ENVIRONMENTALLY SUPERIOR
TECHNOLOGY

ORBIT/HSAD

“On-campus Report”

Prepared by:
Dr. Leonard S. Bull, PI
Dr. Maurice Cook, CO-PI

Sample collection and custody supervised and coordinated by:
Ms. Lynn Worley-Davis

ORBIT Technology Providers:
Mr. M. Allen Paul and Mr. James Tarleton
ORBIT
484 Hickory Grove Road
Clinton, NC 28328
Tel: 910-564-3248
orbit@intrstar.net

Pl Contact:
Dr. Leonard S. Bull, PAS
Box 7608 NCState University
Raleigh, NC 27695-7608
919-515-5387
leonard bull@ncsu.edu

Prepared May, 2004


mailto:orbit@intrstar.net
mailto:leonard_bull@ncsu.edu

g
3

© o« .\‘.C”.U"PP"!\’!—‘|

10.
11.
12.
13.
14.
15.
16.
17.
18.

TABLE OF CONTENTS

Page
EXECUTIVE SUMMIAKY ... ... e e e e et e e e e e e e e 3
ORBIT High Solids Anaerobic Digestion (HSAD)Technology.............. 4
Figure 1-Flow Process for HSAD Treatment of Swine Waste.............. 4
Figure 2- Spatial Arrangement of Facility at Site....................coooeeee. 5
Performance Parameters Covered in this Report...................cooeeees 6
Tables of Primary Data and Calculations..................coocoiiiiiinnn, 8
Table 1- Processing/Recovery of Swine Waste Solids/Nutrients by
ORBIT/HSAD . ..o e e e e e e e e e 8-9
Table 2. Composmon of Dlgestlon Input and Output Used in Table 1
Computations... PP
Weight leferences ................................................................. 10
Solids Decomposition and Methane Production.............................. 10
Accountability for Nitrogen...... ..o e, 10
Accountability for AmMmonia...........o.oie i 11
Accountability for Phosphorus.............cccoce il 11
Accountability for COpper...... ..o 12
Accountability for ZinC.........ccooii i 12
Operating ConsIderatioNS. ... .. ..ouu ettt e e 12
Dol B3] o] o TP 13
N ] 01T o [ ol 15-30



Executive Summary

The objective of this study was to evaluate the effectiveness of the innovative
high solids anaerobic digestion (HSAD) technology in treating swine waste. This
technology is distinctive from other anaerobic processes in that relatively high solid
concentrations, viz., greater than 30 percent, can be digested. The digestion is
accomplished by thermophilic anaerobic bacteria. The evaluation was made at the
ORBIT facility in Sampson County, NC. Swine waste was provided by the SuperSoil
Systems (SSS) facility at Goshen Farm in Duplin County, NC.

The following analyses were conducted on the swine waste prior to and following
anaerobic digestion during a 70-day test period: 1) Solids percentage; 2) Total nitrogen
(N); 3) Ammonia (NH3); 4) Phosphorus (P); 5) Copper (Cu); and 6) Zinc (Zn). Biogas
production was measured by the technology provider. Pathogens were identified and
assessed by the OPEN team. The solids content of the original swine waste feedstock was
approximately 15%, about one-half of the content required to meet the high solids
criterion of at least 30%. The solids content of the processed feedstock was
approximately 11%. However, the total quantity of solids before and after processing
was about the same.

Total N diminished by approximately 50% during processing. Ammonia decreased
by about 72%. Reductions in P, Cu, and Zn were 26%, 46%, and 32%, respectively. The
technology provider reported the production of large amounts, up to 81,500 liters per day,
of methane. The OPEN team reported the destruction of almost all the harmful
pathogens. These results indicate that this system quantitatively eliminates unaccounted-
for discharges of critical elements and compounds into the environment.

Several factors limited the evaluation of the technology: 1) Inadequate quantities of
swine waste to utilize the full capacity of the system; 2) Variable composition of the
swine waste feedstock; 3) Brevity of the evaluation period, 70 days. Despite these
limitations, the evaluation indicates that the HSAD system is a promising innovative
technology.



ORBIT High Solids Anaerobic Digestion (HSAD)
Technology General Description

This innovative technology utilizes thermophilic anaerobic digestion and bacteria
adapted to these conditions (54.4°C as goal) to digest the solids in swine waste, recover
energy in the form of biogas, and eliminate pathogenic organisms. This system is
distinctive from most other anaerobic processes in that relatively high solid
concentrations, e.g., >30% (35-40% preferred), can be digested. The effectiveness of
HSAD is based on the theory of film transfer of digestive products between anaerobic
microbes in a high-solids environment. The synergistic interaction of thermophilic
organisms and high solid concentrations should reduce the construction and operating
costs of the HSAD system when compared to conventional mesophilic (34°C) systems.

A schematic diagram of the HSAD flow process for treatment of swine waste is
shown in Figure 1. A logistical layout of the facility as actually constructed in Sampson
County, NC is depicted in Figure 2.
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Figure 1. Flow Process for HSAD Treatment of Swine Waste
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Swine waste was collected at the SuperSoil Systems (SSS) facility at Goshen Farm in
Duplin County, NC. (By contract, this was the sole source of material to be used in the
evaluation. Prior to this evaluation, food preparation and dining hall waste was processed in the
digestion units as part of a contract with the US Army and was used as the initial charge of
feedstock to the DSR2 unit.) The swine waste received from SSS had been treated with chemical
additions to remove nutrients. The description of that process can be found in the report on the
SSS system. Swine waste was transported to the ORBIT facility in Sampson County and emptied
into a large rotary ribbon blender for mixing. ORBIT personnel (hereafter referred to as
“technology provider”) weighed the feedstock daily and checked it for moisture content, pH and
toxicity. The feedstock was then fed via screw conveyors to a 4-ton capacity surge bin, where
precise rates for application of it to the digester were determined. The feedstock was transferred
to the digester via a pneumatically retractable and heated screw conveyor, with target
temperature of the feedstock to be 54.4°C at the time of introduction into the digester. This
process required from two to five hours, at which time the digester was sealed until the next
feeding period (approximately 24 hours).

The digester was heated to 54.4°C by means of thermostatically controlled heaters
in integral contact with the vessel walls. The contents were gently stirred to release the
continual development of biogas, which was removed from the digester, measured
(volume) and disposed of by flaring. The preferred commercial fate for the biogas is as an
energy source with value recovered to help support the operation of the system. Daily
digestate samples were collected from four ports evenly spaced along the length of the
digester.

The schematic diagram indicates that there is provision for separation of the liquid
and solid fractions of the digestate exiting the unit for subsequent value-added product
development, e.g., liquid fertilizer, compost. That step was not employed in this testing
program due to financial constraints. In addition, the biogas produced during this test was
flared rather than being used as a recoverable energy source. In a full-scale production
application of HSAD, it is expected that liquid and solid products would be produced and
that the collected biogas would be used as an energy source to provide revenue streams.
Without data, however, this report cannot address those components.

Performance Parameters Covered in this Report

The focus of this report is to describe the fate (destruction or recovery with
containment) of the following materials and nutrients associated with the feedstock
entering the digester and digestate exiting the digester: a.) solids; b.) total nitrogen; c.)
feedstock and digestate ammonia (NH3); d.) phosphorus; e.) copper; f.) zinc. All of these
components were measured according to the requirements of the Agreements, indicating
that a third party collected, secured, transported and analyzed the samples. Numerous
other data were gathered during the project by the technology provider. Some of those,
especially the methane production that is central to anaerobic digestion, are included
among the Appendices to this report. They are designated in each case as being
“Collected by the Technology Provider” in each case for clarity. This report emphasizes



the specific components noted above and it also includes a discussion of system
operational requirements, considerations and recommendations.

The design and purpose of the total containment ORBIT/HSAD system, as noted
above, is to process high-solids (35-40 % solids) biomass at thermophilic anaerobic
conditions (54.4°C) with extraction of recoverable and usable energy as methane,
elimination of odor producing compounds, expected elimination of pathogens by virtue
of the temperature used, and recovery and control of nitrogen forms and mineral elements
(especially phosphorus, copper and zinc). A documented advantage of the thermophilic
digestion process is the elevated rate of reaction and therefore theoretically reduced
process (retention) time. By virtue of the total containment and quantitative collection of
exiting material, protection of groundwater and the surrounding environment is assured.
Theoretically, any non-volatile element added to a single-vessel component system
should be quantitatively recovered and, thus, can serve as the basis for calculation of
mass-balance. Because of the sealed nature of the system and the fact that it was sited at a
location which had no animal production, the only emissions that would be expected
(ammonia, odors) would be those associated with the handling of the feedstock prior to
introduction into the system, and the subsequent handling of the digestate exiting from
the system. The extent of those possible events (emissions) would be dictated by the
nature of the material and the operational procedures employed by the technology
provider.

Prior to swine solids being introduced, material from testing done previously
using food residue material was put into the unit to “seed” the thermophilic anaerobic
digestion process. Swine waste feedstock was introduced into the unit from August 19-
29, from October 24-November 4, and from November 6-29, 2003 (Appendix Table 4).
Due to the interrupted feeding schedule and variable quantities of feedstock introduced as
a result of variable availability, “steady state operation” was never achieved during this
test. The expected retention time of material in the digestion unit was anticipated to be
from 7-21 days, depending on loading rate. Due to the variable and interrupted loading
rate, it is not possible to calculate an average retention time. Consequently, data are
presented in this report based on three different estimated retention times. The fact that
the feeding rate was never more than about 20 percent of the capacity of 5,400kg/day
(technology provider estimate) would suggest that the retention time was longer than
would be observed under full-operating, steady-state conditions. Also, nutrient recovery
evaluation would require collection of digestate for an extended time after cessation of
feeding of the material. The total period for collecting data was September 11 through
November 29, 2003. This period coincided with the availability of swine waste feedstock
and the monitoring of ammonia emissions, odors and pathogens by the OPEN team. The
test ended ahead of schedule due to operational and financial difficulties. That made this
evaluation more difficult to conduct than originally intended.

As noted earlier, the digestate was not processed to separate liquid and solid
fractions. Thus, there are no data on the distribution of nutrients between those
components. The digestate was collected in 55-gallon barrels, which were sealed and
stored for future use. All biogas produced was flared.



Tables of Primary Data and Calculations

All of the critical data required for this evaluation are summarized in Tables 1 and
2 below. The sampling schedule and a complete dataset for all of the analyses are found
in Appendix Tables 1 and 2. These data are based on the quantities introduced into and
removed from the digestion unit, and the analysis of samples taken by the On-Campus
team, with all subsequent chemical analyses conducted by the Division of Agronomic
Services of the North Carolina Department of Agriculture and Consumer Services.

During the test period, eight samples of the material being introduced into
the digestion unit were taken and analyzed. Because the performance is based on
the difference between what is introduced and what is recovered from the material
introduced, and to assure that previously processed food-waste material was
totally cleared, only five samples of the material exiting the digestion unit were
analyzed. This is based on the originally estimated retention time of 21 days
provided by the technology provider (not actually measured-see below). All
material introduced into the digestion unit was weighed daily by the technology
provider, and all material collected from the digestion unit was weighed by On-
Campus team members. The digestion unit is equipped with four sampling ports
as described above and shown in Figure 2. Ports 1-3 were used as indicators of
internal change in composition during processing. Port 4 was at the point of
discharge from the unit. The results of all of those analyses are found in Appendix
Table 2.The port 4 sample analyses were used as indicative of the composition of
the discharge material resulting from the processing of swine waste by the unit,
although a review of the data from ports 1-3 suggest that the majority of digestive
activity was completed in the first portion of the digestion unit. The results shown
in Table 1 are calculated based on 7, 14 and 21 day estimated retention times due
to the variable feedstock addition schedule and the relatively low feeding rate
(related to capacity). The difference between each of these calculations is the fact
that digestate weight was included from those periods (7, 14, 21 days) after the
last feeding to accommodate those three retention time estimates.

Table 1. Processing / Recovery Of Swine Waste Solids / Nutrients By ORBIT /

HSAD

Parameter _ Quantity In__Quantity Out __ Loss/(Gain) __ Loss/(Gain) Recovery

-- kg kg kg % %

7-day Estimated Retention Time

Total Weight 30,706 30,976 (270) 0.9 100.9
Solids 4,636 3,314 1,321 29 72
Total Nitrogen 1,424 621 803 56 44
Ammonia 87 25 62 71 29
Phosphorus 683 507 176 26 74
Copper 69 37 32 46 54
Zinc 45 31 14 31 69



Table 1. Processing / Recovery Of Swine Waste Solids / Nutrients By ORBIT /

HSAD (continued)

Parameter Quantity In  Quantity Out Loss/(Gain)

Loss/(Gain) Recovery

kg kg kg

14-day Estimated Retention Time
Total Weight 30,706 34,347 (3,641)
Solids 4,636 3,675 961
Total Nitrogen 1,424 689 735
Ammonia 87 28 59
Phosphorus 683 562 121
Copper 69 42 27
Zinc 45 34 11

21-day Estimated Retention Time
Total Weight 30,706 40,054 (9,348)
Solids 4,636 4,285 350
Total Nitrogen 1,424 804 620
Ammonia 87 32 55
Phosphorus 683 656 27
Copper 69 49 20
Zinc 45 40 5

%

(84)

21
o1
68
18
39
24

(30)

8
44
63

4
29
11

%

108
79
49
32
82
61
76

130
92
56
37
96
71
89

Notes on Table 1 data:

a. Analytical data are found in Table 2. Complete analyses are found in

Appendix Table 2.
b. Values in () represent gain in weight.

Table 2. Composition Of Digestion Input And Output Used In Table 1

Computations

Sample Source n  Solids TotalN NH3 P Cu Zn
- - % ppm ppm ppm ppm ppm

Input Material 8 15.1 40637 2841 22242 2252 1472
Std. Dev. 3.1 14873 2636 6803 955 527

Output Material 5 10.7 20063 808 16379 1212 996
Std. Dev. .64 4837 1039 4504 549 267

Notes on Table 2 data:

a. Nutrients in Parts Per Million (ppm) as-received basis (1 ppm =1

mg/1000g).

b. Input material at 15.1 percent solids from supplier was at less than
50% of system performance design and recommended

specifications (35-40%).

c. Output material is collected from port 4 of the digestion unit. All
data for all samples shown in Appendix Table 2.



Weight Differences

The fact that the weight of material added to the digestion unit was less than that
removed for each of the Estimated Retention Times is baffling. A partial explanation may
be that there was a lower solids content in the removed material than that added. With
extension of the digestate collection period to accommodate the longer Estimated
Retention Times, the weight difference increased. Since weight is not a critical parameter
per se, and since there are concerns about the irregular feeding patterns and unknown
retention times, no further discussion of the wet weight data will be made.

Solids Decomposition and Methane Production

The primary interest in solids disappearance is related to the production of biogas
(methane and carbon dioxide) as a method for extraction of useful energy from the
system in a form that has added value. Data collected by the technology provider (see
Appendix Table 3) indicated that the swine waste solids contained 79% of volatile solids
(VS), and that the conversion of those VS to biogas was predicted to be 51% based on
theoretical calculations. This should have resulted in a reduction in solids passing
through the digestion unit of about 40%. That reduction was not achieved under any of
the Estimated Retention Times. The data on estimated and measured methane production
(Appendix Figure 1, provided by technology provider) show variable production rates
during the time of actual measurement (10/31-11/27/03). The range in daily methane
yield is from 0-81,5001/day. In some cases the yields reported were above theoretical
estimates, and in other cases they were below. We believe that the variable flow created
by the feeding pattern noted above is responsible for these variations.

Accountability for Nitrogen

Ability to account for, contain and manage nitrogen within a waste processing
system is an important performance parameter. In a component and sealed system such as
ORBIT/HSAD, the tracking of nutrients should be relatively easier than in more
complex, multi-component systems with numerous transfers and partitioning functions.

The nitrogen analysis data from the samples taken of input and output material are
found in Table 2 above. Total nitrogen balance (all forms) across the digestion system
during the 70-day test interval is shown in Table 1. Only 44-56% of the nitrogen
introduced into the system can be accounted for. The specific percentage depends on the
Estimated Retention Time used. That recovery is disappointing. We attribute these
differences to a combination of uncertainties associated with the weights obtained, the
small number of digestate samples (5) that were collected and analyzed, the lack of
steady-state operation, and uncertain retention time. These erratic findings point to the
need for steady-state operation with an extended sampling period in future evaluations.
The unaccounted-for nitrogen, other than that due to analytical and sampling causes,
could be partly due to a small amount exiting with the produced biogas. This is not
considered a major loss avenue due to the pH of the digestion mixture (7.5-8.3).

10



Accountability for Ammonia

The concentrations of ammonia in the input and output samples are shown in
Table 2 above. There is a concentration decrease of nearly 75% between input and
output. The balance of ammonia calculated from those data indicates that from 63-71%
was lost during the process, depending on the Estimated Retention Time used. The same
uncertainties can be assigned to these data as are noted above, including the possibility
that some ammonia was lost in the biogas stream. The report of the OPEN team
evaluations of this site (see OPEN team report) suggests that ammonia emission at this
site was not high. Ammonia was detectable around the digestion site, and that may have
been due to the combination of some emissions from the feedstock, the digestate, and the
fact that there was an operating composting facility on the same site located “upwind”
from the ORBIT facility.

Accountability for Phosphorus

The recovery data for phosphorus are shown in Table 1. Concentrations of total
phosphorus in samples of input and output materials to the digestion unit are found in
Table 2. The balance of phosphorus calculated from those data and the weights of
materials resulted in our being unable to account for from 3.9-26% of the input
phosphorus, for the three Estimated Retention Times. In a closed system such as this, the
expected theoretical recovery is 100% for a non-volatile mineral such as phosphorus
under extended steady-state conditions. It is anticipated that a full recovery of phosphorus
would occur if tests were conducted under steady-state conditions created by a more
nearly constant feeding protocol.

A common practice in many analytical procedures is the use of a non-volatile
element as an internal marker that allows adjustment of all data to an assumed 100
percent recovery of that marker. That probably would have been useful in this evaluation.
While phosphorus may not be the element of choice, an extensive and statistically-based
evaluation of all of the non-volatile mineral elements included in the analyses conducted
as part of this project could yield candidates for consideration in future testing. A review
of the data in Table 1 suggests that the true retention time for the system under the
conditions employed would be slightly longer than 21 days to achieve 100% recovery of
phosphorus. The same projections could be made using other non-volatile elements.

Accountability for Copper

The balance of copper through the system is shown in Table 1. As a point of
interest, the animals from which the waste was collected prior to pre-processing (Super
Soil, USA) in this study were managed to the exclusion of sub-therapeutic use of
antibiotics in production, but with elevated levels of dietary copper as an alternative. For
that reason, copper concentration in the material processed here was notably high (Table
2). Based on those data, the unaccountability for copper during the test period ranged
from 29-46% of that put into the system, for the three Estimated Retention Times. One
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could use the same approach here as for phosphorus, and estimate that under the
conditions used, exiting digestate collection would have needed to be measured and
sampled for longer than the 21-day period used at the end of the test period to achieve
full copper recovery.

Accountability for Zinc

The balance of zinc through the system is shown in Table 1.Zinc concentrations in
material put into and collected from the digestion unit are shown in Table 2. Based on
those data, the unaccountability of zinc during the test period ranged from 11-31% of the
amount introduced. As with the results for phosphorus and copper balances noted above,
a quantitative recovery of zinc should be expected during steady-state operation for an
extended time, and these data suggest that to be the case, with a retention time that is
longer than that used in this test.

Operating Considerations

The ORBIT/HSAD system is designed to operate with a feedstock solids content
of 35-40 percent for optimal biogas production and value-added product output. The
solids content of the feedstock used in this study averaged 15.1 percent during the 70-day
evaluation period. Thus, optimal performance of the high solids feature of the system
was probably not realized. It is difficult to ascertain from this brief study if a high solids
content of feedstock is essential for the system to qualify as an effective new technology
option. Obviously, the description of the high solids aspect of the system would need to
be modified in the event that the solids content of the feedstock does not reach the levels
for which the system was designed.

It is notable that the OPEN team evaluation (to be found elsewhere) indicated that
the HSAD system performed extremely well in pathogen destruction.

The system requires an adequate and consistent supply of feedstock to attain
maximum efficiency. In addition to the low solids content noted above, the swine waste
solids provided for the operation of the system were deficient in quantity and variable in
composition. The potential capacity of the system is approximately 6,000 kg per day.
The average feeding rate during the 70-day trial was 270 kg per day. Large variations
in the amounts of nitrogen, ammonia, phosphorus, copper, and zinc in the feedstock were
noted earlier in this report. These deficiencies limited the function of the system and,
hence, any evaluation of the system.

Large amounts of solid digestate were produced by the digestion process. A
utilization plan for these solids needs to be developed. A conceivable use is as a soil
amendment. Storage of the byproducts in 55-gallon barrels, the current practice, is an
inadequate long-term solution.
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Large amounts of biogas high in methane were produced by the operation. The
disposition and/or utilization of this gas need to be addressed. The disposal of the
methane-rich material by flaring may pose an environmental concern. The large amounts
of methane (up to 80,000 liters/day) can be viewed positively as a source of energy when
properly utilized.

The system requires at least one skilled operator. Additional personnel are likely
required if the system is adopted as a regional collection facility. The operator must have
a high school education as a minimum. The operator needs to receive adequate training
that includes detailed information on equipment, its operation and maintenance,
identification and reporting of malfunctions, and troubleshooting. The training should
also include health and safety requirements, and record keeping.

Attention needs to be given to biosecurity. It appears that there are no compliance
measures for personnel entering and leaving the property.

Discussion

The ORBIT/HSAD system represents a single vessel component for waste
management, unlike the more comprehensive and multi-component or multi-
compartmental systems. For that reason, the entire performance evaluation is based on a
single set of input and output samples taken across the digestion unit. The transit time of
material through the digestion system was projected by the technology provider to be
between 7-21 days. It is based on continual feedstock introduction and modest mixing of
the feedstock during that transit. These processing actions should cause the samples of
effluent to reflect the composition of influent 7-21 days earlier plus the influence of
internal mixing during transit. If the system operated with a constant feeding rate (which
was not possible due to erratic feedstock supply and periods of interrupted feeding), and
if the composition of the feedstock was relatively constant, a mass balance could be
calculated that would represent the true operational capability of the system.

Steady state operation is a definite requirement for any system of this type in
order to achieve reliable estimates of mass balance of any of the critical nutrients
associated with this performance verification program. Since that condition was not
achieved, as discussed in this report, these data are limited in their interpretation
within the context of the conditions of this test period.

These data suggest strongly that in order for a truly functionally and economically
representative test of the ORBIT/HSAD system to take place the following would have
been needed:

a. Feedstock availability daily at a quantity consistent with the capacity of the

system (not achieved in this test and a serious disadvantage);

b. Feedstock composition of either low variability or accompanied by daily

aliquot sampling for analysis (not achieved in this test);

c. Daily representative sampling of effluent discharged from the digestion unit

for analysis (not achieved in this test).

13



Prior to the initiation of the swine waste solids tests upon which this report is
based, a very successful test was conducted by ORBIT/HSAD using food waste under
contract with the U. S. Army (Fort Bragg, NC). That test was reviewed and certified by
the U. S. Army, and there are significant data contained therein that demonstrate the
effectiveness of the HSAD process when operated at an appropriate feeding rate. The
Executive Summary of that report is found in the Appendix of this report.

14
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Appendix Table 1. Sample Collection Schedule for HSAD System During Test

Period
Date Feed tank Port 1 Port 2 Port 3 Port 4
8/20/03 X N/A N/A N/A N/A
8/27/03 X X N/A N/A N/A
9/3/03 X X X N/A N/A
9/17/03 X X X X N/A
9/22/03 X X X X X
9/29/03 X X X X X
10/13/03 -- X X X X
10/20/03 X X X X X
11/12/03 X X X X X

Notes: a. N/A indicates dates when no sample were taken based on expected
transit time for material through digestion unit.
b. No sample was available on 10/13/03

16
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