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Executive Summary 
 
 
North Carolina State University, under agreements between the State Attorney General, 
Smithfield Foods, Premium Standard Farms and Frontline Farmers, evaluated 
technologies to reduce pollution generated from hog waste.  The study which is the topic 
of this report seeks to augment NCSU’s evaluations by analyzing the potential economic 
impact to North Carolina’s economy if promising innovative technologies were to be 
implemented in the near future.  The primary focus of this study is to examine the 
macroeconomic impacts on North Carolina and specific regions of the state.  This 
includes not only the direct economic effects but also the indirect economic effects 
stimulated by the installation of the innovative technology and the marketing of its 
byproducts.   
 
As North Carolina’s hog farms install innovative technologies, they will incur costs 
associated with construction, operating and maintenance.  They will also benefit from the 
net income generated from producing and selling byproducts such as fertilizers and 
alternative fuel from hog wastes.  In addition, farms can receive credits as a result of 
reducing greenhouse gas emissions.   
 
As hog farms implement the innovative technologies, their construction activities as well 
as operating and maintenance will generate additional demand for other industries.  
North Carolina’s economy will benefit from such demand.  In addition, the reduction or 
elimination of pollution will improve the state’s air and water quality and increase 
amenities in the areas near hog farms. 
 
To successfully implement innovative technologies, hog producers may need financial 
support from federal and state governments, and the pork industry as well.  This study 
considers the results for two financial support options, one where producers pay 25 
percent of construction costs and the federal government pays the remainder (for example 
through a Farm Bill cost share program), and the other where producers pay all 
construction costs.  
 
The economic impacts are evaluated over the twenty years from 2007 to 2026.  The 
installation of the innovative technologies on all hog farms is assumed to take four years, 
with one-quarter of the farms installing the technology in each of these four years. 
 
The innovative technologies selected for this evaluation are the Super Soils solids 
separation and liquid treatment technology, and the Super Soils solids composting 
technology.  These technologies were selected for a number of reasons, including 
contingent determination as Environmentally Superior Technologies by NCSU, a 
complete system treating both liquids and solids, and most importantly, sufficient data to 
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populate the economic model.  The selection of these technologies should not be 
construed as indicating any endorsement of these technologies by the authors.  Rather, 
the economic impacts estimated by this study should be considered as an example of the 
benefits that could be achieved by any innovative technology with similar costs and 
revenues.  As the Super Soils innovative technologies were the most expensive among 
those evaluated by NCSU to receive a contingent determination, the economic 
circumstances were also perhaps the most challenging, a fact that adds to the significance 
of the positive results found in this study.   
  
The economic impacts over a twenty year time period are estimated for four byproducts 
with several scenarios that include 25 and 100 percent of farm construction costs paid by 
hog producers (with the remainder paid by the federal agricultural cost share program), 
and 10 and 50 percent reductions of fine particulate matter (PM fine).  (Reductions in fine 
particulate matter which accompany reductions in ammonia nitrogen emissions from hog 
farms treated with innovative technologies, affect regional amenities and do not represent 
payments to farmers.) 
 
Exhibit ES-1 summarizes the economic impact results for the State of North Carolina 
for installation of Super Soils technologies.  The ranges of values in each cell of Exhibit 
ES-1 show the range from the highest to the lowest potential economic impact results for 
all the scenarios examined.  The impact results vary significantly among byproducts and 
scenarios.  M ost significant among these results are those for the contain mix in bags 
byproduct.  I f all farms produced and sold container mix in bags (a soilless media used by 
nurseries and other plant rearing industries) an estimated increase of more than 141,000 
jobs-years over 20 years would result (i.e. the equivalent of more than 7000 jobs on 
average) and the net present value over 20 years of an increase in gross regional product of 
approximately $10 billion  Within the farming sector (hog producers and technology 
providers), positive revenues of between $750 million to $ 1.1 billion net present value 
over 20 years were also estimated from the sale of this byproduct.   
 
 

Exhibit ES-1: Summary of the Economic Impacts to North Carolina over a 20-Year 
Period 

 
Byproduct 
 

 
Employment 

(job-years over 20 years) 

 
Gross Regional Products  

(NPV, in million $) 

   
Container mix in bags  132,305 ~ 141,373 9,742 ~ 10,069 
   
Container mix in bulk 68,709 ~ 77,781 5,878 ~ 6,206 
   
Composts mix in bulk   1,264 ~ 10,342    683 ~ 1,012 
   
Alternative fuel  -5,793 ~ 3,312 129 ~ 459 
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These results indicate that innovative hog waste technologies in North Carolina can be 
economically viable for both hog producers and the communities in the region.  The 
implications of this study should not be focused on the specific technologies evaluated but 
rather that investment in any innovative technologies with marketable byproducts 
produce substantial economic benefits for the state.  I t is hoped that this analysis will 
stimulate discussions about the potential benefits of a larger array of innovative 
technologies and the need for efforts to develop markets for technology byproducts.  
These results also indicate that new generations of technologies beyond the prototypes 
evaluated by NCSU offer a promising economic future for eastern North Carolina.    
 
This report shows that North Carolina has an opportunity to solve the hog waste 
management problem while simultaneously providing an economic stimulus desperately 
needed in eastern North Carolina.  I f North Carolina seizes this opportunity, it will be on 
its way to becoming the national and world leader in animal and other waste 
management technologies that not only reclaim the resources and economic value of 
these waste streams but also protects its citizens and its environment.  
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1. Introduction 
 
Animal waste has been recognized as one of the primary sources of pollution in the U.S. 
agricultural sector (EPA 2000).  The concentration of hog farms, for instance, in the 
State of North Carolina leads to a buildup of enormous volumes of animal waste that 
causes serious environmental concerns (M allin 2000).  North Carolina State University, 
partnering with the private sector, has been evaluating candidate environmental superior 
technologies (ESTs) that can reduce or eliminate pollution from hog waste management.1 
 
The purpose of this study is to examine the economic impacts that accrue to North 
Carolina’s economy if hog farms implement innovative technologies that have the 
potential to reduce pollution from hog waste.  The economic impacts estimated in the 
study include direct effects such as constructing and operating the innovative 
technologies, changes in farms’ net income as a result of installing the innovative 
technology, and changes in industrial supply as byproducts generated from the innovative 
technology enter the market.  Also, the study estimates indirect effects that are stimulated 
by installing and using the innovative technologies.  
 
The innovative technologies selected for this evaluation are the Super Soils solids 
separation and liquid treatment technology, and the Super Soils solids composting 
technology.  These technologies were selected for a number of reasons, including 
contingent determination as Environmentally Superior Technologies by NCSU 
(APWM C 2006), a complete system treating both liquids and solids, and most 
importantly, sufficient data to populate the economic model.  The selection of these 
technologies should not be construed as indicating any endorsement of these technologies 
by the authors.  Rather, the economic impacts estimated by this study should be 
considered as an example of the benefits that could be achieved by any innovative 
technology with similar costs and revenues.  As the Super Soils innovative technologies 
were the most expensive among those evaluated by NCSU to receive a contingent 
determination, the economic circumstances were also perhaps the most challenging, a fact 
that adds to the significance of the positive results found in this study.   
 
This report summarizes the methodologies used in the study and the estimated economic 
impacts.  The report is organized as follows:  Section 2 describes the definition of the 
three study regions; Section 3 discusses the contribution of the hog industry to North 
Carolina’s economy; Section 4 presents the economic model used in the analysis; Section 

                                                 
1 The definition of Environmentally Superior Technologies (ESTs) includes the environmental parameters 
of innovative technologies as identified by the NC General Assembly in its 1997 moratorium legislation 
and extension thereof, and a determination of economic feasibility as described in the Attorney General’s 
Agreement.  This report does not include the Attorney General’s Agreement economic feasibility 
determinations and hence the phrase Innovative Technologies will be used for the remainder of this report 
to indicate technologies which meet the environmental performance standards quantified by the Attorney 
General’s Agreement. (http://www.cals.ncsu.edu/waste_mgt/smithfield_projects/agreement.pdf).   
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5 discusses the Super Soils technologies; Section 6 identifies the impacts of new 
technologies on hog farms and other sectors in the economy; and Section 7 offers 
conclusions. 
 
 

2. Study Regions 
 

2.1 Definition of the Study Regions 

 
Hog farms in North Carolina are heavily concentrated in the eastern region of the state.  
As shown in Exhibit 1, the majority of hog farms are located in the Central and Southern 
Coastal Districts in the east.  I f innovative technologies were to be implemented across 
the industry, much higher impacts would be expected in counties with higher 
concentrations of hog farms than in other parts of the state.   
 
To examine economic impacts in areas with and without high concentrations of hog 
farms, the State of North Carolina is divided into three regions for the study (Exhibit 2).  
The first region is comprised of the 10 counties that have the highest concentration of 
hogs.  The second region is the rest of eastern North Carolina while the third region 
covers the rest of the state. 
 
According to 2004 permit data from NC Department of Agriculture, the ten counties in 
the first study region account for nearly 78 percent of the state’s hog inventory (Exhibit 
3).2   I f measured in Steady State L ive Weight (SSLW), these ten counties account for 
more than 73 percent of total SSLW in North Carolina.3  Each of the ten counties has an 
inventory of at least 250,000 head.  These ten counties (in order of density) are: Duplin, 
Sampson, Bladen, Wayne, Greene, Robeson, Pender, Lenoir, Jones, and Columbus.   
 
Other counties in the rest of east coastal areas – Northern, Central, and Southern Coastal 
Districts – form the second study region.4  The remaining counties in the state are 
grouped together as the third study region.  The detailed list of counties is presented in 
Appendix A. 
 

                                                 
2  See http://www.ncagr.com/stats/cnty_est/ctyhogtt.htm 
3 Steady State L ive Weight (SSLW) is a measure of the weight of animals which normalizes for the 
different weights of animal in different life stages. 
4  See http://www.ncagr.com/stats/cnty_est/ctyhogyr.htm 
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Exhibit 1: Density of H ogs in North Carolina* 

 

 
* As of December 2005 
Source: NC Department of Agriculture;  
http://www.ncagr.com/stats/cnty_est/ctyhogyv.htm 

 
 
 
 

Exhibit 2: Delineation of Three Study Regions  
(Region 1 in white; Region 2 in dark gray; and Region 3 in light gray) 
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Exhibit 3: H og Inventory by Study Region (2004) 
 

No. 
 

Region 
 

 
Number of Hogs 

 
% of Total 

 
    
1 Top 10 Hog Producing Counties 7,176,236   77.91 
    
2 Rest of Eastern Coastal Areas 1,738,416   18.87 
    
3 Rest of the State    296,779    3.22 
    

 State Total 9,211,431 100.00 
                Source: NC Department of Agriculture; http://www.ncagr.com/stats/cnty_est/ctyhogyr.htm 

 

2.2 Economic Status of the Study Regions 

 
Traditionally, the agriculture sector that includes hog production employs a small number 
of workers because of mass production techniques and the typical nature of self-
employment in the sector.  Region 1, with higher concentrations of hog farms, only 
records about five percent of the state’s total employment and nearly four percent of gross 
regional products of the state while approximately seven percent of the state’s population 
lives in the region. 
 
Though Region 1 consists of top hog producers, key economic centers of North Carolina 
such as Raleigh and Charlotte are located in Region 3.  The employment, population, 
and gross regional products for Region 3, as shown in Exhibit 4, are all higher than the 
other two regions.  For instance, in 2002, Region 3 had more than 3.6 million jobs (or 74 
percent of total state employment) and a gross regional product of $214.8 billion. 
 
 

Exhibit 4: The 2002 Economic Status by the Study Region 
 

No. 
 

Region 
 

Employment 
 

Population 
 

Gross Regional 
Products  
( million $) 

     
1 Top 10 Hog Producing 

Counties 
  260,679    568,071   10,558 

     
2 Rest of Eastern Coastal 

Areas 
1,008,477 1,865,704   48,605 

 
     
3 Rest of the State 3,601,083 5,872,045 214,781 
     

 State Total 4,870,239 8,305,820 274,080 
 Source: the REM I model 
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The gross regional product (GRP) is the regional counterpart of the Gross Domestic 
Products (GDP) at the national level.  Similar to GDP, GRP records the purchases of 
final products and services by consumers, governments, and net exports of the region as 
well as investment.  Gross Regional Product also represents total value-added generated 
in a region that includes compensation to employees, corporation profits, indirect 
business taxes, and other factors.  Typically, the value-added is recognized as the supply 
in an economy and the purchases of final products and services are referred to as the 
demand of an economy.  Thus, GRP is an economic indicator that represents the balance 
between the supply and demand that exists in the economy. 
 
Per capita income in the first two regions is approximately 78% and 90% of state average 
for 2002.  The per capita personal income for Region 3 is approximately 5% higher than 
the state average (see Exhibit 5). 
 
 
Exhibit 5: Per Capita Income between Three Regions and the State of North Carolina 

$0

$5,000

$10,000

$15,000

$20,000

$25,000

$30,000

$35,000

Region 1 Region 2 Region 3 NC

 
              Source: the REM I model 

 
 
Exhibit 6 shows the economic status of the farm sector in North Carolina in 2002.  
Farmers in Region 1 create more than 16 thousands jobs, which is 19 percent of total 
farm employment in North Carolina.  Although farms in Region 2 create two thousand 
more jobs than farms in Region 1, their earnings are considerably less (by $256 million) 
than the income earned by farmers in Region 1. 
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Exhibit 6: The Farm Sector in North Carolina in 2002 

 
No. 

 
Region 

 
Employment 

 
% of 
Total 

% of Regional 
Employment 

 
Income 

(million $) 

 
% of 
Total 

 
       
1 Top 10 Hog 

Producing 
Counties 

16,546 19.1% 6.34%   474 27.6% 

       
2 Rest of Eastern 

Coastal Areas 
18,694 21.6% 1.85%   218 12.7% 

       
3 Rest of the State 51,483 59.3% 1.43% 1,026 59.7% 
       

 State Total 86,723 100.0% 1.78% 1,718 100.0% 
Data source: the REM I model 

 

3. The Contribution of the Hog Industry to North Carolina’s Economy 
 
North Carolina is one of the leading hog producing states in the U.S., ranked only 
behind the State of Iowa.  According to USDA statistics, North Carolina has maintained 
a hog inventory of 9.8 to 10 million head in recent years (see Exhibit 7)—roughly 16 
percent of the total U.S. hog inventory.5  
 
North Carolina’s hog inventory steadily increased from 2.8 million head in 1990 to 9.3 
million head in 1996.  Since then, the hog inventory in North Carolina has remained 
relatively constant.  This is in large part due to a moratorium in North Carolina on new 
or expanded hog operations that has been in place since 1997 (and is set to expire in 
September 2007).  
 
Among all livestock and crops in the State of North Carolina, the hog industry was only 
slightly (2.8 percent) behind the poultry and eggs industry in 2002 in sales, according to 
the USDA Census of Agriculture.  The total sales generated by the hog industry were 
more than $2.2 billion or 31.4 percent of total sales generated by the North Carolina 
livestock and crops industries in 2002.6   
 
 

                                                 
5 See http://www.nass.usda.gov/QuickStats/PullData_US.jsp 
6 See http://www.nass.usda.gov/census/census02/topcommodities/topcom_NC.htm. 
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Exhibit 7: North Carolina H og Inventory on December 1 (in thousands) 
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              Source: National Agriculture Statistics Services,2004 

 
 

4.  The Economic M odel 
 
To estimate economic impacts of installing innovative technologies on North Carolina’s 
hog farms, a regional economic and demographic forecasting and simulation model 
developed by Regional Economic M odels, Inc. (REM I) was utilized.  Over the past 25 
years, the REM I model has been widely used by federal, state, and local government 
agencies and the private sector for a variety of policy and economic studies.   
 
Compared with other commercially available economic models, the REM I model is 
recognized for its high level of sophistication and complexity.  The model is also 
recognized for its unique simulation capability that few current models can match. 
 

4.1 M odel Structure 

 
The REM I model meshes together and builds on three types of commonly used 
economic modeling techniques – input-output frameworks, econometric modeling 
techniques, and the concepts of Computable General Equilibrium (CGE) modeling.   
 
Similar to many other economic models, the regionalized input-output framework plays a 
critical role in the REM I model in describing inter-industry relationships and the 
interaction between the demand for final products, services and industries.  REM I also 
applies econometric techniques to build several key equations such as the economic 
migration equation and the investment equation.  Once those equations are estimated 
econometrically outside of the model, they are inserted into the model structure and 
linked with the rest of the model.   
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While endogenous demand for final products and services and inclusion of price 
responsive product and factor demands and supplies give the REM I model much in 
common with other CGE models, the REM I model is not required to reach equilibrium 
on a yearly basis for all the markets – a strict requirement in other CGE models. 
 
The fundamental structure of the REM I model incorporates detailed inter-industry 
transactions of intermediate goods in the production process, and interrelated final 
demand feedbacks that capture the dynamic relationship between income and spending.  
The model includes several key features, such as substitution among factors of production 
– for instance, labor and capital – in response to changes in relative factor costs; worker 
and business migration in response to changes in expected income; wage changes in 
response to shifts in labor market conditions; and changes in the share of local and export 
markets in response to shifts in regional profitability and production costs.   
 
As shown in Exhibit 8, a broad view of the structure of the REM I model can be 
described in five major interrelated blocks in an economy – industrial output; population 
and labor supply; labor and capital demand; wages, costs and prices; and market shares.  
Exhibit 9 provides a more detailed illustration of the underlying structure of the REM I 
model.  Each block contains several major components and the lines and arrows represent 
their interdependent relationships in the model.7   
 
The REM I model is appropriate for analyzing the regional economic impacts of 
installing innovative technologies on North Carolina’s hog farms because the model 
accounts for how relationships between prices, costs of doing business, and demographic 
variables interact with other important economic variables such as employment, gross 
regional product, and personal income to influence economic performance.    
 
Furthermore, the economic relationships represented in the REM I model can capture the 
indirect and induced effects on regional economies resulting from the direct effects 
realized from installing and operating the new innovative technologies.  The indirect 
impacts are the changes in inter-industry purchases of intermediate goods as economic 
agents respond to the changes in output of major industries due to changes that may 
result from the direct effects.  For instance, after installing the Super Soils technologies, 
hog farms will be able to produce a byproduct – Container M ix – that will increase the 
supply of soil medias and potentially increase farm income.8 
 
The induced effects represent the broader implications of a proposed change for 
household income and spending patterns.  These effects are intended to capture the 
purchasing decisions made by the employees of industries that are both directly and 
indirectly affected by the changes in the local economy.  The results of indirect and 

                                                 
7  A full technical presentation of the model structure can be found in Treyz et al. 1992. 
8 Container M ix is a soilless media used by nurseries and others that grow plants for sale for replanting. 
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induced economic changes created by the direct effects are generally referred to as 
multiplier effects. 
 

4.2 Simulation Capability 

 
The reason that the REM I model stands out among other regional economic modeling 
systems is in large part because of its simulation capability.  The REM I model is capable 
of providing long-range forecasts and simulations.  Through simulation, the model helps 
policy makers, analysts, and the general public understand the economic and 
demographic impacts for scenarios that may arise from changes in a region’s economy.   
 
The default forecasts up to the year 2050 provided by the REM I model is the model’s 
baseline forecast.  I t provides for thousands of policy variables that can be used to 
introduce changes in the economy.  Typically, those changes are recognized as direct 
economic effects due to investments in new technology for hog farms.  After changes (or 
direct effects) are input into the policy variables, a simulated forecast can be generated by  

 
 
 

Exhibit 8: Five Building Blocks in the REM I  M odel 

 

 
          Source: REM I 

 
 

Market 
Shares Labor & Capital Demand 

Population & Labor 
Supply 

Wages, Costs & Prices 

Output 
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Exhibit 9: Economic and Demographic Relationships within the REM I model 

 
           Source: REM I 

 
running the model with the policy changes.  The difference between the simulated 
forecast and default forecast reflects the total economic impacts to the study region.  The 
total economic impacts include not only direct impacts but also indirect and induced 
impacts. 
 
 

4.3 REM I Data Sources 

 
 
To build its economic model, REM I has utilized data from publicly available sources.  
REM I uses the employment data by industry and by region, compensation by industry 
and by region, and personal income by region from the U.S. Commerce Department’s 
Bureau of Economic Analysis and the Department of Labor’s Bureau of Labor Statistics.  
For the population data, REM I uses data from U.S. Census Bureau, while national 
input-output accounts from Bureau of Labor Statistics are used to derive inter-industry 
production relationships.  REM I updates their historical database once new data become 
available from the aforementioned government agencies. 
 
The REM I M odel can be built for a single county or any combination of counties within 
a state such as the regions specified in this study.  While direct effects will be introduced 
into specific regions, the explicit expression of trade (i.e. exports and imports) between 
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regions provides linkages for the entire state for the three-region model used for this 
study.  
 
The REM I model offers a rich set of economic indicators in the default and simulated 
forecasts.  Those indicators help users identify the economic and demographic impacts in 
a region.  Examples of some key indicators generated from the model are: employment; 
gross regional products; and population. 
 
 

5. Super Soils Innovative Technologies 
 
 
These technologies combine a number of unit processes to separate solids for conversion 
into organic fertilizer, soil amendment, potting soil or solids for co-firing with coal (to 
produce energy), and treatment of liquids for use in flushing barns or irrigation.  Treated 
liquids contain low levels of nutrients, pathogens and odors and are stored in above 
ground tanks or a cleaned lagoon. 
 
On the farm, the waste is flushed out of the barn into a mixing tank and treated with a 
material known as a flocculent which causes fine particles to clump together.  The waste 
stream is passed through a screen where the clumped solids are efficiently collected.  The 
flocculent used in this case is a polyacrylamide.  Nearly all the phosphorus and BOD, and 
more than half the nitrogen in the waste can be captured in the solids with this method.9   
 
The nitrogen remaining in the liquid, mostly as soluble ammonium, is converted to 
nitrate via nitrification.  The nitrate is then converted to di-nitrogen gas, a benign end 
product via denitrification.   
 
The soluble phosphorus remaining in the liquid is treated by addition of a base (calcium 
hydroxide), causing a conversion to calcium phosphate, which is added to the separated 
solids.  The base addition also kills virtually all the remaining pathogens. 
  
The solids are transported to a regional composting facility where they are processed into 
soil amendments, or plant production substrates targeting the container nursery and 
greenhouse productions industries along with consumer and other markets.10  The 
markets in this sector are competitive but expanding.  According to Super Soils, Inc. 

                                                 
9The oxygen required by bacterial decomposition of a material, in this case the waste stream, is known as 
biological oxygen demand or BOD.  This is a critical characteristic because it effects the amount of 
dissolved oxygen in the liquid and therefore the type of bacterial activities which take place and hence the 
type of waste products that are generated.   
10 Solids processing can also produce a dried solid for co-firing with coal. 
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preliminary results indicate equal or superior plant growth with soil products produced 
from swine waste solids by the Super Soils process 11 
 
 

6. Economic Impacts of Installation of the Super Soils Technologies  
 
 
The focus of this study is to examine the economic impacts at the regional and state levels 
if hog farms in North Carolina implement innovative technologies, in this case Super 
Soils technologies.  The study is different from other economic analyses that have been 
conducted as part of the NC Attorney General’s Agreement (Wohlgenant 2005).  While 
the focus of economic analyses in Wohlgenant is on the hog industry, this study looks 
into the macroeconomic impacts not only to the farm industry itself but also to the North 
Carolina economy.   
 
Exhibit 10 summarizes the methodologies of estimating macroeconomic impacts of the 
Super Soils technologies.  New demand for materials and equipment will be generated as 
a result of installing and operating the Super Soils technologies.  Reducing the release of 
a number of atmospheric pollutants will improve environmental quality, reduce PM fine, 
and reduce greenhouse gas (GHG) emissions.  This analysis assumes that hog farms will 
receive payments for GHG credits for ten years after installing the innovative 
technologies.  
 
When processing hog waste, the Super Soils technologies produce byproducts that can be 
marketed and become a new income source for farms.  All these effects are input into the 
REM I model to examine the economic impacts to North Carolina.  The estimation 
method also considers two different scenarios for the amount of capital needed by farmers 
to construct the innovative technologies.  The economic impacts are compared for 
scenarios where producers pay 25 or 100 percent of construction costs12 and, in both 
cases, 100 percent of operating cost.   
 
I t is assumed that the installation of the Super Soils technologies on all hog farms will 
begin in 2007 and last for four years.  The overall economic impacts are estimated for a 
period of 20 years, from 2007 to 2026.    
 

6.1 Estimation of Steady State L ive Weight 

 
The first step of the study is to convert head count to the SSLW for each study region 
based on the 2004 permit data released by NC Department of Environment and Natural 
                                                 
11 Campbell pers. comm. 
12 I f farms only need to pay 25 percent of construction cost, this study assumes the remaining cost is 
financed by the federal government through a farm bill cost share program. 
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Resources (DENR, see Appendix B).  Steady State L ive Weight (SSLW) is a commonly 
used metric to measure livestock herd sizes.  Using SSLW avoids potential biases 
involved in head counts because of different sizes, types, and ages of livestock at various 
production stages.  The SSLW data are also used to compute monetary values such as 
construction and operating costs. 

 
 
 

Exhibit 10: M ethodologies of Estimating Economic Impacts 

Materials
and

Equipments

Installing and Operating
the EST

Reduction of PMfine

Hog Farms and Super Soil
GHG Credits By-Products

(e.g.. Container Mix)

The REMI Model

Potential Economic Impacts:

• Employment                    
• Gross Regional Products

 
 
The DENR permit data contain information such as number and life stages of hogs 
produced and counties where hog farms are located for every farm with a permit in North 
Carolina.13  The permit data are first sorted by county and by type of operation.   
 
To convert the permit data from head to SSLW, the conversion ratios of head-to-weight 
provided by DENR are utilized (Appendix B).  For the permit data for a farm raising a 
single life stage (e.g. finishing hogs), the conversion is straightforward, simply multiply 
the number of head by the conversion ratio.  For mixed operations, the conversion ratios 
associated with each single operation are averaged and used to convert head to SSLW.  
Exhibit 11 presents the number of hogs and SSLW for the three regions.   
 
All hog farms in North Carolina in 2004 housed more than 9.2 million head of hog that 
are equivalent to 1.4 billion pounds SSLW.  Region 1, which includes the ten top hog 
producing counties, accounts for 77.9 percent of total state inventory by head, and 73.2 
percent of the state’s inventory by total SSLW. 
 

                                                 
13 In North Carolina, hog operations with 250 hogs or more are required to get a permit 
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The USDA predicts the national average annual growth rate to be 1.10 percent.14  The 
uncertain future of the moratorium in North Carolina and the role of innovative 
technologies add to the difficulty in predicting future growth of the industry in North 
Carolina.  For this study, it was assumed that the future growth of SSLW as per USDA’s 
forecast up to 2013 would hold for North Carolina.  For the years beyond that (i.e., 2014 
– 2026), the growth rate in North Carolina is assumed to remain at the same rate as the 
one for 2013. 
 
 

Exhibit 11: Number of H ogs by H ead and SSLW by Study Region (in 2004) 
 

Region 
 

# of Head 
 

% of Total 
Head 

 
SSLW  

(1,000 lbs) 

 
% of 
Total 
SSLW 

 
     

1: 10 Top Hog Producing 
    Counties 

7,176,236   77.9% 1,025,296   73.2% 

     
2: Rest of Eastern Coastal  
   Areas 

1,738,416   18.9%    316,363   22.6% 

     
3: Rest of the State    296,779     3.2%      59,428    4.2% 
     

                  State Total 9,211,431 100.0% 1,401,087 100.0% 
          SOURCE: North Carolina Department of Agriculture, NC Department of Environment and Natural Resources (see Appendix 
B) 

 
 

6.2 Construction and Operating Costs 

 
When new innovative technologies are installed on hog farms in North Carolina, farms 
will incur construction, operating and maintenance costs.  The construction costs include 
expenditures on materials, equipment and construction labor while operating and 
maintenance costs include utilities, maintenance, part replacement and labor.  
 
Both installing and operating the innovative technologies would result in increasing the 
purchase of equipment, materials, and professional services from other industries.  Such 
purchases would increase demand and in turn increase production of other industries.  
These activities clearly will have positive economic impacts to North Carolina’s economy 
and can offset certain negative effects such as costs to be incurred by farms.  The REM I 
model includes a regional purchasing coefficient for each industry which estimates the 
proportion of supplies for technology installation that would be supplied by local firms.  
For North Carolina, the regional purchasing coefficient for the manufacturing industry, 
                                                 
14 See http://usda.mannlib.cornell.edu/M annUsda/viewDocumentInfo.do?documentID=1192 
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for instance, is 26 percent (for 2003).  Therefore, the REM I model estimates that the 
manufacturing industry in North Carolina can only satisfy 26 percent of demand and the 
rest will come from imports. 
 
As mentioned before, in this study the conversion of all hog farms in North Carolina to 
innovative technologies is set to occur over four years beginning in 2007.  Each year, 25 
percent of hog farms will install the Super Soils technologies and after four years all hog 
farms in North Carolina will have the technologies installed.15    
 
Hog farms would not only face the construction costs when installing the technology, but 
will also incur replacement costs.  After ten years into the operation of the technology, 
certain equipment such as mixers, pumps and blowers that have ten-year life spans will 
need to be replaced.  The replacement will take place gradually depending on the time 
farms install the technology.  In addition, to operate the Super Soils technologies, hog 
farms will face additional operating costs including utilities and maintenance.   
 
Exhibit 12 presents the net present values of construction and operation costs over 20 
years (from 2007 to 2026) for hog farms in each study region.16  The total net present 
values of the construction costs for all hog farms is $465.6 million while the operation 
costs are $1,201.2 million over 20 years.  The combined total costs for all North Carolina 
hog farms are close to $1.7 billion. 
 
 

Exhibit 12: Net Present Values of Construction and 20-Year Operation Costs 
 

Region 
 

 
Construction Costs 

(million dollars) 

 
Operation Costs 
(million dollars) 

   
1: 10 Top Hog Producing Counties 341.70   878.95 
   
2: Rest of Eastern Coastal Areas 105.45   271.32 
   
3: Rest of the State   18.47     50.96 
   

State Total 465.62 1201.23 
                                                       See Appendices C and D for information on the construction, operation and maintenance costs 

 
 

                                                 
15 If measured in SSLW, each year 25 percent of the total SSLW in each region will install the Super Soils’  
technologies. 
16 An 8 percent of discount rate is used in calculation of the net present values. 
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6.3 Greenhouse Gas Credits and Reduction of Fine Particulate M atter  

 
Greenhouse Gas Credits 

 
A recent study (Vanotti et al., 2006) indicates that GHG emissions will be significantly 
reduced if the anaerobic lagoon technology is replaced by innovative technologies such as 
Super Soils.  Vanotti et al., show that the amount of GHG emissions can be reduced 
more than 98.9 percent per year. 
 
This study assumes that hog farms will receive GHG credits for ten years once innovative 
technologies are installed and begin reducing emissions17.  The amount of GHG credits 
hog farms will receive depends on their SSLW and the unit value of GHG credit.  The 
unit value of the GHG credit used in this study is $6.74 per 1,000 pound of SSLW that 
is derived from the Vanotti et al. report and is subject to adjustment for inflation.  This 
value will also fluctuate with the market value of carbon credits.  Vanotti et al. (2006) 
assume a value of $2.15 per ton of CO2 reduced.  The value of a ton of CO2 reduced 
fluctuates and has increased since the Vanotti et al. calculation.  I t’s very likely that the 
value of a ton of CO2 reduced will increase substantially over the 10 years that such 
payments are included in this study.  Therefore, the payments to producers included in 
the model are conservative.  No adjustment is made in the analysis for the economic 
impacts of those sectors making the GHG credits. 
 
The 25 percent of hog farms that install the technologies in the first year of the study (i.e. 
2007) will enjoy the credit up to 2016.  In 2008, after the second 25 percent of hog farms 
install the technologies, they also will benefit from the credit for ten years with the credit 
expiring in 2017.  Summing up the total value of the GHG credit over time, the net 
present value of the credit for all hog farms in North Carolina is approximately $74 
million (Exhibit 13). 
 
 Reduction of Fine Particulate Matter 
 
Innovative technologies are designed to reduce ammonia emissions from hog farms.  
That reduction in ammonia emissions has been predicted to reduce regional ambient 
levels of PM fine (RTI 2003).  Reduced levels of PM fine will have positive effects on human 
health as a result of reduced human exposures.  Although residents in North Carolina 
may not receive monetary benefits from reductions of PM fine, the improvement of local air 
quality and potential reduced health problems can be predicted to increase amenity and 
make the areas with high concentration of hog farms more attractive.  
 

                                                 
17 I t is assumed that hog farms will enjoy the GHG credits for 10 years.  After that time it is assumed that 
GHG emission reducing technologies will be the industry norm, hence credits will no longer be awarded.   
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According to research performed by Research Triangle Institute (RTI 2003) as part of 
the North Carolina Attorney General’s Agreement, the dollar values of reduction of 
PM fine and associated reductions in morbidity and mortality would be $37.90 and $189.21 
million per year if 10 or 50 percent, respectively, of PM fine is reduced.  (The innovative 
treatment standards would result in approximately a 50% reduction in ammonia 
emissions from whole farm emissions.)  Adjusting for the differing counties covered by 
the RTI study relative to those used in this study, and modifying to the 3 regions used in 
this study, the unit dollar values corresponding to RTI’s results are estimated to be 
$46.80 and $233.66 per 1,000 pound of SSLW for 10 or 50 percent reduction of PM fine, 
respectively.  Using inflation adjusted unit values and the SSLW data, the total values 
from reduction of PM fine are calculated for three study regions (see Exhibit 13).      
 
The calculated net present value of change in PM fine are $89.9 and $448.8 million for 10 
and 50 percent reduction, respectively, over a 20 year period.  As discussed above, the 
changes in PM fine are considered only as changes in regional amenity.  These PM fine 
reduction values, though monetized in this discussion, are not included in the REM I 
model as payments that producers would receive to help offset the cost of the installation 
and operation.  When regional amenity is improved, a region may attract more in-
migration of business and people that will have positive effects to North Carolina’s 
economic development. 

 
 
Exhibit 13: Net Present Value of GH G Credits and Reduction in PM fine Over 20 Years 

 
Region 

 
GHG Credit 

(million dollars) 

10% of PM fine 
Reduction 

(million dollars) 

50% of PM fine 
Reduction 

(million dollars) 
    

1: 10 Top Hog Producing 
    Counties 

54.19 64.56 322.33 

    
2: Rest of Eastern Coastal Areas 16.73 21.34  106.54 
    
3: Rest of the State  3.14  4.00   19.96 
    

State Total 74.06 89.90 448.83 
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6.4 Byproducts 

 
Super Soils technologies, like many innovative technologies, are designed to produce 
several byproducts that can be marketed.  I f successful, receipts from byproducts will 
become a new income source for hog farms and help to offset the costs of installing and 
operating the technologies. 
 
This analysis considers four different byproducts of the Super Soils technologies: 
 

·  Composts in bulk; 
·  Container mix in bulk; 
·  Container mix in bags; and  
·  Alternative fuel. 

 
Estimates of the amount of byproducts to be produced, market prices, and production 
cost for the four byproducts were provided by Super Soils (see Appendix D). 
 
As a result of these byproducts entering the market, supply for fertilizers or alternative 
fuel will increase and that may potentially drive the prices of those products lower which 
will benefit consumers and the economy.  This interaction is included in the REM I 
model. 
 
Exhibit 14 shows the net present value of receipts from the four byproducts that indicate 
significant differences between them.  Both container mix in bulk and in bags can 
generate sizable revenue streams – more than $9.4 billion for container mix in bulk and 
$14.1 billion for container mix in bags, over a 20-year period.  (See Appendix D and E 
for further details on byproduct pricing.) 
 
Comparatively, the other two byproducts, compost and alternative fuel, earn much less 
revenue than the container mix.  The net present value of the total revenue that is 
estimated for compost is $1.4 billion while the revenue from alternative fuel is only $298 
million. 
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Exhibit 14: Net Present Value of Receipt for Four Types of ByProducts Over 20 Years 

 
Region 

 
Compost 
 in Bulk 

(million dollars) 

 
Container Mix  

In Bulk 
(million dollars) 

 
Container Mix in 

Bag 
(million dollars)s 

 
Alternative Fuel 

 
(million dollars) 

     

1: 10 Top Hog Producing 
    Counties 

1,006.18 6,801.54 10,202.31 215.33 

     
2: Rest of Eastern Coastal 
    Areas 

    325.31  2,199.02   3,298.53   69.62 

     
3: Rest of the State      61.04     412.62      618.93   13.06 
     

State Total 1,392.53  9,413.18 14,119.77 298.01 

 
 
I t is worthwhile at this point to provide a short discussion about the market potential of 
hog manure byproducts.  While this study assumes that all the product produced could be 
marketed, in reality, such markets will need to be developed.  For example, in a market 
analysis conducted by Super Soils in 2001 (Appendix E), many market opportunities are 
identified for organic fertilizers, soil amendments and container mix (soilless media) that 
hold promise.  The annual market for the valuable container mix in the US in 2001 (120 
– 150 million cubic yards/year) is about 5 times that which is estimated could be 
produced in North Carolina (28 million cubic yards/year) if all hog farms converted to 
Super Soils -type technologies.18  However, this is a rapidly growing market sector.   
 
A recent report released by the NC Department of Agriculture and Consumer Services 
found that the North Carolina’s “green industry,” including greenhouse/nursery, 
Christmas trees, flowers, sod and related activities are now an $8.6 billion industry 
(NCDA& CS 2007).  In addition, the use of composts on roadsides in Texas and other 
states is showing such promise that demand could rise sharply if trends continue (M cCoy 
and Cogburn 2001).  (Clearly there is a need for better erosion control in North Carolina 
on construction and highway sites.  Compost products hold the potential to be highly 
valuable in such applications.)  However, it is not the intention of this report to suggest 
that all hog farms in North Carolina convert to one specific set of technologies.  M arket 
forces being what they are, it could be anticipated that the number of hog farms 
converting to technologies which produce compost-type material would be set by the 
market share that can be captured.  Besides compost -type products, the market for 
renewable energy production, especially including technologies such as anaerobic 
digesters and gasifiers, holds much potential if the regulatory environment in North 
Carolina were to change for renewable energy.  M uch can and should be done by the 

                                                 
18 Appendix D: M odel Farm: 59 thousand cubic yards of container mix per 2,970,000 lbs SSLW.  At that 
rate, the total hog SSLW in NC (Appendix B) of 1.4 billion lbs SSLW would produce 27.8 million cubic 
yards of container mix a year. 
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State of North Carolina, the swine industry and others to develop markets for byproducts 
which capture the resources in hog manure.   
 
 

6.5 Farms’ Income 

 
To install innovative technologies such as Super Soils, North Carolina farms will face 
possible changes in their income on several fronts.  Those changes come from 
construction costs, operation costs, net income from producing and selling byproducts, 
and GHG credits.  (Note: the REM I model treats both the technology providers’ and 
farms’ costs for waste treatment installation and operation, and revenues from manure 
value added byproducts as one category.) 
 
In this study, two options for paying the construction costs are considered: (1) farms only 
pay 25 percent of the costs, or (2) farms pay 100 percent of the costs.   
 
As shown in Exhibit 15, farms will have positive increase in their income only if they 
produce and sell the container mix in bags byproduct.  Whether farms pay 25 percent or 
100 percent of the construction costs, the net change in their income over 20 years will 
always be positive; $1.1 billion under the 25 percent construct cost option and $753.5 
million under the 100 percent construction cost option.   
 
Under the assumptions of the study, the difference in the income projection between the 
two construction cost scenarios, $349.2 million, represents the federal farm bill cost share 
program cost.  As the REM I model is focused on effects within North Carolina, the 
effects of this federal investment are not included in the model.  The effects or 
opportunity costs of the farmers’ payments for construction costs are also not included in 
the REM I model.  I f farmers chose to borrow the capital needed for construction, the 
estimated interest payment costs would be $309.12 million and $62.18 million for the 
100 percent and 25 percent construction cost scenarios (respectively, assuming a 5 percent 
government sponsored loan rate and a 20 year loan duration).  While this would consume 
some of the revenue generated by the installation of innovative waste treatment systems, 
the container mix in bags byproduct would still generate positive income (Exhibit 15).  
Replacement, operation and maintenance costs experienced over the 20 year time span 
modeled in this report ($1.2 billion; Exhibit 12) are assumed to be paid out of the annual 
revenue stream from byproduct sales.  The analysis assumes that there will be no increase 
in the cost of hogs as a result of the installation of innovative technologies.  This is in 
contrast to the Wohlgenant (2005) model which allows hog prices to increase to offset 
costs for innovative waste treatment technologies.  As a result, the REM I analysis does 
not predict suppressed hog production as does Wohlgenant (2005). 
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Exhibit 15: Net Present Value of Farms’ Income Over 20 Years 
  

Region 
 

Compost 
in Bulk 

(million dollars) 

 
Container Mix  

In Bulk 
(million dollars) 

 
Container Mix in Bag 

(million dollars) 

 
Alternative Fuel 

 
(million dollars) 

      

1   -661.63   -529.41    806.65     -805.46 
     
2   -204.23   -163.42    249.01      -248.63 
     
3     -38.04     -30.38      47.01        -46.37  
     

 
25% of 

Construction 
Costs Paid by 

Farms 

State Total -903.90 -723.21   1,102.67   -1,100.46 
      

1     -917.90     -785.69     550.37  -1,061.73  
     
2     -283.32     -242.51     169.93    -327.72 
     
3       -51.89      -44.23        33.16      -60.22 
     

 
100% of 

Construction 
Costs Paid by 

Farms 

State Total   -1,253.11     -1,072.42  753.46   -1,449.67 

 

6.6 Economic Impact Results 

 
The estimates presented in Sections 6.1-6.5 are the direct effects that reflect potential 
changes if farms install innovative technologies.  The direct effects are calculated from 
the SSLW and additional data supplied by Super Soils.  However, the economic impacts 
of installing innovative technologies go far beyond the direct effects.  The total economic 
impacts include indirect and induced effects (i.e. multiplier effects) which are analyzed 
using the REM I model. 
 
The direct effects have different impacts on the regional economy.  First, the spending on 
construction and operation of the innovative technologies will generate additional 
demand for materials and equipment that may be supplied locally or by outside 
producers.  Second, the sales of byproducts will increase supply of the product; part of it 
will sell to local markets and the rest will be exported outside of North Carolina. 
 
Potential reduction in emission of GHG and PM fine will benefit North Carolina’s 
environment.  Farms will receive monetary credits for reduction of GHG while reduction 
of PM fine will improve amenities of regions with higher concentrations of hog farms. 
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To estimate the economic impacts of the Super Soils technologies, several scenarios are 
tested and simulated.  The first set of assumptions tested is 10 or 50 percent PM fine 
reduction.  Under each assumption, a second set of assumptions also tested; 25 or 100 
percent of construction cost to be paid by farms.  Under the combined first and second 
sets of assumptions, economic impacts for four byproducts are simulated individually.  
The results for the resulting sixteen simulations are shown in Exhibit 16. 
 
The employment figures shown in Exhibit 16 are the sum of the number of job-years 
increased over the 20-year simulation period though some of jobs may not last for the 
entire time period.  The results indicate that for the 20 year period considered, the 
container mix in bags byproduct can achieve the best economic impacts, more than 130 
thousand job-years (or the equivalent of more than 6,500 jobs per year on average) and 
near or above $10 billion in GRP.  The container mix in bulk byproduct has the next best 
performance, resulting in more than 70,000 additional jobs-years (i.e. more than 3,500 
jobs per year on average) and approximately $6 billion in GRP.  The economic impact 
results for the container mix byproducts are not sensitive to either the PM fine reduction or 
the construction payment options.  In other words, the contribution of PM fine reduction to 
regional amenities and the agricultural cost share payments for construction do not have 
substantial effects on the number of jobs created or level of increased GRP over the 20 
year period.  Notwithstanding the small difference in the GRP, the substantial difference 
to farms incomes (Exhibit 15) under the 25% or 100% construction payment options 
indicates the high value of the cost share program to the farmers, especially considering 
revenue potential if the producers borrow money for the construction.  
 
In contrast, the results for other two byproducts show drastic differences under the 
different scenarios.  For instance, the employment changes over 20 years for alternative 
fuel under 10 percent of PM fine reduction and 100 percent of construction cost paid by 
farms will result in a decrease of more than 5 thousand job-years for the State of North 
Carolina.  But under the assumption of 50 percent PM fine reduction and 25 percent of 
construction cost paid by farms, the employment impact over 20 years to the state will be 
positive and more than 3 thousand new jobs-years will be created. 
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Exhibit 16: Economic Impact Results for North Carolina over 20 Years 
  

Farms’ Share 
Of  Cost 

 
Byproduct 

 
Employment 
(job-years) 

 
Gross Regional 

Products  
(NPV, in million $) 

 

     
Compost in Bulk    4,866     847 
   
Container M ix in Bulk   72,291  6,041 
   
Container M ix in Bags 135,881  9,905 
   

 
25% of 
Construction 
Cost Paid by 
Farms 

Alternative Fuel   (-2,188)     294 
    

Compost in Bulk    1,264      683 
   

Container M ix in Bulk   68,709   5,878 
   

Container M ix in Bags 132,305   9,742 
   

 
 
 
10% of 
PM fine 
Reduction  

 
100% of 
Construction 
Cost Paid by 
Farms 

Alternative Fuel   (-5,793)      129 
     

Compost in Bulk  10,342   1,012 
   
Container M ix in Bulk   77,781   6,206 
   
Container M ix in Bags 141,373 10,069 
   

 
25% of 
Construction 
Cost Paid by 
Farms 

Alternative Fuel     3,312      459 
    

Compost in Bulk     6,797      849 
   
Container M ix in Bulk   74,246   6,044 
   
Container M ix in Bags 137,800   9,906 
   

 
 
 
50% of 
PM fine 
Reduction  

 
100% of 
Construction 
Cost Paid by 
Farms 

Alternative Fuel     ( -266)      296 
 
 
I t is noteworthy that most of the negative predictions of farms’ incomes (Exhibit 15) still 
provide positive results for GRP and employment (Exhibit 16).  This occurs because even 
though the direct effect on farms’ income could be negative, when the indirect and 
induced economic benefits of installing the technologies and utilizing the byproducts are 
included, the net result can be positive to the communities outside the hog industry.  
This highlights the return that cost share investments (i.e. taxpayer money) in installation 
of innovative technologies have for the state and especially for the eastern North 
Carolina.  The optimal scenario is one in which both the farms’ income, and the GRP 
and employment are positive.  This occurs with the container mix in bags byproduct.  
 



  29 29 

Exhibit 17 summarizes the impact results for the Region 1 (i.e. highest hog densities) and 
only two of the byproducts, container mix in bulk and in bags.  As expected, the majority 
of economic impacts, about 50 percent of the total impacts to North Carolina, will occur 
in Region 1.  Gross regional product for Region 1 for the container mix in bags 
byproduct is projected to increase by approximately $5 billion over the 20-year period 
(Exhibit 17) while the corresponding change for the state is projected to be approximately 
$10 billion (Exhibit 16).  Growth in jobs in the region are predicted to range from more 
than 30,000 to approximately 70,000 job-years over the 20 years of the analysis or the 
equivalent of 1,500 to 3,500 jobs, respectively, each lasting at least 20 years (Exhibit 17).  
Given the level of increased participation a cost share program would be expected to have 
on farmers likelihood to install innovative waste treatment systems, such large increases in 
jobs and GRP would seem a worthy return for the approximate $350 million federal cost 
share investment assumed in this report.   
 
 

Exhibit 17: Economic Impact Results for Region 1 over 20 Years 
  

Farms’ Share 
of  Cost 

 
Byproduct 

 
Employment 
(job-years) 

 
Gross Regional 

Products  
(NPV, in million $) 

 

     
Container M ix in Bulk 34,996 3,097 
   

25% of Construction 
Cost Paid by Farms 

Container M ix in Bags 67,012 5,000 
    

Container M ix in Bulk 33,239 3,035 
   

 
10% of 
PM fine 
Reduction 

100% of 
Construction Cost 
Paid by Farms Container M ix in Bags 65,246 4,938 

     
Container M ix in Bulk  38,758 3,189 
   

25% of Construction 
Cost Paid by Farms 

Container M ix in Bags 70,779 5,092 
    

Container M ix in Bulk  37,003 3,128 
   

 
50% of 
PM fine 
Reduction 

100% of 
Construction Cost 
Paid by Farms Container M ix in Bags 69,019 5,029 

 
 

7.  Conclusion 
 
Few outside of the hog industry would disagree that North Carolina has a major problem 
with pollution from current hog manure treatment technologies.  Research indicates that 
large benefits would accrue North Carolina citizens if air pollution from hog manure 
management were reduced.  The research at NCSU as part of the NC Attorney General’s 
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Agreement has shown that technologies are available which do a much better job of 
reducing pollution while treating hog manure.  The debate is now over their cost.  This 
analysis shows that it would be a good investment for eastern NC to get innovative 
technologies on the ground on hog farms.  When direct and indirect benefits of installing 
the technologies are included, significantly positive economic benefits resulting in more 
jobs and greater Gross Regional Products are projected.  Not surprisingly, but 
fortunately, the greatest amount of benefit would be concentrated in the low income 
counties of eastern North Carolina. 
 
While this study predicts that the Super Soils technologies producing container mix 
byproducts would deliver many economic benefits, more general conclusions should be 
drawn from the results.  Any technology that can meet environmental performance 
standards and produce a marketable byproduct with costs and revenues similar to those 
included in this report would produce equally good economic rewards.   
 
The Super Soils technologies also provide another lesson; that installation costs for 
innovative technologies can be substantially reduced as the proto-type technology is 
installed on additional farms.  The proto-type Super Soils technologies were the most 
costly of all the technologies that were evaluated by NCSU and found to meet the 
performance standards.  The cost of installing the Super Soils technologies has decreased 
dramatically from that proto-type installation to the costs included in this report as a 
result of subsequent installations since the NCSU evaluations.  Increased engineering 
efficiencies and improved process designs are well known benefits of “learning by doing.”  
 
When such positive economic benefits are predicted the obvious question asked is, if this 
is so, why aren’t hog farmers already installing innovative technologies?  One of the basic 
answers to this question is that there is currently a reluctance to invest in new 
technologies because there has been so much focus on the cost of alternative systems.  
M uch of this discussion is based upon the economic analysis conducted during the 
Attorney General’s Agreement which focused solely on the cost to the hog industry.  In 
contrast, the economic analysis conducted in this report considers the effects across the 
state, not only directly on the hog industry.  I t considers the direct effects on the 
alternative waste treatment technology industry, and the industries that would supply the 
materials and labor for the construction of innovative technologies.  I t also considers the 
indirect and induced multiplier effects on those industries and persons who would benefit 
from the construction and operation of innovative technologies and sale of value added 
byproducts across the state.  Thus many of the benefits the REM I model predicts are 
realized by persons other than the producers who are making the investment, another 
reason why producers might be reluctant to invest.   
 
Providing incentives to install innovative technologies, such as cost share, will help 
alleviate some the farmer’s natural reluctance to take the risk of moving into the 
uncharted territory of innovative technologies and sale of byproducts.  The economic 
analysis conducted in this report assumes that the byproducts will find markets.  In 
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reality, however, the need to create markets or market share for the byproducts of 
innovative technologies has acted to depress producer’s interest in installing innovative 
technologies.   
 
Another commonly asked question is, why should the state or federal government (as 
assumed in this report) provide funding to the hog industry?  One answer is (as discussed 
above) that the distribution of benefits of the farmers’ investment extends to others across 
the state.  The large benefits predicted in job growth and increased GRP are mostly 
concentrated in eastern North Carolina, an area sorely in need of economic opportunities.  
There is also an increase predicted in amenities or quality of life for the region.  Job 
growth, increased GRP and improved quality of life provide powerful support for 
taxpayer-backed investment.  Finally, the use of cost share programs to realize 
improvements in the environmental performance of agricultural activities is a widely 
recognized and long accepted practice. 
 
Finally, this report shows that North Carolina has an opportunity to solve the hog waste 
management problem while simultaneously providing an economic stimulus desperately 
needed in eastern North Carolina.  At minimum, the results of the economic analysis 
should elevate the discussion from one focusing on the cost of prototype technologies to 
the reduced cost potential of constructing subsequent generations of technologies, the 
need to develop markets for technology byproducts, and an equitable sharing of the 
profits from byproducts between the producers and the innovative waste treatment 
technology providers.  I f North Carolina seizes this opportunity, it will be on its way to 
becoming the national and world leader in animal and other waste management 
technologies that not only reclaim the resources and economic value of these waste 
streams but also protect its citizens and its environment.  
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Appendix A: Classification of the Study Regions  
 
The counties that are classified into three study regions are presented in this appendix in 
detail.  The following table has all the names of counties for each of three regions. 
 
 

Exhibit A-1: Counties Included in Each of Three Study Regions 
 
Region 

 
Counties 

  
 
1: 10 Top Hog Producing Counties 

Duplin, Sampson, Bladen, Wayne, Greene, Robeson, Pender, 
Lenoir, Jones, and Columbus  

  
 
2: Rest of Eastern Coastal Areas 

Beaufort, Bertie, Brunswick, Camden, Carteret, Chowan, 
Craven, Cumberland, Currituck, Dare, Edgecombe, Gates, 
Halifax, Harnett, H ertford, H oke, Hyde, Johnston, M artin, 
Nash, New H anover, Northampton, Onslow, Pamlico, 
Pasquotank, Perquimans, Pitt, Scotland, Tyrrell, Washington, 
Wilson 

  
 
3: Rest of the State 

Alamance, Alexander, Alleghany, Anson, Ashe, Avery, 
Buncombe, Burke, Cabarrus, Caldwell, Caswell, Catawba, 
Chatham, Cherokee, Clay, Cleveland, Davidson, Davie, 
Durham, Forsyth, Franklin, Gaston, Graham, Granville, 
Guilford, Haywood, H enderson, I redell, Jackson, Lee, L incoln, 
M cDowell, M acon, M adison, M ecklenburg, M itchell, 
M ontgomery, M oore, Orange, Person, Polk, Randolph, 
Richmond, Rockingham, Rowan, Rutherford, Stanly, Stokes, 
Surry, Swain, Transylvania, Union, Vance, Wake, Warren, 
Watauga, Wilkes, Yadkin, Yancey 
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Appendix B: Conversion from Hog Numbers to Steady State L ive Weight 
 
 
This appendix presents two exhibits that contain detailed information on conversion 
from hog numbers to and steady state live weight (SSLW.)  Exhibit B-1 presents hog 
numbers by county for those counties that have non-zero number of hogs.  The hog 
numbers are according to the 2004 permit data from NC DENR. 
 
Exhibit B-2 lists conversion factors used when converting from hog numbers to SSLW.  
Conversion factors are applied to single life stage operations directly and averaged factors 
are calculated for multiple life stage operations. 
 

Exhibit B-1: H ead of H ogs by County 
  

County 
 

# of Head 
 

 
County 

 
# of Head 

 

 
County 

 
# of Head 

 
         

Duplin 2,201,321  Greene 407,172  Jones 254,075 
Sampson 1,916,490  Robeson 271,060  Columbus 242,610 
Bladen 806,264  Pender 277,762    

 
  Region 1 

Wayne 505,469  Lenoir 294,013  Subtotal: 7,176,236 
         

Pitt 234,699  Beaufort 71,780  Tyrrell 17,039 
Onslow 196,109  Hoke 69,758  Chowan 14,211 
Johnston 187,527  Washington 67,070  M artin 7,128 
Edgecombe 115,579  Harnett 54,431  Hyde 4,900 
Craven 114,088  Halifax 45,708  Camden 3,475 
Cumberland 105,476  Bertie 24,980  Pasquotank 3,310 
Northampton 89,892  Wilson 23,520  Pamlico 1,119 
Brunswick 79,078  Gates 21,478  Carteret 951 
Scotland 75,633  Perquimans 18,572  Currituck 837 

 
 
  Region 2 

Nash 72,776  Hertford 17,292  Subtotal: 1,738,416 
         

Richmond 46,318  Chatham 9,300  Alamance 900 
Anson 45,388  Yadkin 8,640  Stokes 800 
Randolph 32,418  Person 5,989  Cleveland 800 
M ontgomery 32,408  Orange 4,180  Davidson 787 
M oore 21,225  Rockingham 4,145  Wake 263 
Surry 19,060  Lee 3,902  Caldwell 260 
Union 15,470  Stanly 3,770  L incoln 250 
Franklin 14,470  Cabarrus 2,000  Davie 225 
Guilford 10,820  Rowan 1,800  Burke 135 

 
  Region 3 

Warren 9,800  Granville 1,256  Subtotal: 296,779 

Grand Total: 9,211,431 
              Source: The 2004 Permit Data from NC 
DENR 
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Exhibit B-2: Conversion Factors Used in Calculation of SSLW 

 
Operation 

 
Pounds per head 

 
  
Wean to Finish   115 
Wean to Feeder     30 
Feeder to Finish   135 
Farrow to Wean   433 
Farrow to Feeder   522 
Farrow to Finish 1,417 
Boar / Stud:    400 
Gilts   150 

Source: An email communication with M r. Keith Larick (keith.larick@ncmail.net), Division of Water Quality on 
November 09, 2005 3:24 PM  

 

 
 

Exhibit B-3: Total SSLW of Permitted H ogs in North Carolina 2004 Permit Data 
 

# of Head 
 

SSLW 
(1,000 lbs) 

 
Source  

   
9,211,431 1,401,087 NC DENR hog permit data 

 
 
I f the facility is permitted for farrow to wean, then the boars and gilts are factored into 
the SSLW.  The only time that the animal weights are separated out is if the permitted 
capacity specifically lists them.  An example would be a facility that is permitted for 1000 
farrow to wean, 500 gilts, and 50 boars.  These are fairly rare.  
==================================================== 
Source: An email communication with M r. Paul Sherman (Paul.Sherman@ncmail.net), Division of Water Quality on sent January 20, 
2006 11:46 AM  
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Appendix C: Construction and Operating Budget 
 

Provided by Super Soil Systems USA, Inc 
As developed for grant proposal to the CWM TF  

 
Equipment Installation Equipment and Installation Cost 

 
TOTAL PROJECT EXPENSE 

 
Construction------------------------------------------------------- $822,225 
Operating---------------------------------------------------------- $135,820 
Total--------------------------------------------------------------- $958,045 
 
   
NOTE:  To be conservative, the construction budget was multiplied by 1.25 before 

entering into the model. 
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Appendix D: Super Soils Byproduct Data 
 

RETURNS FROM  SOLIDS PROCESSING/VALUE-ADDED PRODUCT 

M ANUFACTURING: 
PROVIDED BY SUPER SOILS, INC. (M AY 2006) 

 
Assumptions 
 

- The modeled farm’s permitted capacity is 2,979,000 pounds of Steady State L ive 
Weight.  

- The solids generated by the entire operation will 156,000 cu ft/yr. 
- M arkets are adequate to utilize products offered for sale. 

 
 
M ARKET OPTIONS 
 

Composts Sold in Bulk. 
Production: 7,858 cu yd/yr 
Assume 260 days of compost production/year 
 
Gross Returns: $30/cu yd.   
Expenses: $24/cu yd  

Based on NCSU Economic Analysis19, breakeven point for most efficient 
operation ($23.82/cu yd) + $0.18/cu yd for mixing. 
 

Returns to M anagement: $6/cu yd  
 
Container M ix Sold in Bulk 
Production: 59,020 cu yd/yr 
Assume 260 days of container mix production/year 
 
Gross Returns: $27/cu yd 
Expenses: $24.63/cu yd 
Returns to M anagement: $2.37/cu yd  
 
Container M ix Sold in 1 cubic foot Bags 
Production: 1,593,540 cu ft/yr 
 
Gross Returns: $1.50/bag 
Expenses: $1.16/bag (includes bagging expense at $0.25/bag) 
Returns to M anagement: $2,070/day 

                                                 
19 See http://www.cals.ncsu.edu/waste_mgt/smithfield_projects/phase3report06/pdfs/B.11.pdf 
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Alternative Fuel  
Yield: 1009 tons/yr at 15% moisture 
 
Gross Returns: $50,440/yr 
Expenses: Fuel production cost is $214.55/day ($14.55/day trans. + 200/day 
drying) 
Returns to M anagement:  $ (-20.55) 

 
 

TRANSPORTATION COSTS (Super Soils personal communication, 7/2006) 
 
Assumptions:  
 

- Trucking cost = $1.50/mile 
- One way truck haul (50 miles) = $75 
- Truck carries 40,000 lbs 
- Compost weighs 30lbs/cubic foot 
- Truck haul = 1333.3 cubic foot= 49.4 cubic yards 
- Assume truck haul will carry 1000 cubic foot bags 

 
 
Per Cubic yard 
$1.35 per cubic yard 
 
Per Cubic foot (27 cubic feet per cubic yard; 1000 bags per truck load) 
$0.075/per cubic foot 
 
Per Ton   
$3.75/per ton 
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Appendix E: M arket Evaluation 
Super Soils, 2001 

 
 

Value-added products manufactured from swine solids will initially include: (1) Organic 
Fertilizer; (2) Soil Amendment; and (3) Soilless media. (Authors Note: Soilless media is 
Container Mix) 
 
Organic Fertilizer 
 
Organic fertilizer is more and more in demand due to consumer concern over background 
levels of chemicals and other contaminants in food supplies. These markets are expanding 
in both field and greenhouse vegetable production.  In recent years, the development of 
organic tobacco production systems has also increased demand for organic fertilizer 
sources.  Currently, over 1000 acres of organic tobacco are being produced annually.  
Based on nitrogen requirement, this alone could generate the demand for approximately 
3,000 tons of organic fertilizer (2 % N) annually.  With continued expansion of the 
organic vegetable industry, demand for an organic fertilizer could increase significantly.  
Assuming only 5 % of the vegetables were produced using organic methods, there would 
be a demand for over 6,000 tons of organic fertilizer annually.  This organic fertilizer 
would be superior to simple animal waste applications due to the fact that it has been 
processed to stabilize nutrients and kill pathogens.  Other specialized markets for an 
organic fertilizer include the turf industry in which there is demand for slow release forms 
of nutrients that are relatively safe to use.  There are currently 8278 golf courses in the 
United States. North Carolina alone has 581 golf courses.  Each course generally contains 
3 acres of greens and 2 acres of tees.  These areas alone generate a potential market for at 
least 10,000 tons (2 % Nitrogen) of an organic fertilizer in North Carolina and 165,000 
tons in the US.  I f organic fertilizer was also used on fairways, an additional 63,000 tons 
could be used in North Carolina and an additional 960,000 tons in the US.  A basic 
organic fertilizer could also be processed to add nitrogen and/or other macronutrients 
nutrients to produce a higher analysis fertilizer for general crop production.  Over 1.6 
million tons of multi-nutrient fertilizer is sold in North Carolina annually.  As natural 
resources become expensive and scarce, we will be forced to utilize more and more 
recycled materials as nutrient sources.  Fertilizer prices are currently very high due to the 
increased cost of nitrogen (ammonium nitrate is currently $0.33/lb ($220/ton) and is 
expected to go higher) resulting from high oil prices.  As a result, alternative sources of 
nitrogen and other nutrients will be very attractive this year.  An organic fertilizer 
produced from swine solids would not only contain major nutrients (N,P,K) but would 
also supply ample portions of secondary (Ca, Mg, S) and micronutrients (Fe, M n, Zn, 
Cu, B, M o, Cl).  In addition to the nutrient value of organic fertilizers, they also result in 
improvements in soil structure and physical properties over time.  
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Soil Amendments 
 
Soil amendments are used in landscaping to improve soil physical properties and provide 
slowly available nutrients for plant growth.  Use of these materials is expanding 
significantly near larger cities and more affluent areas. Based on the 2000 census, there 
are now 8 million people in North Carolina.  I t is estimated that this represents at least 3 
million households.  Assuming that each household buys only 2 bags (40 lbs/bag) of soil 
amendment and 2 bags (3 cu ft/bag) of soilless media each year, there is a market for 
650,000 cu yds of media and 180,000 tons of soil amendment annually. 
 
Transportation Departments are now using amendments to facilitate stabilization of 
roadsides and to enhance beautification projects such as wildflower and other roadside 
plantings.  Roadside plantings in North Carolina total 25,000 sq yards annually and 
create a demand for 2100 cu yards of soil amendment and 1200 cu yards of mulch. 
Experience also indicates that that when soil amendment is applied to roadside turf areas 
prior to seeding, establishment is significantly improved. 
 
Golf courses also contain as much as 1 acre of intensively managed flower- beds per 
course.  These create a demand for at least 244,000 cu yards of soil amendment and 
140,000 cu yards of mulch annually. 
 
NCDOT purchases 105 tons of 18-9-9 sulfur coated urea slow release fertilizer annually.  
For establishment, they also purchase 4,207 tons of 10-20-20 and 1,498 tons of 18-9-4 
annually.  I f only a portion of this demand was diverted to organic fertilizers, a huge 
demand would be created. Experience indicates that when soil amendment is applied to 
roadside turf areas prior to seeding, establishment is significantly improved.   
   
 
Soilless M edia 
 
The soilless media market in North Carolina and the United States is very large.  
Estimates of the demand for soilless media must be projected from horticultural sales 
since quantities of such materials are currently not recorded.  I t is anticipated that census 
and income figures used to project the size of the horticultural industry underestimate 
this market since many farmers are reluctant to disclose their activities.  
 
The projections of soilless media market size for this proposal were based on calculations 
from the income generated by these activities according to methods suggested by Dr. Ted 
Bilderback (via personal communication) in the Horticultural Department at North 
Carolina State University.  The assumption is that one acre of containerized production 
requires a given amount of substrate.  Assuming that production is in one-gallon 
containers and that one-acre of land will hold 60,000 containers, the required media for 
one acre of production is 400 cu yards.  North Carolina’s nursery/greenhouse industry is 
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estimated at 12,405 acres.  The income generated by this industry is estimated at 
$973,000,000 annually.  I f we assume that the relationship between income and acreage 
is similar for other states, we can estimate production acreage in other states and the US 
from income data (Exhibit E-1).  Based on these assumptions, the annual requirement 
for potting media or substrate in the top 10 producing states is 43,015,200 cu yards.  The 
annual demand in North Carolina is estimated at approximately 5 million cu yards.  
Demand in the United States is estimated at 61,196,400 cu yards annually.  
Approximately one-half of these amounts are estimated to represent container nursery 
production.  The other half represents the soilless media or greenhouse requirement.  
M oreover, it is estimated that the consumer demand for these same products at least 
equals the commercial requirement.  As a result, total demand for soilless media or 
substrate in the United States is estimated at 120,000,000-150,000,000 cu yards annually.  
 
A survey of prices for these products in the Wake, Johnston, and Sampson Counties 
(Exhibits E-2 and E-3) indicates an average retail price of $ 3.88/cu ft and an average 
wholesale price of $2.62/cu ft for soilless media.  Compost is more often marketed in 40 
lb bags and sells for an average of $0.066/lb.or $1.40 per 40 lb bag at retail stores.  
Compost-soil blends (50:50) can be purchased wholesale in large amounts by contractors 
for $18-19 /cu yard. 
 
Super Soil Systems will initially target large retail consumer outlets including KM ART, 
LOWE’S, and HOM E DEPOT.  Retail nursery outlets will also be targeted.  Products 
will be supplied for production of specific plants such as bedding plants, ornamentals, or 
azaleas/camellias.  Compost will also be sold as a soil amendment at these outlets. Larger 
bulk amounts may also be sold to contractors. 
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Exhibit E-1: Estimated Soil M edia Requirement 

 
 
 
 
 
 

Exhibit E-2: Wholesale Soilless M edia Prices 
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Exhibit E-3: Retail Soilless M edia Prices  
 

 
 
 


