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Duluth Energy Systems 
Biomass-Fired Thermal Energy Preliminary Design  

 
 

Attachments: (1)  Sawdust Test Burn Report   
  (2)  Biomass Fuel Type Feasibility Study  
  (3)  Sawdust – Hammer Mill Test Results  
  (4)  Preliminary Hot Gas Generator Concept Description   
  (5)  Baghouse Soil Boring Report 
  (6)  Pulverizer Soil Boring Report  
 
1.  INTRODUCTION & OBJECTIVES 
 
Duluth Energy Systems (DES) is a municipal district heating system, owned by the City of Duluth and 
operated by Ever-Green Energy, Inc.  Thermal energy production is accomplished at the DES plant located at 
the intersection of Interstate I-35 and Lake Ave in the Canal Park area of the city.  Additional system 
information may be found at: 
 
http://www.duluthenergysystems.com/wp-content/uploads/2015/02/Duluth-Energy-Transformation.pdf 

 
Four identical 1932 Edge Moore water tube pulverized coal boilers are operated at 225 psig to provide steam 
for the plant’s machinery turbines (coal pulverizers, forced draft fans, induced draft fans and feed pumps).  
The majority (80 percent) of this “main steam” is reduced to 130-150 psig for distribution to the system’s 175 
customers through eleven miles of direct-buried pipe.  Turbine exhaust steam at a pressure of 4 psi is used 
by the plant’s feed water heaters and by steam-to-water heat exchangers for the closed-loop hot water district 
heating system serving customers on the South side of I-35 (Canal Park and the Duluth Entertainments & 
Convention Center – DECC).    
 
Steam demand varies from over 225,000 lbs steam / hour (225 klbs/hr = 269 million Btu/hour) in the winter to 
less than 30 klbs/hr (36 mmBtu/hr) during the summer months (including the plant’s parasitic load).   
 
Approximately one third of the system (on an annual thermal energy consumption basis) is to be retrofitted 
from single-pipe steam distribution to closed-loop hot water distribution over the next three years. 
 
The plant consumes approximately 50,000 (short) tons of sub-bituminous coal annually. Two of the four 
boilers are configured to burn either natural gas or coal.  On average, approximately 700 lbs of steam is 
generated per mmBtu fuel input. 
   
The objective of this project is: 
 

a. Replace 25 percent (on an annual Btu basis) of the plant’s annual coal consumption       
with renewable, biomass-derived fuel. 

 
The method for meeting this objective has not been pre-determined and is left to the Offeror to determine.  
Determination of the most promising biomass-fueled steam generation solution is the goal of the preliminary 
design task solicited herein.   Acceptable solutions may include, but are not limited to:   
 

a. Installation of efficient stand-alone biomass boiler(s).   
 

b. Modification of existing boiler(s) to efficiently fire biomass.  
 

c. Installation of a biomass gasification system which can be used to fire or co-fire new or existing 
boiler(s). 

 
d. Installation of biomass-fired hot gas generator(s) to be used as the heat source in existing 

boiler(s) to efficiently generate steam.  

http://www.duluthenergysystems.com/wp-content/uploads/2015/02/Duluth-Energy-Transformation.pdf
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e. Identification of an affordable source of a biomass-based fuel with coal-like properties which 
could be fired or co-fired in existing boilers with minor modifications to the solid fuel handling 
systems.     

 
2.  DELIVERABLES 
 
The deliverables for this project are:   

 
a. A report describing the recommended solution which satisfies the objective of replacing 25% of 

coal fuel with biomass fuel. 
 

b. Preliminary design of the required modifications or new installations at the DES plant to       
include renderings of any significant modifications to the existing boilers, exterior of the DES plant 
and surrounding property. 

 
c. An estimate (plus or minus 25%) of the total project capital costs (exclusive of additional        

design costs) and an explanation of the data and assumptions used in development of this 
estimate.  

 
d. An estimate (plus or minus 25%) of annual operating costs over a 20-year system lifecycle and 

an explanation of the data and assumptions used in to development of this estimate.  
 

e. An estimate (plus or minus 10%) of the additional design costs to complete detailed design and to 
produce bid specifications for the construction of the proposed solution.  

 
f. A presentation to Ever-Green Energy and City of Duluth staff providing a case for the follow-on 

detailed design and construction of the offeror’s proposed solution.    
  

3.  SCHEDULE 
 
Solicitation .................................................................................................................................. July 19, 2016 
Optional Site Tour for Potential Offerors .................................................................................... July 25, 2016 
Written Proposals Due .......................................................................................................... August 19, 2016 
Offerors’ Presentations (by invitation ..................................................................... Week of August 29, 2016 
Contract Award .............................................................................................................. September 15, 2016 
Deliverables Due ................................................................................................................... October 7, 2016 
Design Presentation(s)........................... ................................................... ...........Week of October 10, 2016 

 
4.  REQUIRED PROPOSAL CONTENT 
 
Proposals shall consist of: 
  

a. A brief description of the proposed solution on which the Offeror’s Preliminary Design will be 
based.  This section of the proposal shall include a summary of all options considered and the 
rational for selection of the proposed solution.  This section of the proposal is limited to ten (10) 
pages of text and up to five (5) additional pages for figures, photographs, etc. 

 
b. A five (5) page (maximum) summary of projects the Offeror has been involved – and the specific 

experiences, knowledge and lessons-learned from those past projects which will be brought to 
bear on this project.    

 
c. A two (2) page (maximum) summary of the qualifications of the specific individuals who        

comprising the Offeror’s project team and the respective roles of each individual          
assigned to the team. 

 
d. The Offeror’s total proposed “Not to Exceed” price for the deliverables described in Section 3. 
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Note: Although not encouraged, Offerors may submit multiple proposals, (one solution per proposal) if 

unable to identify a clearly superior alternative during the proposal preparation process.    
 
5.  SELECTION CRITERIA 
 
Proposals will be evaluated using the following criteria: 
   

a. The project objective identified in Section 1 is satisfied.    (Pass / Fail) 
 

b. The Offeror’s proposed solution adequately addresses design constraints as presented herein; as 
well as additional constraints or considerations identified by the Offeror.  (30%) 

 
c. The level of innovation and creativity demonstrated by the Offeror in minimizing the estimated 

lifecycle cost of the proposed solution. The lower-cost, 20-year, functional, safe, no-frills solution 
will trump the more costly, 40-year, bells and whistles solution.   (30%) 

 
d. Technical expertise and experience of the Offeror’s project team as related to the proposed 

solution.   (15%) 
 

e. Proposed cost for Preliminary Design deliverables. (25%)   
 
Based on the evaluation of written proposals, Offeror(s) may be invited to present their proposal(s) to Ever-
Green Energy and City of Duluth staff.   
 
More than one Offeror may be selected to complete preliminary design of its proposed solution.   
 
6.  DESIGN ASSUMPTIONS, CONSTRAINTS and BACKGROUND INFORMATION  
 

a. Assumptions. The following assumptions shall be used by all Offeror’s (as applicable to the 
proposed solution): 

i. Existing boilers generate 700 lbs of steam per million Btu fuel input. 
 

ii. Plant efficiency is 60% when boiler(s) are fired on coal at a boiler steam         generation rate 
of 45 klbs/hr (the maximum practical firing rate on sub-       bituminous coal).  Plant efficiency 
decreases by 0.5% for each 5 klbs/hr       decrease in boiler load below 45 klbs/hr per 
boiler.  This loss of total plant efficiency increases boiler fuel consumption only; electricity 
consumption is not impacted. 

 
For example:  Firing two existing boilers at 30 klbs / hour to meet a total steam demand of 60 klbs/hr 

would result in a plant efficiency decrease of 3% to 57%. 
 

iii. Average total steam demand (klbs/hr): 
 

MONTH 
AVERAGE 

(klbs/hr) MONTH 
AVERAGE 

(klbs/hr) 

JAN 165 JUL 40 

FEB 170 AUG 40 

MAR 135 SEP 45 

APR 80 OCT 60 

MAY 60 NOV 95 

JUN 45 DEC 130 

 
iv. Biomass system useful service life:  20 years 

 
v. The biomass system will be operated year-round in all typical Duluth weather conditions. 
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vi. Coal Cost:  $50 per ton (9,000 Btu/lb) 
 

vii. Natural Gas Cost:  $4.15 / mmBtu 
 

viii. Electricity Cost:  $0.08 / kWh 
 

ix. Coal Ash Disposal Cost: $45 per ton (coal ash content = 6% by weight) 
 

x. Biomass Ash Disposal Cost:  $20 per ton  
 

xi. DES plant operations labor rate:  $70 per hour (fully-burdened) 
 

xii. Local skilled trades hourly labor rates (journeyman, union shop, fully burdened):  
 

Pipefitters      $95 
Electricians    $100 
Boiler Maker  $100 
Outside Machinists  $85 
Sheet Metal Workers   $80 
Insulators   $115 
Asbestos Abatement  $115 
 

xiii. Annual cost escalation rates (adjusted for inflation): 
Maintenance, Labor and Materials (fixed costs) 1.0% 
Fuel, Energy, Water, chemical (variable costs)  0.5%   
 

xiv. Soil and geotechnical conditions in and around the DES plant are assumed to be similar to 
the conditions described in Attachments (5) and (6). 

 
xv. All thermal insulation within the DES plant is assumed to contain asbestos. 

 
b. Constraints.  The proposed solution will be bounded by the following constraints:  

 
i. Fuel Delivery, Handling and Storage.   

 
1) Biomass shall be delivered to the plant in pre-weighed quantities by truck (i.e. proposed 

solutions need not include an on-site truck scale). 
 
2) The biomass receiving area shall be located on the West side of the plant. 
 
3) The coal receiving (and coal ash loading) areas shall remain at their current location on the 

East side of the plant. 
 
4) Fuel storage capacity shall be sufficient to support 24 hours of steam generation at the rate of 

30 klbs steam per hour.   
 
5) Fugitive dust containment, explosive dust hazard and fire hazard mitigation shall be 

addressed by the proposed solution. 
  

ii. Ash Handling. 
 

1) If advantageous for any reason, the solution may incorporate use of the existing pneumatic 
ash transfer system and the existing steel ash silo for biomass ash conveyance and storage 
(provided coal and biomass ash remain segregated for disposal).    
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iii. Plant Property Arrangement.  

 
1) The plant is located at 1 Lake Place Drive, Duluth, MN.  The legal description of the property 

is: 
   

PARCEL ID:  010-2480-00774 
TITLE HOLDER:  CITY OF DULUTH MUNIC CORP 
PLAT:  INDUSTRIAL DIV OF DULUTH BLKS 1 &2 
 
LOTS 16 18 AND 20 EX HWY RT OF WAY INC PT OF VAC RAILROAD ST ADJ LOT 20 

    
2) The arrangement of the site is as shown in Figures 1 and 2.  Any proposed biomass 

receiving, storage, combustion and emission control equipment shall be contained inside the 
existing plant or in the area currently used for parking on the West side of the plant (within the 
yellow bordered area). 

 
  Figure 1 – Arial view of plant property 
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  Figure 2 – View from West looking East   

 
3) The arrangement of the lower (ground) floor of the existing plant is shown in Figure 3 below. 

The general location of the existing ash collection system is shown with a vacuum pump 
located in the Northeast corner of the baghouse drawing bottom ash from the boiler 
fireboxes, fly ash from the boiler multi-clone hoppers and particulate from the baghouse 
hoppers.    The only area on the ground floor of the plant which has space available for the 
installation of additional equipment is a 10 ft by 30 ft area to the West of Boiler #1.  See 
Figures 3 and 4.   

 

 
  Figure 3 – Plant ground floor 
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Figure 4 – Empty floor area on ground floor of plant.  Photo taken from North wall 

looking to the South.  
 
 

4) The arrangement of the upper (Operating) floor of the existing plant is shown in Figure 5.  
The only area on the Operating Floor with space available for the installation of additional 
equipment is a 40 ft by 15 ft area to the West of Boiler #1.   See Figures 5 and 6. 

 

 
 
  Figure 5 – Operating Floor 
 
 
 
 
 

 

North  
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Figure 6 – Empty floor area operating floor.  Photo taken from North wall looking to 
the South from the feedwater heater platform. 

 
c. Background Information.  

 
i. The Duluth Energy Systems plant produces steam in four (4) Edge Moore Iron  

Company 4-drum, water tube, saturated steam, pulverized coal-fired boilers originally 
rated  for 90,000 lb/hr at 235 psi. The boilers each have a heating surface of 8,505 ft2 
and a Maximum Allowable Working Pressure of 425 psi.  Each boiler has a dedicated 
coal pulverizer, Induced Draft Fan and Forced Draft Fan. The boilers are numbered 
1-4 from West to East.     

 
ii. Originally designed to burn bituminous coal, the boilers have been fired with     

subbituminous (Powder River Basin) coal since the late 1980s.  The maximum output 
of each boiler is 45,000 lbs / hr when fired with subbituminous coal (induced draft 
limited).  As detailed in Section 6.a.ii. of this solicitation, overall plant efficiency could 
be improved by the addition of efficient steam generation capability at firing rates less 
than 45,000 lbs/hr;      thereby allowing existing boilers to be operated exclusively at 
higher, more efficient coal-firing rates.    

 
iii. Each boiler has two coal burners. The boilers operate at a slightly negative pressure 

(0.1” water column) with respect to atmospheric pressure.  Bottom ash collects on a 
hinged false firebox floor and is then “dumped” to the ash collection area at the 
bottom of the firebox.  Bottom ash is manually “pulled” from the boiler to the ash 
conveyance system at  least once per day.   The boilers are equipped with air 
preheaters but do not have feed water economizers. The boiler fireboxes are 
protected with water wall tubes on the      side and rear walls.   Figure 7 shows the 
boiler cross-section and the combustion gas flow path through the boiler.  The 1930 
boiler construction drawings can be made available to offerors upon request.  
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 Figure 7 – Boiler cross-section. 
 
 



  

 

Page 10 of 14 

 

iv. Coal is delivered by 42 ft end-dump trucks to a receiving hopper on the East side of 
the plant and is then transferred into a bucket elevator for delivery to the bunker (see 
Figure 8).  A conveyor and tripper car system distributes coal to eight separate bins 
within the bunker.     

     

 
 

 
 

 Figure 8 – Coal receiving hopper and bucket elevator. 
 

  
v. The rate at which raw coal from the bunker is supplier to each pulverizer is controlled 

by a rotary feeder.  Each boiler is served by a dedicated Combustion Engineering – 
Raymond Model RB-473 steep-sided bowl mill. The integral pulverizer exhausters 
are straight blade radial fans which blow the hot air and pulverized coal mixture up to 
the boiler burners through the coal pipe.   A riffle box is installed in the coal pipe to 
evenly distribute the fuel flow to each of the two burners (see Figure 9).  

 
 
 

Coal 
Hopper Bucket 

Elevator 



  

 

Page 11 of 14 

 

                      
 

Figure 9 – Pulverized coal flow through Exhauster and to Boiler  
 

vi. Existing Utility Service. 
1) A 1,000 kVA transformer located on the West edge of the property (see Figure 1) provides 60 

Hz, 480V, 3-phase electrical service.  The plant’s peak electrical demand in 2015 was 
approximately 775 kVA.  A 1,000 kW diesel emergency generator is installed.  

 
2) Natural Gas is supplied to the plant at 30 psig from a pressure regulator located on the 

Western edge of the property, (see Figure 1).  
 

3) City water is supplied at 100 psig from a supply main which runs outside and parallel to the 
west side of the plant.  An ion exchange system is used to soften the water before it is 
introduced into the boiler feedwater system.  Sufficient capacity exists to provide either 

softened 45⁰ F city water or 260 psig, 250⁰ F feed water to an additional boiler.  
 

4) A schematic representation of known underground public and private utilities is provided as 
Figure 10.    \ 

 

Coal and hot 
air from 
Pulverizer to 
Exhauster 

Coal and hot air 
from Exhauster 

Riffle Box 

Exhauster 

Coal and hot air from 
Exhauster to Boiler 

To upper and 
lower burners 
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Figure 10 - Underground Utilities in the area of the Duluth Energy Systems plant 
 

vii. Existing Emission Control System  
 

1) A fabric filter baghouse is installed to remove airborne particles from boiler flue gas before it 
enters the smokestack.  The baghouse is designed for a maximum flowrate of 160,200 cfm 

(three of the existing coal boilers at full load) at a maximum operating temperature of 460⁰ F 
(340⁰ F / 550⁰ F min / max).  A reverse gas flow system and sonic horns are used to clean 
the fabric filter bags.   

 
2) A solution which safely and efficiently utilizes the existing baghouse and stack for the filtering 

of biomass flue gas is acceptable.    
 

viii. Existing Ash Conveyance, Storage and Unloading Systems   
 

1) A vacuum pump-powered pneumatic ash conveyance system is used to convey coal bottom 
and fly ash from the boiler fireboxes, multi-clone hoppers and baghouse hoppers to an ash 
storage silo.   

 
2) Offerors may evaluate the feasibility of using the existing coal ash conveyance system for 

biomass ash handling.  
 

3) The steel ash silo on the East side of the plant is currently not in use and is available for 
biomass ash storage.   

 
ix. Local Contractors familiar with the Duluth Energy Systems plant. 
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The following contractors have worked in the Duluth Energy Systems plant in and are aware of this 
project and RFP.   Offerors may choose (but are not required) to communicate with these or other 
contractors and suppliers in order to develop construction cost estimates.     
 

 ACCT (asbestos abatement) 

 A.W. Kettle (pipefitting, sheet metal, roofing electrical) 

 Belknap Electric (electrical) 

 JAMAR  Company  (mechanical, sheet metal, inside / outside machine shop, boiler pressure 
vessel and refracatory) 

 Power Products (boiler controls and appurtenances) 

 Northern Engineering Company (inside / outside machine shop) 

 Northern Industrial Insulation (thermal insulation) 

 Stack Bros (mechanical, pipefitting) 
 

x. Preliminary Biomass Investigations and Findings.   
 

1) Sawdust was test fired in one of the plants existing boilers in 2010.  The test report is 
provided as Attachment (1). 

 
2) DES hired WSP Global, Inc. to study the feasibility of processing and burning various types of 

biomass in the existing boilers (green wood chips, sawdust, and pellets).  Deliverables from 
that study are included as Attachment (2).     

 
3) The most significant conclusions reached through these studies are: 

  
• The successful “sawdust” test burn was accomplished using a spec fuel – an extremely dry 
wood flour manufactured expressly for the test burn.  This fuel was selected to mitigate the risk of 
burning wood embers reaching the fabric filter baghouse.  This will continue to be a design 
consideration for any proposed solution which incorporates the existing boilers or baghouse.  Waste 
stream sawdust from a local pallet manufacturing facility was shipped to the Schutte-Buffalo factory 
where testing was performed to determine the minimum particle size that could be produced using 
hammer mills.  The results of that testing are provided as Attachment (3).  In general, the sawdust 
required drying before milling in order to obtain a particle size (1/16” hammer mill screen) anticipated 
(but not proven) to be small enough completely burn in suspension within the boiler before the flue 
gas reaches the baghouse.  The capital and ongoing operating costs associated with the on-site 
processing of “green” sawdust for combustion in the existing boilers were deemed to be prohibitive.       
 
• The existing bowl type coal pulverizers are not effective in processing traditional biomass fuel 
types (e.g. sawdust, chips, pellets).  The pulverizers are designed for coal with a Hardgrove 
Grindability Index > 55.  Although not actually confirmed at the DES plant, anecdotal evidence and 
published research suggests traditional biomass fuel types (including white wood pellets) will deform 
(but not be significantly reduced in size) and will then accumulate and clog this type of pulverizer.  
Again, the capital and ongoing operating costs associated with the on-site processing of standard 
woody biomass fuel for combustion in the existing boilers were deemed to be cost prohibitive at that 
time.   
 
• The concept of ducting hot biomass combustion-generated flue gas into the existing boilers to 
generate steam was briefly explored but tabled due to concerns about potentially disrupting boiler 
water and steam circulation within the boiler.  This may or may not actually be a problem; an Offeror 
proposing such a solution will be required to verify that existing boilers could be safely and efficiently 
operated in this configuration.  Attachment (4) provides a description of the ducted hot gas concept as 
envisioned, but not fully studied by DES.          
 

xi. Geotechnical and Plant Structural Considerations. 
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1) The existing plant was constructed in 1932.   Historical photographs and drawings indicate 
wooden pilings were used under the ground floor slab.   

 
2) The plant’s baghouse and steel ash silo were installed in 1979.  Soil test borings on these 

areas of the property were drilled and analyzed as part of the engineering effort for that 
project.  The test report is provided as Attachment (5). 

 
3) The coal pulverizers along the South wall of the ground floor were replaced in 1994.  Soil test 

borings in this area of the plant were drilled and analyzed as part of the engineering effort for 
that project.  The test report is provided as Attachment (6). 

 
4) The plant’s original structural construction drawings and related specifications can be made 

available to Offerors upon request.    
 

xii. Air Emission Permitting  
 

1) The Duluth Energy Systems plant is considered to be a major source under the Federal New 
Source Review Program and Federal Part 70 Program.  Limits on the amount of coal burned 
have been accepted in order to maintain Hazardous Air Pollutants (HAP) emissions below 
the Major Source thresholds under the National Emission Standards for        Hazardous Air 
Pollutants (NESHAP) program.   The Minnesota Pollution Control Agency Air Emission 
Permit No. 13700022-005 allows biomass to be burned in existing boilers provided stated 
permit limits are met.  The Air Emission Permit can be found at:  

 
       http://www.pca.state.mn.us/index.php/view-document.html?gid=23434     
 

2) The following is a summary of selected existing air permit limits and 2015 Actual emissions:  
                   
 LIMIT               2015 ACTUAL 
Total Facility SO2  <1,039 tons/year (12-month rolling average)  248 tons 
Total Facility NOx  <594 tons/year (12-month rolling sum)   217 tons 
Total Facility PM10  <19.9 tons/year (12-month rolling sum)        2 tons 
Total Facility CO <235 tons/year from wood (12-month rolling sum)           NA 
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1269 Premier Way, Thunder Bay, ON  P7B 0A3 

Telephone: 807-625-6700 ~  Fax: 807-623-4491  ~  www.wspgroup.com 
    

MINUTES OF MEETING 

 

MEETING DATE: March 18, 2014 

MEETING PLACE: Duluth Steam Plant 

PROJECT NO.:  

PROJECT NAME: Biomass Handling Study 

 Name Company e- mail address 

PRESENT:    

 Jim Green Duluth Steam Jim.Green@ever-greenenergy.com 

Bacon Reuille Duluth Steam bacon@DuluthSteam.com 

Barry Brooks WSP  

DISTRIBUTION: All Present   

    

 
NOTES: 
 

Item # Topic Discussion Action 

1 Study Scope The study will focus only on the present needs of 
the plant to burn 25% biomass on a BTU basis 
annually. 
Steam Load: -   200 KPH winter 

- 30 KPH summer 

 

2 Existing System (4) Boilers c/w manual ash removal 
(2) of (4) boilers gas natural gas burners 
All boiler has fuel oil guns for start-up 
Western Coal is typically used with 4% ash, 
eastern coal is occasionally used 
Each boiler has its own roller type pulverizer 

Jim will forward info 
on existing silo, 
pulverizer, boilers 
and steam 
production 

3 Potential Biomass 
Fuels 

The study will be limited to woody biomass, hog 
fuel, dust and pellets (white or dark) will be 
investigated. 
Hog Fuel would require re-hogging and would be 
introduced prior to the pulverizer 
Pellets would be introduced prior to the pulverizer. 
Dust could be introduced either before or after the 
pulverizer   

Barry will contact 
biomass suppliers 
to investigate the 
difference in pricing 
between biomass 
dust and pellets 

3.1 Biomass Fuel 
Requirements 

Moisture content of less than 15% 
Volatile Matter of greater than 35% 
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MINUTES OF MEETING 

 

4 Biomass Burning 
limit 

The amount of biomass to burn will be limited by 
the carry-over to the bag house. 
As steam demand increases the biomass burning 
will decrease in order to avoid carry-over to the bag 
house. 
Material Handling Equipment Design Capacity of 
2.75 tph, which includes 15% for surge capacity 
and 10% contingency 

 

5 Biomass Delivery 24/7 enclosed trucks or container, must not be dust 
generating 

 

6 On-site Storage An existing silo may be utilized for storage, 
otherwise the trailers or container will be the only 
storage with metering bins on the operating floor 
level 

 

    

 
 
 
Disclaimer:  
 
Any Discrepancy in these minutes must be brought to the attention of the recorder, in writing, 
within 7 days of issue date. If none are received, the minutes will be adopted. 

 

 

 

 

 
      

WSP Group 

 



 

1269 Premier Way, Thunder Bay, ON  P7B 0A3 
Telephone: 807-625-6700 ~  Fax: 807-623-4491  ~  www.wspgroup.com 

    

141-15179-00 

MEMO 

 
PROJECT NAME: Duluth Steam Biomass Handling Study 

PROJECT NO.: 141-15179-00 

SUBJECT: Fuel Option Comparison 

PREPARED BY: Barry Brooks 

Item Option #1, Biomass 
Pellets,  

Option #2, Biomass 
Dust,  

Option #3, Wood 
Chips,  

Heating Value 8,200 BTU/LB 6,000- 6500 BTU/LB 4,300- 4800 BTU/LB 

Bulk Density 40 LBS/CU FT 25 LBS/CU FT 20 LBS/CU FT 

Moisture 
Content 

6% 25 - 30% 45 – 50% 

Estimated fuel 
cost (not 
confirmed, dust 
price is based on 
pellet suppliers 
information) 

$150/ton $75/ton  $40-50/ton 

Fuel Handling 
System  

See Flow Diagram 
No.8000 

See Flow Diagram 
No.8001 

See Flow Diagram 
No.8002 

Fuel Storage Receiving Hopper, 
Surge Bin, and (4) 
Storage Bins 

No on-site storage with 
the exception of the two 
(2) transport trailers, this 
will reduce the risk of 
silo explosions 

Receiving Hopper, 
Processed Material 
Surge Bin, and (4) 
Storage Bins 

Operating Issues Easiest to control and 
monitor. 

Cleanest fuel. 

 

Will require controlling 
pneumatic blower and 
rotary feeder by boiler 
load and coal/biomass 
mix ratio. 

 

An additional process 
for the operators to 
monitor and control. 

Potential noise 
source. 

 

Dust Explosion 
Risk  

Low to Mid Risk Mid Risk Low 

Fuel Supply Pellet suppliers would 
welcome the summer 
business. 

 

Fuel sourcing of the 
required tonnage may 
be an issue. 

Most flexible for fuel 
sourcing. 
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DESIGN CONSIDERATIONS AND TECHNICAL SPECIFICATIIONS 
 

 
1. INTRODUCTION 
 
 This project is intended to substitute locally available woody biomass for at least 25 percent (on a fuel 
 energy input basis) of the 50,000 tons of coal consumed at DES annually  
 
 Previously completed design and research indicates co-firing biomass with pulverized coal in the 
 existing boilers is not likely to be cost effective.  This project will instead, install biomass-fired Hot Gas 
 Generator(s) (HGG) just outside the existing plant.   The flue gasses from the HGG will be ducted into 
 the existing boiler firebox and through the boiler generating bank to produce steam.  Two of the  
 plants four boilers will be re-configured to use heat generated by the HGG(s).  
  
 The deliverables for this project include design of, and / or specification development for: 
 
  1.    A building or enclosure as required to allow year-round operation of the biomass  
              HGG system.  
  2.    Biomass (green wood chips) receiving, storage and HGG feed systems. 
  3.    Biomass - fired Hot Gas Generator(s) (HGG).   
  4.    Duct(s), dampers between HGG(s) and existing boilers. 
  5.    Modifications to existing boiler(s) required to accept flue gas from HGG(s). 
  6.    Remote control and monitoring system so that the HGG operation can be accomplished 
         from the plant’s existing control room.   
  7.    Biomass ash collection, conveyance and storage. 
  8.    Interfaces with existing boiler and HGG automatic combustion control systems. 
  9.    Biomass dust capture, fire detection and suppression system(s) as required.  
  10.  Civil, structural, electrical and architectural modifications to existing plant property as  
          may be required. 
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2.0 OPERATIONAL REQUIREMENTS  
  
 2.1 Approach 
 
  a. The desired outcome is the capability to burn biomass fuel in the form of green,  
   locally derived woodchips in a HGG located on the West side of the existing heating 
   plant.  No onsite processing of fuel other than the removal of tramp metal will be  
   accomplished. 
    
   HGG flue gas will be ducted into two of the plants four existing boilers.  Boilers 1 and 
   4, located at the West and East ends of the plant respectively will be configured to 
   accept HGG flue gas.  When the district heating system demand is low, the biomass-
   fired hot gas generators will supply the total heat required to generate steam.  During 
   winter months when steam demand is higher, the heat from the biomass fired hot gas 
   generator will augment the simultaneous combustion of coal in Boilers 1 and 4. 
    
   Flue gas from the biomass-fired hot gas generators will flow through boilers,  
   and the plant’s existing fabric filter baghouse and smokestack. 
 
   Ash from the biomass fired hot gas generators will be conveyed to a storage  
   silo or tank and periodically offloaded into trucks for disposal.   Use of the  
   plant’s existing coal ash vacuum conveyance system and ash silos should be  
   considered by designers. 
 
 
 2.2 General Design Requirements  
 
   a.   The following assumptions shall be used for design: 
 
    i.     Green wood chip moisture content:   45%  
    ii.    Wood chip heating value:  4,500 Btu/lb 
    ii.    Wood chip bulk density:   20 lbs/ft

3
.    

    iii.   One truckload of biomass fuel, as delivered has a volume of 2,500 ft
3 
or 

           a net weight of 25 tons.
   
 

    iv.   Existing boilers currently generate 700 lbs of steam per MMBtu heat  
            input (coal). 
    v.    For the purpose of this project, the maximum expected generating  
           capacity of each boiler shall be 55,000 lbs steam/hr (55 klb/hr/boiler).  
    vi.   Based on the assumptions above, the maximum biomass throughput will 
           be just under 9 tons per hour per boiler. 
 
   b.   The system shall be designed for a minimum service life of 25 years.        
 
   c.   No new air emission sources shall be added to those currently included in the 
         plant’s Title V permit.             
 

  d.   The system shall be designed to comply with applicable fire detection, fire  
          suppression and dust control code requirements. 
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  e.   Those portions of the system located outside of the existing plant shall be  
          enclosed in a structure designed to: 

   i.   Provide adequate protection from the weather to allow for year- 
              round operation. 

   ii.  Contain all fugitive biomass and ash dust which may be generated by the 
         system. 

   iii.  Suppress additional noise created by the system’s operation to a  
          Maximum level of 85 dB as measured at the plant’s property boundaries.  

   iv.  Be compatible or complementary, in appearance, with the Canal Park 
          setting. 

 
  f.    The system shall be capable of being operated and monitored from the plant’s 

           existing control room without the need for continuous DS operating staff  
           presence in the HGG structure.     

                       
2.2 Fuel Delivery 
 
 a. Green woodchips will be delivered to site in live-bottom, moving floor, push- 

   off or end-dump 42’ trailers (fuel supplier provided).  The fuel receiving area shall be 
   located on the West side of the plant.  Onsite truck traffic patterns and maneuvering 
   areas shall be designed to minimize traffic disruptions on adjacent city streets while  
   the same time providing sufficient space for unloading of trucks.    

 
 b.   Receiving area and equipment shall be configured to allow for offloading of just 

   one trailer at a time but with sufficient capacity in the receiving area for at least two 
   truckloads of fuel.  

 
 c. Receiving area and equipment shall be designed to prevent biomass   

   freezing, bridging, clogging or other fuel flow interruptions.    
 
 
2.3 Fuel Storage 
 
 a. Biomass fuel shall be conveyed from the receiving area to Ready   

   Service Storage with capacity sufficient, when combined with Receiving Area storage 
   capacity to allow for six (6) hours of 2-boiler operation at full load (104 tons). 

  
 b. Ready Service Storage shall be designed with a First-In, First-Out operating scheme. 
 
 c. If advantageous, a design which combines receiving and storage functions while  

   meeting the individual requirements of Sections 2.2 and 2.3 is acceptable.  
 
 d. The Ready Service Storage design shall include a means to be emptied (by some 

   means other than feeding biomass to the HGG).    
  
 
2.4 Hot Gas Generators (HGG) 
 
 a. The HGG shall be located to the West of the existing plant building near the fuel  

   delivery and storage equipment.  
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 b. The HGG shall have sufficient capacity to simultaneously deliver hot flue gas with 
   a total heat content of 157 MMBtu/hr to the plant’s boilers (78.5 MMBtu/hr per boiler).   

 
 c. The HGG shall have a turndown ratio of at least 3:1 (rate of heat delivered to existing 

   plant boilers).    
 
 d. HGG flue gasses shall be ducted into the plant to Boilers 1 and 4.  Existing window 

   openings may be used for ductwork penetration(s) through plant walls if possible.    
   The system shall be configured to allow hot gas to be supplied to Boilers 1 and 4  
   individually or simultaneously.  The design shall provide for complete isolation of  
   HGG flue gas from one boiler while the other boiler is being supplied with flue gas.  
   The design shall also provide for complete isolation of the HGG while boiler(s) are 
   being fired with coal.  

 
 g.    Hot gas from the biomass furnace shall be introduced into the existing boiler  

   fireboxes in a manner which optimizes heat transfer to the existing boilers’ generating 
   tubes while not interrupting proper combustion when “cofiring” with coal.  

 
 h. The combined biomass – coal fired system must be capable of meeting air emission 

   limits specified in the plant’s existing Air Emissions Permit.  
             
2.4  Ash Handling 
 
 a. Ash generated by the biomass furnace shall be conveyed to a location where it can 

   be collected and loaded into trucks for disposal.   
 
 b.   If advantageous for any reason, the design may incorporate use of the existing  

   vacuum ash collection system and the existing steel ash silo for biomass ash  
   storage.   If this option is chosen, the design shall include required modifications to 
   the existing steel ash silo and unloading system.   Note:  This silo was originally  
   designed for dry ash unloading and is not currently configured with an ash-water  
   mixer / unloader. 

 
 c. If the design will combine coal and biomass ash storage and unloading using the  

   existing brick ash silo and unloading systems, any required modifications to either 
   shall be included in the scope of this project.       

   
3.0 EXISTING CONDITIONS AND IMPACT on DESIGN   

 
3.1 Exterior Plant Arrangement  
  
     a..   Hot gas duct(s) could potentially be routed from the HGG into the plant through existing 

       10 ft x 10 ft window openings on the West end of the plant.  See Figure 3.   
 



  
 

 

   
   

  
   
5 

 

 
    Figure (3) – West elevation of plant. 
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3.2  Interior Plant Arrangement 
  
a.  The upper (Operating) floor of the plant is arranged as indicated in Figure 5.  The HGG        

      ductwork form the HGG to the fireboxes of Boilers 1 and 4 is indicated in red.   This duct would be 
      installed under the coal bunker, above the boiler wind boxes. See also Figure 6.        

 
 
Figure 5 – Plant upper (Operating) level 
 
 
 
 
 
 
 
 
 
 

Biomass  
Hot Gas Generator 
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Figure 6 – Plant upper (Operating) level in front of Boiler #4 looking to the east towards Boilers 3, 2 

 and 1.   HGG flue gas duct shown in red. 
 
 
c. The envisioned modification to Boilers #1 and #4 will be to introduce hot gas from the  

  biomass fired HGG into the boiler above the firebox as shown in Figures 8 and 9.  The hot 
  gas will  flow through the generating bank and air preheater.  At low boiler loads, the HGG 
  gasses  ducted into the boiler will provide the only heat required to generate steam.    At  
  higher loads, the boilers will be “co-fired” with coal, the heat from the HGG combining with the 
  heat of coal combustion.  
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Figure 8 – Boiler location where hot gas will be introduced. 
 
 

                         
 
Figure 9 – Interior of firebox where hot gas will be introduced to boiler (left) and corresponding 

 locations on exterior of boiler (right). 
 

Hot Gas from Biomass HGG 
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3.4   Existing Boiler Controls 
 
a. Six (6) Moore 353 (Siemens) controllers are installed for each boiler to automatically achieve  

  boiler set point (225 psi) while maintaining proper boiler water level and firebox   
  combustion.  The six controllers are shown in Figure 10.     

 

 
 

Figure 10 – Six controllers are installed for each boiler.  The controllers are (clockwise from top left):  
Boiler Sub-Master; Coal Pulverizer, Forced Draft Fan; Drum Water Level; Induced Draft Fan; and 
Oxygen.  Boilers 2 and 3 also have natural gas controllers as these two boilers are configured for gas 
operation. 
 
b.   Each boiler control system also includes a fuel selector switch which adjusts control system 
 parameters to optimize combustion for the particular fuel in use: bituminous (Eastern) coal or 
 sub-bituminous (Western) coal.  See Figure 11. 
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   Figure 11 – Fuel Selector Switch. 
 
d.   The general control logic interface envisioned between the biomass hot gas generator and 
 the existing controls for boilers 1 and 4 is as follows: 
   
 i. The preferred mode of operation will allow each boiler to generate between 25,000 
  and 55,000 lbs steam / hr using only the heat introduced from the biomass fired  
  hot gas generator.  If this can be achieved, the demand signal from the existing  
  control system will be used to control the HGG firing rate and whatever   
  dampers or other devices are employed to control the rate of heat input into  
  each of the two boilers.    
 
 ii. If 55,000 lbs steam / hr cannot be achieved with HGG generated heat alone, a  
  coal – HGG cofiring control scheme will be required.  The current minimum  
  sustainable firing rate while burning coal is 25,000 lbs steam / hour (below this  
  firing rate, the coal flame is unstable).  This minimum coal firing rate must be  
  considered in the cofire control sequence.  
  
            iii. The safety logic described in Section 3.4.d. shall be incorporated so that heat input 
  from the HGG is also stopped in the event of boiler low water level or high pressure.  
    
 
































































