
Renewable Energy Council Meeting: Grant Round 54
September 16, 2024, 9:00 am (CT)

Department of Commerce, WSI Boardroom, 1600 E. Century Ave., Suite 1, Bismarck

(approximately 9:00 am)
I. Call to Order

II. Administrative Business
1. Consideration of April 15, 2024 Meeting Minutes

2. Renewable Energy Program Project Management and Financial Report Reice Haase

(approximately 9:30 am)
III. Consideration of Grant Round 54 Requests Rich Garman

1. R-054-A Valorization of DDGS; Submitted by North Dakota State University;
Total Project Costs: $491,922; Amount Requested: $245,961
a. Technical Reviewer Results
b. Technical Advisor Recommendations
c. Applicant Presentation

2. R-054-B ACS NewCarbon RNG Project; Submitted by NewCarbon Feedstocks,
LLC; Total Project Costs: $930,000; Amount Requested: $455,000
a. Technical Reviewer Results
b. Technical Advisor Recommendations
c. Applicant Presentation

3. R-054-C VBD NewCarbon RNG Project; Submitted by NewCarbon
Feedstocks, LLC; Total Project Costs: $930,000; Amount Requested: $455,000
a. Technical Reviewer Results
b. Technical Advisor Recommendations
c. Applicant Presentation

4. R-054-D Accelerating the Waste-to-Fuels Commercialization for the
Sandwich Gasifier; Submitted by Singularity Energy Technologies; Total Project
Costs: $978,950; Amount Requested: $486,950
a. Technical Reviewer Results
b. Technical Advisor Recommendations
c. Applicant Presentation
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(approximately 10:45 am)
IV. Completion of ballots and Renewable Energy Council vote on Funding Award

Recommendations

V. Presentation of project by Wellspring Hydro

VI. Legislative discussion Reice Haase

VII. Tentative Dates and Venue for next Renewable Energy Council Meeting:
May 2025

VIII. Other Business

IX. Adjournment



































































































































OMAR KHALID KHAYUM
1057 Chadwick Ct., Aurora, IL 60502 | (312) 718-9519 | omar.khayum@gmail.com | linkedin.com/in/omarkhayum

EDUCATION

The University of Chicago Booth School of Business Chicago, IL
MBA (Honors); Concentrations in Economics, Finance & Entrepreneurship September 2007 June 2009

Beta Gamma Sigma

Purdue University West Lafayette, IN
Bachelor of Science, Computer Science (Honors); Minors in Mathematics & Management August 2000 May 2004

Phi Beta Kappa, Kappa Sigma, Alpha Kappa Psi

EXPERIENCE

NewCarbon, LLC Chicago, IL
Founder and Chief Executive Officer November 2023 Present

Founded a clean energy infrastructure company that delivers lifecycle carbon intensity reduction through fit-for-purpose

Cognitive Concierge, LLC Chicago, IL
Founder and Board Member September 2019 Present

Founded a health and wellness company that provides virtual services to families navigating cognitive conditions

MemoryCare Corporation Chicago, IL
Founder and Board Member March 2010 Present

Founded a healthcare company that provides Speech, Occupational and Physical Therapy to individuals with cognitive conditions

TC Energy Houston, TX
Vice President North American Low Carbon Origination and Development March 2021 October 2023

Led customer origination for North American power, environmental, natural gas and hydrogen development and trading platform
Led asset development for North American low carbon platform, including wind, solar, pumped hydro, renewable natural gas,
green hydrogen production, blue hydrogen production and carbon capture
Led asset financing for North American low carbon platform, including strategic equity, project debt and tax equity

Annova LNG Houston, TX
Chief Executive Officer, Annova LNG October 2018 March 2021

Led a 6.5 MTPA greenfield liquefied natural gas (LNG) export startup company in Texas
Led development capital fundraising, project finance debt and equity fundraising and origination of long-term offtake contracts
Led development activities resulting in FERC and DOE approvals to construct and operate the LNG export facility

Chief Operating Officer, Annova LNG September 2017 September 2018

Constellation Energy Baltimore, MD
Managing Director Origination, Constellation Energy September 2017 March 2019

Led

Managing Director Strategic Projects, Constellation Energy January 2017 August 2017
Led establishment of joint venture providing development services to new nuclear power stations in the UK and Japan

Exelon Corporation Chicago, IL
Managing Director Generation Development, Exelon Generation June 2015 December 2016

Led greenfield development for utility scale power generation projects, resulting in financing and construction of over $3 billion
of new assets, including over 2.5 GW of natural gas, wind, solar and battery storage capacity across the continental United States

Manager Generation Development, Exelon Generation August 2014 May 2015
Manager Wind Business Development, Exelon Generation June 2013 July 2014
Manager Corporate Strategy, Exelon Business Services Company November 2012 May 2013
Principal Analyst Corporate Strategy, Exelon Business Services Company February 2011 October 2012
Senior Analyst Corporate Financial Planning & Analysis, Exelon Business Services Company August 2009 January 2011

Diamond Management & Technology Consultants Chicago, IL
Associate and Analyst Strategy & Marketing Competency June 2004 June 2007







M.B.A., Accounting, Finance, and Strategy, Booth School of Business University of Chicago, 2017.
B.S. Finance, University of Illinois at Urbana-Champaign, 2004.
Chartered Financial Analyst (CFA), 2013 present.

2021 2023: Director, Energy Origination and Development, TC Energy.

2017 2021: Senior Vice President, Finance and Development, Annova LNG.



2015 2017: Principal, Generation Development Analytics, Exelon Corporation.

2011 2015:Manager, Financial Planning and Analysis, Evraz North America.

2004 2011: Senior Financial Analyst, Corporate Development, Telephone and Data Systems Inc.

Member, CFA Society of Chicago, 2013 present.











President

July 31, 2024

NewCarbon Feedstocks, LLC

ACS NewCarbon RNG Project
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Nicholas V.C. Ralston
Ph.D. Biomedical Research

Environmental Health Emphasis Area:
My team is working to deploy Smart Waste Converters which use the
recently patented Sandwich Gasifier technology. Through a growing
network of interested individuals, companies, and government agencies,
we are promoting development of projects and proposals to support
funding and investment in these crucial additions to commercial and
community infrastructure.

Public Health Emphasis Area:
I also lead international efforts to update scientific understanding of the
effects of maternal consumption of seafood on child health outcomes.
This has grown to include consideration of a broader range of exposures
which may affect public health.

Current and Former Positions:

2014-Present; Director, Sage Green NRG (See our website at https://www.sagegreennrg.com/)
Our work increasingly involves deployment of Smart Waste Converter Systems. These systems were patented by
Dr. Nikhil Patel, Founder and Director of Singularity Energy Technologies (SET). His advanced approach to
gasification minimizes problems which prevented previous technologies from profitably converting mixed wastes
into electrical power and/or liquid fuels. His Sandwich gasification technology is the least expensive and most
efficient option available to diminish pollution of the land, sea, and air. Sage Green NRG has contributed to major
proposals in this area and we are developing regional, nation-wide and international relationships in preparation
for deployment of these systems.

My group provides Nutrition Research Guidance as well as Natural Resource Guidance (the origin of the “NRG”
in the name of our company). Our public health emphasis is on improving reliability of risk assessments by
applying biochemical perspectives to more accurately predict the health effects of nutrients present in ocean fish.
Increased maternal intakes of these nutrients are responsible for the ~7.7 point increases in the IQ’s of their
children. We were funded by the US EPA to develop a more reliably accurate seafood safery criterion which is
known as the Health Benefit Value (HBV). Consumption of seafoods and fish with positive HBV’s will improve
maternal and fetal health while those with negative HBV’s would be predicted to put it at risk. To continue our
work on the EPA, NOAA, and seafood industry funded projects performed to establish the HBV criterion, we are
advising the FAO and WHO organization as well as regulatory agencies of various nations on the importance of
adopting this criteria.

2015-Present; Adjunct Faculty, Earth Systems Science & Policy, University of North Dakota
I continue to advise on nutrition in health assessments of risks vs. benefits of maternal fish consumption in studies
that have been performed in the Seychelles, Hawaii, Saudi Arabia, Peru, and regularly provide invited keynotes at
major meetings. I am developing a Toxicology Forum on selenium-mercury issues and recently authored an
invited review, 3 book chapters, and am writing a book that contrasts the risks formerly believed to be associated
with mercury exposures from eating certain varieties seafood vs. the notable beneficial effects that have instead
been observed among children whose mothers eat ocean fish.

2013-2019; Faculty, Masters in Public Health Program, University of North Dakota
I developed the environmental health core curriculum for the MPH program and taught Environmental Health
courses. I obtained funding for and led the “Sustainable Cities Initiative” for multidisciplinary studies involving
UND students and faculty interacting with city, state, and federal agencies.

2012-Present; Faculty, Undergraduate Nutrition courses at Grand Forks Air Force Base
Along with other work, I provide nutrition courses to members of the military and their families at the Grand
Forks Air Force Base. Many students from UND commonly choose attend these courses.



2005–2016; Health Effects Program Leader, EERC, University of North Dakota
I led research health/environment research groups, advised on mercury studies worldwide and served on EPA
Science Advisory Boards as a Mercury Review Panel Member and coordinated/chaired a series of “International
Symposia on Selenium-Mercury Interactions” conferences.

2002–2016; Biomedical Research Scientist, EERC, University of North Dakota
My training background in the molecular basis of disease enabled me to identify the biochemical causes and fully
define the pathophysiology of mercury toxicity. This led to the “Health Benefit Value” (HBV) criterion which
reliably indicates neonatal mercury exposure risks vs. nutritional benefits of maternal fish consumption.

1998–2002; GS-12 Biochemist, Grand Forks Human Nutrition Research Center, USDA
I led the methods development group that created research and laboratory protocols to examine boron and
selenium biochemistry/physiology and developed novel methods to quantify molecular binding interactions and
examine the significance of selenium in brain metabolism, inflammation, and neurodevelopment.

Education and Training:

1974-1978; Biology, Chemistry, & Earth Science, Mayville State University, Mayville, ND.
Graduated with a B.S. composite major in biology with dual minors in chemistry and earth science.

1989–1995; Fellow, Biomedical Research, Mayo Clinic Graduate School, Rochester MN.
I joined the molecular pathology program at the Mayo Medical Center (Rochester, MN) with rotations in
hematology, coagulation, molecular biology, and laser fluorescence spectroscopy prior to my research in thoracic
disease. I developed novel methods to quantify inflammatory mediators and characterize the molecular etiology
and biochemical pathways which result in the pathogenesis of Byssinosis, an acquired pulmonary disorder.

1995–1998; Fellow, Bowman Gray Medical School, Wake Forest University, Winston-Salem NC.
I discovered the biosynthetic pathway of bis(monoacyl-glyerol) phosphate (BMP), a lysosomal phospholipid that
avoids degradation due to its unique sn1:sn1’ structure. My work provided stereospecifically tritiated substrates
for laboratories around the world and identified the crucial reactions of the biosynthetic pathway that forms BMP.

Publications:
My work has resulted in 2 books, 12 book chapters, >12 documentaries, websites, or online interviews, >80
additional publications, (~40 in research journals, the rest as annual and final project reports for government
agencies and other sponsors), >100 platform presentations (>50 were invited keynotes) and I have coordinated
and chaired 14 international meetings on the updated understanding of the mercury issue. My group recently
finished a book titled “Smart Waste Converters” which describes Sandwich gasifier applications in solving public
and environmental health issues. This will be used as a marketing tool and provide background for commercial
partner organizations as well as in training seminars to support development and commercial expansion efforts.

Achievements:
As Principal Investigator in public and environmental health studies, I performed >$5,000,000 in research for the
US EPA, NOAA, DOE, and industry partners in projects that has dramatically changed how US and international
regulatory agencies perceive mercury exposures from maternal seafood and freshwater fish consumption.

My group established a new paradigm for the biochemical mechanisms of toxicity of entire classes of toxic agents
and created the Health Benefit Value (HBV) criterion which is the most reliable index of the risks associated with
exposures to mercury vs. benefits of nutrient intakes from eating typical varieties of seafoods and freshwater fish.

I currently advise international and national health agencies and most recently gave an invited presentation for the
Queen of Spain who has been appointed as FAO’s special ambassador for Nutrition to the United Nations.

I provided the keynote presentation “Smart Waste Converters: The Sustainable Solution” for >2,000 attendees at
the Karnataka Assocham GEM Chapter meeting: “Towards a Technological and Sustainable Built Environment."



























June 15, 2023

Dr. Nikhil Patel
President, Singularity Energy Technologies, LLC
Suite 201, 4200 James Ray Dr, Grand Forks, ND 58202

RE: Letter of Interest - Integration of John Deere Technology with Sandwich Gasifier for Biofuel and
Biomaterial Production in North Dakota's Farming Community

Dear Dr. Patel,
We sincerely appreciate your introduction of Dakota Green Power and Singularity Energy Technologies,
LLC's Sandwich gasification technology. After carefully reviewing your technology and considering its
potential application to our customer base in the agriculture sector, we recognize the strong synergy between
your gasification technology and our mission. Specifically, we acknowledge its capability to effectively
process a wide range of agricultural waste, including manure, and harvesting residues. Moreover, the
generation of gaseous and liquid fuels from these waste streams, which can be used to fuel generator sets,
aligns with end-use requirements for equipment manufactured by the John Deere. Additionally, your
technology offers an attractive pathway for our customers to reduce their carbon footprint, granting us a
significant marketing advantage over existing commonly used alternatives.

John Deere would like to express keen interest in the commercial implementation of Sandwich Gasification
technology. We fully support your application to the Bioscience Innovation Grant Program (BIG) administered
by the North Dakota Department of Agriculture, as this project will facilitate client demonstrations of the
technology. Establishing a demonstration facility in Grand Forks would provide us with an ideal platform to
develop and test our engine technology using fuels derived from actual waste products at a commercial scale.
As part of the project team in capacity of advisory role, which amounts to in-kind support with no cost and
resource commitments, we intend to provide engineering know-how for assessment of quality of the biofuels
and their suitability for internal combustion engines. Our expertise can guide the process optimization of your
system, maximizing the benefits in terms of output fuel quality. Subject to budgetary constraints and resource
availability, we may consider donating an engine to the project for direct integration with your system.
Furthermore, we envision utilizing your facility as a host site for future research endeavors.

Please do not hesitate to contact me at 701-552-8516 or SinghBrijN@JohnDeere.com if you have any
questions or require further information. We look forward to continuing our support to your project.

Yours sincerely,

Brij N. Singh, Ph.D., IEEE Fellow
John Deere Technical Fellow - Power Electronics Engineeirng
Region 4 Manager External Relationships

John Deere Intelligent Solutions Group
4101 19th Avenue North

Fargo, ND 58102

Brij N. Singh, Ph.D., IEEE Fellow
John Deere Technical Fellow - Power Electronics Engineeirng

John Deere Region 4 Manager External Relationships
SinghBrijN@JohnDeere.com
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The Singularity Energy Technology (SET) Sandwich Gasification Process for Manure-to-
Energy Conversion:

A Comparative Understanding of CO2e Equivalent Emissions

One of the main features of the Sandwich gasifier is the gas-solid distribution that creates a larger
and more uniform high-temperature zone in the gasifier (see Figure 1). This feature ensures a
higher level of in situ tar and carbon conversion, thereby eliminating the need for secondary
carbon/char converters, large syngas scrubbers and waste disposal systems, and extensive syngas
processing. When used to process waste materials into energy, the Sandwich gasifier provides a
substantial CO2e reduction/credit as compared to competing technologies. This report provides
data showing net CO2e emissions of negative (-) 768 kg CO2 per ton of manure gasified. Analysis
of other potential feedstocks shows net CO2e emission reductions in a similar range.

1. A typical Sandwich configuration consists of at least one endothermic reduction zone
sandwiched between two high-temperature oxidation zones.

2. The reduction zone in the gasifier produces and extracts the syngas. This is an endothermic
reaction zone requiring heat transfer from the higher-temperature zones of the gasifier.

3. The patented configuration ensures near-complete waste conversion and augments reduction
zone temperature to promote clean syngas production with high efficiency.

Figure 1. Sandwich gasifier, showing oxidation and reduction zones and the advantage of a
uniform axial temperature profile versus the low-conversion “frozen reaction zone” present in
typical downdraft gasifiers (oxidation is shown as OX and reduction as RD).

Innovation and Impacts



Current State of the Art – Gasification Processes

For processing residues such as wet manure, competitors of the Sandwich gasifier take two forms:
biological methods, such as composting facilities and waste digesters that currently use manure to
generate methane as a direct-use fuel or for electricity generation, and thermal methods, such as
gasifiers that convert manure to a synthesis gas fuel.1 Composting facilities and digesters are
commercially available and familiar; however, each has significant challenges. Digesters are
biological systems that can be negatively impacted by environmental conditions such as cold
weather. Additionally, they achieve relatively poor conversion efficiencies compared to
gasification, and the waste biosolids generated from digesters add to their overall cost and life
cycle impacts.2 Composting and land application are simple processes, but face limitations to their
widespread use due to excessive nutrient runoff and negative impacts on water quality. In the Mid-
Atlantic region, such water quality issues have resulted in prohibiting land application of animal
waste. Gasifiers represent an emerging technology for power generation from manure that—when
compared to biological methods—more quickly treat waste; are more compact; reduce odors,
biological oxygen demand, remove pharmaceutical compounds; and eliminate sludge.3 Several
companies claim to market gasifiers that process manure for energy production, such as
Ecoremedy® for heat and steam generation4; Mavitec Green Energy, which advertises a gasifier to
produce steam, electricity, hot water, or hot air but appears to currently demonstrate only heating
and drying applications5; and BGP International, which also claims heat, steam, or electricity
generation but does not disclose any commercial application on its website.6 As explained earlier,
the advanced-design Sandwich gasifier confers performance advantages in manure-to-power
applications when compared with other gasifier designs.

A schematic of the Sandwich gasifier and two variations of typical downdraft gasifiers depicting
the location of reaction zones with respect to the fuel feed (from the top) and syngas discharge
(from the bottom) are illustrated in Figure 2. These gasifiers—Imbert, stratified downdraft gasifier,
and Sandwich gasifier – are differentiated based on the distinct temperature profiles achieved as a
result of their respective design and operating features. In all three, the pyrolysis zone is located
upstream of the oxidation zone, and the reduction zone is located downstream of the oxidation
zone. The devolatilized products leaving the pyrolysis zone pass through a high-temperature zone

1 eXtension. Treatment Technologies for Livestock and Poultry Manure, 2015.
http://articles.extension.org/pages/8855/treatment-technologies-for-livestock-and-poultry-manure (accessed June
2018).

2 Gonzaga, J.A.; Biona, J.B.M.M. Application of Energy Return on Investment (EROI) Analysis to Biogas
Production. Presented at the DLSU Research Congress, De La Salle University, Manila, Philippines, Mar. 6–8,
2014.

3 Cantrell, K.; Ro, K.; Mahajan, D.; Anjom, M.; Hunt, P.G. Role of Thermochemical Conversion in Livestock
Waste-to-Energy Treatments: Obstacles and Opportunities. Ind. Eng. Chem. Res. 2007, 46, 8918–8927.

4 Ecoremedy, LLC. Agricultural Waste to Energy, Biochar, and Nutrients, 2017.
http://ecoremedyllc.com/agricultural-waste-to-energy-biochar-and-nutrients/ (accessed June 2018).

5 Mavitec Green Energy. Gasification. www.mavitecgreenenergy.com/gasifications/ (accessed June 2018).
6 BGP International. About BGP International. www.bgpint.com/about.1/ (accessed June 2018).



formed by the partial oxidation of devolatilized products and char. The products of combustion
and unconverted devolatilized hydrocarbons leaving the oxidation zone react with unconverted
char in the reduction zone located downstream of the oxidation zone.

Figure 2. Schematic of downdraft gasifier: 1) Imbert-type, 2) classical stratified, and
3) Sandwich gasifier.

The Imbert downdraft gasifier (Figure 2) has a characteristic constriction near the oxidation zone
which limits particle size and fuel ash content. High-ash feedstock, such as railroad ties, tested by
the EERC in a commercially purchased downdraft gasifier of this type, failed in operation due to
clinker formation near the constriction7. This constriction provides the oxidation zone stability and
prevents movement. This is a World War II-era technology that was commonly used for powering
automobiles during that time. It was therefore designed to utilize quality dry wood, which was
affordable at the time. The stratified downdraft has no constriction; however, zone stability is
established by maintaining specific oxidizer (air) and fuel throughput. The single oxidation zone
achieves a narrow peak temperature, resulting in smaller but similar challenges with high-ash
feedstock as was demonstrated in the Imbert-type gasifier.

Competitive Advantage of Sandwich Gasifier

As shown in Figure 2, the conventional downdraft gasifiers are unable to maintain adequate heat
transfer to the reduction zone, particularly if the moisture content of the feedstock increases. This



causes the temperatures in conventional systems to diminish and waste conversion ceases. In
contrast, the reduction zone temperature in the Sandwich gasifier is maintained by heat transfer
from the additional oxidation zone located after the reduction zone and before the residue
extraction zone. This configuration promotes complete waste conversion, produces clean syngas
with an improved composition, and tolerates variations in moisture and energy content of the waste
feedstocks, including nonreactive or poorly-reactive feedstocks that can be problematic in
conventional gasifiers.

Air, oxygen-enriched air, pure oxygen, or steam mixed with air or oxygen are potential oxidizers
that can be used in all downdraft gasifiers to achieve self-sustained gasification. However, if the
exothermic heat profile is not achieved because of insufficient exothermic oxidation, possibly due
to high moisture or a high fraction of inert material in the fuel, the reduction zone temperature can
drop, reducing the carbon conversion rate and adversely impacting syngas composition and flow
rate. The additional oxidation zone in the Sandwich gasifier depicted in Figure 5, and the direct
heat transfer from both the top and bottom of the reduction zone augments the reduction zone
temperature, thus improving syngas composition, flow rate, carbon conversion, and overall
efficiency of the gasifier.

In a Sandwich gasifier, as shown in Figure 2, with solids moving from top to bottom, the
characteristic second oxidation zone located near the bottom converts energy-dense dry solids
(char) into additional heat for the reduction zone. This is the reason the sandwiched reduction zone
achieves higher temperature and is less prone to variations in feed moisture that cause conversion
challenges in conventional gasifiers. Figure 3 is a comparison of published heating value and tar
concentration data from clean, low-ash wood in a conventional downdraft gasifier vs. results from
a more difficult manure gasification test in a Sandwich gasifier. These graphs show that a much-
higher-heating-value syngas was produced with low tar concentration (sampled prior to
performing any tar scrubbing unit operations), compared to the conventional downdraft gasifier
concentrations after their syngas had been processed through a scrubber system. The tar
concentrations observed in the Sandwich gasifier were not as severely impacted by the higher
moisture in the manure feedstock.

Sandwich Gasifier as GHG Emission Mitigation Technology

The main greenhouse gases which absorb heat and contribute to climate change and are methane
(CH4), nitrous oxide (N2O) and carbon dioxide (CO2). Biomass CO2 emissions are considered
climate-neutral, so the gasification of any compostable biomass (which might otherwise have
released CH4 ) into syngas or liquid fuels which release CO2 would accomplish net reductions in
greenhouse gases.

The high nitrogen (N), phosphorous (P), and potassium (K) contents of poultry litter make it
desirable for fertilizer as the production of these nutrients is energy-intensive and consumes
considerable resources. However, the traditional disposal pathway of direct land application of



poultry litter has large environmental footprint due to issues such as eutrophication, spreading of
pathogens, antibiotic residue accumulation, and greenhouse gas (GHG) emissions among others.

Figure 3. Comparison of Sandwich gasifier syngas heating value (a) and sampled outlet tar
concentrations (b) to other commercially available downdraft gasifiers (figure modified from the
Indian Institute of Science [IISc] LCV [lower caloric value]; EMPA, cosmic, and NC are other
gasifier companies.)7,8,9,10,11

Production of N2O during manure storage and treatment requires nitrification-denitrification of
ammonia nitrogen that forms or is present in the wastes. For N2O to be produced, it must be in an
aerobic system where ammonia is converted to nitrites (nitrification). If these nitrites enter an
anaerobic decomposition period (become saturated or deeply buried), they can be converted to
N2O (denitrification). This occurs in dry manure management systems which will initially provide
aerobic conditions that can be followed by saturation to create the anaerobic conditions necessary

7 Patel, N.M. Advances in Gasification for DH Production: Year 3 – Activity 1.6 –Development of a National Center
for Hydrogen Technology®; Topical Report for U.S. Department of Energy National Energy Technology
Laboratory Cooperative Agreement No.DE-FC26-05NT42465; Energy & Environmental Research Center: Grand
Forks, ND, May 2011.

8 Patel, N.M. Pilot-Scale Demonstration of Heat and Power Production from High-Moisture Biomass; Final Report
U.S. Army Construction Engineering Research Laboratories (CERL) under Cooperative Agreement W9132T-08-
2-0014, Phase III, Task 2.3 Development of Modular Systems for Distributed Fuels and Energy, Jan 2012.

9 Uniqueness of IISc Biomass Gasification Technology. http://cgpl.iisc.ac.in/site/Portals/0/Main%20Page/
UniquenessOfIIScGasificationTechnology.pdf (accessed May 10, 2019).

10 Dasappa1, S.; Paul, P.J.; Mukunda, H.S.; Rajan, N.K.S.; Sridhar, G.; Sridhar, H.V. Biomass gasification
technology – a route to meet energy needs, Special Section: Application of S&T to Rural Areas Current Science,
vol. 87, no. 7, 10 Oct. 2004.

11 Zygarlicke, C.J.; Hurley, J.P.; Aulich, T.R.; Folkedahl, B.C.; Strege, J.R.; Patel, N.M.; Swanson, M.L.; Martin,
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for N2O production and emissions to occur. The amounts of N2O released will depend on the
duration of exposure to aerobic and anaerobic conditions in the system used, whether wet-dry
cycling occurs, and how long each aerobic/anaerobic encounters last. In the case of a Sandwich
gasifier, the manure can be converted without requiring an extended period of storage thus
preventing uncontrolled and undesired decomposition of organic matter. Both CH4 and N2O
releases to the environment can be significantly reduced or prevented using a Sandwich gasifier.
The temperature-controlled conversion of manure into clean syngas and high-efficiency removal
of ammonia in the wet scrubber prevents nitrogen emission. The captured ammonia is converted
as sellable liquid fertilizer such as ammonium sulfate in an integrated process. Other valuable
inorganics such as phosphorous and potassium can also be reacquired from the process for their
reuse as recovered fertilizer. The clean syngas is devoid of any sulfur and other trace gases after
the syngas is passed through the sorbent beds. When the syngas is used in an internal combustion
engine generator, the NOx is reduced by an order of magnitude as compared to when fed with
hydrocarbon fuels. This extends the duration of catalytic NOx converters used to treat the engine
exhaust. Since the syngas engine exhaust is relatively clean, there is an opportunity to utilize low-
cost CO2 capture technology. The small-scale CO2 production can support its local use. Thus, the
process can become a sink for GHG emissions.

For a comparative understanding of GHG emissions from the Sandwich gasifier with competing
processes utilizing manure, a side-by-side comparison of their GHG emissions is provided in
Figure 4. Table 1 provides the calculated emission numbers based on previously observed test data
and manure composition used in the Sandwich gasifier. As shown in Table 1, the net CO2 emission
is negative (-) 786 kg/ton of manure processed using gasification. The dry matter (DM) including
combustible organics and inorganics or ash is 0.735. Since the data for the competing methods
reported in reference 12 considered manure with a DM of 0.6, the Sandwich gasifier emission data
was recalculated for a DM value of 0.6 for presentation in the plot.

The main assumptions in the SET gasifier emission data calculations are.

1. The category “Carbon in Manure before Gasification” accounts for the organic carbon bound
in the manure, which has previously been removed from the atmosphere through plant
photosynthesis as in reference 12.

2. The nitrogen in the manure is converted to NH3 and is removed in the high-efficiency wet
scrubber. Therefore, the contribution of the fuel N2O is neglected in the calculation. The data
however includes thermal NOx equivalent CO2 is included in the data based on previous
engine generator NOx emission.

3. The emission from the closed manure storage bin is diverted to the wet scrubber and is fully
captured. The holding period is short and therefore fugitive N emission is negligibly small.

4. The net electricity produced offsets the CO2 equivalent and is considered to have a negative
contribution.



5. The low-grade heat is used in the farm which offsets the use of propane and thus equivalent
CO2 emission reductions are accounted.

6. The emission offset accomplished due to the recovered fertilizer is not considered for lack of
data. However, the effect on emissions would be negative and contribute to the GHG sink.

7. The embedded energy in steel usage in the 25 tons/day system is estimated to be 2.66 kWe
for stainless steel usage of 50 tons. The CO2e is estimated to be 2 kg/ton of manure.

8. The composition of the manure in reference 12 is similar at an equivalent DM.
9. The CH4 emission is not considered since organic matter decomposition is prevented by the
Sandwich gasification process.

10. Pre-combustion and/or post-combustion CO2 capture are plausible options using Sandwich
gasifiers and CO2e would be greatly reduced by the implementation of CO2 capture
technology.
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Energy Return on Investment (EROI)

The EROI value exceeds DOE’s requirements of a minimum value of 5. The scalable feature of
the system allows the sizing of the Sandwich gasification technology such that it can be located at
the feedstock source requiring zero to near-zero transportation cost. This is a big advantage over
larger systems where biomass transportation costs negatively impact project economics. The
system is capable of converting waste on an “as-received” basis, without requiring feed
densification. Also. the ability of the system to tolerate moisture variation besides heat integration
capability minimizes completely any energy-intensive feed preparation. The embodied energy cost
for the system (S2) therefore, is minimal for the system and is assumed to be restricted only to the
energy expenditure considered for the stainless steel (or steel) used in the technology. For the
scaled 25-tpd Sandwich gasifier, S2, is conservatively estimated to be 2.66 kWh. (see Table 2)
This value was derived by using embedded energy values for steel extracted from Argonne
National Lab’s GREET model, an estimate of 50 tonnes of steel in a commercial gasification
system, and the calculation methodology described by the University of Michigan13 The electricity
consumption in the process is estimated to be less than 12% of the gross electricity production.
These preliminary EROI values based on high-level information are already greater than 5, with
values ranging from 8.1 to 9.1 (See Table 3)

Table: 2: Embedded Energy in Steel Usage in 25 TPD system

S2, Embedded Energy In Steel Usage per hour, kWh 2.66

Approximate Weight of SteelUsed in the System, tonnes 50
*Energy Consumption in New Stainless Steel, MJ/tonne 35309

*Energy Consumption in Stainless Steel Conversion, MJ/tonne 30187
Total Energy Consumption, MJ/tones 65496

Energy Offset End Life Recovery (Same as New Steel), MJ/tonnes 35309
Net Consumption of Energy in Steel, MJ/tonnes 30187

Total Embeded Energy in the Steel of the Commercial System, MJ 1509350

Total Duration of SystemOperation
Useful Life of the System, years 20

Operation per Year (Availability), % 90%

TotalDuration of Operation, h 157680

Embeded Energy in Stainless Steel Used in the Commercial System



Table 3: Energy Return on Investment for 25-TPD high- moisture and high-ash feedstock
(manure) conversion System

Definitions

Q Gross Electricity Output, kWh e 672.8
Q1 Gross Electricity fromWaste heat 757.1

S1 conversion energy input into the process, kWh e 80.74

S2, Embodied Energy, KWh e 2.66

EROI (Q/(S1+S2) = 8.1

EROI (Q1/(S1+S2) =

Energy Return On Investment (EROI)
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CHAPTER 54-63
RENEWABLE ENERGY COUNCIL

54-63-00.1. Definitions.
As used in this chapter, "advanced biofuel" means fuel derived from renewable biomass and

includes:
1. Biofuel derived from cellulose, hemicellulose, or lignin;
2. Biofuel derived from sugar and starch other than ethanol derived from corn kernel

starch;
3. Biofuel derived from waste material, including crop residue, other vegetative waste

material, animal waste, food waste, and yard waste;
4. Diesel-equivalent fuel derived from renewable biomass, including vegetable oil and

animal fat;
5. Biogas, including landfill gas and sewage waste treatment gas, produced through the

conversion of organic matter from renewable biomass;
6. Butanol or other alcohols produced through the conversion of organic matter from

renewable biomass; and
7. Other fuel derived from cellulosic biomass.

54-63-01. Renewable energy council - Composition.
The industrial commission shall consult with the renewable energy council in matters of

policy affecting the administration of the renewable energy development fund.
1. The renewable energy council consists of:

a. The commissioner of commerce or the commissioner's designee.
b. A member with a substantial interest in the agriculture industry appointed by the

governor.
c. A member with a substantial interest in the biodiesel industry appointed by the

governor representing biodiesel interests.
d.c. A member with a substantial interest in the biomass industry appointed by the

governor representing biomass interests.
e.d. A member with a substantial interest in the wind industry appointed by the

governor representing wind interests.
f.e. A member with a substantial interest in the ethanol industry appointed by the

governor representing ethanol interests.
g.f. A Two members with a substantial interest in advanced biofuel and or

sugar-based biofuel, appointed by the governor.
2. Subject to subsection 6, the terms of office for members of the council are three years

but of those first appointed, two serve for one year, two serve for two years, and two
serve for three years.

3. The commissioner of commerce shall serve as chairman.
4. The council shall have at least one regular meeting each year and such additional

meetings as the chairman determines necessary at a time and place to be fixed by the
chairman. Special meetings must be called by the chairman on written request of any
three members. Four members constitute a quorum.

5. The council shall recommend to the industrial commission the approval of grants,
loans, or other financial assistance necessary or appropriate for funding, research,
development, marketing, and educational projects or activities and any other matters
related to this chapter.

6. Members of the council serve at the pleasure of the governor.

54-63-02. Access to council records.
1. Materials and data submitted to, or made or received by, the council or industrial

commission, to the extent that the council or industrial commission determines the
materials or data consist of trade secrets or commercial, financial, or proprietary
information of individuals or entities applying to or contracting with the commission or
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receiving council or industrial commission services under this chapter, are subject to
section 44-04-18.4.

2. a. A person or entity must file a request with the council or industrial commission to
have material designated as confidential under subsection 1. The request must
contain any information required by the council or industrial commission and must
include at least:
(1) A general description of the nature of the information sought to be protected.
(2) An explanation of why the information derives independent economic value,

actual or potential, from not being generally known to other persons.
(3) An explanation of why the information is not readily ascertainable by proper

means by other persons.
(4) A general description of a person or entity that may obtain economic value

from disclosure or use of the information, and how the person or entity may
obtain this value.

(5) A description of the efforts used to maintain the secrecy of the information.
b. The fact that a request has been made is exempt.

3. The information submitted pursuant to subsection 2 is confidential. The council or
industrial commission shall examine the request and determine whether the
information is relevant to the matter at hand and is a trade secret under the definition
in section 47-25.1-01 or 44-04-18.4. If the council or industrial commission determines
the information is either not relevant or not a trade secret, the council or industrial
commission shall notify the requester and the requester may ask for the return of the
information and request within ten days of the notice. If no return is sought, the
information and request are a public record.

4. The names or identities of independent technical reviewers on a project or program
and the names of council members making recommendations are confidential, may
not be disclosed by the council, and are not public records subject to section 44-04-18
or section 6 of article XI of the Constitution of North Dakota.

54-63-03. Industrial commission powers.
1. The industrial commission may:

a. Make grants or loans, and provide other forms of financial assistance as
necessary or appropriate, to qualified persons for funding research, development,
marketing, and educational projects or activities, feasibility studies, applied
research and demonstrations, venture capital investments, and low-interest loans
and loan buydowns to foster the development of renewable energy, including
wind, biofuels, biomass, solar, hydroelectric, geothermal, and hydrogen, that is
produced from the foregoing renewable energy sources. Any financial assistance
that the commission awards to a project must not be the project's sole support.
Any financial assistance the commission awards must be conditioned on the
assurance that the applicant or a third party will support the project by either
monetary or nonmonetary means. The amount of this additional support is at the
commission's discretion.

b. Provide incentives for multifeed facilities to process corn ethanol, cellulosic
ethanol, canola biodiesel, and soy biodiesel.

c. Provide incentives for scaleable technologies.
d. Provide incentives to increase research and utilization of renewable energy

coproduct utilization for livestock feed, human food products, and industrial use
technologies.

e. Execute contracts and all other instruments necessary or convenient for the
performance of its powers and functions under this chapter.

f. Accept aid, grants, or contributions of money or other things of value from any
source, to be held, used, and applied to carry out this chapter, subject to the
conditions upon which the aid, grants, or contributions are made, including aid,
grants, or contributions from any department, agency, or instrumentality of the
United States for any purpose consistent with this chapter.
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g. Establish interest buydown programs for equipment needed for production,
harvest, storage, and transport under the special private lands open to sportsmen
pilot program for native grass stands.

h. Fund technical assistance from the university system and private entities to
producers.

i. Establish incentive programs that have as their purpose demonstrating to the
agriculture community the commercial feasibility of producing, harvesting, storing,
and delivering biomass feedstock. The program may include providing funds to
producers of perennial biomass crops, including native grasses, so that such
producers have an income during the time needed for these plants to mature and
become ready for harvest.

j. Provide incentives to support research and demonstration projects and obtain
matching grants for projects involving advanced biofuels and sugar-based
biofuels.

2. The industrial commission may contract with the department of commerce to provide
technical assistance to the renewable energy council and the industrial commission to
carry out and effectuate the purposes of this chapter, including pursuit of aid, grants, or
contributions of money or other things of value from any source for any purpose
consistent with this chapter. The department may contract with a public or private third
party to provide any or all of the technical assistance necessary to implement the
purposes of this chapter.

54-63-04. Renewable energy development fund - Continuing appropriation.
The renewable energy development fund is a special fund in the state treasury. All funds in

the renewable energy development fund are appropriated to the industrial commission on a
continuing basis for the purpose of carrying out and effectuating this chapter. Interest earned by
the fund must be credited to the fund.


