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Presentation

1) Background and justification
2) Data collection

3) Model

4) Results
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Objectives:

 Determine an in-Field Drying model to predict Moisture content.
e Lower energy delivery costs per unit of energy (47%)
* Increasing the supply of energy from forest resources (by 32%)
e Decrease the cost of drying prior to pelletizing (75%)

e Convert the industry from measuring tons to measuring energy
content.
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Moisture Content wet basis

Hopkins and Roise(2014) Trailer MCw Over Time
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Balancing biomass harvesting and drying tactics with

delivered payment practice
Refining woody biomass feedstock logistics

Dr. Joseph P Roise, and others
12/23/2013

http://www.usendowment.org/images/Final Report to the US Endo

wment on Field Drying Biomass v5.pdf




Diffusion Equation for Drying

e Commonly used functional form from both fire science and kiln
operation.

e Regression form, k=a*X is determined by environmental variables
e M; = My + (My—M,) * Se(axX)x(t1—to)



Data Sources for Climate Information

e Hopkins dataset matched to closest weather station (Henderson
Oxford Airport weather station (KHNZ station)

e CRONOS dataset (https://www.nc-climate.ncsu.edu/)

e Roise dataset matched to synthetic data record for precipitation and
temperature based on nearest weather stations and on Raleigh
humidity record (KRDU station)

e PRISM dataset (http://www.prism.oregonstate.edu/explorer/, 2015)
 CRONOS dataset (https://www.nc-climate.ncsu.edu/)




Forecast of Drying rates

e Historical climate normals used to forecast drying for a typical year

_ dadwood | e

Parameter

Tops and Pulpwood Pulpwood Tops and Pulpwood Pulpwood

o (temperature)

0.001265 0.001265 0.001265  0.001265
B (humidity) -0.00088  -0.00088 -0.00088  -0.00088
v (precipitation/M,) -0.00004  -0.00004 -0.00004  -0.00004

6 (incorporates s, sp, r) -0.07332091 -0.05402 -0.055712 -0.04104656
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Moisture Content wet basis
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Financial Optimization

 Incorporate both financial and physical aspects of drying

e i=Revenue-Costs
1-.5

* shrinkage ratio = —— accounts for increasing amount of moist
biomass to get a given amount of drier biomass

 Price is proportional LHV and price of fresh moist biomass

* Pricey, =Priceg en*LHV,, /LHV, cen

e LHV function of temperature of air and fuel (60°F), 40% excess air in
combustion, 8500 Btu/lb HHV (General Technical Report, 1979).

e LHV=-10255*M,,+8500 Btu



Financial Optimization Costs

e Assumed microchipping
 Chipping productivity (tons/hour)=18.5+82.5*M, (Hopkins, 2013)
* Chipping cost per ton=55*(59.75 tph/(18.5+82.5*M,, ) tph) (NCPLA, 2013)

* Transportation
e 120 yd3 van, 25 tons load
e Density (lbs./ ft3)=10.5+M,*21

e At M, below 23% the truck is limited by volume rather than weight,
increasing the cost per ton of transported dried wood.

e Haul distance is assumed to be 20 miles, $3.60 per loaded mile

e Harvest and piling $15/ton
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Financial Optimization Profit

e = Price(M,,(t))*PV(t)* Shrinkage(M,,(t))- Chipping(M,,(t))*PV(t) *
Shrinkage(M,,(t))- Transport(M,,(t)*PV(t) * Shrinkage(M,,(t))-
Harvesting — Piling

e Discount for PV is 10%
o

e maxr: set
at

0,solve fort



Month of Initiation

Days Dryir Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0SS 212 S 212 S 212 S 212 S 212 S 212 S 212 S 212 S 212 S 212 S 212 S 212
305 246 S 255 S 275 S 305 S 322 S 357 S 372 S 35 S 322 5 288 S 268 S 251
60 S 28 S 311 S 35 S 395 S 438 S 475 S 474 S 436 S 381 S 334 S 3.02 § 281
90 S 335 $ 383 S 433 S 489 S 530 S 548 S 529 S 477 S 416 S 361 S 327 S 315
1205 401 S 452 § 513 S 562 & 584 S 58 S 55 S 499 S 434 S 38 S 35 § 361
150 $ 463 S 523 § 575 S 604 § 609 S 598 S 565 S 509 S 446 S 403 S 39 S 419
180 § 527 S 577 S 608 S 620(S 616|S 601|S 566 S 514 S 461 S 433 S 444 S 4TS5
2106 574 S 604|S 619|S 621|S 614 S 597 S 565 S 520 S 48 S 474 S 491 S 531
240 S 598|S 612(S 616 S 615 S 607 S 591 S 564 $ 531 S 511§ 511 S 539 § 572
270 S 6.00|S 604 S 605 S 603 S 597 $ 58 S 567 & 548 S 537 S 549 S 572(S 591
3005 59 S 593 S 593 S 591 S 58 S 58S 572(S 561 S 562 S 573[S 58S 5.89
3306 58 S 58 S 579 S 578 S 576 S 574 S 571|S 570|S 571($S 575(S 577 § 579
360 S 566 S 566 S 566 S 566 S 566 S 566 S 566 S 566 S 566 S 566 S 566 S 5.66

1 2 3 4 5 6 7 8 9 10 11 12

end date October October October Novembe Novembe DecembelMay July August  Septembe Septembe Septembe
Mw end 22% 23% 24% 24% 26% 28% 24% 22% 22% 21% 23% 24%



Discussion

* Increase of profit by allowing
time to

e Clustering of optimal times in
Fall (9/12 months)

* In process work includes field
piled drying and time and
motion studies of skidder
operation




Questions?

Thanks for coming!



