to indirectly fire a gas turbine coupled with a steam turbine for combined-cycle operation.  Poultry litter is blended with other fuels to provide a fuel moisture content of 40 to 50 percent.  No other fuel preparation is required for poultry litter.  Although testing of these technologies has provided sufficient basis for development of a commercial project, detailed performance data are not available for this paper.

Earlier this year, BG Technologies USA, Inc. (BGT), and Rotary Power International, Inc. (RPI), announced intent to form a joint venture.  As part of the joint venture, a demonstration facility will use a BGT gasifier with cubed poultry litter, dried to less than 20 percent moisture as a feedstock.  The low-Btu gas will be used to power an RPI rotary engine to drive a generator.  More details are provided about these technologies in the BGT web site (BGT, 2000).  BGT and associated partners are currently constructing a commercial facility in Maryland to process in excess of 50,000 tons per year of poultry litter into a variety of value-added products (Bioenergy Update, 2000).  A BGT gasifier will gasify cubed poultry litter to provide the energy for producing these value-added products.  Although testing of these technologies has provided sufficient basis for development of a commercial project, detailed performance data for using poultry litter for energy are not available for this paper.

ECONOMIC FACTORS

In assessing the energy value of poultry litter, electricity production and co-production of electricity and process steam have received the most attention, presumably because electricity provides more added value than does steam.  However, opportunities to produce process steam alone should not be overlooked, given the current relatively high prices for natural gas and fuel oil.

Some of the more important factors affecting the economic feasibility of using poultry litter to produce electricity are influenced by the end use for the electricity (Table 3).  These factors are rated qualitatively according to how economically favorable they are for the following electricity end uses:  utility grid, medium-sized industrial, and small industrial.  Typical size ranges, heat input (MBtu/hr) and electricity output (MWe), for supplying these three electricity end uses are presented in Table 3.  Other important economic factors are not affected significantly by the electricity end use.  These are the farmgate price for poultry litter and fertilizer value of poultry litter ash.  After the following qualitative overview of economic factors, more quantitative examples will be presented for illustration.

Table 3. Economic Factor Ratings:  Poultry Litter to Energy.


Electricity end use



Economic factor
Utility grid
>250 MBtu/hr

>20 MWe
Medium Industrial
100-250 MBtu/hr

8-20 MWe
Small Industrial
<100 MBtu/hr

<8 MWe

Utility advantage:




Economies of scale
H
M
L

Capacity factor
H
M to H
M to H

Industrial advantage:




Electricity price
L
M
H

Co-production options
L
H
H

Feedstock transportation economics

M

H

H

Air-quality compliance
L
M
H

Vested interest in alternative uses

L to M

H

H

L=low; M=medium; H=high.

The first two factors, economies of scale and capacity factor, are more favorable for the utility grid end use.  The high economic rating for capacity factor (percentage of annual capacity produced) assumes that a poultry litter-to-electricity plant would not be built to supply electricity to a utility grid, unless it is sufficiently economical to result in being dispatched a high percentage of the time.  Capacity factor for supplying electricity to industrial plants will vary.  For example, it is common for poultry processing plants to run 5 days/week with two production shifts/day and one clean-up shift/day, and for electricity demand on weekends to be mainly for refrigeration.  This type of demand results in a medium capacity factor.  A high capacity factor can be achieved at this type of industrial plant if excess capacity can be sold on the utility grid; however, the grid price will be lower than the price to the industrial customer.

Relative to utility grid applications, economies of scale are significantly lower for most industrial applications, especially those of the size associated with the poultry industry, such as meat processing and rendering plants.  Operating and maintenance costs per unit of production often are affected even more adversely than equipment costs, by small economies of scale.  In some cases, smaller economies of scale for industrial applications may be offset to some extent by using modules that are factory built, easily transported, and designed for “plug and play” operation.

The rest of the economic factors in Table 3 are more favorable for industrial applications.  Wholesale prices for electricity sold on the grid are significantly lower than prices paid by industrial customers such as poultry processing and rendering plants.  Therefore, a poultry litter-to-electricity plant could expect to receive a significantly higher price for electricity sold to an industrial customer than if the electricity were sold on the grid.

Co-production of electricity and process steam generally is more economical than production of either electricity or process steam alone.  Utility operations usually do not have co-production opportunities, whereas industrial operations often provide co-production opportunities.  Poultry processing and rendering plants are examples of industrial plants that use significant quantities of both electricity and process steam, usually 100 to 150 psi saturated steam.  With proper configuration, significant quantities of process steam can be produced with little added cost over producing electricity alone.  Co-production options are most economical for plants that have a continuous, relatively stable demand for both electricity and process steam.

Generally, the average feedstock transportation distance increases with plant size, indicating that feedstock transportation costs/ton will be higher for utility grid than for industrial end uses.  Even though poultry litter supplies tend to be quite concentrated geographically, feedstock transportation costs are expected to be more favorable for industrial than utility scales.

In most states, air quality permits are more stringent for larger plants (e.g., heat inputs>100 MBtu/hr).  In some cases, this is expected to result in lower costs for emission controls for smaller plants.

Finally, if an energy customer has a vested interest in facilitating alternative uses for poultry litter, the economic feasibility of converting poultry litter to energy may be improved in some cases.  For example, a poultry processing or rendering plant may be willing to purchase energy from poultry litter on a relatively favorable basis (at least a break-even basis relative to current energy contracts) in order to help alleviate regional phosphorus surpluses and improve the environmental sustainability of the poultry industry in its service area.  For similar reasons, a poultry processing or rendering plant may be more open to helping facilitate year-round litter clean-out schedules and other aspects of litter acquisition, and may be open to sharing shift workers in some cases.  Utilities have vested interests in maintaining and increasing electricity demand, based on the poultry industry and its associated multiplier effect; helping ensure environmental conditions conducive to regional economic development; and using poultry litter as a relatively low-cost source of renewable energy.  These vested interests potentially can be of strong economic benefit to poultry litter-to-energy projects.

Financial Incentives

An assessment of off-farm poultry litter management options (Goodwin et al., 2000) concluded that, with current economic conditions, including immature markets for litter and litter-derived markets, market interventions will be required for deployment of alternative litter management enterprises.  In the case of energy from poultry litter, financial incentives may be required initially to overcome some of these market impediments.

Because of the environmental, economic development, and energy security benefits of using renewable sources of energy, several financial incentives are currently or potentially applicable to production of electricity from poultry litter.  A national tax credit is currently applicable for production of electricity from poultry litter; also, green power premiums, renewable portfolio standard credits, and greenhouse gas credits may be applicable to bioenergy in the near future.  These incentives hold promise for improving the economics of producing electricity from poultry litter.

The Section 45 tax code provides a 1.7 cent/kWh tax credit for production of electricity from poultry litter.  This financial incentive is available to electricity generating facilities placed in service between December 31, 1999, and January 1, 2002; a poultry litter-to-electricity plant that starts up during this time period is eligible to receive the credit for 10 years.  In some cases, state tax credits are also available for electricity produced from poultry litter.  For example, Maryland recently implemented a tax credit of 0.85¢/kWh for electricity produced from biomass.  The combined national and state tax credit in Maryland is 2.55¢/kWh.

Green power programs are being developed by many electricity providers in response to consumers who are willing to pay a premium for green energy as a means of promoting development and implementation of renewable energy.  These consumers are willing to pay a premium for renewable energy because of environmental benefits, such as reduced emissions and conservation of natural resources.  So far, green power consumers have supported primarily wind and solar; however, bioenergy generally is a much lower-cost source of renewable energy, and use of biomass wastes and by-products for energy eliminates environmental problems associated with traditional methods of waste disposal, such as open burning, landfills, and land application.  With proper marketing and education, some consumers may be willing to pay a green power premium for electricity from poultry litter, because of environmental benefits.

As part of utility restructuring, utilities may be required to provide some percentage of their electricity production from renewable sources.  This concept is referred to as a renewable portfolio standard (RPS).  Several RPS bills have been proposed.  In these bills, the percentage requirement for electricity from renewables typically ranges from 2.5 to 7.5 percent.  The administration bill, proposed in 1999, included an RPS of 7.5 percent by 2010, and specified a system for trading renewable credits that, in effect, placed a value of 1.5 ¢/kWh on renewable credits.

Because of concerns about global climate change, markets are emerging for greenhouse gas credits.  Biomass is considered a CO2-neutral fuel because CO2 is absorbed from the atmosphere when plants grow, and a comparable amount of CO2 is released back into the atmosphere when the biomass is used for energy, resulting in no net increase of CO2 in the atmosphere.  Therefore, if markets for greenhouse gas credits continue to develop, CO2 credits from using biomass for energy will have a market value.  Projected prices for CO2 credits generally are at least $10/ton of CO2, corresponding to about 1¢/kWh.

The Case for Net-Zero Fuel Costs as a First Approximation

One of the economic advantages of using poultry litter for energy is that the nutrient-rich ash is expected to have significant value for use in fertilizers.  Phosphorus and potassium are the nutrients present in highest concentration.  In the fertilizer industry, these nutrients are expressed on an oxide basis.  The mean P2O5 and K2O content of 24 Delmarva broiler litter samples was 24.4 and 16.3 percent, respectively.  These values are much higher than for wood ash.  Vance (1996) reported median values for wood ash of 0.9 percent P2O5 and 3.9 percent K2O.

The net fertilizer value of poultry litter ash at the energy plant, after accounting for transportation costs, any additional processing costs, and marketing costs that may be required, likely will range from $25 to $75 per ton of ash.  Estimated fertilizer replacement values and the major factors affecting the net fertilizer value of the ash at the energy plant were recently reviewed by Bock (1999).

The estimated mid-range net value for poultry litter ash at an energy plant ($50/ton of ash) is roughly equivalent to the following prices associated with using poultry litter for energy:

$50/ton ash ~ $7.50/ton litter ~ 1.0 ¢/kWh ~ $1.00/1000 lb steam

This means that an ash price of $50/ton at the energy plant will offset a delivered poultry litter feedstock price of $7.50/ton litter.  Poultry litter cleanout and transportation costs combined are in the neighborhood of $7.50/ton, and significant quantities of poultry litter should be available at this price, or lower, as more restrictions on land application of poultry litter are implemented.  These relationships suggest that the fertilizer value of the ash potentially can offset the delivered cost for poultry litter feedstock.  As a first approximation, a net-zero fuel cost (ash revenues minus feedstock costs roughly equals zero) is a reasonable assumption in assessing the economics of using poultry litter for energy.  This assumption is used in the economic examples presented below; however, one can adjust these estimated costs of electricity production for a range of poultry litter and ash prices (Figure 1).  For example, for a given cost of electricity, assuming no ash revenues and no feedstock costs, add 1¢/kWh to the cost of electricity, if the delivered poultry litter price is $15/ton and the ash price is $50/ton at the plant.  As another example, subtract 1¢/kWh from the cost of electricity, if the delivered poultry litter price is $0/ton and the ash price is $50/ton at the plant.  Comparable adjustments for the cost of producing process steam vs. poultry litter and ash prices are presented in Figure 2.

EXAMPLES OF ECONOMICS

Retrofit Example for Utility-Scale Electricity:  Conectiv Vienna Plant

Conectiv Energy Supply recently assessed retrofitting a 155-MW oil-fired power station at Vienna, Maryland, to use poultry litter (NRBP, 1999b).  At the time of the assessment, the power station was used for peaking capacity.  The proposed retrofit included adding poultry litter receiving and handling equipment and a separate boiler, suitable for poultry litter, and using the existing steam turbine and generator to provide 35 MW of baseload electricity from poultry litter.  The proposed configuration allowed for supplemental use of the oil-fired boiler and use of the remaining turbine and generator capacity for peaking capacity.  The first approximation of retrofit capital costs is presented in Table 4.

Table 4. First approximation capital costs for proposed retrofit at Vienna, Maryland.

Item
$/kW

Poultry litter receiving and handling
291

Boiler, BFW/deaerator systems
576

Environmental capital
143

Balance of plant
102

General facilities and engineering fee
209

Project and process contingency
180

Total
1,500
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Figure 1. Adjustments for Cost of Producing Electricity.
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Figure 2. Adjustments for Cost of Producing Process Steam.

Assuming a net-zero fuel cost and no financial incentives, the projected cost of electricity was 5.3¢/kWh, comparable to the projected cost of electricity from new capacity from a natural gas turbine, but was significantly higher than the average 1997 grid market clearing price of 2.1¢/kWh.  With the 1.7¢/kWh federal tax credit and the 0.85¢/kWh Maryland tax credit, the cost of electricity from poultry litter would be much lower than for new capacity based on natural gas, but still slightly higher than the average grid price.

The 35-MW proposed retrofit size was selected based on the turn down capacity of the 155-MW turbine/generator.  A 35-MW plant would have required about 400,000 tons of poultry litter per year.  Acquisition of this much poultry litter on the Delmarva Peninsula may have been difficult, suggesting that supplemental fuels may have been required.  Conectiv ultimately sold the Vienna plant, precluding implementation of the retrofit.

Medium-to-Large Industrial

A medium-to-large industrial user of process steam is a candidate for using steam from poultry litter.  For example, a large poultry rendering plant may use as much as 250,000 lb steam/hr for 24 hr/day and 5½ days/week.  This corresponds to operating 80 percent of the year and would require about 210,000 tons of poultry litter per year.  Assuming ash revenues offset delivered poultry litter feedstock costs, annual O&M costs would be about $3.8 million (Table 5).  Capital costs, including installation, for a turnkey bubbling fluidized bed plant this size would be about $18.9 million.  Assuming a 20-year plant life and an annual percentage interest rate (APR) of 7 percent would result in a levelized cost of producing steam of about $3.30/1000 lb steam.  Industrial natural gas prices are $3.50/MBtu, or higher, and projected to remain in this range for the foreseeable future (EIA, 2000).  Accounting only for the cost of natural gas used at 80 percent efficiency to produce steam gives a conservative steam cost of $4.40/1000 lb steam ($3.50/0.8 = $4.40).  With these assumptions, the simple pay-back period is 4 years, and the process is expected to be competitive with other alternatives to land application of poultry litter.  Economics would be even more favorable if the plant could operate more than 5½ days/week, if some of the administrative and labor costs could be shared with the steam customer, or if poultry litter could be obtained at zero cost due to environmental pressures.  Using the same operating assumptions, producing process steam from a 100,000 lb steam/hr plant would cost $5.60/1000 lb steam.  It will be difficult for a poultry litter steam plant this size, operating 5½ days/week to compete with natural gas or fuel oil.

Table 5. Levelized Cost of Producing Process Steam With Fluidized Bubbling Bed.a


Capital costs
Annual O&Mb
Total

1000 lb steam/hr
$M
$/1000 lb steam
$M
$/1000 lb steam

100
10.8
1.50
2.8
4.10
5.60

250
18.9
1.10
3.8
2.20
3.30

aEstimates from Energy Products of Idaho.

bAssuming that ash revenues offset delivered poultry litter costs.

To carry this example further, 210,000 tons/year of poultry litter could be used to supply a 21-MWe (net) power plant, assuming 25 percent efficiency and a capacity factor of 85 percent.  The total capital cost, including installation, would be about $44 million, assuming $2,100 /kW (Table 6).  This would correspond to a levelized cost of capital of 2.9 cents/kWh, assuming a 20-year plant life and 7 percent APR.  Assuming ash revenues offset delivered poultry litter feedstock costs, a plant this size should have O&M costs of about 3.0 cents/kWh for a total levelized cost of electricity of 5.9 cents/kWh.  In many cases, this is comparable to what an industrial customer pays for electricity, and financial incentives would be required for the plant to provide an acceptable rate of return.  The 1.7 cents/kWh federal tax credit and possibly other incentives, such as the 0.85 cents/kWh Maryland tax credit, would be required for this plant to provide adequate return.

Table 6. Levelized Cost of Producing Electricity With Fluid Bubbling Bed Technology.a


Capital costs
Annual O&Mb
Total


$/kW
¢/kWh
¢/kWh

12 MWe
2,400
3.3
4.0
7.3

21 MWe
2,100
2.9
3.0
5.9

aEstimates from EPI.

bAssuming ash revenues offset delivered poultry litter costs.

As discussed earlier, additional incentives may become available, based on renewable portfolio standard credits, CO2 credits, and green power premiums.  The economics can be improved significantly if (1) process steam is co-produced with electricity, (2) the capacity factor is increased beyond 85 percent, (3) administrative and labor costs are shared with the electricity customer, or (4) if poultry litter is obtained at zero cost due to environmental pressures; all four of these options for economic improvements are distinct possibilities in poultry litter-to-energy projects.

CONCLUSIONS

Because of water quality concerns, continued buildup of soil P levels due to land-applied poultry litter will not be a long-term option in most concentrated poultry areas.  Alternatives to local land application of poultry litter will be required for a significant portion of the litter produced in concentrated poultry areas.

Export of value-added products produced from poultry litter will be part of the solution, but adding value also adds significant costs, and markets for the value-added products are fairly small.  Some unprocessed litter will be exported from concentrated poultry areas to neighboring regions for use as a fertilizer, but transportation costs and handling, application, nutrient ratio, and liability issues will limit this option.  Robust and economical high-volume alternative uses for poultry litter are needed.  Energy recovery (electricity and/or process steam) with ash export is a promising high-volume alternative use for poultry litter.  Because of nutrient concentration and value in the ash, energy options provide a built-in mechanism for economically exporting surplus P and associated nutrients out of concentrated poultry areas.  In fact, the economic viability of energy options depends on being able to market poultry litter ash for use in fertilizers outside concentrated poultry areas.  Another significant advantage of energy options is that the ash is devoid of any pathogens and odors present in the poultry litter feedstock.  These benefits, combined with nutrient concentration, greatly simplify export and use of poultry litter nutrients outside of concentrated poultry areas.

Using poultry litter as a feedstock to produce electricity and/or process steam requires specialized equipment, designs, and practices, but is technically feasible using currently available technology.  Because of the environmental, economic development, and energy security benefits of using renewable sources of energy, several financial incentives are currently or potentially applicable to production of electricity from poultry litter.  With some of these incentives and cooperation from the poultry industry concerning poultry litter feedstock logistics, production of electricity from poultry litter is economical for medium-to-large industrial end uses, especially if co-production of process steam is a good fit.  With current fossil fuel prices, large-scale production of process steam from poultry litter is economical, without financial incentives.  Medium-scale production of process steam from poultry litter may be economical, without financial incentives, if some administrative staff and shift labor can be shared between the steam provider and steam customer.  Two commercial poultry litter-to-energy projects involving small gasifiers have been announced, suggesting that under some circumstances small-scale, highly integrated poultry litter-to-energy projects may be economical.  Biosecurity measures will be required in poultry litter-to-energy projects, and precedents have already been set for achieving biosecurity.  There will always be close public scrutiny of plans for centralized energy facilities.  The environmental and economic development benefits of using poultry litter for energy are strong and should facilitate gaining public acceptance.
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Sheet1

		Table _. Cost of electricity (¢/kWh) vs. poultry litter price and net ash revenues.

				Ash revenue (net), $/ton

		Delivered PL price, $/ton		0		25		50		75

		-15.00		-2.05		-2.56		-3.07		-3.58

		-12.50		-1.71		-2.22		-2.73		-3.24

		-10.00		-1.36		-1.88		-2.39		-2.90

		-7.50		-1.02		-1.54		-2.05		-2.56

		-5.00		-0.68		-1.19		-1.71		-2.22

		-2.50		-0.34		-0.85		-1.36		-1.88

		0.00		0.00		-0.51		-1.02		-1.54

		2.50		0.34		-0.17		-0.68		-1.19

		5.00		0.68		0.17		-0.34		-0.85

		7.50		1.02		0.51		0.00		-0.51

		10.00		1.36		0.85		0.34		-0.17

		12.50		1.71		1.19		0.68		0.17

		15.00		2.05		1.54		1.02		0.51

		Base COE, ¢/kWh		0.00

		Thermal efficiency, %		25.0

		Heat rate, Btu/kWh		13648

		Poultry litter properties (as-received basis):

		HHV, MBtu/ton		10.0

		Ash content, %		15.0
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Sheet1

		Table _. Cost of steam ($/1000 lb) vs. poultry litter price and net ash revenues.

				Ash revenue (net), $/ton

		Delivered PL price, $/ton		0		25		50		75

		-15.00		-2.00		-2.50		-3.00		-3.50

		-12.50		-1.67		-2.17		-2.67		-3.17

		-10.00		-1.33		-1.83		-2.33		-2.83

		-7.50		-1.00		-1.50		-2.00		-2.50

		-5.00		-0.67		-1.17		-1.67		-2.17

		-2.50		-0.33		-0.83		-1.33		-1.83

		0.00		0.00		-0.50		-1.00		-1.50

		2.50		0.33		-0.17		-0.67		-1.17

		5.00		0.67		0.17		-0.33		-0.83

		7.50		1.00		0.50		0.00		-0.50

		10.00		1.33		0.83		0.33		-0.17

		12.50		1.67		1.17		0.67		0.17

		15.00		2.00		1.50		1.00		0.50

		Base cost of steam, $/1000 lb steam		0.00

		Boiler efficiency, %		75.0

		Btu content/lb steam		1000.0

		Poultry litter properties (as-received basis):

		HHV, MBtu/ton		10.0

		Ash content, %		15.0
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