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Abstract 

Barr Engineering Co. is proposing to lead a multi-faceted team to study and demonstrate technology that 

will reduce the formation and presence of aerosols in the combustion zone of a lignite-fired utility boiler. 

The team includes lignite coal combustion experts from Microbeam, Envergex, t+,e University of North 

Dakota and MU Consulting. The primary objective for this project is to validate a proposed sorbent 

technology for mitigating fouling-related challenges in a coal-fired power generation facility thus 

eliminating fouling-related downtime. The sorbent will reduce the formation of aerosol partides that 

accumulate on heat transfer surfaces and result in lower boiler efficiency. Aerosols are also problematic 

for amine-based carbon capture systems, and effective control of aerosol formation will advance lignite 

combustion units toward a carbon-capture-ready status. The impact of mitigating slagging and fouling is 

significant and expected to: 1) Increase plant revenues due to~ reduction in outage time, 2.) Reduce 

overall boiler temperatures due to better heat rate efficiency, 3) Reduce NOJ< emissions from lower 

furnace temperatures, 4) Reduce in fuel consumption from improved heat rate, SJ Decrease parasitic 

power from less fan power, and 6) Improve fuel flexibility/tole<ance for low quality fuels. For a 250 MW 

facility, we anticipate annual savings of over $2 million dollars. 

The total proposed project costs is $4,996.41 O. The project has been selected for award by DOE with 

funding of $3,996,998. The funding from DOE is contingent on a cost share funding of $999.412 from 

project co-sponsors. Barr has received commitments from Minnkota Power ($200,000 in kind), Otter Tail 

Power ($100,000}, North American Coal ($100,000) and the University of North Dakota ($199,412 in kind}. 

This application is requesting $400,000 of North Dakota lndustri.l Commission (NDIQ funding over three 

years to meet the cost share requirement. The three-year project is expected to be carried out from 

September 1, 2019 to August 31, 2022 . 

........... -·- ...... -·--•·• -· - -· --- _ _._ .. _,_ .. _______ _._._,-. - - ..... -.. ... --- -----w....--------. .., ........... --·· -· ...... --.. -··---•--·---,.. ......... 



1 Project Summary 
Barr Engineering Co. is prop0$ing to lead a multi-faceted team to study and demonstrate technology that 

will reduce the form.ition and presence of aerosols in the combustion zone of a lignite-fired utility boiler. 

The primary sponsor of the project is the U.S. Department of Energy {DOE) and Barr is currently woricing 

to finalize a grant agreement with the National Energy Technology Laboratory (NETL}. While Barr is 

prOlliding a significant project management and engineering support role for the project, the genesis of 

Uiis technology concept lies with coal combustion expertise held with Microbeam Technologies Inc., 

Envergex.1he University of North Dakota Institute for Energy Studies (UND·IES), and MU Consulting. The 

team recognizes that addressing this oper.itional problem represents an opportunity to improve 

generation efficiency and carbon Gapture readiness. As such. it is in keeping with state and federal 

objectives to improve and maintain coal resource utilization. This two-phase project seeks to accomplish 

the following: 

1) Conduct bench-scale testing to select an optimal sorbent, 

2) Field demonstration of sorbent injection at a full-scale power plant for fouling mitigation, 

3) Developing a benchmarl< and screening tool for identifying low cost sorbents capable of 

mitigating fouling and slagging, 

4) Performing a Techno-Eronomic Assessment (fEA) of the proposed technology. and 

5) Advancing the technology to a DOE-defined Technology Readiness Level (TRL) of 7 (full-scale 

demonstration). 

This is project will help the State of North Dakot:: and the Lignite industry by creating a low-,o:.'t (;,;tro-fit 

feature that can improve the performance of other high-alkali fuels and other boiler configurations. Not 

only will power plants have the technology to reduce fouling and overall boiler and furnace temperatures 

2 



when using high alkali coals, but they also have the ability to use more fuel types that were not possible 

due to boundaries of the equipment This technology will also help plants explore ways to reduce 

aerosols which is needed for the consideration in Carbon Capwre technology. 

--·-----.... ~ ---· -·--------··•------· ~- --· ------··-----------------------
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2 Project Descr(pfion 
Barr ls proposing to lead a multi-faceted team to study and demonstrate technology that will reduce the 

formation and presence of aerosols in the combustion zone of a lignite-fired utility boiler. The folio-wing 

sections provide details about the project objectrves, methodologies, organization and impacts. 

2.1 Overall Project Objectives 
The prima,y objective of this project is to validate a proposed sorbent technology for mitigating fouling-

related challenges in a coal-fired power generation facility thus eliminating fouling related downtime. 

2.2 Project Objectives 
The project is sub-divided into two phases: 

• Bench-scale (budget period 1) where lhe objective is to down-select the optimal sorbent for field 

demonstration and develop a detailed design and costing for the demonstration equipment and 

campaign and; 

• Demonstration phase (budget period 2) with an objective to pel'form a field demonstration of the 

proposed technology as a fouling mitigation strategy in a full-scale commercial electricity

generation facility and develop a TEA for commercial deptoymeot 

Specific technical objectives indude: 

1) Field demonstration of sorbent injection at a full-scale power plant for foultng mitigation, 

2) Developing a benchmark and screening tool for identifying low cost sorbents capable of 

mitigating fouling and slagging, 

3) Performing a TEA of the proposed technology, and 

4) Advancing the technology to a lRL of 7. 
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2.3 Methodology 
The work scope is sub-divided into two 18-month budget periods for-a total duration of 36 months. In 

the first budget period, the bench campaign will focus on screening multiple sorbents at the laboratory 

scale at relevant operating conditions. Da1a from the screening test will be used to finalize the design and 

sizing of the field test equipment and establish procuremenl targets for the screened sorbents. A ·go/no 

go" decision point at the end of this phase will determine progress to next budget period. 

The second budget period will focus on the field demonstration testing campaign and consist of: 

1) installation of test equipment at test site, 

2) equipment shakedown and sorbent procurement. 

3) a parametric testing campaign, 

4) data reduction and consolidation of the parametric test campaign, 

S) optimized conditions testing, and 

6) updated TIA including commercial arid marl<eting strategy. 

Tasks to be performed include the following: 

Task 1 - Project Management and Planning. Barr will manage and direct the project in acoordance with 

a Project Management !'Ian (PMP) to meet all technical, schedule and budget objectives and 

requirements. 8arr will coordinate ,ctivities in order to effectively accomplish the wor1<. 8arr will 

document project plans, results and decisions appropriately to allow for project reporting arid briefings. 

Barr will update the PMP 30 days after award and as necessary throughout the project to accurately reflect 

the current status of the proj~ct Examples of when it may be appropriate to update the PMP include: (a) 

proiect management policy and procedural changes; (b) changes to 1he technical, cost, and/or schedule 

----·--· ·---·-- ... ------ ----- --- ···--- ... ---·-··--- -······--------·------· 



baseline for the project (c) significant changes in scope, methods, or approaches; or (d) as otherwise 

,equired to ensure that the plan is the appropriate governing document for the work required to 

accomplish the project obje<:tives. Management of project risks will oe<:ur in accordance with 1he risk 

management methodology delineated in the PMP in order to identify, assess, monitor and mitigate 

technical uncertainties as well as schedule, budgetary, and environmental risks associated with all aspects 

of the project. The results and status of the risk management process will be presented during project 

reviews and in quarterly progress reports with emphasis placed on the medium- and high-risk items. Barr 

will update the Technology Maturation Plan as necessary throughout the project to accurately reflect the 

current status of the technology maruration. 

Tasks will be managed primarily from Barr's offices; however, there will be several oo-site meetings held 

either at UNO, at Barr's Bismarck Office or on-site at Center, ND, 

Tade 2 - LGbotalory Seal• T.nfng. Laboratory testing will be managed and executed by UND·IES at 

their facilitfes. 

Subtask 2, 1 - Fffdst:ot:lc $4l/.6dlon, preparation olld cltorac:t:erimtlon: A high sodium coal will 

be obtained from the field test facility. The coal will be pulverized to 80% finer than 200 µrn, and 

then characteriied for proximate, ultimate and ash chemical composition. The sorbent materials 

will be procured, crushed and pulverized to the desired partide size distribution. The sorl)ent 

materials will consist of commercially available materials and low-cost affordable alternatives. A 

screening and benchmarking tool for predicting sorbent performance will be developed by 

comparing morphology and chemistry of the commercial and low-cost sorbents. 

Subtask 2.2: Coal Tenlng ond Analy.sis: Prior to tesbng, modifications/upgrades of UND's 10 

kW down-fired cornbustor (DFQ will be performed through addition of an independent sorbent 

injection system, automated operatJon/data logging, refractory replacement and improved 
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combustion temperature control and profile. The e><tended combustion zone will provide 

temperature flexibility to better simulate relevant temperature profiles expected in a full scale 

facility. The different sorbent materials will be evaluated for their effectiveness as sorbents for the 

vapor phase alkali components and for their ability to capture the alkali. From these tests, specific 

compositions/materials will be down-selected for pilot testing and for performance attributes 

(loading, particle size) that determine effectiveness. Test procedures consist of 1) baseline 

pulverized coal combustion testing to determine fate of alkali during combustion in lhe DFC. De• 

volatilized alkali are expected to condense out as ultra-fine and fine aerosol particulates. 

Particulate sampling at the exit of the combustor will be oonducted with a pre-separator cyclone 

in series with a Oekati@ Low Pressure Impactor (DLPI) - a state-of-the-art 13-stage cascade 

impactor for measuring gravimetric particle size distribution of very small particles. The cyclone 

removes a majority of particles larger than 10 micron from the sample gas stream. 2.) Fuel•Sorbent 

testing. The sorbent will be.co-fed to the DFC along with coal at a fixed loading. Previous 

technology development showed a sorbent-coal loading of 2% providing acceptable 

performance. This screening step will establish the benchmark parameters for each sorbent and 

the best sorbent will be down-selected for field demonstr.ition. A total of 15 tests (5 sorbents x 3 

levels) are planned. 3) Extended testing of pilot coal with down-selected sorbenl This testing will 

focus on key technology attributes of particle size (3 levels) and loading (3 levels) for the pilot 1est 

campaign. A correlation between technology attributes will be developed to facilitate design and 

procurement of the pilot scale test system 3nd sorbent materials. 4) Analysis of ash samples. 

Samples collected during testing in the previous steps will be analyzed to determine the fate and 

occurrence of 3lkali. Samples collected on the Dl.PI stages will be subjected to Scanning Electron 

Microscopy (SEM) for qualitative data results (morphology) and elemental analysis by Inductively 

Coupled Plasma Mass Spectrometry (ICP-MS) to determine fate of elements. 

------ -----·--- ·---·---------·----·-·-·- _,. _____ _ 
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Task 3 - Sorbent lnjefflon ModeNing • CFO: Modelling using Computational Fluid Dynamics (CFO) will 

be performed to identify injection locations that improve targeting of problematic boiler zones. A 

dynamic model of the host facility boilef will be combined with a vlnual reality engine to overlay injection 

location and dosage maps to achieve maximum coverage of problem areas. Process conditions 

(temperatures, gas volumes/ftowrates), problem locations and design specifications will be obtained from 

the demonstration facility for this task. Existing injection locations (over-fired air, or cyclone vem ports) 

will be investigated. Additional injection locations will included if needed. This modelling will be 

performed by UNO-JES. 

Task 4 - Equipment Design end Smng for Field Demonstration: Based on the results of Task 2, scale

up consider.itions for sorbent preparation, loading and injection will be evaluated for the field 

demonstration, Factors may impact the existing coal-feed systems and down-stream paniculate controls 

systems will also be evaluated. This task will require close communication with demonstration facility, 

equipment suppliers and Barr. Most of the design work w!II be conducted at Barr offices in collaboration 

with the team and the host site, This task will be sub-divided into the following sub-tasks: 

Subtask 4.1: Develop g-,ot proc~ flow d(Q(Jmm: Identify all major prooess equipment for 

the power plant; specifically soroent injection system and preparation equipment and additional 

plant retrofits (injection ports) that will be required for lhe testing, 

Subtask 4.2: De""'°9 mofflrfal r,nd tln"'lfY balances: Balance around the power plant boiler 

and around major pieces of equipment of importance. 

Subtask 4.3: Detailff Design of ln}«tian ~uipment: Sub-divided into the following key steps: 

1) Work closely with demonstration facility to identify layout for optimal location of sort>ent 

delivery equipment 
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2) Develop pneumatic conveying design by identifying piping runs for sorbent transport to 

delivery location and determining critical process parameters (pressure drop for 

horizontal, vertical and pipe bend l\lns; blower duty) needed to achieve inje-ction 

specifications from Task 3. 

3) Create stream tables showing operating pressures, temperatures, compositions, and 

enthalpies for all streams entering. 

4) Develop equipment ,nd utilities list of all equipment/utilities required for demonstration 

of the proposed technology. 

5) Estimate utility requirements for sorbent system and identify interconnection locations. 

Subtask 4.4: Per(onn Sensitivity analysis: Analyze critical sorbent injection parameters and 

their effects on operating parameters and overall plant performance and economics. The critical 

parameters are: 

1) Optimal quantity of sorbent required, and 

2) Optimal particle size of injected sorbent 

Subtask 4,5: Cort E11aluatfon of Field IHmonstratitln: Detailed costing for demonstration will 

be finalized. Final vendor quotes for the sorbent delivery system will be obt.iined. The sampling 

and cfata collection activities will be updated. Cost share requirements for the test campaign will 

be re-evaluated with the demonstration facility to confinn objectives are still feasible. 

SUbtaslc 4.6: Flnali.ze technical design witti optimized parametel'$ from drmonstratiDn Site. 

After a review of the sub-tasks above by the tEst facility and equipment suppliers, a final design 

p,ckage for the field demonstration program will be prepared. The final design will be used for 

---- -----···-------· ·------ --------··-----------·-------·· ----·-----



the "go/no 90· decision point. A workforce readiness plan {WRP) will be developed with a 

successful ·go" decision. 

Tade 5 - Proc:urement. lnstaU&11lon and Conmuction: Testing equipment will oonsist of a sorbent 

hopper and delivery/injection system. This testing will be initiated and executed at Minnkola Milton R 

Young Unit 1 (MRY1) in Center, ND. We will also be doing onsite coordination at the Center Mine in the 

same area. This task is sub-divided into the following sub-sections: 

Sub-task 5.1: Equipment mobilizatlon: Transportation of testing equipment to test Joc::ation. 

Preliminary quotes have been obtained from poten1ial sortent injection vendors for renting a 

sorbent delivery system capable of handling S tons per hour injection rates. Final quotes will be 

detennined in Task 4 (subtask 4.5). 

Sub-task S.1: EquipnHHtt Installation and shakedown: Testing equipment will be integrated 

with the plant facility (utility hook-ups, delivery lances, and electrical connections). Prior to 

installation, injection port:$ will be installed at the demonstration facility during regular scheduled 

outage in accordance wi1h the detailed design from Task 4. 

Sul»-task 5.3: Sor6entand Cool Procurement: Test sorbents will be procured in sufficient 

quantilies as required by the test campaign and delivered to the plant 

Sub-to5/r 5.4: lnrtollatlon of Sampling EqulpnH!llt.' A comprehensive sampling campaign is 

planned with objective of developing an alkali mass balance for the facility before and during the 

testing. Key sampling locations will include coal feeders/conveyor belt, bottom and fly ash 

hoppers, plant stack and convective region using deposition probes. 

Sub-task S.S: ~ulpmcmt De-mobl.llzl1tlon: upon completion of Task 6 and Task 8. the test 

equipment will be de-mobilized. 
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Tasic 6 - hrametrit Testing - Fleld Demonstration: This task will consist of the actual sorbent injection 

test campaign and will f0<:us on evaluating key technology attributes for the sortent injection: effect of 

grind and effect of feed rate· as o function of {vel quality and plant performance. This task will be the 

responsibility of the entire project team who will woric closely with the test facility and injection 

equipment vendors/suppliers. Success of this task will require close coordination between the power 

plant, sampling team and injection team. Power plant data will be collected real time during testing and 

injection will be adjusted accordingly to match load. Key performance attributes for ttie plant during 

injection will consist of cool feed rotelboiler heat input furnace exit gos temperoture (FEG1), boiler heat 

rate, boiler pressure drop, fan power, economizer outlet flue gos temperoture, heat recovery ofter soot 

blowing ond opacity and electrostatic precipitators (BP) pe,formonce. Sampling at different locations of 

the facility will be ongoing during testing to monitor possible effects of the injection campaign. Sampling 

locations and methodologies are identified in Table 1. 

labl~ 1. Sampln9 Matrix during fleld Demonstration Testing 

Location 

Boiler tie . sits/bottom sla 

Pre- ESP 

Post-ESP 
ESP 

Stack 

Sampling 
Method 

Grab sample 

Ash collection 
EPA Method S 

Objoctiv• 

Task 7 - Data Reduction and Evaluation of Parametric Testing: Upon completion of Task 6, the data 

collected will be reviewed, boiler performance will be determined and an alkali mass balance established. 

Boiler performance will be determined from key plant data collected in Task 5. A mass balance of the 

alkali will be developed based on analyse$ of coal samples, slag and ash. This balance will be correlated 

with plant operating conditions to identify trends. An updated testing program will be developed for the 

extended test campaign u$ing the results of lhe data reduction. The TEA and TMP will also be updated to 

---· .. --·- --·-- ··----- ·-·--··· --·--·- ·--... ·-- ---·------... ··-
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reflect the data obtained from the parametric test campaign. The data evaluation will involve all team 

members at their respective loca1ions. 

Task 8 - EKtended Sorbent Testing: This task will consist of an ex1ended sorbent injection test campaign 

after identifying optimum parameters from Task 6 and 7 at the same MRY1 location. During this test 

campaign, data from the full stream elemental analyzer and coal tracker at 1he host facility will be used to 

con1rol sorbent injection in real time. Procedure, data and samples oollected during testing will be similar 

to Task 6. Injection parameters during testing will be maintained at optimum conditions determined in 

Task 6. 

Task 9 - Data Reduction and n:A: Upon reduction of the data from the extended injection testing. the 

TEA will be finalized following a similar format as the NETL report ·cost and Performance Baseline for 

Fossil Energy Plants - Volume Ta: Bituminous Cool ond Natural Gas to Electricity (Rev 3, July 6. 2015).' aka 

Bituminous Baseline Study. The TEA will be adjusted for a 500 MW facility. The TEA will include: 

1} Itemized equipment 11st for equipment unique to the mitigation modification, 

2) Itemized capital cost estimate of the power plant modification. 

3) Itemized operating and maintenance cost estimates related to the mitigation process. and 

4) First year cost of electricity using the methodology described in the Nm "Quality Guidelines (or 

Energy System Studies: Cost bl/motion Methodology for NITL Assessments of Power Plant 

Performance.' 

2.4 Anticipated Results 

The technology provides the following benefits for facilities buming high alkali fuels: 

12 



1) For cyclone fired units, it allows the facility to burn lower quality fuel with a low ash melting point 

and operate at lower temperatures. The lower temperotures (llcititate deeper staging for reduced 

NO, fonnation. 

2) The sorbent injected increases the melt point of ash in the boiler which when coupled with the 

lower temperatures from deeper staging means fess slogging and overot/ le!» NO, formation. 

Allery et al.' reponed a 1 S to 18% decrease in NOx emissions from a cleaner boiler. We expect 

similar reduction levels. 

3) A deaner convective pass from reduced fouling after capture of alkali by sorbent that would result 

in a 1% improvement in heat rate, which corresponds to annval fuel savings of $4()1),000/year 

(average heat rate of 11,0008tu/KWh. 80% capacity factor, fuel cost $2/MM8tu). This is backed by 

a recent study performed at Coyote Station {a project sponsor) by MTI that saw a deterioration in 

heat rate of 5% (11,000 Btu/KWh to 11.500 Btu/KWh) whefl fuel quality dropped. 

4) Reduced outage time. Milton R. Young Station has four outages annually of 3 to 4 days each. 

We anticipate reducing annvol outages to three, with durations of 2 to 3 days per outage. Allery et 

al. also report a 4 day reduction in outages from improved slag control. The increased uptime 

corresponds to estimated savings of approximately $1, .200,000/yeor ($50/MWh wholesale price, 

.250 MW., 4 day savings). 

5) Fuel flexibility. The proposed technology is complementary with existing strategies for addressing 

{'Ovling and slagging (soot blowing, coal blending, load cycling) and needs to be deployed only 

when sodium levels in feed coal exceed existing plant recommended indices. The flexibility in 

'L Allety. J. Rossow, A.. Wes.bed:. G. Snow, T. MtM\!lhOl'I and M. Sytvester, "Oemoristrated p!rlormence- improvern(!nts OI\ large 
lignite-1ired baller wittl targeted in-fvmac:e Injection technology'"',• 2010. (Online). A.wil~ble: 
ht"'5J/www.fl•k.com/images/ftek/media/en•US/pdls/TechniulPaper,/T'PP 0S92--<oal·Gen-2010J.J>land•Olds_GSnow.pdf. 
{Aocessed 20 Februaiy 2019) -·--------·----·--·------ ---·--------
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deployment of the technology, would result in sorbent injection ams estimated to be about 

$250,000/yeor ($20/ton, injection {or 25% of the time), that offset a portion of the cost savings. 

2.5 Facilities and Resources 
B-. ls a full scale detailed engineering design firm with full infrastructure to support projects including 

computers, plotters. printer, instrumentation, insu-ument repair/maintenance/calibration, laboratory spil<:e, 

etc. Multiple software products are licensed such as Chemcad, Mathcad. Autocad, Metsim, flow modeling, 

etc. 

Unlnr,ity of North OakGta ((IND): Exceptional laboratory iJnd bench-scale equipment and facilities with 

extensive fabrication experience induding design and construction of five different combustion testing 

platforms are available at the UND. Their Material Characterization Laboratory (MCL) includes multiple 

equipment for thermal analysis, microscopy, spectrometry and spectroscopy including sample 

preparation. The College has sever.ii relevant process modelling software packages including ASPEN Plus 

and ANSYS fluent. Relevant equipment are identified in Section 10. 

Hast Faclllty: Milton R. Young Station's (MRY) 250 MWe Unit 1 is the proposed host site for the field 

demonstration. Their slagging and fouling challenges were discussed in Section 2.4. The level of sodium 

in their coal dictates the frequency of deaning shutdowns with four shutdowns planned annually. MRY 

monitors its fuel quality using a full stream elemental analyzer and a Coal Tracker Algorithm that will be 

leveraged during the demonstration projecl Flexibility of injection significantly reduces cost. MR.Y is 

providing $200,000 worth of In-kind cost share to assist with the demonstration effort The in-kind mst 

share will consist of: 

1) £,q,trt RC"Viffv and Guld<nwiJ: MRY will support the project by providing a review of test 

methodology and analysis of data generated. 
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2) ~-wt Data on BaU1line Condftlons for 1/nft 7: MRY will share coal analysis data for 1 to 3 

months prior to testing, provide slag and fly ash data analyses, and provide associated mine 

sediments that would serve as low cost sorbent for laboratory testing. 

3) 7te•ln support/Port addition prior to test' MRY offers to install injection ports during one of 

their planned shutdowns, provide electrical tie-ins for injection equipment, site preparation for 

equ;pment !ocation. 

4) SUpport during Te5ting: MRY will perform coal, slag and ash sample collection/analyses during 

field test as n~ed. Currently, MRY is considering installing a carbon dioKide (CO.,) capture unit 

The project, called Project Tundra is curren1ly in 1he front end engineering design phase and is 

modelled after the Petra Nova facility in Texas. The technology we propose is expec1ed to help 

make MRY CO2 capture-ready. 

2.6 Environmental and Economic Impacts during Project 
The technology provides the following benefits for facilities burning high alkali fuels: 

1) Reduced NOx emissions of about 15% due to increased staging. lower FEGT 

2) One percent improvement in heat rate, which corresponds to annual fuel savings of 

$400.000/year (250 MW. unit, heat rate of 11,000Btu/KWh, 80% capacity factor, fuel cost 

$2/MMBt\J). 

3) Reduced outage time/increased uptime. estimated to be $1,200,000/year (4 days) for a 250 MWe 

facility at wholesale electricity price of $50/MWh. 

4) Fuel flexibility. Facilities will be more tolerant to quality of fuel supplied by mine. 

----- .,. ______________ ,, ______ -------· ·---------·--- . ·-----------
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The.-e are some potential environmental and eronomk risks represented by the testing, but the severity, 

frequency and mitigation have been considered and described in ttie PMP In Appendix D. The risks 

include: 

• Injection of ttie sorbent could cause operational issues and could result in plant downtime. 

• Stack testers Will be exposed to the elements and industrial site hazards during onsite testing. 

• So/bent handling, preparation and quality screening on-site may result In a stock of unused 

material, afternoon-hazardous solid waste from cleanout. and miscellaneous solid waste from 

sampling work that will require disposing. 

2.7 Technical and Economic Impacts of Proposed Technology 

The technology proposed is compatible with existing strategies for mitigating fouling. It is flexible -

facilities only need deploy when fuel quality is poor. Sorbent injection costs are estimated at 

$2S0,000/year ($20/ton, Injection for 2596 of the time, 2S0 MW. facility} 

Jn North America, total capacity of applicable lignite-fired power plants is S.8 GW. (32.9 million tons/year}. 

The technology is also applicable to facilities firing biomass; they are a similar sized market 

2.8 Project Need 

According to the DOE, coal-fueled power plants compete in a marlcetplace with a growlng number of 

renewable power generation assets, requiring displacement from traditional base-load power generation 

to fle,oble generation. Mitigating slogging and fouling issues will reduce operating com for 1hese facilities 

anrl better pr,;,pare them for a revenue-constrained environment 
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3 Standards of Success 
Ash and slag deposits that foul the steam-generation of a boiler are the primary cause for boiler outages. 

These .)Sh and slagging result from the presence of volatile species in the coal ash that act as a glue for 

ash deposition and growth. This project will mitigate ash deposition by capturing the volatile species in 

the boiler through injection of sorbents in lhe boiler. The impact of mitigating slagging and fouling is 

significant and expected to: 

1) Increase plant revenues due to a reduction in outage time, 

2) Reduce overall boiler temperatures due to better heat rate efficiency, 

3) Reduce NO, emissions from lower furnace temperatures, 

4) Reduce fuel consumption from improved heat rate, 

S) Decrease parasitic power from less fan power (lower pressure drop through convective pass), and 

&) Improve fuel flexibility/toler,mce for low quality fuels. For a 250 MW facility, we anticipate annual 

savings of over $2 million dollars. 

Budget Period 1 success criteria: 

~ Candidate sorbents have been successfully screened and a workable model developed that can 

be used to predict sorbent performance 

• A CFO model has been developed that can be used to identify the optimal sorbent injection 

location to maximize its performance 

--------·- ---· --------·---- ---· ----------------·------- ----------·--·-·------- -- --
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• A final design package has been prepared that includes detailed input from plant personnel, 

sotbent suppliers, and technology vendors to ensure the technical and budgetary objective.$ 

proposed for Budget Period 2 c.n be achieved 

Budget Period 2 success criteria: 

• Equipment at the field test site is successfully installed and operational within the proposed 

budget and schedule 

• Parametric testing demonstrates the effectiveness of the proposed technology and identifie.$ the 

optimal parameters to maximize the benefits 

• Long-term testing demonstrates that the technology is effective over long periods of time and 

over a wide range of load. 

Advancement of the technology to a TRL 7 (system prototype validated in operational environment at 

full-e.c.ale) thus making them ready for commercial demonstration. 

18 



4 Background 

According to the Department of Energy, coal-fueled power pl,nts compete in a marketplace with a 

9rowin9 number·of renewable power gener.tion assets. requiring displacement from traditional base

load power generation to flexible generation. Mitigating slagging and fouling issues will reduce operating 

com for these facilities and better prepare them for a revenue-constrained environment. 

4.1 Past Industry Experience 
Coal cont,ining significant amounts of iron, calcium, sodium (Na) or potassium (Kl are known to have low 

melting points ,nd higher ash-deposition tendencies. This is characteristic of many low-rank co,ls and 

international coals. To fodlitate combustion of these coals, Babcock & Wilcox developed the Cyclone 

furnace technology, with high combustion temperatures to ensure melting of the ,sh. Approxim,tely 

70% of the ash is trapped as a molten slag, and about 30% is transported as fly ash into the main boiler 

section, to m,nage slagging2. Analysis of• cyclone-fired boiler by Benson et al.l showed, for the 

impurities that contribute to ash deposition. there is poltitioning accurrin9 in the cyclone, ond higher 

volatility species such os o/koli compounds (No and K) ore released with the {l.y ash. Alkali species are major 

preCUl'$Ors for fouling, due to their low melting temperatures and the stickiness of their compounds. The 

vaporized alkali condenses (heterogen~usly or homogeneously) as a sub-micron particulate as the heat 

is extracted from the flue gas in the boiler. Four main problems result from this': 

t) High t111mpemtun fouling. Occurs with heterogeneous condensation as alkali silicates in regions 

of tne boiler with temperatures above 1 oso•c. 

1 Babcock&: WIicox. *Cydone-F1.1n,ac.e &oiten:," (Online). Avail;;11ble: https-J/www.babcod:,com/productS/cyclone-forn.a<.e. (Accessed 
2002 2019] 
9 $. A Bensoo, S. Patwardhan, A. Ruud. A. freiOt .and J. Joun, "Ash Formation and Partitioning in a Cyc:loM fired Boiler," In lmpocrs 
of Fvet Quality on Power Producrion Sno,.bird. Utah, .2014 
4 A. Zbogar. F. fn1nds<!l'I, r>. A. Jensen ~l\d P. Glarborg, "Shedding of ash deposits,• Pn>gre:$S in Energyon<I Combustion Sc.ierrre, vol. 
3S, pp. 31,56, 2009. 

----·---·--·-·--·--------- .. ----------------···--· .. --· --·. ·---
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2) Low t~mpemture fouling. Occurs with heterogeneous oondensation as alkali sulfates in the 

convective section of the bolle.-. 

3) /Hactivation ots.it«:rfiR Cotalyfic llllductlon (SCll) <Otafysts. Sub-micron aerosols formed 

from homogeneous condensation of alkali compounds are known to poison Vanadium-based 

SCR catalystss. This is lhe primary reason tor the absence of SCR systems on lignite-fired power 

plants6• 

4) Fln11 Pmtli;vlate Emi.man. The sub-micron alkali aerosols are captured with only a moderate 

efficiency (-90%) by ESP. These uncaprured ultra-fine partlculate are deleterious for downstream 

wet treatment systems such as solvent-based C0,7 scrubbers. 

4.2 Proposed Technology 

Fuels wilh high alkali (Na/K) concentrations, such as North Dakota lignites and certain Powder River Basin 

(PR.8) sub•biruminous coals, create challenges in coal•flred power plants. These Include slagging and 

clinker formation in the radiant zone of the boiler, constrained operation in cyclone-firad boilers (e.g., fuel 

quality that can be used and limiting air staging, thus increased NOx}, fouling of superheaVreheat 

surfaces leading to lost steam production. economizer fouling resulting in increased ID fan power, 

increased soot blowing and boiler maimenance costs, and higher stack particulate emissions. 

s. 8. K. Of.sen, f. Castel lino and A 0. Jensen, Deactjvation of SCI? Catotysts In biOfllQss fifed pcwe1 plam4 T edmi<::ii'I University of 
Denm•rt<. 2015. 

'S.. 6. Benson. J. 0. laumb, C. P.. Crocker, J. H. P.avfish, "SC!t Catalyst Performance in flue 91t11es detived from subbituminous and 
figntt• coat~• Fw.l ProC>!$Slng Ted>no(agy. vol. 86, pp. $77•613, ZOOS 
7 S. Fulk.and G. Rochelle, ''Q'-'antificetion of gas .and ~1-pha:lie piperezine emls.6'ons t,y FT1R..1.1nder veriab!t bench-sea~ 
•bsO<t>e< condition~·· fn,19y Procfdio, vol 63, pp. 871-883, Z014 

20 



4.3 Exlsflng State-of-the-Art for Fouling MitigaHon 

Current mitigation strategies for fouling are focused on prevention, management and monitoring•. 

Preventive methods consist of coal blending and pre-treatment These options are considered costly: 

blending requires access to a compatible low-alkali, higher value ooal; pre-treatment requires processing 

a significant amount of the feed stock. The main management methods consist of: 

1) 111e use of soot blo~s to remove deposits on heat exchange surfaces by blowing jets of high 

pressure steam on the exchange surfaces to crack and erode away the deposits. Soot blowing 

effectiveness is dependent on the friability of ttie ash deposit and governed by its strength and 

adhesiveness/stickiness. All::ali-based deposits tend to exhibit low friability, reducing blowing 

effectiveness. Also. coals with high ,lkali loading el<hibit a last growth rate of the deposits. Soot 

blowing has very low effectiveness on the b,ck side of the heat exchange surfaces. 

2) Additive lnjedi.on in boiler. Includes chemical injections for slag m,nagemenl by weakening of 

the slag crystal. AA example is the Targeted in Furnace Injection technology9. This method is 

effective for slag control, but less effective for alkali mitigation and requires additional control 

strategies such as soot blowing. 

3) Thermal sh~k by toad cycling. This occurs during load cycling where thermal shock between 

the deposit and water wall results in shedding of the deposit. This method is most effective for 

friable ash depositions, less effective for alkali-based deposits. Other mitig,tion strategies e)dst, 

such as acoustic or Pulse Detonation, but are still in the experimental phase. Monitoring methods 

i N. Hare, M. G. Rasul al\d S.. Moa:zzem, "A Review on Boite,f Deposition/fou!aige Prevention in<I Removal Tectmiques f•f Power 
Plllnt" Recent Advances it1 EMrgy and Envi,onment,, 2010, 
'L. Al!ety, J. Rossow,A, We,:sbeck, G. SnO'IY, T, McMehon and M, Sy1verter. "Oemon;s.trated petfocm1;111<e- ~mprovements on large 
lign~e-fired t,oller wittl targeted ;n.fumsce inje<:tion technology~: 2010. [Online). AY>il,ble: 
ht1ps:/twww.ftek.c:om/images/f\el</media/en-US/pdfs/TechnicalPape<S/'TPP·~92---<:oal-Oen-2010_Letand-Old•_GSnow.pdf. 
[Acce"ed 20 F<,bM,Y 2019) 

---· ------- -------------· -- ····------- ------· ---·-··-·-·-----·- ------ ···--· -
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consist of simulation techniques that try to predict lht? fonnation and growth of ash deposits such 

as slagging indices, internal cameras and ash behavior prediction tools -CFO and AshPro"'. These 

methods do not prel/eflt fouling but are complementary wilh other mitigation strategies. 

4.4 Previous Works of the Proposed Technology 
Takuwa and Naruse10 have shown previously that injection of kaolin (Ah012SiO:z.2H20) is effective in 

scavenging vaporized alkali to form a solid particulate product (figure 1). The researchers mixed the 

kaolin with the coal at kaolin/alkali mole ratio of S:1 prior to combvstion in a drop-tube furnace. The 

re.suits show a reduction of sodium in lhe sub-microro ( ~ 75%) fraction with a corresponding increase In 

the super-micron fraction {2-10 µm). Gale and Wendt" examined the aipture of both Na and Pb by 

kaolinite in a DFC using natural gas to understand the behavior at low (kaolin/alkali) stoichiometries. They 

found that (Figure 1) they achieved greater than 90% capture of alkali by kaolin at a molar stoichiometry 

of 1:1 and close to 65% capture at a stoichiometry of 0.5:1. A more detailed analysis revealed that in 

addition to the insoluble aluminosificate product, they also formed alumimrtes (Na20. A120 1) and sifkates, 

leading to lower k;;olin (mass) demand. Xu et al.12 also performed afkafl mitigation tests on high Na 

Chinese lignite where they forused on lhe effects of temperature and particle size. The best performance 

was observed for a kaolin size of 3 microns and at 1000'C (70% Na capture}; larger sizes and higher 

temperatures required a larger dosage of kaolin to achieve similar capture. Recently, Dai et al'3 

performed a 10 month long test at a 30 MW,. sub-critical PC boiler firing a Chinese lignite. for the test, 

they bleoded the coal wilh a slfica additive (4% by weight) and wett> ab/e to increase production capacity 

to T. Taiio.J'.Na and J. Ndl'\lse, ·emission contro, of .$Odum oompounds and th~r fortn.a1ion mechanisms during c:oal combustion.• 
Proceedlr>g, of the Combu,tion lnstirutl', vol. 31, pp. 2863-1.370, 2007 

"T. K. Gale and J. 0. L. WendL 'Med>anlsms and Models Describin9 Sodium •nd Lead Scavenging by• Kaolinite Aerosol at High 
Teinpe.-.tures:· Aerorol ScieMe and T.ed>nology, vod. 37, pp. 865•876, 2003 

.. L Xv.). Lill. Y. Kang. Y. Miao, w. Ren .. d T. Wang, "Safoly aurning High Alkali C<>al wnll Kaolin Additive in Putvel!ted Fu,l 
Bum er,' fnergy ond Fu,Ls. vol. 28, pp. 5640-5648. 2014 

,. 8.-Q. Dai, X. Wu, A. 0. Girolamo and L. Zhilfl9, "lnhiblllon of lignite e,h ,tagging and tou~ng upon the use of a slllca·bmd 
edditiva in an indumial putveli:!ed coal-fired boil&r.' Fu,( vol. 139, pp. 720-732, 2015 
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by 10%- Earlier attempts to incre,se production during normal operation always resuhed in significant 

slagging and fouling and unscheduled shutdowns. 
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4.5 Market PotenHal 
The proposed technology is applicable to all fuels with alkali-based fouling and sl,gging issues. In North 

Amelie,, this includes lignite-fired power and energy generation plants with a total capacity of 5.8 GW in 

North America (32.9 million tons/year) as well as high-alkali oontaining PRB fuels such as Spring Creek 

and Decker. We have also identified units firing biomass as a major market with a combined firing rate of 

42,900 MMBtu/hr. 

The total capacity of units firing biomass (42,900 MMBtu/hr) is similar to that of lignite-fired boilers in 

terms of heating value. but the number of biomass units is much larger. Penetration of this market will be 

through our team's contacts in the industry and will include initial implementation of alkali mitigation 

technology through prod vet demonstrations. We can e><pect to capture 10-20% of the market or about 

10 to 15 units. 

The overall marlo:et for our sorbent injection technology worldwide is larger as it can easily be exported for 

implementation in foreign marlo:ets. Countries firing lignites include Aumalia, China. Germany, Poland, 
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Turkey, Russia, Greece, Indonesia, Cze<:h Republic and India. The quantity of lignite mined worldwide was 

about 800 million metric tons In 201 S. 

For small demonstration tests, the sorbent injection system is modularized, and the sorbent loading 

process is not considered to be complex or atypical. The injection points considered are anticipated to be 

a feasible retrofit that can be completed during normal outage times. 



5 Qualifications 
Ba" EnglnMrlng Co. has worked on projects for more than 300 power companies, ranging from small 

municipal utilities to large regional power producers and nonregulated energy developers. Barr brings 

together engineering and erwironmental expertise 10 provide innovative solutions in the face of changing 

regulations, markets and political climates. Barr offers a wide range of services for power clients from 

seeking to add. a new generation facility or power1ine, make improvements to a current facility, meet 

environmental requirements or help diversify fuel portfolio, Barr can take a project from the first feasibility 

studies and regulatory negotiations through construction, startup, and closure. 

Principal lnlfflltigator and Project l'/Qnager- Nicole Nguyen, Bo", is a Project Management 

Professional responsible for the day-to-day management of the project Nicole is a licensed 

chemical engineer from Barr with over a decade of experience woii<ing with clients in the power 

industry, with experience maMging projects varying in labor fees over$ l million for power plant 

projects in multiple slates. 

Contract t1nd Risk Manager • Richard Ht1rdflgger, Barr. will be the Principal for Barr for all 

tasks. He has applied a chemical engineering background to a 27 year career in environmental 

consulting for clients in the utility, mining. energy and manufacturing sectors. His experience 

includes projects for new and modified facilities that required federal and state air permitting, 

emissions control systems evaluation in support of best available control technology 

determinations, air dispersion modeling, human health risk assessment, ambient air monitoring, 

and stack testing. 

Consultant I Advisor• Bruce Browers, Bo", will be the Technical Advisor for Barr for a11 tasks. 

Bruce has 46 years of coal fired power plant experience covering virtually all types of combustion 

systems including PC, IGCC, cyclones and stokers. He has conducted significant thermal modeling 

___ ,., _____________ .., .................. _ ---·-·--___ ..,_,,_ ---- ·--------------
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studies of several types of power plant configurations induding conventional and supercritical 

systems. 

Dr. Shive Benson, Mlaabeam Tltdlnatagles, Inc. has over 35 years of el(perience associated with the 

impact of major. minor and trace fuel impurities on combustion and gasmcation system design, reliability 

and performance. Dr. Benson in his current position at Microbeam has developed 1ools for combustion 

and gasification plants (power and syngas production) to manage coal/fuel properties and plant 

operating conditions. MTl's primary eJ<pertise lies in the following: 

1) Unique deep understanding of 1he chemical and physical processes associated with the behavior 

of ash materials in the boilers of power plants, 

2} Extensive experience in determining the fonns and modes of occurrence of major, minor, and 

trace species, in coal and coal related materials, 

3) EX1ensive contacts with coal mines and coal-fired utilities through decades of resear<:h related to 

solving real-world challenges in coal combustion, 

4) Extensive databases on coal and ash chemical composition properties, 

5) EX1ensive e!<perience in the development and applications of algorithms to predict plant 

performance based on coal properties and plant perfonnance, and 

6) Existing models that are used to provide Information to optimize fuel properties and boiler 

operations. 

The models or tools are currently being augmented with condition-based monitoring combined with 

machine learning through a project funded by coal companies, utilities, and the DOE in a project en1itled 

·improving Coal-Fired Plant Performan~ through tntegrmed Predictive and Condition-Based Monitoring 

Tools" (DE·FE00031547). Mlcrobeam haHonducted over 1560 proje<ts for cllents worldwide and has 
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extensive databases on fuel properties and plant performance and utilizes neural networ1<s and machine 

learning to extract relevant information that allows for prediction of plant performance based on fuel 

properties, system design and plant operating parameters. 

Or. Srivats Srinivasachor, Envllf'gex, LLC is a leading world e>qiert in coal combustion, power plant 

operations, and development of innovative products and solutions for solid-fuel-fired power plan1s. He is 

the author of sixteen patents and over sixty publications in this subject area. Dr. Srinivasachar received 

his doctoral degree in Chemical Engineering at Massachusetts lnsti1ute of Technology with a dissertation 

on coal-water sluny combustion. Subsequently, he joined Physical Sciences, Inc. where his main focus was 

in developing tools for the power industly to combat ash deposi1ion in boilers, induding slagging and 

fouling. Dr. Srinivasachar has over thirty peer-reviewed publications in areas of mineral matter 

transformations and ash behavior in coal-fired boilers ranging from fundamental laborato,y studies to 

lull-scale commercial applications. Dr. Srinivasachar was the author of Slagging Advisor, a computational 

1001 for coal-fired power plants to evaluate the impact of fuel quality on power plant performance. This 

tool was commel'(ially used by several coal-fired utility customers to select coals for procurement, taking 

into consideration both their existing boiler design and operation as well as the fuel properties. Dr. 

Srinivasachar joined ABB Combustion Engineering (subsequently, ALSTOM Power, Inc. and now GE) in 

1993 where he oontinued the implementation of ash deposition tools for power plants that were 

switching from high-sulfur bituminous coals to lower sulfur sub-bituminous (PRB) coals and which caused 

boiler de-rating due to ash deposition. At ABB Combustion Engineering, Dr. Srinivasachar developed 

additional commercial products for multiple components in coal-fired power plants, including novel coal

firing nozzles, contributing to 1he development of TFS-2000'" low-NOx firing system for tangentially-fired 

boilers, developing advanced methods of ljungstrom air heater operation. and testing methods to 

improve precipitator performance for high ash resistivity coals. Dr. Srinivasachar has multiple patents 

related 10 1hese subject matters. 

-----·----····---·--------·------- -----------·--------. -· ---· 
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UND's Institute f'Or Energy Stvd18$ is home to bench-scale facilities and equipment (sampling, 

combustion testing, and analysis) that will be essential for successful completion of the project 

Dr, Michael Mann is the director of the Institute of Energy Studies at UNO, with 38 years of 

experience in Energy research. 

Mr. Juftit>r Nasah, PhD Olndldate, UND Institute for EMrgy Studkls is the principle 

investigator for the UNO team. He is the Major Project Manager for UND's Institute for Energy 

Studies and was UND's lead researcher during development of the proposed technology under 

SBIR award DE-SC0015737. He will manage UND's activities and be the technical lead for Task 2. 

Mr. Nasah has experience in operating bench scale coal combustion systems, low pressure 

particulate impactors, and particulate extractive required for monitoring alkali occurrence from a 

power plant. Mr. Nasah holds a M.Sc. degree in Chemical Engineering and has wori::ed as a 

research engineer for 6 years at UNO. He has led multiple field sampling exercises at the host 

facility for the demonstration. 

Dr. Gautham Krishrtam0orthy brings a multi-year expertise in CFO modelling using FLUENT 

software package and Will lead the modelling effort to identify optimum injection location for 

sorbent distribution. UND will be offering cost share for the project in the form of tuition waivers 

and hourly commitment 

Resumes of key personnel can be found in Appendix C. 

5.1 Experttse of Team wtth Developing Slmllar Technology 
The following list provides some of Barr's applicable power plant work: 
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1) Performed process review. procurement and oversight of installation, data collection, and testing 

of dry sorbent Injection of different sorbent types and sizes at a coal fired power plant - 2016, 

confidential client. 

2) Provided compliance testing for particulate matter, opacity, and sulfuric acid mist at the main 

boiler stack. As a qualified AETB (air emission teS1ing body) firm under the ASTM D7036 standard, 

Barr also provided Part 75 RATA testing for nitrogen oxides and carbon monoxide at two natural 

gas-fired facilities - 2015, Great River Energy. 

3) Evaluated three different technologies to reduce stack vibration, developed screening-level 

constructed cost estimates for the three options. and provided det.iiled installation drawings for 

selected option. 2015 Great River Energy. 

4) Provided a vanety of engineering services, including pipe stress analysis, heat and material 

balances to optimize operational efficiency, root-cause analysis, combustion-turbine selection and 

design, We performed a test burn to uncover potential fatal flaws and determine how to best 

control the flow rate of biomass being fed to the boiler, which entailed temporarily using 1he 

plant's limestone silo and feeders. 2010-2019, Municipal Power Plant in Michigan. 

5) Prepared applications to modify environmental permits, provided design engineering support, 

including reactor process modeling, to optimi:e burner performance. - 2015, Confidential Client. 

During his tenure as Director of the Center for Air Toxic Metals at UN D's Ener9y and Environmental Center 

Dr. Benson oversaw the research, development and training program on preventing to)(ic metal (e.g., 

mercury) emissions. The program spanned the entire development pathway for mercury control on 

lignite fired system and included multiple field demon:il@tion of enhanced mercury capture sorbent:s. Dr. 

Srinivasachar is the inventor and developer of Mer-Cure"', a sorbent-based technology for mercury 

control. He holds US Patent 6,848,374 on this subject te<:hnology. which is assigned to Al.Sl'OM Power 

..... ------.. --------______ ..... ,......- .,..,.,...,. ··--·---------------- -------•· - --- ---·--·-·---
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Inc. During his tenure at ALSTOM, he scaled the product through pilot-scale evaluation and comme<cial

scale testing, including comme.-dal-scale production of sorbents, and l~d the successful demon:;tradon of 

this technology at three full-scale P'i!Ol:O. In March 2006. Dr. Srinivasachar formed EnvergeK UC. with one 

of its objectives being the comme«:ial-scale supply of enhanced sorbents for mercury control to ALSTOM 

and others. At Enverge,r, Dr. Srinivasachar developed a new sorbenl product portfolio (ESOR8-Hg"'), 

which was supplied and tested successfully at full-scale at seven coaHjred power plants. The mercury 

control technology elements idemified above are very similar to the sorbenl injection technology 

proposed here and the in-depth e><perience with scaling and demonstrating th.it technology at several 

power plants and other industrial facilities will prove to be valuable in this development effort. 



6 Value to North Dakota 

The focus and purpose of this large and critical govemment funded study benefits the lignite induS1ry by 

showing relevance in power generation and to the public. This study educates the industry and public on 

the properties of lignite as fuel and how emissions can be mitigated. Results from this study could 

strengthen and provide added flexibility in future, benchmarking. and tr,msformative projects like Project 

Tundra that propel North Dakota to help pave a futwe in carbon capture storage and utilization 

technologies. 

The proposed project will take the aerosol mitigation technology from the current TRL of 5 to a TRL of 7. 

The technology, demonstrated here on lignite from a North Dakota cyclone•fired boiler. has the potential 

to improve the performance of other high-alkali fuels and other boiler configurations. The improved 

performance as measured by increased efficiency, reliability and flexibility can be realized at relatively low 

cost and with minor modifications, thereby making the technology an attractive retrofit to existing plants. 

The impact of mitigating slagging and fouling is significant and e~pected to: 

1) Increase plant revenues due to a reduction in outage time, 

2) Reduce overall boiler temperatures due to better heat rate efficiency, 

3) Reduce NOx emissions from lower furnace temperatures, 

4) Reduce in fuel consumption from improved heat rate, 

5) Decrease parasitic power from less fan power. and 

6) Improve fuel ftexibility/tolerance for low quality fuels. For a 250 MW facility, we anticipate annual 

savings of over $2 million dollars. 

·--····· .. ·-·-··--·--·------·- ---· ... - ----- -------- -•···-·-··-------·-· 
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The North American martet represents about 5800 MWe of capacity firing about 33 million tons of lignite 

fuel. The majority of this capacity Is located In North Dakota. The market for this application will include 

the implementation of alkali mitigation technology in lignite-fired boilers. We can conservatively e,cpect 

to capt,Jre 2.0 percent of the market over the longer term. with the potential to reach 50 percent. 
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7 Management 

7.1 FeasibllHy, Appropriateness. Rationale. and Completeness of the 
Statement of Project Objectives 

The Statement of Project Objectives (SOPO} is discussed in Section 2.2 and 2.3 and is structured into two 

budget periods. For the first budget period we will s«een, benchmarl< and down-select the clay used for 

field testing and determine key technology attriblltes. perform CFO modelling of the host facility's boiler 

to identify optimum injection locations and develop a detailed design of the injection system for the field 

test campaign. The results of the detailed design will be a key 'go/no go' decision step. In the second 

budget period, we will perform sorbent injection at the test facility in two campaigns; first. par.metric 

testing, to investigate the effect of technology attributes, followed by an extended testing to determine 

effect on plant performance metrics at optimum conditions. A TEA will be performed and the TMP 

updated. 

7.2 Adequacy and Completeness of the PMP 
The PMP in Appendix B is provided as a separate attachment to this application. The program will 

capitalize on the extensive experience of key personnel from Barr, MTI, Envergex and UNO in 

management and execution of projects. This section describes: 

1) Project organization and structure, 

2) A detailed risk management strategy has been clearly defined that identifies the technical, 

resource and management risks along with their likelihood and impact, and mitigation strategies. 

The list of risks and mitigation strategies will be continuously updated and addressed during the 

project. 

3) The project milestones/deliverables have been defined and are structured on a task-by-task basis 

with sufficient flexibility for each task. 

·- __ ,..,......,.,._ ____ , _______________ ·-··- ·~---· .. ·-------------•··- -----· --



4) The project budget and funding profile have been laid out; and, 

5) The project timeline and decision points have been identified with a go/no go decision point .it 

the end of the first budget period. 

7.3 ClarHy, Effec:Hveness, Adequacy and AvallabUHy of the Project 
Team 

The project team is led by Sarr and consists of the UND. Envergex LLC., Microbeam Technologies and MU 

O:lnsulting. Figure 2 illustrates the team's organization. 
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figure 2. Project Orgonlzolional structlJre 

The periodic and final reports are proposed to be submitted in parallel the DOE schedule, including the 

following items: 

Task/Subtasl, 
Number 

Deliverable Title Due Date 

1.0 PMP 
Update due 30 days after avr.ml. Revisions to the PMP shall 
be 5'1bmitted as ,-uested hv the NETL Proiect Manaaer 

3.6 WRP WflP due 30 da•~ affer-letion of Task 3.6 ----· 
3.0 Sudget Period l Final Report Due 30 days after the completion ofTask 3 

6.0 Field Oemon,t,won R,,port 1 Due at lhe end of Task 6. 



7.3.1 Brleffngs/Tec:hnlcal Presentaffons 

Barr will include the LEC/NDIC. and other cost share partners in detailed briefings for presentation to the 

NETL Project Manager, which will likely occur via WebEx. These briefings will include a presentation to the 

NHL Project Manager at a project kick-off meeting held within ninety (90) days of 1he project start date. 

Annual briefings will also be given by Barr to explain lhe plans, progress, and results of the technical effort 

and a final project briefing will be given at the close of tile project 

-------··-· ---·---- ·----·--------------· ____________ .., ______ _ 
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8 Timetable 

Barr was notified by the DOE on June 6, 2019 {Appef'ldix E) that 1he aeroso4s mitigation proposal was 

selected for negotiation for funding. Barr submitted a response to the DOE's request for pre-award 

information on June 20. 2019 and is currently waiting for a draft agreement. Barr anticipates that the 

project start date will be in the August timeframe. 

The project timeline and decision points are identified in the PMP with a go/no go decision point at the 

end of the first budget period. 

Table 2 provides a summary of task timejines. Appendix G provides a MS Project Gantt Chart of the 

project timeline. 



Table 2 Project Tlmetrne 

Planned Milestone Marl,er / Verification 
Tasl, / Subtask Start Date Completion Deliverable 

Date 
Method 

Award Award 

' Task 1 -Project 
Management and 9/02/2019 9/02/2022 PMP Quarterly Reports 
1'1annino. 

Down-selection of field testing 
Task 2- Laboratory Scale 9/02/2019 9/31/2020 

solbent (5/01/2020) Establishment 

Testing of Key Technology Atttibutes 
19/31/2020) 

Task 3 - Sorbent Identification of optimum injection 
Injection Modelling - 2/7/2020 10/15/2020 
CFO 

locations 

Task 4 - Equipment Design Report 
Design and Sizing for 4/13/2020 1/15/2021 WRP Revised 1MP Go / No Go Decision 
Field O(>monstration 

Task S- Procurement 
Final Vendor Quotation 

Installation and 1/18/2021 8/27/2021 
Revised Detailed Installation of injection ports 

Construction: 
Design Report Commissioning of demonstration 

enuinment 

Task 6- Parametric Delivery of Sorbent Completion of 
Testing- Field 8/30/2021 9/24/2021 
Demonstration: 

parametrit: tests 

Task 7 - Data Reduction Revised Detailed 
and Evalua1ion of 9/27/2021 3/11/2022 De,ign Report Go I No Go Decision 
Parametric Testinn: RevisedTMP 

Task S - Extended 3/14)2022 4/8/2022 Completion of extended test$ 
Sorbent Testi=: 

Task 9- Oa1a Reduction 
Final R~port 

and nA 
4/11/2022 9/02/2022 Final TEA, Final 

TMP 

_,._, ..... ._. __ ,,... __ - ~-- --·•-·--- ----·---·----••·---- ..... ' ·-·-· ·--·~·-·· -·------·-··---·-----·-- -·---
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Pending a cost-share award by the NDIC. the project budget is ~ummarized as follows: 

DOE Funding: $4,000,000 
Cost Share (20%}: 

NDIC 
Minnkota Power 
UNO 
Otter Tail Power 
North American Coal 

Total: $4,999,412 

$400,000- Requested; Pending 
$200,000 (in kind) 
$199,412 (in kind) 
$100,000 
$100,000 
$999,412 

9 Budget 

Budget details are provided as Appendix A. letters of support for contributions are found in Appendix B. 



10 Matching Funds 
This application is a request for cost-share support for a DOE-sponsored project (Funding Opportunity 

Announcement Number OE-FOA-0001989). Interest in 1he 1echnology has been expressed by. 

1) Minnkota Power Cooperative, operator of the proposed demonstration facility, the MRY power 

station. They have offered $200,000 in-kind support for the field demonstration and if successful 

will consider the technology for future application. 

2) Otter Tail Power Company that operates the Coyote Station has provided $100,000 cash support. 

3) North American Coal (NAC) with $100,000 cash support. NAC mining company in ND provides 

the coal for Coyote Station. Their mine sediments and those from Center Mine, which supplies 

MRY. could be potential sources of low cost sorbents. 

4) University of North Dakota - lns1itu1e for Energy Studies will provide $199.412 as in-kind labor 

and lab facilities support. 

----------- ---------- - - ----



11 Tax Liability 

8;J1T does not have an ol.ll$tanding tax liability owed to the State of North Dakota or any of Its political 

subdivisions. 
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12 Confidential Information 
Confidential information is provided as Appendix F. 

-----.. -·- ·---
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~ Minnkota Power 
~ C O O P ERATIVE 

A 'fo,,u;lia1:.ene Bn~ Coopetri\>e 4~:. 
Mr. John I.ff, PE 
President and CEO 
Barr E~nee<lng Co. 
4300 Marlce!Pointe Drive 
Mlnne'llpolls. MN S!,43S 

530132"" Av~nue Sauth 
Grand fofb, ND 5lb01 

Phone 7oiL795.4000 
www.mlm1ltot«i.arm 

Re: Letter of CM1mer<:1~I Support of the proposal entitled 'MlijpUOn of Alkall Pi'omoted Ash Deposition 
and Emtssk>as from Coil Combustion" submitted In n!'Sl')Onse te> D&FOA-0001989 •1MPROVING 
EFFIOENCY, REUABIU'TY, AND FLEXl81LITY OF EXISTING COAL BASED POWER PLAt\.'TS" 

Oe~r Mr. Lee: 
Mlnnkota PowerCOOpenitive, Inc. (Mlnnkota) is pk!ilSEld tosupporttl,e proposal from the Barr Engineering 
Team tnat Includes Enve,gex, LLC, Mi.:robeam Teehnclogies l~c... University of North Oa~ota, and MU 
Consultin8 to develop a transformational teehnology that controb the formatlon of all.ell aerosols. 
Control!lng and redud11g tl-.e formation of the alkali vapors In the boiler has the potential to Improve plant 
performance by aecre~slng slaeginll and fouling as well ..s fine particle emissions, but ~lso can provide a 

step.tl\ange reduction !n er.er&'( penalties. 

Mlnnkota Is a not-for-profit electric generation and transmission cooperative he<adquartered In Grand 
Forks, ND. fomied In 1940, Mlnnkotv pr0\11des wholesale electrlcenergvto 11 member-owner clistrtbut1on 
cooperativeS located in eastern ND and northwest« MN. The prlmary source of electrlc generation for the 
Minnko'ta member-own ell', l$ the MIiton R. You'll Station (MRYS), a two-unit, lignite coal-fl re() power plant 
localed near the town of Center, NO. Technologies that manage and reduce the formation of alkall-based 
l!Quld phases and fine particles would be transfotmalional f01' the MRVS, both from an ash dep0$ltion 
standpoint and from a back-end pollutlon control standpoint. Management of alkall promoted ash deposits 

and fine partlcula~ wlll Improve operational efficiency and rellabllity. 

In the proposed project, the team's novel conc:epttarseis a reduction In the fonmtion of me offending.1sh 
deposit bonding materials and fine p~rticulate. The concept involves delivery of specific milterlals (low
cost s0t~nts) Into the boller, t~l'l!eted material preparation (to minimize SO!bent qu~ntltles), and unique 
methods of use (to moximlze reacti•ity and alkali vapor capture) to effectively capture VJporlzed alkall In 
the boiler. In this ;,pp roach, the sorbent concentrates the alkali vapor into ia!ller particles minimizing their 
availablllt.y for ash deposit formation arid also allowing for effective removal of the larger pirtlcles by 

eiclstina partlculate control equipment, such as electrostatlc precipltators. 



This technology Is of specific lnterut since It not only reduces fouling during operation of a combustio.n 
system Similar to MRYS, bllt ako can lead to a proactive technolos'fthat A!duces fine partlrul8te. Mlnnl<ota 
is pleased to provi(!e a total In-kind cost sh,1re esltmated at $200,000 subject to l)(Oject award by US 
Department of Eoergy and final review. Ii$ part of the ln-.lclnd cost, we a 11: proposing MRY Unit 1 as a ho.tt 
site for le$ling of the sorbent i"jedion. Some of the major tasks associated with the In-kind cost shore 
indude review and guid,1nce on design, pre-test delta gatherins to establish a baseline, tie-In support for 
the on-site testl~ and support during testing. Upon successful testing. an economic anal>r.;iS of a full scale 
system will drive consideration for future application. 

We look forward to worl:ir,g with your team on this project. If you h;flll' questions or requin! addlUonal 
information, please contact me at 701-794-7234, or at gpfau@mlookota.com. 

Gef,yl'fau 
Sr. Manager of Project Development 

Cc: Dan Laudal 
Cr.iig 81eth 
Stacey Dahl 
TimHagerott 
Andy Fll!ldt 
OvlanWolf 



C~te Station 
6240 131h Street Southwest 
PO BoxS39 
Beulah, Nol1h Dakota 58523-0339 
701-873-2671 
www.o!J)co.com 

Mr. John Lee, PE 
President and CEO 
Barr Engineering Co. 
4300 MarketPo!nte Drive 
Minneapolis, MN 55435 

~tiu 
POWER COMPANY 

Re: Commerciali:zation Lotter of Suppot1 of the proposal entitled "Mitigetion of Aerosol 
Impacts on Ash Deposition and Bmissions from Coal Combustion" submitted in response 
to DE•POA-0001989 "IMPROVING EFFICIENCY, RELIABILITY, AND FLEXIBILITY 
OP EXISTING COAL BASED POWER PLANTSPLANTS" 

Dear Mr. l.ee: 

As operating agent of Coyote Station 1, Otter Tail Power Company is pleased to support the 
proposal from the Barr Bngineel'ing Team that includes Envergex, LLC, Microbeam 
Technologies Inc., University of North Dakota, and MU Consulting to develop a 
transfonnational technology that controls the formation of alkali aerosols. Controlling and 
reducing the formation of the alkali vapors in the boiler has the potential to improve plant 
perfonnance by decreesing slagging and fbuling as well as fine particle emissions, but also 
can provide a step-change reduction In energy penalties. 

Coyote Station is an approx.imate 427 megawatt lignite-fired electric generating unit, located near 
Beulah, North Dakobl. The unit Is equipped with separated overfire air for nitrogen ox.ides control, 
aD.d a spray dryer followed by a fabric filter for sulfur dioxide and particulate emissions control. 
The Coyote Station owners are interested in this project not only fur the potential benefits to 
Nlduce CO2 capture cost and energy penalties, but also controlling the fonnation of the aerosols 
has the pobmtlal to improve plant performance by de,creasing boiler slagging and fouling. 

In the proposed project, the team's novel concept targets a reduction in the formation of the 
offending ash deposit bonding mawrials and fine particulate. The concept involves delivery of 
specific materials (low-cost sorbents) into the boiler, targeted material preparation (to minimize 
so1'bent quantities), and unique methods of use (to mllXimize reactivity and alkali vapor capture) 
to effeotively capture vaporized alkeli in the boiler. In our approach, the sorbent COl'lcentmtes the 
alkali vapor into larger particles minimizing tboir availability for ash deposit fonnation and a!oo 
allowing for effective removal of the larger particles by exMing particulate (:()nlrol equipm1mt, 
such as electrostatic precipitators. 

1 Coyotl: S!lltioo is jointly owned by Otter Tall Power Oimpany, Mootana-Dakolll Utilitic,s Co., NorthWostern l!nergy, and 
Northmi Municipal Power Agcacy. 



Co)'OtBS1atfon 
6240 13111 Street Southwest 
POBoX::139 
Beul!III, North Dakota 58523-0339 
701-873-2671 
www.otpro.com 

Coyote Station is pleased to provido a total of $100,-000 ($33,333 per year for throe yoars) in 
oost-sbare for the projeet, subject to project award by US DepartmentofEoergy and final review. 
Upon e:uc1:es,ful testing, we plan to QOllli!ider using the teehnology in full .scalo ~atlon In tho futuro. 

rfyou havo questions and require additional infom1ation, please contact me at {70 I) 873- 257 I. 

Sincerely, 

~~~--~<-<-
Brad Zlmi:;~. -

Coyote S1ation Plant Manager 
Ottet Tail Power Company 



febn.!efy 19, 2019 

Mr. John Lee, PE 
President and CEO 
Barr Engineet.ng Co. 
4300 NlarketPolnte Drive 
Minneapolis. MN 55435 

Noa __ ~•!U~AN _.,.,,,,_~ AL~, .... .,.,,,,--. ...,. w.,.,-.a ._ ___ 
CORl"CJPATIC/N 

L. 

-

Re: Letter of Commercial Sui:port fof tl'le propos-al emitted •Mrugatlon of Alkati 
Promoted Nh Deposition and Em!&$!®& from Coal Combustion· submitted in response 
tc OE--FOA.0001S&9 "IMflROVING EFFICIENCY, RELIAf!lL\TY, ANO FLE)QB!LITV OF 
EXISTING COAL BASED POVVER PLANTS' 

Dear Mr. lee: 

The Nofth .Americen Coal Corp0<&tion (NAC<>al} itJ plo"""'d to oupport the p<op..,al from 
the 6a!T El\gineerlng Team that lnciude& Erniergex, LLC, Mi<:«1beam Tei;hnola4!es tnc .. 
University of North Dakota, an<:S MU ConWltlnll to develop a tnlnsfonnlltional 
technology that c«1trol8 the forma6on of alkafl eeroa~ls. Controlling and r$docing the 
fonnalfon of the 8lka0 vapors ti the bo!ler hai; the potenUal to Improve plant 
p111formance by decreasing slagging end 1ilulln9 as well Q$ f,ne particle emissions, but 
also cen provide a f;!ep--change reduction In energy pooaltles. 

In 100 proposed pro}e<:t, the team's novel concept targete a reduotion in 1he formation of 
the offending ash depOSit bonding mirterial& end fine partlculerte. The concept lnvolve1, 
dell>'el'/ of speeific material& (low-Cfflit sorllent9} Into the boner, taroeted material 
preparation (to mtnlnize aomant quantttle$), and unique methods of ooe (to maxirrile 
reactivity and alksR ~apor caphlfe} to effectively cepl!Jre vaporlzeo aH<a~ in lhe boier. In 
our approech, the sorbent concentrates th& alkali ~apor iriw klrger pe,tid0$ minimizin!) 
their avallablltty for uh deposit formation and 11160 aftowfng fix effective remove! of the 
larger particles by existing partlcutam control equipment, eucl\ as electr~c 

preclpitatoci.. 

Tills technology I& of spe<:ific lnlerest tn NA.C<lal slnoe we currently have ooal mining 
operations 1n Nol!h Oal<.ota, Mistl&s~. New Me1':ico, Texat and Lou'isiana. Our North 
Dakota operations, where testing of 1h15 technology would be con<ilcted, Include 
Falkirk, Freedom, end Coyo1e Cniek ~ with a total annual produotlon (If over 25 
m'llloo tons annuelly. 

NACo111 is plea&ed to pr011lde a total coat-&hare of up to $100,000, over the 3--year term 



of fhe project, subject to projed _.d by U$ Department of ~ end final review. 
Upon 9Uoce6Sful leQrtO, we plan lo oonsider using lhe b!chnololJV In full sc;ile 

operatton In the future. 

If you have qu8S11ons « require aek111onal informa1fon, pleas,e do nat heeltale to ccmtacl 
m~. 

Ca!roll L. Dewing 
\l!oe Pr&Sldent -Opem!Oll8 

SMO'-YCIM.-lng 1,QOlo SCIO. Pion\ _ _,,141 •67W»1«16 •Ao< m&T-1328•--Lc.m 



UNIVERSITY OF 

February 26, 2019 

Nicole Ngyu.en 
Ban Engineering Co. 
4300 MBiketPointe Dr. 
Minneapolis, MN 55435 

NORTH DAKOTA 

INSTITI. '1'6 FOR ENERGY STUDIES 
COU.t!Ci OF BN'GINBEIUN'G AND MINES 

CO!.I.A'IIORATIV!! ENl!RG\' COMPI.BX ROOM 246 
211M CAMl'l:JS!tOAD-S!OP !IS:3 

CRAJ,.'D fORKS, NOIITfl DAKOTA S3201-IIU3 
PHONE (101} 777-:31,,2 JAX (11)1) 777-483& 

RE: Support for proposal entitled "Mitigation of Alkali Impacts on Coal-Fired Boiler and Emissions 
Contxol System", submitted in response to the U.S. Depa:ctment of Enezgy under Funding Opportunity 
Number DE·FOA-0001989 

Dear Ms. Ngyuen 

The University of North Dakota Institute for Energy Sllldies (JES) is please4 to provide this letter of 
commitment to Barr Engineering Co. for the subject•line proposal. We a..-e excittd to collaborate with Barr 
Engineering Co. in development of cle.y additives to help mitigate the impacts of alkali on coal-fired boiler 
performance. Our early work in this area has beeL highly successful, and we would like to extend the 
UJlique knowledge and capabilities gained from that project into new related applications. The UND team 
is capable of novel research and design at our state-of-the-&t facilities, has strong re\alionships with 
Midwest power and oil industry, and has eictensive experience with fossil generating systems. We believe 
that our progressive knowledge of the release of alkali and various ~bni.ques to render these alkalis 
harmless, combined with our experimental and modeling capabilities offers strong value to the projeet. 

The scope of work plrumed for UND is summarized as follows. 

Tuk 1-Projut Man•gement and Planning. Pl Junior Nasah will coordinate activities in otder to 
effe!:tively accomplish the work proposed by UND. He will ensure that project plans, results, and 
decisions are appropriately dooum.ented and project reporting and briefing requirements for UND's 
portion of the work a.re satisfied. UNO will provide input to the Project Maruigement Plan and 
Technology Maturation Plan as n.ecessary throughout the project to accurately reflect the current status 
of the project and the technology maturation. 

Task 2 - Laboratory Scale Testing. UND will be the lead on this task. 
S#btflSk Task 2.1-Feedstock sefection, preparlltion and d1tuaclert,.ation: This task will involve the 
following: 1) Procuring the test coals; 2) identifying end procuring up to five different sorbent materials, 
3) Characterizing the coals for proximate, ultimate and ash mineral analyses, 4) characterizing the 
sorbent ll)llterials to determine composition, size and morphology, and S) preparalion of the sorbent 
materials for testing. 
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Methotlglpa- The target market for the proposed technology i9 power genemion facilities firing high 
alkali COl.'lte!lt solid fuels, specifically low rank coals such as lignite and sub-bituminous; and co-firing of 
biomass. A high sodium coal will be obtained from the field tart filc:ility. The solid tuets will be 
c:haracterized for their prox.imale,. ultimate and chemical oomposition {sodium and potusium 
compoim.ds) and then pulverized to 1he target particle size. The sorbent .materials will be procmed, 
cmshed and pulverized to the desired perticle size distribution. The sorbent materials will comist of 
wmmercially available materials and low-cost affimiable alternatives, The low cost soxtents are not 
commercially available, so commen::ial sorberrts will be ub'ed as a sorbent pel'fonrumce benchmark. A 
screening and benchmarl:ing tool for predicting sorbent perfnrrnaoce will be developed by comparing 
morphological (porosity and sur&.ce area) and mineral properties of the commercial and low-cost 
sorbcnts. 
SllbtaJ.ft ll: Coal Testing mul .4Ndy,III: Detailed testing of the filela will be pe,fotmed with !he 
SQlbems. Prior to testing, lllOdificatiom ofUND's IO kW down-tin,d combustor (DFC) to m.cluda 
mdependent sorberrt injfflion and p06t combustion tempera1\lre fte:xi1rility will be performed. 1'hc testiD.g 
to be perfonned will ioclude ba&eliw:: pulveriz.ed coaJ combustion opemtion with measurements of 
detailed ash particle size distribution and ash composition versus si7.C, specifically vapo.rmble alkali 
(Na, K) components. The diffcxent sorbent materials will be evalualed fur their effectiveness as sorbe.nts 
for 1hc vapor phase alkali components BIid fur their ability to capture thB alkali. From these tes!li,. 
specific compositions/materials will be down-selected for pilot te6ling and for peduxnml!ce auributes 
Qoading, particle size) that detcnnine effectiveness. 
Methodology-A somm.ary of the test procedure is outlined below: 
• Fmnace upgrades through addition of an extended combustion mue,. automated data ~ 

rep!acem.ent of .refhlctol}' walls and an independent 90Ibent injection system, The mended 
combustion zom will provide tempemture flexibility to better simulate n:leV!Wt temperature profiles 
~ in a full scale filcllity as n=rult of modificati0ll8 such a, combustion s1aging and low load 
operation. The sorbent injection system allows for flexible e.ddi:tive addition during runs. 

• Baseline pulverized C98I co«nbustion testiDg to determine fate of al.k:sli during combustion in the DFC. 
In the absence of heat exchange surfaces in the bench scale unit. de-volatilizNi alkali are expected to 
C011den.se out as ultra-fine and fine aerosol particulates. Particula!e sampling at the exit of the 
combastor will be conducted with a pre-separator cyclone in serie9 with a Dekmi® Low Pres9ure 
lmpactor(DLPI)-a~-of-1he-art13-stagecascadeimpactorformeasuringgravimetricplllti.clesize 
dismlMmon of very Slllllll particles. The cyclone removes a majority of particles larger 1han 10 micron 
hm 1he sample gas stream. This allo~ a sufficient quantity of smaller particles robe colfe=d in the 
DLPI impactor and minimizes~ bounce-off of largi,r partu;lu whid1 skews the data. Th6 cycJonc. 
DLPI combination siz'.e-classifies pa:lticlcs wm 10 microm (µID) to 30 run, and a bulk filler stage 
enables collfflion of particles smaller than 30 nm in di.amea-. 

• Fuel•Sorbent testing at one loading rate. During combustion. the sori:lent acts a reactive species for 
"neutralizing" the albli vapors and segregating them to e.asy•1X>-cllpQll.'e particle sizes, The smteat 
will be oo-fed to du~ DFC along with each solid fuel/coal at a fixed loading. Previous tedmology 
development showed a sorbent-coal loading of2% providing acc:eptable performance. Thi& sa-eeniug 
step will .::stablish the benchmark pan,mete."S for ~ll SOWl:llt. ~ dalll. will be used in the TEA to 
evaluate commercial viability of the technology as a functioo of fuel {lignite, sub-bituminous and 
biom.&S$) market. A total of IS tests are planned. 

• Extended testing of pilot coal wid!. optimal sorbent. This testilJg will mew; on geneming key data for 
the pilot te,t campaign. Most viabl11 and commercially available sorbent identified in the pm,iollS 
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step will be subjected to additional panunetric testing with a focus on sorbent loading and particle 
size. A oorrelation betweeo both filctors will be developed to facilitate design and procurement of the 
pilot-scale test system end soroent materials. The actwi.l target size of the sorbent as delivered into 
the boiler system depends on the effectiveness of the pilot scale system, by establishing a 
performance correlation of particle size and sotbent loading, it will be possible to estimate the 
amount of so:rbent needed for pilot testing once the capability of the test system is oonfinned. Three 
levels of each factor (low medium and high) '11,,ill be te,,ted for a total of nine runs. 

~ Analysis of ash samples. Samples collected during testing in the previous steps will be analyzed to 
determine the fate of sodium, the final chemical nature of the sodium and the quality of the ash 
genemted. Analysis will se.ek to confirm that the sodium i, reporting to ash size fractions that "'ill not 
contribute towards fouling and verify how the final ash quality is affected. Samples collected on the 
DLPI stages "':ill be subjected to elemental analysis by Inductively Coupled Pla.sma Mass 
Spectrometry (ICP-MS) for quantitative data on fate of elements. 

Tuk 3 - Sorbent Injedion Modelling - CFD: Modelling using Computational Fluid Dynamics (CFD) 
will be performed to understand distribution of $0[benl in the flue gas strc:am and identify optimum. 
injection locations. FluentTM software available at UND will used for modelling. Procl:ss conditions 
(1emperatutes, gas volum.eslflowrates) and design specifications will be obwned. from the demonstration 
facility for this task. Different injection locations will be tested using ttacer distribution and mixing 
models. Investigatio!IS will focll.!I on identifying: 

• Injection conditions and l.oc.ation to obtain optimal penetration and distn'buti.on in the boiler 
system. Effectiveness of sorbent is dependent on optimal distribution within boiler. 

• Boiler temperature profile versus extent of sorbent distribution. Distribution of sorbent needs 
to occur in boiler location with temperatures at which sorbent pm'o:rmance is lllllXimized. 

Task 4 - Equipment Design and Sizing for Pield Demonsmufon: Bastd on the results of Tusk 2, 
scale-up oonsidemtioll.9 f'!f sorbent preparation, loading and injeA:tion will be evaluated for the field 
demonstration, Additional filctors also evaluated will be impact to existing coal-feed systems and down
stteam particulate controls systems. This task will require close communication with demonstration 
facility, equipment suppliers and recipient. UND will provide =istallce to Barr Engineering in 
developing a gener1ll process flow diagram and material and enugy balances, providing input into the 
detailed de&ign of injection equipment and lhe sensitivity analysis, and help finalize technical design 
with. optimized parameters from demon.'>tration site. 

Task 5- Procurement., Installation lilnd Construction: The UND team will provide consultation to 
Barr Engineering in Task S using the experience gaw.cd during the bench•1esting and the CFD modeling 
to help with selection of equipment and incorporating the equipment into the Milton R. Young plant. 

Tak 6- Parametric Testing- Field Demonstratlo11: This task will consist of the actual soroent 
injection test C8lllpaign and will focus on evaluating key pm-ameters - effect of grind, effect of feed as a 
function ofload, plant loading (boiler temperature in system}, effect of combustion staging and the 
effect of alkali levels in coal. UND will provide manpower and equipmelII in support of the sampling 
team and injection team. Power plant data will be collected real time during tming and injection will be 
adjusted accordingly to match load. Key data collected form plllllt during injection will consist of coal 
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feed mte/boiler heat input, plaut load (sub-divided Ullo three aitepries oflow, mid and high), 
inJet/oviJet tempDm~ of the heat exchange Maces (c:onwctive pa.v. economizer, air prehea:r) where 
imilable, swam production rail:, illJct/aotlet t.emperature ofperticulatc control devices, soot blowing 
activity, secondary CUJfeJlt and voJmse of the ESP to detennine any impacts on performance due to uh 
loading varialio.ns. UND has experience in sampling coal, DLPI. Method 5 and opacity measumneat 
including past sampling work at the Milton R. Youug Power Plant 

Tade. 7 - Data Redaction and Evdunon of Parametric Teaing: Upon completiOll of Task 6, the 
data collected will be reviewed and a complete description of the rare of alkali dwing the ~st camprign 
will be determined along with the impact on fouling mitigation. The UND team will assist in puformillg 
the mass balanoe of the alkali based on analyses of coal samples,. slag and ash. This balance will be 
~ with plant ope.rating conditions to Identify ttends. The 1eam will also assist in the 
dt.M,lopment of an updated testing program. 

Tadt 8 - E:aended Sorbe11t Tenta,;: This task will consist of w, ""1aldr.d sorbent iltjection test 
campaign after identifying optimlml parameters from Task s and 6. During this test campaign, injecoon 
will be varied to match plant load. The UND team will proviru, similar sup,Port as proposed in Task 6 to 
support the extended testing. 

TS.Ilk 9-Daca Reduction and Teduto-Ecanlllllic Alliessmeat: Upon reduction of the data ftom the 
emnded injection testing, UND will assist BARR in finalizing the Tec:hno-Eoooomic Assessment 
(TEA) and Technology Maturatiao Plan (TMP). 

We ate very excited 10 continue our collaborations with Bazr and look forward to a .suc«ssful proposaJ 
outcome. The proposed budget for UND for this 3-ye.a:r project is $790,000 es summarized in our attached 
budget docwnents. UND will be pro'l'iding $199,412 in cost ~ and is requesting the lffllaining 
$590,588 from Department ofBnergy funds. If there are any questions. please do not hesitate to comact 
us at the letterhead addre.ss, or at die COD1act information of Mr. Junior Na.sah, who will be tbe Pl fur 
UND's scope ofwmk on this project-junior.n.a.sah@und,etlu, 701-m-4307. 

Sincerely, 

Dr. Michael Mann 
Bxec1llivc I>irec1or 
Institute for Energy Studies 
University ofNorth Dakota 
micllaetlllllnll@und.edu 

1;;&.Mi:lzel 
GreDis ~CM 

Division ofksearch and Economic 
Development 
University of North Dakota 
jamie.miu:el@und.edu 



February 21, 2019 

Mr. John Lee, PE 
President and CEO 
Barr E!ngin.eering Co. 
4300 Marlcet Pointe Drive 
Minneapolis, MN 55435 

Re: Support oflhe proposal entitled "Mitigation of Aerosol Impacts on Ash Deposition and Emissions from Coal 
Combustion" submitted in response to DE.-FOA-0001989 "IMPROVING EFFICIENCY, RELIABILITY, AND 
FLEXIBILlTY OF EXISTING COAL BASED POWER PLANTS"' 

Dear Mr. Lee: 

The Lignite Research Council (LRC) is pleased to support tht proposal ftom the Barr Engineering Team that includes 
Bnvergex, LLC, Microbeam Technologies Inc., Universily of North Dakota. end MW Consulting to develop a 
11ansfonnational tedmology tbal controls the fotruation of alkali aerosols. Controlling the formation of the aerosols 
has the potential to improve plant performance by decreasing slagging and fouling as well as fine particle emissions 
but also can provide a step-change reduction in energy penalties. 

We are highly encouraged by the preliminary work perfom1ed by E.nvergex and the UNO team under their previously 
funded STfR grant. The results of their early work demonstrate potential to mitigate a numbe.r of problems associated 
with the formation qf aerosols. The proposed !'Olutioll appears to be one that can be effectively integrated into the 
fleet of lignite generaling systems in our state. As such, this project is a good fit with the mission of the Lignite 
Research Council. Your proposed project serves the needs of our members which includes mining companies and 
major users of lignite to generate electricity, synthetic na!ural gas, and other byproducts. 

We are pleased to see the support this project has received from induslly in the State including Nol1ll American C<>al 
Corporation, Minnkota Power Cooperative, and Otter Tail Power Company. As a part ofthls project, the NDlC will 
provide $400,000 in ca..".b cost share to match that provided by your industty partners. The cost share will be provided 
over the 3-year projoot duration and is subject to a project award by the US Deparnnent of Energy, The cash support 
will be contingent upon submission of a proposal to the Norlh Dakom Lignite Research Program and subsequent 
approval by the Lignite Research Cotm.cil and the North Dakota Industrial Commission. It is understood that this 
lignite research program funding will provide cost share to federal funding from the U.S. Department of Energy 
(DOE); therefore, LRC certifies that its c.ost..share fundiog will comprise nonfederal dollars and will not be used as 
federal malch 011 any other project. 

We hope thal DOE gives careful consideration to this project as we feel that if successful, ii will significantly 
contribute to the development and deploymeDl of a vlable method for mitigating the impacts of aerosols emissions. 
Again, we express our interest in and support of the project and look forward to working with DOE and projeot co• 
spo.nwrs and adviso!'1l on the this important project. 

Sincerely, 

ef $, :¥✓.:,_. 

Mike Holmes 
Director & Technical Advisor 
Lignite Research Development and M.a:rkl:ting Program 



AppendlxC 

Resumes of Key Personnel 



Richard Rardegger 
Vice President, Sr. Environmental Engineer 
Barr Engineering Co. 

Ed11catioo and Training 

• South DakotaScltooJ of Mines& Technology, Chemical Engineering, B.S., 1991 

Research and Professional Experienl.'e 

• Prepared a Prevention of Significant Deterioration (PSD} air permit application for a 99 MW 
lignite-fired combi11ed-he<11-and-power facility that provides process steam to ethanol and malting 
plants. The project uses a circulating fluidized-bed boiler with spray-<iry and haghouse control of 
acid gases and particulatA:s and seleGtive non-calalytic reduction (SNCR) for NOx control. Three 
gas• or oil-fired auxiliary boilers provide backup and peaking capacity. 

• Prepared environmental approvals for the installation of a 170 MW gas- and oil-fired peaking 
turbine at an existing RDF-ftred power plant. Key regulatory hurdles involved cumulative 
impacts from air emissions deposition on area lakes and subsequent human-health risks. Work 
included conducting a study focused on metal and persistent organic-compound emissions fi'om 
the existing ru)f boilers; the study showed that emissions occurred at less 1han background 
levels. 

• Managed an engineering cost-estimate development for a demonstration-sc.ale solid sorbent-based 
carbon-capture process for a coal-fired boiler system. 

• Managed the preparation of a PSD air permit application for a 1.2 million-ton-per-year integrated 
steel-making operation. Air emission sources included mining, taconite pellet produtlion, direct 
reduced iron, electric arc furnaces, and rolling mill. Close proximity of the plant and mining 
operations lo residential properties and to Class I protected areas presented significant challenges 
to dispersion modeling and health-risk assessment analyses. 

• Managed emission-source testing projects for utility, mining, and manufacturing sources. EPA 
test methods used for criteria and hazardous-air-pollutant (HAP) sampling and analysis. 

• Prepared a PSD permit application for a six-unit, gas-fired simplo-cycle power plant in soulhem 
Minnesota. Key efforts centered on the BACT determination for NOx ()()Dtrol. 

• Managed EJS preparation for a 1.2 millioD-ton-per-ye.ar integr<lttd steelmaking project thal 
included all asp= from mining iron ore to finished steel. Key issues addressed included air 
emission impacts on Class I areas of northern Minnesota, ultimate water discharge impacts to the 
Jl.,fississippi River, and modeled impacts on human health and ~ology. 

• Coordinating prepara:tion of an EA W for a 6 MW anaerobic-digestion-based power project. The 
project is defined as a fuel conversion facility, which is a mandatory EA W category in 
Minnesota. The project will be primarily challenged by wastewaler discharge limitations, whether 
as a direct discharge or via the POTW. Potential odor emissions and fue impacts ofsignificant 
new truck traffic are also addressed by the EA W. 

• Oversaw ambient air monitoring project in the Alberta oil sands to support identification of odour 
source~; oversaw annual fugitive greenhouse gas emissions monitoring proj~ at oil S81lds and 
coal mining sites. 



• Panicipated in an air-pal.hway analysis for air toxics at a used-oil re-refinery site. To obtai11 air 
emissions dala, the an.alysi., employed flux-chamber testing ofHAPs from source material 
through various stages of a p:retteatment system. 'This information was essential to completion of 
a risk assessment for material-handling activities rel111ed to site remediation. 

Synec-gistic Activities 

• Regulatory pennitting (air emissions) for coal fired power plants in Minnesota and North Dakota. 

• Emissions control options evaluation (BACT reviews) for coal-, g;is- and biomass-fired utility 
units. 

• Stack testing projects for combustion emissions from commercial/industrial- and utility-scale 
units, multiple solid, liquid and gaseous fuels. 

• Ambient air monitoring projects in support of compliance for industrial and utility sites. 



Nirole Nguyen., PMP, PE 
Project Manager, Chemicnl Engiue,er 
BIIIT Engineering Co. 

Education and Trainiog 
• BS, Chemical Engineering, University ofTole<lo, 2005 

• PMP Certification, February 2019 

Researth and Prof~iooal Experieooe 

• 2012-Pre.,ent: Chemical Engineer, Ban Engineering Co. 

Work with clients in the power, energy, mining, and fuels industries, serving as a project maiiager 
and lead process-design engineer. Tasks include developing detailed cost estimates and 
performing budgetary feasibility studies, detailed design and procurement for plant betterment 
work, construction and commissioning support, risk assessments and conlract and subcontract 
management. Relevant project experience includes: 

• Managing boiJer house installation projec1 tbal included procurement of two 1200 
horsepower steam boilers and detailed design of a new boiler house. 

• Managing a dry-transfer-system study and detailed design projeot for a confidential 
power producer in Nonh Dakota with engineering fees totaling $1 million. 

• Managing preliminasy design and budgetary cost estimates for new natural-g.u engine 
systems integr.Ued with coal and gas power plants. 

• Leading multiple cost evaluation studies for bottom-ash and gypsum dewatering that 
were driven by coal combustion residuals (CCR) regulations and effluent limitations 
guidelines (ELG). 

• Evalnating environmental control systems and preparing cost estimates for a several 
power plants, manufacturing, and phamiaceutical facilities. 

• Reviewing process design, managing procurement of plant valves and iostrumentalion, 
and authoring functional descriptions of major systems for an anaerobic-digestion power 
plant in Minnesota 

• Leading P&ID design and instrumentation and control development for a new activated
carbon production facility. 

• 2006-201 I: Environmental Process Engineer, Babcod and Wilcox Company 

Served as lead process wet FGD engineer and single-point-of-contact discipline lead for the $500 
million AQCS installation of five units in the eastern U.S. Perfom1ed startup, commissioning, and 
testing as a field process engineer fur a 3,400 MW wet FGD system installation project in 
Michigan. Served as resident engineer onsite at power plant for over 1 year. Performed guarantee 
testing for multiple wet FGD systems along the eastern U.S. 

• 2005-2006: Process Engineer, SSOE Group 

Served as a process design engineer for a privately owned, ISO 9001-«rtified, international 
engineering, procurement, conslIUction, and maintenance (EPCM) finn based in Ohio for part of 
a year. Responsihilities included working on contracts with solar-panel manufacturing facilities 
and refineries. 



Synet'gistic Activi1ies 

• Provided onsite engineering and oversight for a DSI injection on.site test, which included a one 
week test, rental testing trailers with onsite milling, and stack and Jab testing in 2016. 

• Worked with federally funded support teams to conduct a process review and create budgetazy 
cost estimates for rare-earth element extraction system and carbon capture systi:m (CACHYS) 
2012-2018. 



BruceBrowttS 
Senior Consultant 
Barr EogineeringCo. 

Education and Tnlining 

• Michigan Technological University, Bachelor of Science, Mecltaaiul Engineering, 1972 

• Universiiy ofMinnesota-Duhrtlt, Masters of Business Administration, J989 

Research and Proffflional Experience 
• 2008-Pre~ertt: Senior ConJulrant, Barr Engineering Co. Project/Engineering Manager for complex, 

large, high-profile capital projects. Project work has entailed: 

• Serving as engineering manager for the Groot River Energy coal-drying project; coordinaied 
multiple enr.-ineering disciplines, provided projec1 schedules, and developed several conslnlction 
specifications. 

• Serving as lead mechanical engineer for a new combustion-air-preheating system; developed 
design criteria for the process along with component specifications. 

• Developing a suite of technology options for compliance with new regulations along with capital 
and operating conceptual cost estimates for an environmental =ning study at a coal-fired 
power plant. 

• Developing oonceptual site arrangements, component speciftcelions, bewmaterial balances, and 
conceptual cost estimates for capital and O&.M for a carbon-cap11.1re-1eehnology st\1dy. 

• Developing site arrangement, equipment general arrangements, process flow diagrams, electrical 
single-li11e drawings, foundations, and new structures for a biomass fuel-handling retrofit project 

• 2003-2008: President, Browers Consulting LlC. As a management consultant, performed technical 
and financial analysis for capital project domestically and internationally, including: 

• Developing market analysis, capital cost, operali.ng cost, business pro-forma cases for a trade 
developmentassocialion (TDA) desk study for refined oil products pipeline iD Rwanda. 

• Reviewing conceptual designs; developing estimates for capital cost and operating cost; and 
developing business pro-forma cases for two hydroelectric projects fur a TDA definitional 
mission study in Rwanda 

• Performing fuel assessment studies, developing preliminary plant design concepts, advising on 
preliminary PPA terl!ls, and acting as owner's engineer for merchant power development in 
Uganda. This work for a confidential client was an investigation into the creation of a privately 
owned power development in a country with govemruent-owned utilities. 

• Reviewing several natw-al gas, hydro, coal, and renewable projects for potential IDA definitional 
mission fonding in Tanzania. Project work resulted in a grant from the U.S. federal government to 
underfunded Tanzanian government agencies for the hiring of an American-1rained regulalor. 

• Reviewing generation technologies that provide estimates of capital cost, operating cost, fuel 
cost, and total busbar cost. 

• Reviewing technologies that provide estimates of capital cost, operating cost, and total yearly cost 
of pollution control. 



• Conducting technical and feasibility studies for biomass-fueled power plants. 

• Serving as an internal owner's engineer, providing technical analysis for site selection, water 
supply, site arrangemeot, cogiru:ering design criteria, and pennitting for a two-phase 1200 MW 
lOCC project. Also provided steam profile, boiler/turbine size, capital cost, operating cost, total 
prodWltion cost for steam/electricity for a 2S MWe, 1 SO MWt CHP facility. 

• 1977-2003: Deporiment Manager/Smior E11gi11eer. Minnesota Power. Analyzed plant operations 
and executed capital proj~s for the Power Generation Division. Work included: 

• Project managing the acquisition and boiler expansion of a CHP projea at a large paper mill. Led 
the engineering portions of due-<iiligence efforts related to the purchase of the assets, developed 
the costs structure for tlte pro-forrna business case; led conceptual development, engineering, 
permitting, construction, and installation of two gas-fired packaged boilers. 

• Leading a multi-team effort to develop a 250 MW. fluidized bed-coal/biofuel CHP facility to 
provide steam to a major paper mill and merchant power to wholesale marke1s. Supervised Che 
work of Pohjolan Voima Oy Engineering and Electro watt Ekono in Helsinki, Finland and loo 
detail design and permitting efforts. 

• Leading the development of a 175 MW natural-gllS-fired peaking fucility. As project manager, 
Bruce negotiated the combustio11 turbine contract, evaluated and awarded engineering, 
equipment, and construction contracts. He successfully acquired all permits and land. 

• 1972-1977: Power Statio11 Eligineer, Dafryland Power Cooperative. Analyzed plant operations and 
designed capital projects for the power plant Developed test procedures for all major equipment, 
conducted routing equipment tests and recommended changes to operation. 

Publkations 

• "Using Emissions Trading to Optimize Environmental Compliance Costs," EnergyPulse, :2004 

• "Pour Events Shape IOCC,'' Ene!:gyPulse, 2004 

Symt'gistic AaivitiES 

• Conducted techno/economic analysis for an innovative carbon capture process, including developing 
integ,:ated power plant beat balances and cost of electricil;)' calculations 

• Served as owner's engineer for an integrated coal-gasification combined-cycle power planl 

• Setved as engineering manager for the detail engineering of Great River Energy's innovative 
Dry Fining process al the Coal Creek Station. 

• Conducted techno/oconomic analyses for energy projects in several east African countries. 



Chll.d Haugen 
Senior Proce58 Enginee«' 
Bsrr Engjneding Co. 

Education and Training 

+ University ofNorth Dakota, Chemical Engineering. Bachelor of Science, 2008 

Research aad Professional Experience 
• 2012 to present: Senior Process Engineer. Barr Engineering Co. Project manager and process 

design engineer for me earth leaching from lignite coal and geothermal brines, water/wastewater 
tream1ent design for refineries, municipalities, and manufacturing, Conducted system altemlllives 
review for mercury removal from iron pellet furnace exhaust, including reviews of removal using 
activaled carbon and halide injection. 

• 2008-2012: Production Engineer, ADM Com Proce.,sing. Process engineering involving 
n1anaging and con1pleting projects to improve safety and efficiency for processing com into 
different products such as ethanol and oom syrup. 

• Summer. 2007: Engineer Intern, ADM Soybeari Processi,1g, Decatur, J1,, Engineering intern 
working on process improvement projects and safety evaluations. 

Synergi,ticActivities 
• Completed energy assessments under the U.S. EPA 's boiler ma.'timum achievable control 

tedlJlOlogy (MACT) rule for facilities in the power, refining, and manufacturing industries. 

• Developed cost improvement project recommendations to increase efficiency for boilers and 
process heaters in an effort to reduce greenhouse gas emissions. 



Michael D. Ma.on, PhD 
E1:ecutive Director, Institute for Energy Studies 
Chester Fritz Distinguished Professor, Department of ChemlcaJ Engineering 
University of North Dakota 

Education and Training 
Mayville State University 
University of North Dakota 
University of North Dakota 
University of North Dakota 

Chemistry, Mlllhematics 
Chemical Engineering 
Business Administration 
Energy Engineering 

Research and Prof-ionaJ Experience 

B.A., 1979 
MS~ 1981 
M.B.A., 1987 
Ph.D., 1997 

2014-Presenl: Exec wive Director, huritute for Energy Sllldte4. Help realize the lnslitute's goal of 
developing UNO into a premier ":Boelgy University" that "inspires the ~on of new knowle~ to 
enable the development of revolutionary energy technologies, train the next generation of energy 
ex.perts, and establish advanced industries required to make affordable emissions free energy 
technologies a reality." Responsibilities include identifying key techni.cal and economic barriers to the 
development of secure, affordable, and reliable energy production technologies; identifying proposal 
opportuniti~ and develops new relalionships with potential partners; and drawing from resources across 
campus building teams to deliver the research, education, and olllreach required to meet the needs of 
public and private partners. 

2009-14: College of Engineering (Associate Dean 2013-14: Asso,,-iate Dean for Resea,ch 2009-13). 
Provide advice and support to the Dean in issues related research and development within the college 
and support academic affairs. Responsible for the implementing the college's major research goals, 
prODloting a culture of resean:h in the college, enhancing research opportunities for faculty and students, 
and providing adn1inistrative oversight for proposal submittal and ~accoUIIling. 

2008: Interim Dean. UND School of Engineering and Mines. Responsible for all academic and research 
activities within SEM. In this role he expanded his lesderg})ip experience and broadened his overview of 
ttte campus wide talents and opportunities for enhancing UND's reputalion as a leader in energy 
research and education. 

1999- Pres,mt: UND Departrnem of Chemical Engineering (Professor, 2006-present; Chair 2005-13; 
Associate Professor. I 999-2006). Developed a reputalion as an eogagmg teacher, excellent researcher, 
and inspirational leader. Awarded UND's highest honor, the Chester Fritz Distinguisbe<I Professorgltip 
in 2009 in recognition for his aocomplishments in research, teaching, and service. Led the Department to 
UND' s top departmental awards fur Excellence in Research iD 200S and 2011 and Excellence in 
Teaching in 2007. Co-founder of the SUstainable eNergy Researoh, Infrastructure, and Supporting 
Bdll£ation (SUNRISE) group in 2004. SUNRISE now has over 30 faculty participants from 12 different 
departments and 4 North Dsloota Universities with over $20 million in research grants. 

1981-99: UND Energy & Environmental Research Center {Sr. Research Mgr, A.dl,anced Processes and 
Technologies 1994-99; Research Jlfgr, Combustion Systems 1985-94; Research Engineer 1981 ~5). 
Activities evolved from hands on research to the development and marketing of ideas and wcbnology. 
Involved in a wide range oftechnolog.y development, including enct'gY production from combustion and 
gasification, wind, and geotllennal resources. Highlights include management of over $'15 n1illion in 
research proj~ts; design, install«tion, and operation ofa 1 MWt11CFBC; design, installation, and 
operation of a 250 lb/hr gasifier; development of small power systems for Alaskan villages; and the 
development of a small-modular fluid-bed combustion system (0.S to S MW) 



Relevant Pnblicatioos (selected from over 150) 

• Michael Mann, Daniel Laudal, and Steve Benson, "Maintainmg Coal's Prominence in a Carbon 
Constrained World", Keynote presentation: 2017 lntemalional Conference of Coal Science & 
Techllology, Sept 20 l 7. 

• Johan11es van der Watt, Daniel Laudal, Gautham Krlshnamoorthy, Hariy Feile11, Junior Nasah, 
Michael Mann, Ryder Shalbetter, Teagan Nelson, and Srivats Srinivas8(:har, "Development of a 
Spouted Bed Reactor for Chemical Looping Combustion", Journal of Bnergy Resources 
Technology, 2018. 

• Daniel Laudat, Brinany Rew, Steve Benson and Michael Mann, "Technical and Economic 
Feasibility Analysis oflntegrating Activated Carbon with Heating Plant", 2017 International 
Pittsburgh Coal Conference, Sept 2017 

• Mann, M.D.; Knutson, R.Z.; Erjavec, J.; Jacobson, J.P.; "Modeling Reaction Kinetics for a 
Transport Gasifier~, Fuel 83 2004 1643-1650. 

• Fix, G; Se.imes, W.; Sisk, D.; Miller, D.; Betison, S.; Manrl, M.; "Studies of Coal-Ash Fine 
FragroeJ)tation Mode Formation Mechanisms During Combustion"; Fuel Processing and 
Technology, 2010 

• Chenguri Qu, Mo Zhang, and Michael Mann, "Effect of Combustion Temperature on the .Emission 
of Trace Elements under 02'002 Atmosphere during Coal Combustion", IOP Conference Series 
Earth and Environmental Science, 2018. 

• U.S. Patent Number 6,053,954, Methods to Enhance the Properties of Hydrothermally Treated 
Fuels, 2000 

• Karki, S., Mann, M.; Salehfar, H.; ''Substitution and Price Eflects of carbon Tax on CO2 
Emission Reduction from Distributed Energy Sources", Asian Journal of Energy & 
Environment" 

• Bandyopahdyay, G.; Bagheri, F.M.; Mann, M.D.; "Reduction of Fossil Fuel Emissioa in US: A 
Holistic Approach Towards Policy Formulalion", Energy Policy; 2007, 35 (2) 950-65. 

• Sondreal, E.A.; Benson, S.A.; Hurley, J.P.; Mann, MD.; Pavlis.h, J.H.; Swanson, M.L.; Weber, 
G.F.; Zygarlicke, CJ. "Review of Advances in Combustion Technology and Biomass Firing". 
Fuel Processing Technology 2001, 71 (1-3), 7-38. 

• Zhao, Y., Mann, M.D, Pavlish, J.P., Mibe<:k, B.A.F.; Dunham, G.E.; Olson; E.W.; "Application of 
Gold Catalyst for Mercury Oxidation by Chlorine", Elivironmmta/ Science and Technology; 2006 
40: 1603. 

• Karki, S; Kulkarni, M.; !\1ann, M.D.; Salehfar, H.; "Efficiency Improvements through Combined Heat 
and Power for On-Site Distributed Generation Technologies", Cogeneration and Distributed 
GenerarionJouma/, Vol 22, No 3, 2007, pp 19-34. 

• Feng Xiao, Alemayehu 8edane, Julia Zhao, Michael Mann, and Joseph Pignalello, "Thermal Air 
Oxidation Changes Surface and Adsorptive Properties of Black Carbon (Char/Biocbar)", Science of 
the Total Environment, 2018. 

Synergistic Activities 

Dr. Mann's principal areas of expertise include multidisciplinary and integrated energy and 
enviro11D1ental projeclS emphasizing a cradle-to-grave approach; development of energy stta\eg.ies 
coupling thennodynamic-s with political, social, and economic factors; selection of optimum uti!iution 
processes emphasizing renewable energy and clean coal technologies; and integration of effluent 
treatment and emission controls. 

Major active projects include "Preparation ofGrephene-Modified LiFePO, Cathode for Li-ion Battery," 
"Investigation of Rare Earth Element EX!Taction from North Dakota Coal Related Feedstocks," and 
"Supercriticel Treatment Technology for Water Purification." 



JwoorNimh 
Major Projects Manager 
Uniffrsity of North Dakota 

Education and Training 

• Univers~ ofBuea, Cameron, Chemistry, B.Sc., 2007 

• University of North Dakote, Chemical Engineering, M.Sc, 2012 

• University of North Dakota, Chemical Engineering, Ph.D., 2020 (Ongoing) 

RfSellrch and Prol'es8iooal Eq,e.ieu.::e 

• 2()19-Presem: Major Projects Man.ager, UNDlnstitutefor Enr:rgyStudies. 

Primary roles include developing and writing major funding proposals, managing major research 
projects, coordinating JES research staff and students, and p=ss desigo/development of innovative 
solutions to challenges in the energy industry. Primary research areas include aerosol formalion, 
measurement and mitigation, chemical looping combustion, fluidittd bed operation and air pollution 
from fossil fuel combustion. 

• 20/2-2018: Research Engineer, UND Institute/or Energy Studies. 

Primary role involved developing and managing research projects specifically in pollution control 
lroni energy-based sources. Was in charge of lest program for measuring occUITence and distribution 
of alkali-based aerosols during combustion of ND lignite. 

• 2010-2012: Graduate ReseaJ'Ch A:Jslsrtml, Depa:,tmenr of Chemical Engineering. UND. 

Investigated the effectiveness oflllilored sorbents to prefereillial!y adsorb oxidized mercury from flue 
gas and scrubber waters. 

• 2009-2010: Undergraduate ReseaTchA.ssistant, Departmento/Chemical Engineering, UND. 
Investigated the effectiveness of uolite c.11alysts in improving the aromatization of short chain 
hydrocaroons. 

Pubkations 

• Srinivasachar, S., Naaah, J., Laudal, D. "Mitigation of Aerosol Emissions from Solvent•bllSed Post
Combustion CO2 Cap1Ure Systems." US Department of Energy Agreement No. DE-SC00I 5737, 
Final Report, April 2017. 

• Nasab, J., Jensen, B., Dyrstad-Cincotta, N., Gerber, J., LaU<!al, D., Mann, M, Srinivasachar, S. 
"Segregation of Unreacted Char front Oxygen Carriers During Chemical Looping Combustion." ~ 
International Conference on Chemical Looping. September 2018. 

• Pei, P,, Nasab, J., Sole, J~ Korom, S. Laudal, D., Barse, K. "Investigation of the feasibility of 
underground coai gasif1C$on in North Dako1a, United Stales:''Energy Conversion and Ma11agemen1. 
Volume 113, I April 2016, pages 95-103 

• Pei, P., Barse, K., Gil, A. J., Nasal!, J. "Waste Hell! Recovery in CO2 Compression" lnten1a!ional 
Journal of Greenhouse Gas Control. Volwne30, 2014, pages86-96. 



Syllet'gistic ActMties 

• Mr Nasab has specific expertise in operation of low-pressure impactors for particulate capturing. His 
past experience involves using impactors to capture sub-micron ash particulates to determine alkali 
dislribution in gas stream. He has lod multiple field-sampling test campaigns involving eKtractivc 
particulate sampling using low-pressure impactors and bulk filters. 

• Mr. Nasah has extensive experie11ce operaling UND's coal combustion bench equipmen~ including a 
5 kW bubbling bed combustor and a JO kW down-fired pulverized coal combustor. He also has 
experience with analytical equipment such as Flame Atomic Absorption specll'ometers (FAA), 
Inductively Coupled Plasrna - Mass Spectrometm (lCP-MS), Carbon Analyzers, Continuous Gas 
monitors for mercury, sulfur oxides, nitrogen oxides and other gas oxides. Mr. Nasah has expelience 
in sample preparation techniques for analytical equipment, including sample digestion and 
conditioning. 



Gautbam Krishna.moortby 
Associate Professor 
University of North Dakobl 

Education and Training 

Bangalore Universil)', India 

University of Utah 

University of Utah 

Research and Professional Expe:r:lence 

Chemical Engineering 

Chemical Engineering 

Chemical Engineering 

B.E.ChE 

M.S.ChE 

Ph.O.ChE 

1998 

2002 

2005 

AJlgust 2016-preaent: Ann 6Ild Norman Hoffman Associate Professor of National Defense/Enorgelics, 
University of North Dakota, Grand Forks, ND 

Augus1 20/ / .July 20/ 6: Ann and Norman Hoffman Assistant Professor ofNalional Defense/Energetics, 
University of North Dakota, Grand Forks, ND 

Nwcmbe1·. 2009-A11gust 2011: Assist.mt Professor, University of North Dakota, Grand forks, ND 

2005-2009: Consulting Engineer, ANSYS Inc., Lebanon, NH 

Publications Related to Proposed Research 

Robert Mora, Gautham Krlshnamoorthy, Oyebola Dada and Steven A. Benson, "Hydrogen Rieb Syngas 
Production from Oxy-Steam Gasification of a Lignite Coal -A Design and Optimization Study," Applied 
Thermal Engineering, http://dx.doi.org/10. l 016/j.fl!.)plthennaleng.2015.06.081 . 

Gautham Krisbnamoortby, Anu:ra Perera, Muhammad Sarni, Stefano Orsioo, Mehrdad Shahnam and 
David E. Huckaby, "Radiatioo Modellillg in Oxy-Fuel Combustion Scenarios,~ International Journal of 
Computational Fluid Dynamics, vol. 24, Nos. 3-4, pp. 69-82, 2010. 

Gau1ham Krishnamoorthy, Rydell Klostenruui and Dylan Shallbetl$1", "A Radiative Transfer Modeling 
Methodology in Gas>-Liquid Multiphase Flow Simulationst Journal of Engineering, vol. 2014, Article ID 
793238, 14 pages, 2014. doi:IO.I IS5/2014n93238. 

Gautham Krishnamoorthy and Caitlyn Wolf, "Assessing the Role of Particles in Radiative Heat Transfer 
duringOxy-Combustion of Coal and Biomass Blends" Journal ofCombll!llion, Volume 201S, Article ID 
793683, 1 S pages. hUp://dx.doi.org/10.1155/2015/793683. 

Pravin Nakod, Gautham Krishnamoorthy, Muhammad Sami and Stefano Or5ino, A Comparative 
Evaluation of Gray and Non-Gray R.adislion Modeling Strategies in OJC.y-Coal Combustion Simulations, 
Applied Thennal Engineering, vol. 54, pp. 422-432, 2013. 



Other Related Publications 

Gaulham Xrishnamoorthy, "A Computationally Efficient Pl Radiation Model for Modem Combustion 
Systems Utilizing Pre-Conditioned Conjugate Gradient Methods," Applied Thennal Engineering, vol. 
J 19 (2017) pp. 197 • 2-06. 

David W. Jomes, Gaulham Ktishnamoorthy, Steven A. Benson and Wayr,e S. Seemes "Modeling Trace 
Element Parrilioning During Coal Combustion» Fuel Processing Technology, vol. 126, pp. 284 - 297, 
2014. 

Hassan Abdul-Saler, Gautham Krislmamoorthy and Mario Ditaramo, ~Predicting Radiative Heal Transfer 
in Oxy-Metllane Flame Simulations: An Examination of Its Sensitivities to Chemist,:y and Radiative 
Property Models» Journal of Combustion, Vol111De 2-015, Article ID 439520, 20 pages. 
http:1/dx.doi.orgtl0.1155/2015/439520. 

Gauthaoo Krishnamoorthy, "A New Weighted-Sum-of-Gray-Gases Model for C02-H20 gas mixtures," 
International Communications in Heat and Mass Tl'ansfer, vol. 37, pp. J 182-1186, 2010. 

Hassan Abdul-Sater•, Gautham Krishnamoorthy, An Assessment of Radiation Modeling Stralegies in 
Simulations of Laminar to Transitional, Oxy-Methane, Diffusion Flames Applied Thermal Engineering , 
vol. 61, pp. 507-518, 2013. 

Synergistic Activities 

Specialty Fields: Computational fluid dynamics; combustion modeling; radiative lr8nsfer. 

Re.<earch Prodi,ctrvity: Dr. Krishnamoorthy has been awarded 17 grants as a Pl/Co-Pl/Major Participant 
valued at $5,000,000 as a faculty member at UNO. M~ relevant recent projects: DOE NETL, 
''Interfacing MFIX with PETSc and HYPRB Linear Solver Libraries," $400,000, 09/15 • 08/18, PJ. 

Awards: (Student's Choice Award for Teaching), School of Engineering and J.vlines, University of North 
Dakota, Grand Porks ND (2012) 

Gradw:ue Program Director: Chemical Engineering/Enviroruuen1al Engineering/Sustainable Energy 
Engineering Gr<lduate Programs (8/2012 - 712018) 

Joumal Reviewer: 
Bio:resource Technology, Chemical Engineering Communications, Chemical Enginl:ering Science, 
Energy and Fuels, Energy, Fuel, fUe! Processing Technology, Green House Gases: Science and 
Technology, Heat Transfer Engi.lloering, Indoor and Built Environment, Int. J. of Heat and Mass Transfer, 
Int. J. Hydrogen Energy, Joumal of Hazardous Materials, Jomnal of Powder Technology, Journal of 
Power Technologies, Journal of Thennal Sciences, Numerical Heat Transfer Part B, Recent Patenlb on 
Engineering. The Canadian Joumel of Chemical Engineering. Journal of the Energy Institute, Journal of 
Thennophysics and Heat Transfer 



Steven A. Benson, PhD 
President 
Microbearn TKhnologies lnco.rporated 

Education and Training 

Minnesota Stale University 
P«IDS)'lvania Stale University 

Chemisny 
Fuel Science 

Res~rch and Professional Experience 

B.S. l977 
Ph.D. 1987 

1991-Present: President, Microbeam Technologies ]rl(;orporated. Founded Microbeam Technologies 
fncorporaled (MTl), a spill-off company from the University of Nord! Dakota, to conduct sen~ce analysis 
ofm«terials using automated methods aimed at asses.sing efficiency and reliability problems in renewable 
and fossil energy conversion systems. MT! has conducted ove.r 1560 analysis projects for indu!!lry, 
government, and research orgamzation.s worldwide. Dr. Benson is responsil>le for technical dire~tion, data 
interpretation, 1111d proposal preparation, MTI has obtained ftmding for Phase I and Phase 11 SBIR projoots 
through the U.S. Department of Energy and National Science Foundation. 

2015-20/7: A$sociate Yice Presidemfor Research, Energy & ErNiromnental Research Center, 
Univer.<ity of North Dakota. Responsible for developing and managing proje<:ts on the clean and efficient 
use of fossil and renewable fuels. 

2010-2014: Direcror/Chair, Petroleum Engineering Program and Institute for Energy Studies. 
Coordinated energy related education and resea,ch activities for faculty, research staff, and students. 

2008-2017: Professor, Univeraity o/Narth DoJ:ota. Taught cowes on eneigy production and associated 
environmental issues. Conducted research, development, and de:monstretion proje<:ts aimed at solving 
e.ovlronrnental, efficiency, and reliability problems associated with utilizalj0ll of fuel reso=es in 
re.finiog/combustion/g,asification sysrems., including petroleum coke utilization, transfonnation.s of fuel 
impurities, carbon dioxide separation and capture technologies, advanced analytical techniques, and 
e-0tnputer-based models. 

1999-2008: 8enlo>' Research Manager/Advisor, Energy & Environme,ital Research Cenrer, Universlly cf 
North Dakota (EERC, UND). Led a group of about 30 highly specialized chemi~, mechanical, and civil 
engineers and scientists in developing a11d conducting projects and prog,ams on combustion and 
gasification system performance, euvironmental control systems, the fale of pollutants, computer 
modeling, and health i.ssues for clients worldwide, 

1994-1999: Associate Director for &search, EERC, UND. Directed and managed programs for 
integrated energy and environmeutal systems development; led a te3111 of over 4S scientists, engineers, 
and technicians. 

1989-1991: hsi,lunt Professor cfUeologicol Engineering, Deparlm1mJ of Geology and Geological 
Engineering, UND. T.e:ught courses on fuel geochemistry, fuel/crude l,ehavior in refrning. combustion and 
g;i.,i.u<:/lb.o~ systems, and analytical miethods of material& analysis. 

)986-1994: Smior Research Manager, Fuels and Materials Scfer,ce, EERC, UND. Managed and 
supervised research on the behavior of inorganic constituents in fuels in oombustion and gasificalion. 



1984-1986: Graduate Research Assistant. Fuel Science Frogrum. Department of Materials Science and 
Engineering, The P1mnsylvania Srate Urliver.•ity. Took courses in fuel science, cheniical engineering (at 
UNO), and ceramic science end performed independent research leading to a Ph.D. in Fuel Science. 

1983-1984: Research Supervisor. Distribution ofinorganics and Geochemistry, Coal Scien<:~ DivMon, 
UND Energy ReseaYch Center. Managed and supervised research on coal geochemistry. 

1977-1983: Research Chemi,;t, Energy Resoiirces Development Administration (ERDA) and U.S. 
Department of Energy Grand Forb Energy Technology Center, Grand Forks, North Dakota. 

Selected Publications and Presentations 
I. Laudat, D.L., Srinivasachar, S., Feilen, van der Watt, J.G., and Benson, S.A., Development of an 

advanced oxygen carrier atlfition ch.aracteri:ution methodology for chemical looping combustion, 
ASME, In pr.:paration, 2017. 

2. Feilen,H., Mann, M. D., Benson, S.A., Laudal, D. L.,, Barse,K., van der Wan, J.G., Srinivasachar, S., 
atid Neslson, T., Grewal, N., Md Krishnamoorthy, G., Attrition Rate of Oxygen Carriers in Chemical 
Looping Combustion Systems, Clearwater Conference, June 2017. 

3. Benson, S.A., Patwardhan, S, Ruud, A., Freid\, A., Joun, J., Ash fonnalion and Partitioning in a 
Cyclone Fired Boiler, Presented st Impacts of Fuel Quality 011 Power Production Conference, 
Snowbird Utah, October 2<i-31, 2014. 

4. James, D.W., Krishnamoortby, G., BeDS-On, S.A., and Seames, W.S., "Modeling trace element 
partitioning during coal combustiont Fuel Processing Technology, 12<i (2014) 284-297 

S. Van Dyk, J.C., Waanders, F.B., Benson, S., Laumb, M., and Hack, K., Viscosiiy Predictions of the 
slag composition of gasified coal, utilizing FactSage equilibriwn modeling, Fuel, 2009, 88, 67-74. 

6. Ma, Z.; Iman, F.; Lu, P.; Sears, R.; Vasquez, E.; Yan, L.; Kong, L.; Rokanuzzaman, A.S.; M.cCollor, 
D.P.; Benson, S.A. A comprehensive slagging and fouling pndiction tool for coal-fired boilers and its 
validation/application, Fuel Process. Technol, 2007, 88, 1035-1043. 

7. Matsuoka, K.; Suzllki, Y.; By lands, K.E.; Benson, S.A.; Tomita, A. CCSEM Study of Ash-Fonning 
Reactions During Lignite Gasification. Fi,el 2006, 85, 2371-2376. 

8. Nowok, J.W.; Hurley, J.P.; Benson, S.A. The Role of Physical Factors in Mass Transport During 
Sintering of Coal Ashes and Deposit Defonnation Near the Temperature of Glass Transfonnation. 
Fuel Process. Technol. 1998, 56, 89-101. 

9. Nowok, J.W.; Hurley, J.P.; Benson, S.A. The Role ofSulfare-Silicate Phase Separation in Sintering 
Propensities of Coal Fly Ashes at soo0 -1000°c. J. Inst. Energy 1996, 69, 12-14. 

10. Jones, M.L.; K.almanovitch, D.P.; Steadman, E.N.; Zygiirlicke, C.l.; Bensoo, S.A. Application ofSEM 
Techniques to the Char-.lCterizalion of Coal and Coal Ash Products. In Advances in Coal Spectroscopy; 
Plenum Publishing Co.: New York, 1992; pp 1-27. 

Paunts: 4 patents issued and several applications pending 
7,574,968: Method and apparatus for capturing gas phase pollutants such as sulfur trioxide 
7,<i28,969: Multifunctional abatement of air pollutants in flue gas 
7,981,835: System and method for coproduction of activated carbon and steam/electricity 
8,277,542: Method for capturing mercury from flue gas 

Synergistic Aciivities 
• Lignite Energy Cow1cil, Distinguished Service Award, Research & Development, 1997, 2003, 2005, 

and 2008. College of Earth and Mineral Science Alumni Achievement Award, Pennsylvania Stale 
University, 2002; Science and Technology Awaro, Impacts of Fuel Impurities Conference, 2014. 

• Provided testimony to the United States Senale Committee on the Envirownent and Public Works on 
mercury emissions control at coal-fired power plants (2008 and 200S). 



Srivats Srinivasachar 
President 
Envergex LLC 

Education and Training 
• Boston Univernty, School of Management, Master of Business Administration, 2004 
• Massachusetts Institute ofTechnology, Sc.D. degree in Chemical Engineering, 1986 
• Indian Institute of Technology, Bachelor of Technology degree, Chemical Bngineeriag, 198 l 

Professional experience 
Pr;wm1: President, Em·ergex UC 
• Supercritic.al water desalination technology (DOE Phase I STI'R) April 2018 
• Developing spouted fluid beds for chemical looping (DOE Phase rm STTR) (April 2017) 
• Developing method to evaluate attrition propensity of oxygen camm for chemical looping -

D:partment of Energy (DOE) (Phase I/II STTR) grant (July 2015) 
• Developing method to separate coal conversion producis from sorbents/oxygen carriers• US DOE 

(Phase rmsTTR) grant (June 2015) 
• Developed method for mitigation of aerosol emissions from solveot-based CO, capture systems 

(Phase I STI"R) grant (June 2016) 
• Developing novel materials for capturing CO,- US DOE (Phase rm STIR) grant (Aug. 2014) 
• Developed a novel method for capturing C(n from flue gas (CACHYSn.1) • awarded a US 

Department of Energy grant (June 20IO) DOE Phase I STIR; CommercializingCACHYS™ 
technology; learning with University of North Dakota on a $3.6 million USDOE program 

• Commercial production of high-performance sorbents for mercury control 
• Received from the US Patent and Trademarks office registration of trademark for mercury sorbems, 

ESORB-HG«>, in March 2009 (Registralion Number: 3589943). 
• Manufactured and supplied commercial quantities and successfully demonstrated ESORB-HG® 

sorbent to several power utility and industrial customers at full scale 
• Tested at conimeroial-scale mercury control technologies for taronite processing plants 
• DOE Phase I STT.R (June 2007): Method to reduce mercury re-emissions from scnibbers 
• Developed a business plan for coal and biomass to liquids venture 
• Teamed with UND and utility partner to perform engineering and costing to implement an innoVlllive 

technology: activated carbon manufacturing integrated into a power planl 
• Developed a technic-al/business sb'ategy to increase manufacturing process energy efficiencies al a 

major building materials company 

1999-1006: ALSTOM Power, Inc. and 1993 -1999: A.BB Combustion Engi1ieerlng, Inc. 
• Technical Ma11ager, Environmental Control Technology (March 2003-2006) 

Developed a new product for controlling mercury emissions from coal-fired power plants. Led 
product development team, sucussfully scaleo-11p technology, executed three (3) commercial 
demotistration projects, and implemented the product at commercial scale. 

• Principal Consulting Engineer, New Product B11siness Developmenl (Oct. 1999-March 2003) 
• Multi-business product development for control ofSO,emissions from powerplants 
• Developed concepl for combined cement and power plant 

• Environmental Group Leader (Oct. 1997-Sept. 1999) 
• Senior Consulting Engineer (1994 - 1997) 

• Project leader on environmental and heat recovery projects 
• Developed high-performance fuel nozzles for boilers to reduce nitric oxide emissions 



/986-1993: Physical Sciences Inc. 
• Manager, Errvironmental Remedlrilifm and ResoW'ce Utilization (/992-93) 

Secured and managed an El' A Superfund project to remediate heavy metal-contaminated soils. 
• Principal Res~arch Scientist (J 986-92) 

Principal lnvestigator on a multi-million dollar university-industiy project: created test 
melhods and software for electric utilities to evah,ate savings with various fuel switching 
options and predict fuel quality impacts on deposition in coal-fired power plants 

Selecud Patents 
• U.S. Paten\ 9, 121,606, ~Method of manufacturing carbon-rich product and co-products" 
• U.S. Patent 8,840,706, ''Capture of C<ltbon dioxide by hybrid sorption" 
., U.S. Patent 8,277,542, ''Metliod of capturing mercury from flue gM" 
• U.S. Patent 8,080,088, "Flue gas mercury control" 
• U.S. Patent 8,069,797, "Control of Mercuiy Emissions from Solid Fuel Combustion" 
• U.S. Patent 7,981,835, "System and method for coproduction ofactivawd carbon and steam/eleciricily"' 
• U.S. Patent 6,848,374, ''Colltrol of Mercury Emissions from Solid Fuel Combustion" 
• U.S. Patent 6,749,681, "Method of Producing Cement Clinker and Elec!Ticity" 
• U.S. Patent 6,089,171, "Jvfinimum ~irculation Flame Control Plllverized Solid Fuel Nozzle Tip'' 
• U.S. Palent 6,089,023, "Steam Generalor System Opel'8lion" 
• U.S. Patent 5,556,447, "Process for trealing metal-contan1inatoo materials" 

Representative Publi~tions 
1. Van der Waat, J., Laudat, D., feilen, H., Krishnamoorthy, 0., Mann, M., Shallbetter, R., 

Nelson, T. and Srinivaaachar, S. (2018). Development of a spollled bed reactor for chemicsl 
looping combustion. Jowwal of Energy Re,<oUFces 1'eclutology, 140 (11), 112002 

2. Srinivi1sachar, S., Nelson, T., Van der Watt, J., Feilen, H., Laudal, D., & Mann, M. 
(2018). Me1hodo/ogy for A11rilion Evaluatim1 of Oxygen Cur1·iers in Chemical Looping 
Systems: Final Scientif,d'l'echnical Report-Phase II (No. DOB-Envergex-Phll-
SCOO 11984 ). Envergex LLC. 

3. Benson, S.A. and Srinivasachar, S. "Evaluation ofCO:,Capture from Existing Coal-fired Power 
Plants by Hybrid Sorption Using Solid Sorben1s,» 2014 NETL CO2 Capture Technology Meeting, 
Pittsburgh, PA http://www.netl.doe.gov/eyents/conference- proceedings/2014/20 l 4-netl-oo2-
captlire-technology-meeting 

4. Bellson, S.A., Crocker, C.R., Hanson, S.K., McIntyre, K.A., Just, B.J., Raymond, L.J., 
fflughoeft- Hassett, D.F, Srinivasachar, S., Bany, L.T. and Dueling, C.M., "JV Task 115-
Act\vated Carbon Production from North Dakota Lignite - Phase IIA," Final Report, U.S. 
Department ofBnergy Cooperative Agreement No. DE-FCZ6-98FT40321, June 2008 

5. :Kang., S.K., Srinlvasacbar, S. and Brickett, L.A.," Full-Scale Demonstration of Mer-Cure"' 
Technology for Mercury Emissions Control in Coal-Fired Boilers, " 31 a lntemational Technical 
Conference on Coal Utilization and Fuel Systems, Clearwlfter, FL May 2006 

6. Senior, C.L., Bool, L.B., Srinivasachar, S., Pease, B.R. and Porle, K., "Pilot-Scale Study of Trace 
Element Vaporiution and Condensation during Combustion of a Pulverized Sub-bituminous 
Coal,~ Fuel Processing Technology, 6312-3), 149-165, 2000 

7. Wilemski, G. and Srinivasachar, S., "Prediction of Ash Fonnation in Pulverized Coal 
Combustion with Mineral Distribution and Char Fragmentation Models," Proc. Eng. Found. 
Conf.: Impact of Ash Deposition in Coal-Fired Plants, Editors: Williamson, J and Wigley, F ., 
pp.151-164, 1994 

8. Bolli, A.A. and Srinivasacllar, S., "An Overview of Computational Fluid Dynamic Software 
for Heal Transfer and Combustion Applications," J. Eng. Computing and Applications, b 
pp.12-19, 1987. 



Michael L. Jones, PhD 
President 
MLJ Consulting, LLC 

Education and Training 

• Ph.D., Physics, University of North Dakota, 1978 

• M.S., Physics, University of North Oakota, 1973 

• B.S., Physics, Bemidji State University (Minnesota), 1971 

Research and Professional Experience 

Dr. Jones' principal areas of interest and expertise include management of and technical direction for 
multidisciplinary science and eogineerin,g researoh teams focused on integrated energy 1111d environmental 
technologies. Current focus includes minimizing the carbon footprint of energy systems based on lignite 
coal, including CO2 separation and $(1(JUestl'ation. Minimization of emissions from ligoire-based energy 
oonvefSion systems and development of niche opportunities for use of lignite ooal including exlmctioo of 
rare earth elements. 

2017-Presem; President, ML/ Consulting LLC. After retiring from the Lignite Energy Council, Dr. Jones 
formed MLJ Consulting to provide consulting services based on over 39 years working on researclt and 
development of energy and environmeotal technologies with s~ial emphasis on lignite ooal. 

2009-2016: Vice Presfde,11 R&D, Lignite Energy CouncU. ~ponsibilities included identifie111ion of 
critical issues to facilitate the enhanced use of lignite coal. Technologies of interest included combustion, 
gasilication chemical from coll! and hydrogen from ooal. Provided RX:Ollllllendation to the Lignite 
Reisearch Council and the North Dakota Industrial Commission on funding of R&D activities to ens~ 
oompletion of critical project in support of enhanced use of North Dakota lignite. Developed strategies to 
increase working relationships with research groups around the world including US DOE, EPRI, 
Canadian lignite oosl users and others. 

2004-2009: Smior ReseaJ'ch Advisor. E11ergy & E11vironme11tal Research Center (EERC), U11fver$/ty of 
North Dakota {UND). Responsibilities included management of and technical direction for 
mullidisciplinazy science and eagineering research teams focused on a wide range of integrated energy 
and environmental technologies. Specific program areas of interest included clean and efficient use of 
low-grade fuels, matching of fuel characteristics to system design and operating par&neters, development 
of advanced power systems based on low-grade fuels, ftmdamemals of low-grade fuel oombustion, ash 
behavior in low-grade foe! conversion systems, and analysis ofinorgimic rnalerials in low-grade fuels. 
Projects emphasized a cradle-to-grave approach from resource as•essro"".t to optimum utili.2ation systems 
to minimization of emissions and waste management fea!uriog by-product util.imtion. 

2004-Presmt: Adjunct Professor, Plrysies, UND 
1994-2004: Adjunct Assistant Professor, Physics, UND. 

19~2004: Associate Director, Industrial Relalions and Technology Commercia/Jzatio11. EERC, UND. 
Responsibilities included planning, staffing, and technical direction of combustion and gasification 
research, including projects in oo.mbustion chemistry or gasification chemistry, behavior during coal 
utilization, fluidized-bed combustion, C-Oal-waler fuels, SOJNO. removal, and particulate removal and 
characterizalion. Special emphasis was given to low-ranlc coal systems; activities ranged from field 



testing of full-scale power plants, to pilot-scale studies, to laboraiory investigations that examine both fuel 
and system characteristics and their impacts on overall perfonnance. 

1990-1994: Adj1mct Pr<1fe.,sor, Department ofChemwal Engineering, The University of Utah. Salt Lake 
City, Utah. 

1979-1983: Grund Forks Energy Teclmology Center, US. DepartmenI of Enl!rg)I, Grand Forks, North 
Dakota. Responsibilities included technical direction of research and development projects related to 
combustion technology for low-rank coals, with specific responsibility for fundamental research on 
pulverized coal combustion. Directed research on new, specialized analytical procedures for determining 
inorganic, and trace elements in coal and materials derived from coal combustion and conversion 
processes. Instrumentation included met!tods Auger/ESCA spectrometer, scanning electron mic10scope, 
x-ray diffraction, x-ray fluorescence, argon plasma spectrometer, and atomic absorption spectrometer. 

Selected Publications and Pre8entations 
Benson, S.A.; Jones, M.L.; Stanislowski, J.J.; La<llllb, J.D.; Swanson, M.L.; Galbrealh, K.C. Coal Ash 

Behavior ill Reducing Environments (CABRE) m. Presented al the Project Kickoff Meeting, Grand 
Forks, ND, March 5, 2008. 

Jones, M.L. Carbon Cap1ure and Sequestration Technology Overview. Presented at the Clean Coal and 
Carbon Capture and Sequestration lnfomiation Sesssion, Regina, SK, April 17, 2008. 

Pavlish, B.M.; Jones, M.L.; Kay, J.P. Mercury Control Field Testing at Lewis and Clark Station; Final 
Report (May 6 - Sept 30, 2007) for Montana-Dakota Utilities Co.; EERC Publication 2008-EERC,,04-
08; Energy & Environmental Rtsearch Center: Grand Forks, ND, April 2008. 

Jones, M.L.; Pavlish, B.M.; Benson, S.A. Evaluation of CO, Capture Technologies for Lignite-Fired J'C 
Boilers. In Proceedings of Air Quality VJ: Mercury, 7race Elemems, SO,, Parttculare Matter, and 
Greenhou.,e Gases; Arlington, VA, Sept 24-27, 2007. 

Jones, M.L.; Pavlish, B.M.; Sollom, S.E.; J<ay, J.P. JV Task 107 -Pilot-Scale Emission Control 
Technology Testing for Constellation Energy; Final Report (Dec 15, 2006- June 30, 2007) for U.S. 
Department of Energy National Energy Technology Laboralo:iy Cooperalive Agreement No. DB
FC26-98FT4-032J and Constellation Energy Purchase Order No. 242624; BERC Publicalion 2007· 
EERC--07-1 0; Energy & Environmental Research Center: Gr.ind Forks, ND, J<lly 2007. 

Benson, S.A.; Jones, M.L.; Galbreath, K.C. Ash Behavior & Mercury Control in Coal Combustion Short 
Courses, Denver, CO, Sept $-7, 2006. 

Benson, S.A.; Jones, M.L.; Bryers, R. W. Practical Measures to Minimize Ash Deposition. In l'roc:eedings 
of the E11gineering Fo1mdation Conference-The Impact of Ash Deposition on Coal Fired Plums; JW1e 
20-25, 1993; Williamson, J.; Wigley, F., Eds.; Tll)'lor & F1a11cis: Solih<lll, England, 1994; pp 657--078. 

Benson, S.A.; Jones, M.L.; Harb, l.N. Asb Formation and Deposition. In Fundamentals of Coal 
Combustion for Clean and Efficiel'II Use; Smoot, L.D., Ed.; Coal Science and Technology 20 Series; 
Elsevier: Amsterdam, 1993; Chapter 4, pp 299-373. 

Benson, S.A.; Jones, M.L. Inorganic Ttansformations, Fouling, and Slagging. In Fwuiamentals of Coal 
Comb11srion; Smoot, L.D., Ed.; Elsevier: New York, 1992. 

Jones, M.L.; Hurley, J.P. f'roject Sodium--Follow-0/1 Work to the Original Evul1<G1ion ofSodiwn Effec/j 
in Low-RaJ1k Coal Combustion Systems; Fitial Technical Report and Executive SIIDlmaiy for lite 
follow-on work for Project Sodium Sponso1S; Energy &. Bnviromnental Research Center: Grand Forks, 
ND, Jan 1992. 
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PROJECT MANAGEMENT PLAN 

AOJ 2: Power Plant Component Improvement 
Subtopic 2A: High Fidelity Field Testing of Technologies 

Mitigatioo of Alkali Promoted Ash Deposition and Emission~ from Coal Combustion 

February 28, 2019 

SUB:MJTIED UNDER FUNDING OPPORTUNITY ANNOUNCEMENT 

DB-FOA-0001989 

SUBMITTED BY 

Barr Engineering Co.-Prime 
University of North Dakota 

Microbeam Technologies, Inc. 
Envergex, LLC. 

PRINCIPALINVF.STIGATORS 

Prime Ptincipal Investigator: 
Barr Engineering, Co. 

Nicole Nguyen 
nnguyen@barr.com 

(734) 922-4447 

University of No11h Dakota, Junior Nasah: Co-Principal [nvestigator 
Microbeam Technologies, Inc: Co-Principal Investigator 

Envergex, LLC, Srivats Srinivasachar: Co-Principal Investigator 

SUB:MlTIED TO 

U.S. Department of Energy 
National Energy Technology Laboratory 

DE-FOA--00019&9 l of 10 



A. Executive Summary 
BIIIT' Engineering Co. (.Barr) has teamed with the University of North Dakota (UNO), Microbeam. 
Technologies Inc. (MTI), Envergex, LLC, and MU Consulting to develop a transformational cechnology 
!hat oontrols the formation of alkali aerosols. Controlling and reducing the fonna!ion of alkali vapors in 
the boiler ll8ll the potential co improve plant perfonnance by dea-ea.m1g slagging and fOltliog as well as 
fine particle emissions, and it can provide a stti>-cbange reduction in energy penalties. 

Project Goals: I) Demonstra1e effectiveness of tailored clay sorbents in mitigating fouling and slagging, 
2) Develop a beochm.arldscreening tool for identifying low cost clay SOJbeots, and 3) Develop a techno
economic assessment of the sorbent technology including a pathway to commercialization. 

Expected Results: Ash and slag deposits Iha! foul che steam-generntion srufaces of a boiler are lite 
primary cause for boiler outages. lbese deposits result from the pres,ence of vola!ile species in !ht coal 
ash that act as a glue for aish deposition and growth. This project will mitigate ash deposition by captllring 
the volatile species in the boiler through the injection of sorbents in die boiler. The impact of mitigating 
slagging and fouling is significant and is expected to: 1) increased plant revenues due to a reduction in 
outage time, 2) reduce boiler temperalUies due to beuer hea1 rate efficieucy. 3) reduce NOx emissions 
from lower furnace temperatnres and deeper staging, 4) reduce fuel consumption from improved beat rate, 
5) decrease parasitic power from less fau power (lower pressure drop through convective pass), and 6) 
iniprove fuel fieAibility/tolerance fo.r low-<jll.8lity fuels. For a 250 MW facility, we anticipate these 
impact< could transla1e to annual cost savings of over $2 million. _ 

Table I: Scope, Schedule, Budget Breakdown 

Period 1 -Lab and Pre- - . (Julv l019•J . , 21201Ru.i.,,;;,-s1.477.003) 
Ac.tiwitv ~- ble / Verlflcatlon 

Task 1 (Period 1): Proiect Man•"e.mettt Proiect M•ftDnement Plan 
Task 2: Laboraiory Scale Testing Down-selection of field testing sorbellt 

(5/0112020) 
Establishme:nt of Key Technology Allri~ 
(9/31/2020) 

Task 3: Sotbent Jniection ~- • ··· -CFD Identification o! O"'imum ioiection locations 
Task 4: Equipment Design and Sizing for Field Design Report 
Demonstratioa Workforce Readiness Plan 

RevisedTMP 
Period 2- ,..._ --·tfonal Eval..aticln (Jann An 2021-Jnh> :2t22\ • ~ 

$3.'-18.417) 
Acti-.mr Deliverable 

Task I (Period 2): Proiect Mana""ment Uooaced Proiect Mana.,ement Plan 
Task S: Procurement, lnstallation and Construction Filial Vendor Quotation 

Installation of injection ports 
Commissionin" of demonstration e<>uioment 

Task 6; Parametric Testing - Field Dcmonsttalion Delivery of Sorbent 
Comnletion of M•antetric tests 

Task 7: Data Reduction and Bvaluarion of Parametric Revised Test Plan 
Testing Revised Design Basis Document 

Bud£el Period 2 Statw; R.,,,nort 
Task 8: El(tended Sorbent Te.stin~ Comvletioo of extended tests 
Task 9: Data Reduction and Techno-Boonornic Final Report 
Assessment Final TEA, Pinal TMJ> 
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B. Project Organization and Structure 

l. Organizational Chart (see F1gnre 1) 
The proposed toclmical tum has a long history of conducting large, interdisciplinary and multi
organizational research project~. Additionally. UNO and Barr have recently collaborated on multiple 
projects. including the successfully completed 3-year, $3.6 million effort to evaluate UND' s carbon 
dioxide capture technology, CACHYS™ (DB-FE0007603). Barr will be in the Prime role for this 
proposal and will manage the overall project. 

2. Roles and Responsibilities of Participants 
• Prime Principal lnves1igatr,r and Project Manager: Nicole Nguyen, Barr, is a Project Management 

Professional responsible for day-to-day project management. She is a licensed chemical engineer with 
over a decade of experience working with clients in the power ind11ruy. Nioole has managed power
plant projects ranging in size from labor fees of $5,000 co over $1 million. She has worked on 
proprietary R&D projects and feasibility projects funded by the Depanment of Energy. 

• Contract a,ut Risk Manager (Project Principal): Richard Hardegger, Barr, has applied a chemical 
engineering background to a 27-year career in enviroomental consulting for clients in the utility, 
mining, energy.and manufacturing sectors. His focus bas been air quality monitoring and compliance 
for coal-, gas-, oil- and bioroass-fired utilities and ind11strial processes. Rieb'• experience includes 
projects for new and modified facilities lhat required federal and state air penniu.ing, emissions 
conlrol systems evalualion in s11ppart of beRt available comrol technology determination•, air 
dispersion modeling, human health risk as!<e&sment, ambient air monitoring. and stack te,ting. Rich 
was on the UNO/Barr team for lhe DOE-sponsored CACHYS technology evaluation. 

• Technical Consultw,1/Advisor: Bruce Browers. Barr, will be Barr's 1ecbnical advisor for all tasks. He 
has 46 years of coal-fired power-plant experience with virtually all types of combustion systems 
inclnding pulverized coal, IGCC, cyclones, and stoktrs. Bruce has cond11cted sigoificant thermal 
modeling srudies for several types of power plant configurations i11cluding bo\h subcritical and 
conventional supercritical steam systems. He was on the UND/Barr team for lhe DOE-sponsored 
CACHYS technology evaluation and focused on integration of tlte system inco the power block steam 
cycle. 

• Technical Lead: Chad Haugen, Ba,T, wiJl be a task manager for pre-engineering Tasks 4 and 5 and 
1echno-eoonomic evaluation Task 9. He has over 10 years ofproce,;s engineering and project 
management experience involving energy assessment~, environmental permitting review, process 
modeling, and process safety review. He worked on the tecbno-economic evaluation of a rare-earth
element extraction project with the Department of Energy. 

• Co-Pl: Steve Benso11, Microbeam Technologies, will serve as a co-principal investigator and will 
manage the field testing tasks, Tasks 6 and 8. He is a lead developer of the technology, arising from 
his experience with alkali-related fouling and slagging of ooal boilers. Steve ba.s over 35 y=s of 
experieoce related lo the impact of major, minor, and trace fuel impurities on comb11stion and 
gasification system design, reliability, and pelformance. In addition, he has participated in 
development of tools for combustion to optimize coaVfuel properties and plant operati»g condition8 
to improve plant operations. 

• Co-Pl: Srivats Srinivasachar, E11vergex, LLC, will be a technical advisor and a co-principal 
investigator. He is a developer of the proposed iechnology through a Small Business Innovation 
Research award (SBIR, DE-SC0015737) executed at UND. Sri vats will manage the data red11ction 
task, Task 7. He has over 32 years of experience io coal-fired power generation. including 13 years 
with ABB Combustion Engineering/ ALSTOM Power (now GE) where be rose to the po,ition of 
principal consulting engineer. There he developed commercial technologies related to coal nozzle 
injection systems, low-NOx firing. a<h deposition mitigation, regenerative air heaters, electrostalic 
precipitators. and mercury and S02 control. 
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Roles and Responsibilities of Participants (continued) 

• Cu-Pl: Junior Ma.tah, UND, is principle inve$tigator for Ille University of North Dakota team. The 
Major Project Manager for UND's Institute for Bnergy Studies, foniur was UND's lead reRearcher 
during devefopmem of the proposed technology under SBJR awal'd DE-SC0015737. He will manage 
liND' s activities and be the technical lead for Task 2. He bas experience operating bench-scale coal 
combustion systems, low-pressure particulate impactors. and particulate extractive sampling from 
power plaots. His other duties involve research on advanced combustion systems, including chemical 
looping, gasification and energy storage. He led field sampling exercises at the host facility for the 
demonstration. 

• Co11s11ltanr/Advisor: Micltael Mann. UND, is Executive Director of UND's Insli!llte for Energy 
Studies. He has spent his career working with \he power-generation industry. and has been a part of 
many bench-, pilot-, and field-<lemonstraiions, as well as m.uiaged multi-instillltional projects with 
budgets exceeding $1 mlllion. He will provide teehnical advice to the project team and manage the 
overall resources of the UND team 

• Technical Lead: Gaurliam Kri.>·hnamoorthy, UND, is an associate professor of Chemical Engineering 
and will lead Task 4. He has over 18 years of experience in the areas of heat traru.-fer. reacting flow 
modeling, and the use of CFD tools to study fuel conversion technologies. From 2005-2009, he was a 
consulting engineer and heat transfer specialist at ANSYS Inc., whete he was at the interface of 
power generation clientele and software development teams 10 solicit input and provide feedback on 
enhancing ANSYS FLUENT's heat transfer modeling capabilities. He is currently a Co-PI on an NSF 
funded project to study "Deposition of ash and its effect on heat transfer during theoxy-oombustion 
of biomass and biomass~al blends." 

• Consllltarll/Advis1>r: Mike Jone$, MLJ Consuhing. I.LC, will !<erve as a technical advisor with MLJ 
Consulting, LLC for all tasks. Dr. Jones' principal areas of interest and expertise include management 
of and technical direction for multidisciplinary !Science and engineering research teams focused on 
integraie<I energy and environmental technologies. Current focus includes minimizing the carbon 
footprint of energy systems based on lignite coal. including CO2 separation and sequesaation. 
Minimization of emissions from lignite-based ei,ergy conversion systems and development of niche 
opportunities for use of lignite cool inclll<ling extraction of rare earth elements 

3. De4:ision-making and Communication Strategy 
The Barr PI will be DOE's primary contact, and she will employ proven communication strategies 
already used successfully at Barr Engineering Co. to communicate with clients. The Barr PI will set clear 
expectations that \he !aSk leads and co-Pi' s read and undemand the project management plan aod use the 
plan to prepare. e~ecute, monitor and control project activitie$. The project management plan will be 
further developed by the Barr PI and will be mulllally agreed upon by all =Pfa. As part of the project 
management plan, a communication plan will be prepared and ,viii include Barr PI Jed biweekly project 
meetings and conference calls with co-Pl' s and task leads to review lhe project schedl.\le, upcoming 
milestoneMdeliverable$. deviations from the technical direction originally proposed, and costs and 
challenges associated with completion of project task~. 

Formal in-person review meetings with co-Pl'& and sponsors will be led by the Barr PI and held quarterly 
to promote communication and discussion of progress, accomplishments, up-coming plans. and 
management of project risks. Visual progress repon.q showing overall cost, project, ond schedule status 
will be submitted monthly by !he Ban· Pl tu the internal task leads/co-Pl to allow leads to monitor and 
control progre~s of their specific tasks. Barr will manage file sharing sites and webex conferences to for 
document sharing and conferences. 

A change log and issue log will be used to document reported change~ and issues of the project. The Barr 
Pl will work with the DOE dt1ring development of the Project Management Plan w verify changes are 
properly logged, reported, and approved per DOB preferred protocol. Meetings with indusu:y sponsors 
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will be held to updak them on technical progress and seek input on commercial viability aDd 
applicab.ility. A3 the prime, Barr Engineering will have ultimate decision rights in scope and deliverables, 
schedule, budget, rislc, commnnication, resources, quality, integration, procurements, and stalceholder 
engagements. 

4. Management Capabilities 
Key team memben for this project have extensive experieooe roaoaging projects with similar technical 
and budgetary scopes. Their individual experience is summarized in die Roles and Respoosibility section 
above and detailed in tbeir resunie.~. Primary responsibility for overall project management rests wi1h B= 
Engineering Co. Af; a company Barr has an annual expenditure rate of annual revenues of$115MM with 
project sizes ranging from $1,000 to $SMM. Barr has workt:d on DOE..supported projects both as a lead 
and as a subconu-~ctor and Barr tean1 members bave worked wilft die odleJ: members of !he proposed 
team. Barr has a proven record of completing projects on time and oo budget. In an anoual survey of a 
cross=ctioo of clients, Barr consistently receives high marks fur meeting project commitments, 
including schedllle and budget. Clients report that this is one of the top lflree factors they consider in 
continuin,@ to work with us and they rate us as better than OW' oo:mpet.itors in this area. 

C. Risk Management Plan 
Technical, resource, and management risks will be analyzed oontinuously and appropriate measures taken 
10 address tbem. A preliminary list of the perceived risks associated with completing the project is 
swmnari.zed in Error! Reference souiu not found.. This risk register will be maiotained and reviewed 
by task leads throughout che p~ and will be available to all team membus. 

Table 3. Teclinical, Rescmrce a11d Managemerrt Risks 

RislRatln .. 
~ Im-;;;;;;. o,era'.D • 

Pen:eived 11,o1r 11;;.,, 11.fM Hfot.\ - .. -slhd-
Fimlndal Risks: 
I - Participants do Low High Low Selected costs~ participants witb a 
not follow through on solid financial track reco:rd; oommitment 
cost share letters obtained; participants are motivated 

to support a solution to the high-sodium 
coal fowine """'biem. 

Olst/S<:hedule Risks: 
I - Task cost are Med Med Med Budgets for each participant will be 
overrun developed before work will begin. Costs 

will be monitored and adjustments to "Cope 
made as che work ,..,.o.,.,esses. 

2- Task schedules Med Med Med Scfiedules for each participw1t will be 
are not met developed before worlc will begin. 

Schedule will be monitored and 
adjuslmeats to schedule made as the woxk 
oro-sses. 

Technical Risks: 
I - Sorbent options Low Med Med Previous lab testing has demonslfated a 
are not fully prow:n concept {sorbent injection reduces 
developed aerosol ooncentralion). Additional Jab 

iesling is proposed as pan of the SOPO to 
further develoD sorbent options. 
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RillkR,;11..., •. l ... Prob11b",.., bi1.......t Ovenll . . 

Pe«UivedJtlsk /fnw lU...f m hi - . .. @nse Stra•-.. 0 

2-Plant Low Med Med Th~ project team bas d~p experience with j 
intercoonections may various types of plant tests. The types of 

become more connections and their potenlial locations I 
complicated than have almldy been identified during a plant ' 

envisioned walk down. 

3 - Sorbent Med Med Med The Project Team bas contacted multiple 

preparatioo and vendors and =eived initial indications 

delivery to the boiler that their test trailers can grind and deliver 

may become more the types aad quantities of sorbent 

comnlicated ,.,.,uired. 

4 - Sorbent supply Med High Med The Project Team has contacted multiple 

may become more vendors and received initial assurances that . 

comnJi~ sun~Jies will be available. 

5- The power plant Low High Low The Milton R. Young Station has 

may experience a demonstraied reliable operation for many 

catastronhic failure vears. 

6- Injection of the Low Med Med The sorbents are inert materials with 

sorbent may cause similar ch~cieristics to the typical ooal 

operating is~ues combustion residues and will be injected in 
the furnace after combustion has taken 
nlace. 

Man•""""ent, PlannlnB and Overs! ht Risks: 
I - PMP plan is mis- Low High Low The Project Team is composed of senior 

managed members of each organization wh.o will 
lead the activities of their respective 

I organization~. Barr has proposed a very 
senior and well qualified PMP professional 
to lead the ""'•ecc. 

2 - Project team staff Med Med Med The Project Team is committed to the 

will leave work. The Project Team collectively ha\'e 
a bench of staff \hat can be called upon if 
nece~sarv. 

ES&HRisks: 
I - Permits/ Low High Med Minokota Power Cooperative as the plant 

Permissions from lhe owner has a good working relationship 

ND Department of with the ND Department of Health and will 
Health will need co manage the process of obtaining approvals. 

be obtained The short-term tests will have almost no 
environmental impact. A successful trial i~ 
expected to show a reduction in particulate 
emissions. 

External Factor Risks: 
1 - Severe winter Med High Low The testing plan will be coo.ducted in the 

weather could affect ,-pring and fall. 

the test olan 
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D. Milestone Log 
The project milestoae Jog is summarized in Table 4 and includes key mileslDlles by cask. planned 
completion dates, and verification methods. The planned start date fcrr the project is July I, 2019. The 
verification metitods will include providing data and reports to DOE. In addition, meetings with DOE will 
be conducted periodically to provide detli.led review of fiadings and delemrlne future directions. 

Table 4. Miles1one Log 

l'llillae4 
Completion Milestone Merker/ Verlfk:®tion 

Task/ Sllbtask Da~ Dellvenible Method 
Award Award 
Task I - Projec1 
Manajjem.ent and 7/1412022 
Plannin11. 

Project Management Plan Quarwrly Repo:ns 

Down-selection of field testing 
Task 2 - Labora!Oiy 

9/31/2020 sari:lent (S/01/2020) 
Scale Testing Establillhment of Key Technology 

Auributes (9/31/2020) 

Task 3 - Sorbent 
Identification of optimum injection Injection Modelling - 10/31/2020 

CFD locations 

Task 4 - Equipment Design Report 
Design and Si.zing 

l/112021 W orkfurce Readiness Piao 
Go/ No Go Decision for Field RevisedTMP 

Demonstration 

Task 5- Final Vendor Quotatioa 

Procur,;,meot, Revised Detailed Design Installation of injection port.s 
3/112022 Commissioning of demonstration ln.~callation and Report 

equipment Construction: 

Task 6- Parametric 
Delivery of Sorbent Testing - Field 10/1/2021 
Completion of parame!ric tests Demonstration: 

Task7-Data 
Revised Detailed Design Roouction and 

Evaluation of 3/1/2022 Report Oo I No Go Dedsion 

Parametric Testin2: Revised TMP 

Task 8 - Extended 
S/1/2022 Completion of extended teSlS Soibent Testio2: 

Task. 9- Data 
Reduction and 

7/14nJJ22 Final Report 
T<'.Chuo-Econr.,tnic Final TEA, Final TMP 
Assessment: 
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E. Funding and Costing Profile 
The projeci funding profile is shown in Table S 

Table 5. Proje,·t Funding Profile 

FY2019 FY20ZO FYl02t 
OOE C.Ost DOE Cost DOE Cost 
Fun!ls Share Funds Share Funds Shaft 

Barr 211,066 50,000 316,599 so.ooo 1,000.000 225,000 

UND 128,745 45,000 193,118 45,000 150,000 50,000 

MTI 41,966 20,000 62,950 20,000 100,000 30,000 

Envergex 60.349 32,500 90.523 32,500 100,000 42.662 

MU 7,965 2,044 11,947 2,044 9.000 2,500 

Consul\in• 
Total (S) 450,091 149.544 675,137 149,544 1,359.000 350,162 

Total Cost 33% 22% 26% 

Share% 

BPl BP.2 
DOE DOE 
Fnnds O)stShare Funds (;ostShare 

Barr 527,665 100,000 2,132,092 450,000 

UND 321,863 90.000 278,137 100,000 

MTl 104,916 40,000 244,960 60,000 

Bnvergex 150,872 65,000 197.581 85,324 

MU Con~-ul1in2 19.912 4,088 19,000 5,000 

Total($) 1,125,228 299,088 2,871,770 700.324 

Tola! Cost Share % 27% 24% 

DE-rOA-0001989 

Fl,".2012 Total 

OOE Cost DOE Cost 
Funds Sh.are Funds Share 

1.132,092 225,000 2.659,757 550,000 

128,137 S0,000 600.000 190,000 

144,960 30,000 349,876 100.000 
97,581 42,662 348,453 150,324 

10,000 2.500 38,912 9.088 

1.512.770 350,162 3,996,998 700.324 

23% 18% 

. Tota) 

DOE 
Fllnds Cost Share 

2,659.757 550.000 
600,000 190,000 

349,876 100,000 

348,453 IS0.324 
3&,912 9,088 

3,996..998 999,412 

25% 
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F. Project Timeline 
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Fig1<re 2. Miles/one Schedutl!' 

G. Success Criteria at Decision Points 
Budget Period I success criteria: 

' ' .... 
• .. 

• Candidate sorbents have been suocessfully screened aod a w<Jrl(ab!e model developed that can be 
used to predict sorbem pe.rfonnanct 

• A CFD model has been developed Iba! cao be used to identify the optimal 8rubent injection location 
to maximize its performance 

• A final design package has been prepared that inch,des detailed input from plant personnel, 8orbent 
suppliers, and technology vendors to ensure the technical and budgewy objeclives proposed for 
Budget Period 2 can be achieved 

Budget Period 2 success criteria; 

• Equipment at the field test site is successfully installed and operatiooal within the proposed budget 
.and schedule 

• Parametric testing demonstrates the effectiveness of the proposed technology and identifies the 
optimal parameters to maximize the benefits 

• Long-term testing demonsl!ales that the technology is effective over long periods of time and over a 
wide range of load. 

• Advancement of the technology to a TRL 7 (.system prototype validated in operational eovironment) 
thus making them ready for colJllllercial demonstration. 
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Appendix E 

DOE Nofification Award Letter (DE-FOA-0001989) 



NATIONAL ENERGY TECHNOLOGY LABORATORY mA110NAl 

~~iLOGY 
IAIIOltATOAY 

June 6, 2019 

SENT VIA ELECTRONIC MAIL 

Richard Hardegger 
B31T Engineering Co. 
4300 Mru:ketPointe Drive, Suite 200 
Minneapolis, MN 55435-5423 
rhardegger@ban.com 

SUBJECT: Selection of Application for Negotiation Under Funding Opportunity 
Announcement Number DE-FOA-0001989, Improving Efficiency, 
Reliability, and Flexibility of Existing Coal-Fueled Power Plants 

Dear Mr. Hardegger: 

We are pleased to provide this update on your application. The Office of Fossil Energy 
within the Department of Energy (DOE) has completed its evaluation of your application 
submitted in response to the subject Funding Opportunity Announcement (FOA). The 
application below has been recommended by the Office of Fossil Energy for negotiation 
of a financial award (Note: This notification doH not guarantee Federal Government 
funding, as an awllrd will only be obligated upon completio• of negotiations): 

Application: Mitigation of Aerosol Impacts on Ash Deposit.ion and Emissions from Coal 
Combustion; Tracking Nwnber:GRANT12803869; Nicole Nguyen 

Receipt of this letter does not authorize the applicant to commence with perfonnance of 
lhe project. DOE makes no commitment to issue an award and assumes no financial 
obligation with the issuance of this letter. Applicanlll do not receive an award until award 
negotiations are complete and die Conlracting Officer executes tbe funding agreement. 
Only an award document signed by the Contracting Officer obligates DOE to support a 
project. 

The award negotiation process ntay take up to 75 days. 'The applicant must be responsive 
during award negotiations (i.e., provide requested documentation) and meet the stated 
negotiation deadlines. Failure to submit the requested information and fonns by the stated 
due date, or any failure to conduct award negotiations in a timely and responsive manner, 
may cause DOE to cancel award negotiations and res..ind this selection. DOE reserves 
the right to terminate award negotiations at any time for any reason. 

Please complete the following items and submit to DOE no later than June 20, 2019 
• Pre-Award Information Sheet (available at https://netl.doe.gov/node/5719) 
• Data Management Plan 

A Contract Specialist from the Acquisition group will contact you shortly regarding the 
process of negotiating an award. 

ll810 Ccrns Feny Road, P.O. Bo• 8801 MOl'lf!ll"IOY!I WV 26607 • 626 ~ .. NII Roao, P.O. Box 10940. PffiaburQI,. PA 15236 



Please provide the requested documents to the attention of Amanda Lopez, who is the 
Contract Specialist from the Acquisition group handling the administrative portion of 
your application. Ms. Lopez can be reached at 304-2854220 or 
AmandaLopez@netl.doe.gov. Diane Madden is dte NETL Project Manager from the 
Project Management Division handling the technical portion of your application and can 
be reached at 412-386-593 l or Diane.Maddeoliilnctl.doe.gov 

cc: FOAFile 
Mgu,yen@barr.com 
DianeMadden@netl.doe.gov 
Amanda.Lopez@net1:doe.gov 

Sincerely, 

Jeffrey S. Kooser 
Contracting Officer 
Finance and Acquisition Center 
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