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Disclaimer

% Products mentioned in this presenta
reflect an endorsement of that produ

b %* Likewise, a lack of acknowledge does
that a product is not recommended.
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Outline

“*Types of wood fuels
“*Types of Wood Burning Appl
“*Heat distribution
**Comparison of energy source
- *+Sizing a wood heating applian
- »Smoke Emissions

- “+Firebox Management
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Biomass Fuels

A fuel derived from plant material
**Wood (cord, chips, pellets)
s*Grains (corn, rye, wheat,. . )
**Cherry pits, sunflower hulls
¢ Prairie grass (sw1tchgrass mlscanthus)
‘, “CI‘Op fodder (corn stalks)
, s Straw (wheat, oat, barley)
3 ¢ Oils

Credit: NREL

ww.wisconsinwoodenergy.org




Types of Wood Fue

+* Cord wood

%* Green mill residue
<* Hogged bark, chips from slabs & sawdust
» High moisture (>20%)
%+ Store outside in piles

. +*Dry mill residue

ST % Low moisture (< 10%)

- % Sawdust, trimmings, wood from wood produ
- companies

< Wood Chips
_ +» Whole tree, tops/branches, sawmill/clean chips
;."2* Typically high moisture (~50%)

% Energy content varies with H,0, density anc
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Direct Use - Wood
**Cord wood / logs

s*Moisture — 50% as harvested
<*Air Dried - < 20% (1 - 2 years)
“*Energy content — varies with tree spe
< Average — 22,300,000 Btu / cord @ 20% 1
<*Range - 13,800,000 to 30,700,000 Btu / cc

«*Different species vary in density (l1bs / cor
s*Boxelder — 2632 1b / cord; Oak 4200 1b / cord

% All wood about 7000 Btu / 1b. @ 20%

sconsinwoodenergy.org
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Cord of Wood

s*Unit of measure — Cord (volu
“#Full Cord - 4 ft x 4 ft x 8 ft or 128
“*Face Cord, Fireplace cord, stove cord

* 4 ft x 8 ft x firewood log length
%16” logs - 1/3 of a cord

%12” logs - 1/4 of a cord

: *A full cord of stacked wood typicall

. 70-90 cu. ft. of solid wood

uﬁWoodenergy.org
i) %
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Cord wood

** “Low cost” ?7?
¢ Labor intensive
**Handle 3 to 6 times
% Harvesting SN
% Cut, transport, split, plle/stack | creat BN
% Air dry - Minimum 1 summer usually 4
b <*Plan requirements 1-2 yrs ahead
% Refueling labor
|« Ash disposal (greater volume)
% Energy content depends on species
L ¢ High emissions — new regulations

e

sce glsinwoodenergy.org




Burning Characteristics of S
Wood Species

- Air dried
_ 4184 2880 20.0
_ 4312 2992 20.8 Medium
_ 3589 2632 18.3 Medium
_ 4640 2272 15.8 Medium
_ 4456 2872 20.0 Medium
«'___: | _ 4616 4016 27.9 Low
_ 4685 3680 25.5 Low
3 Silver Maple 3904 2752 19.0 Low
f _ 4960 3768 26.2 Low
v _ 5573 4200 29.1 Low
i _ 3585 2104 14.6 Medium
[ s . ‘ 6urce: M. Kuhns & T. Schmidt, Heating with Wood, University of Nebraska-Extension

wisconsinwoodenergy.org
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Direct Use — Green Wood C

%+ Local availability

s+ Low cost

+* Moisture Content

s* Green ~ 509% moisture

4

‘ D)

»* Lower energy content
% 4500 Btu/lb

«* Bulk handling

o Augers

% Loaders

0:0 :,"Storage
b Source: NREL
Outside pile

% Bunker / covered

sconsinwoodenergy.org
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Densification
Pellets /| Cubes

+* Facilitates handling
% Reduces transportation costs

% Uniform product

| % Automatic stoking

.-ff,.-,- +¢ Low emissions / low smoke
| *» Higher thermal efficiency — 80% to 90+%
i % B}_llk Handling - grain handling equipment

t.i
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Wood Pellets

» Material — round wood, sawdust,
* Unit of measure — Tons or pounds

/7

% Bulk in tons or 40-50 pound bags
»* Moisture

: % 8 to 10% depending on grade

# Energy content

% Average — 8000 Btu /1b

Grades (Pellet Fuels Institute)

% Utility, standard, premium

A/

% Difference is mainly ash content 6%, 2%,

* Uniform product
| % 1/4” diameter x 1” to 1-1/2” long
e % Density 38 - 46 Ib/cu. ft.

4

L)

¢ o

L)

L)

: lletheat.org/3/institute/standards/PF1%20Standards.pdf
sconsinwoodenergy.org
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Biomass Pellets

¢ Materials
«* Prairie grass mixes (Switchgrass, Miscanthus, ha
% Straw (wheat, oat, barley, rye)
+* Corn fodder (stalks & cob)
+»* Nut hulls, sunflower hulls

i “»Wood residue
+* Unit of measure

%*Bulk in tons or 40-50 pound bags
% Moisture

% 8-11% typical
;?0 Energy content
. %7200 to 8000 Btu per pound
"ngher energy contents typlcally include some wood

2/24/2015
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How does wood b

+* Heat drives off moisture
* Wood undergoes Pyrolysis

** Breaks down into organic gases

%*85% of mass and 60% of heat value in g

- % Charcoal burns at 1100 °F

” ~ % Unburnt residue

- %*Smoke or creosote

omplete combustion requires 3 “T"s

o ~ % Temperature — 1100 to 1500°F to ignite pyr
-~ | = Turbulence - 10-12 lbs air per lb of pyrolysi

14



What is a boiler versus a fu

% Cord wood, pellets, wood chips
%* Boiler heats a fluid (water, glycol/water
steam)
< Hydronic Heater (water heater)

%*Fluid can be pumped to the location where
used.

** Furnace heats air
+* Air blown through ducts to needed location

Pellet furnace

Pellet boiler & bin

Credit: HarmanStoves Credit: Josh Kaurich

2/24/2015
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Boilers

“*One boiler can heat multiple locatic

** One system for floor heating and
supplemental heating with heat exc

: “* Multiple boilers can be in central locz

*¢* One fuel storage system
+¢* Can be located outside
+* Use with thermal store

“*To meet peak needs

Source: www.ren

inwoodenergy.org

2/24/2015
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Furnaces

%* Heats air directly

** Reduces heat exchange losses

** Located in or adjacent to building R

** No water leaks to WOITY about

Source:

%* May need multiple furnaces per building

% Lower capacity

sconsinwoodenergy.org
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Outdoor Wood-Fired Bc

% Fuel: cord wood, wood scrape materials, pallets

% “Cheaper” Fuel? - What is the true cost?
% Labor & equipment to collect & harvest fuel
¢ Labor to re-fuel
% Disposal of Ash
| <* High Smoke emissions rate
%* Reduced with firebox management
< Low Efficiency — Average 40%
% pre-2008 efficiency range: 20 to 50%
% Fuel with scrap materials?
% NO Glue (plywood, OSB)
% NO paint
#"*1* NO Chemical contamination
% NO Pressure-Treated wood

Increasing regulation due to smoke emissions

sconsinwoodenergy.org
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Non-Certified Wood Boile

“*Water Jacket surrounding firebox
“*Low temperatures

“*Incomplete combustion

- *»High emissions
| “»Condensation of gases
- *»Creosote build-up

L +Low efficiency

i ¥ ?3 .-

SR Photo source: Centralboiler.com
consinwoodenergy.org
v - SN,
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Outdoor Wood Boiler Emissio

20



EPA Certified Outdoor B

<* EPA Voluntary Emissions Reduction Pr
++* 90% lower emissions

% Low emissions = higher efficiency
% Average efficiency of qualifying cord wood b

X Many states restricted sales - EPA certifie
% White tag / Phase 2

** EPA information PHASE 2 QUALIFIED
% http://www.epa.gov/burnwise/ S Ko et g

This model is qualified by EPA to meet Phase 2 smoke emission levels.
Models with lower smoke emissions may reduce your risk of

List of qualifying outdoor wood stoves eyt
~ % http://www.epa.gov/burnwise/owhhlist.html

New EPA proposal o g
=~ | % Emission limit 0.32 1b / MMBtu (2015) ot o
= & *¢ Emission limit 0.10 1b /| MMBtu (2020) sosiaion  SEREL

woodenergy.org

i U
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White Tag

%* Graphical comparison to

% Maximum output rating
%*8-hour output rating SMOKE

EMISSIONS

+¢ 8-hour average Eff.

*¢ Annual Efficiency Vool inteen
; MAXIMUM OUITPUIT RATING:
EB-HOLUR DUTPUT RATIMNG:

*»Fine particle emissions SHOUR AVERAGE EFICIENCY

AMMNUAL EFFTICIENCY
PARTICLE POLLUTION:

PHASE 2 QUALIFIED

’ °
** Outdoor Wood Boilers U.S. Environmental Protection Agency
Hydronic Heater Program

This model is qualified by EPA 0 meet Phase 2 smoke emission levels.

standard limits Fiaciale Wil Wkl EANE s T TR ot
respiratory iliness.

EPA Phase 2

Emision Level
&ﬂ]‘h}ml“— aTu LT s forvillion BTU

Gragmtech Manufacunng
RS7400-E

200,000 ETUMHR

116,537 ETU/HR

B4% (ligh heating valus]

B5% (0w haating valua)

B1% (high hesting valus)

E5% (I heating value)

8.04 GRAMIHR [aversge)

0,23 LESMILLION BTU CUTRUT

: 'fepa.gov/burnwise/guidewhlteownn.mml

2/24/2015
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Heating Value

“*High Heat Value (HHV) - (or gr

Assumes all products of combusti
reduced to pre-combustion temper
| water vapor is condensed

It

" <Low Heat Value (LHV) - High hea

2/24/2015
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Gasification Techno

+* 1 — Firebox - fire brick lined

% Absorbs heat to maintain higher
combustion temperatures

s 2 — Fire nozzle
¢ Entrance to lower burn chamber
% 3 - Secondary Burn Chamber
¢ Burns at 2000 °F
s Lower smoke emissions
% 4 — Heat Exchanger
% Separate from fire box
T3 Higher heat transfer

2/24/2015
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; "~ Boiler §
Ash Auger Controls = Feed Auger
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Credit: Vern Grubinger, University of Vermont
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Anatomy of a pellet E

Bottom Feed Top Feed

R MAXIM |
. ) Outdoor Wood Pellet and ]
Lon vy |

Corn Furnace Cutaway

8" Class A Insulated
Chimney

two 4-foot, stainless steel,
cerlified chimney seclions

Vent Cap siandard.

with water level indicator.
Design efiminates evaporation

Lockable, Large Top
Loading Hopper Door

FireStar™

Electronic Controller

aulematic power ignition, auto

slight feature, adjustable water
smperature and digital readout

Sprayed-on Urethane
Foam Insulation
100% aintight, waterproof.

Integrated 11-Bushel

Hopper (600 Ibs.)
allows furnace to heal for
days on a single loading

Durable, Weatherproof,
Powder-coated Finish

Water Jacket

with 90 gallon water capacity. Sealed and Permanently

Lubricated Gear Drive
‘with High Torque Motors
na chains, na sprackets, na

hassies and
maintenance
free

Iple Insulated, Lockable
Firebox Door

High Efficiency
Heat Exchange System
ngineered design requires less
maintanance than round tubes.

Rear Exhaust Outlet

with convenient access

Burn Chamber

Rotating Aerator

plies oxygen lo the fuel for the
most camplete combusiion.
allowing the furnace to achieve
efficiencies over 95%.*

Easy Access Panel
provides convenient haok-up
and housing for up o two
pumps.

Madel M250
Patent Pending

ieiancy i dependent upon fusl typs, quality and fumacs setings. & 2006 Caniral Bolir

2/24/2015
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Advantages of Pellet
Boilers /| Furnace

%* Fuel homogenous
% Variety of fuel pellet sources
“* Wood
* Paper
% Biomass
% Adjustable burn rate
% Feed auger speed
| *» Low emissions
% High efficiency
1+ 80% typ., up to 90+%

v.wisconsinwoodenergy.org
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Wood Chip Boiler |

<* Higher capital investment

<* Higher maintenance

% Many moving parts

** Suited for larger applications

%* Uses low cost product

. * Labor to re-fill charge hoppers required dail
- % Wood chips - 25 to 50% moisture
|+ Need storage for tractor trailer load++ of chip

R/
_0’0

Availability of supply~?

30
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Wood Chip Feed Syste

Storage bin with
walking floor

:j irron High School,
- Barron, WI

31
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Stand Alone Stoves

% Advantage

¢ Lower cost

<+ Easy to install

* Fast payback
| %* Supplemental heating
| < Disadvantage
@ ** Hopper size may be too small to last all night
t %* May not be thermostatically controlled — overheating

** Heat distribution not optimal
| * Low Btu output - ~ 30,000 to 70,000 Btu/hr

ww.wisconsinwoodenergy.org
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How is the heat distribu
]
=

!]“n Fire Box from hl::ln"lv.‘z]hJ i f l i 1 I
/ e ————— "__' 3
"

1

Water Jacket
{surrounds Fire Box)

{radlm’:ﬁuu’ radiant baseboard or
boiler may alzo be used fur
heat disfribution;

Source:

2/24/2015
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Issues with Wood comb

% Can’t ramp up and down rapidly
* Cycling

*» Excess emissions

s Lower efﬁciency

“* Works best with steady burn
* Back-up required for peaks and low usa

35



Thermal Stora

< Typically water in insulated tank
+* Buffer between ﬂuctuating demand and
** Smooth demand curve

% Reserve to cover peaks or turndown period
- Automated boilers — demand less than low

% Capacity depends on size and temperature a
‘distribution temperature

- % Typically 120F to 170F - ~400 Btu/gallon water st
~ «» Greater the temp difference — more energy stored

2/24/2015
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Thermal Storage Siz

% Cord Wood Boiler
%400 to 550 gal per 100,000 Btu/hr capacit
oV =738 (w) (n) /AT

**V = Volume of storage; w = Ib of wood (20%) Ic
combustion chamber; n = combustion efficienc

% Automated wood chip boiler

L 100 gal per 100,000 Btu/hr capacity
- < Automated wood pellet boiler

’ %75 gal per 100,000 Btu/hr capacity

2/24/2015
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™™ . < Heat storec

storage |

s*Heat used

.. < Boiler runs ¢
boiler™" .
efﬁc1ency

»*TL.ow emissio

B =
3 5 "Wredit: www.omafra.gov.on.ca/english/engineer/facts/14-009.htm

sconsinwoodenergy.org
il TR

2/24/2015
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Cord wood boiler with thermal s

12/13/2009

Source: http://www.hearth.q@l

wisconsinwoodenergy.org
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Fuel Type comparison - in order of cost (2015)

Fuel Comparison

Cost per

Thermal Unit cost .
Fuel Type Energy content Efficiency (2) | USD (4) units 1’02(311000

Natural Gas 100000/therm 80-94% (90%)| 0.80 Ther

: 3780 (50%) - 50 - 75% 0
Wood Chips 6190 (25%) / Ib (70%) 50 ton (50%)
OWB EPA Phase 2 (1) | 22,000,000 per cord (3) 63% 225 cord
Wood Pellets 15400000 per ton 70-85% (78%) 200 ton
Propane 91600 80-94% (90%)| 1.80 gallon

380,000 per bushel

Corn (@ 15% moisture) 70-85% (80%)| 7.00 50#
Heating Qil (#2) 138000 70-85% (75%)| 2.50 gallon
OWSB - uncertified (5) | 22,000,000 per cord (3) 40% 225 cord
Electricity 3413 / kWh 98% 0.12 kWh

‘ 1) Meets EPA Phase 2 emissions requirement
| 2) (XX%) Efficiency value used to calculate “Cost per 1,000,000 Btu”
' ~ 3) 6500 Btu/pound (20% moisture)

B - ) Fuel costs in Madison, WI for 2014-2015 heating season delivered to point of use. Does not include any storage costs

2/24/2015
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Fuel Cost per 1,000,000 Btu

120%

$35.16

- 100%

- 80%

- 60%

- 40%

- 20%

- 0%

Efficiency

2/24/2015
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Equation for Table

“*$ [ Mbtu = §$ per unit x 1,000,000
Energy content/unit x Ef

%*Unit — Trading unit (gallons, tons, ¢

Propane @ $2.00/gallon

"$ | MMbtu = $2.00 per gallon x 1,000,
91,600 Btu/gallon x 0.

g | - $27.29 MMBtu

o
. h'l
.

wi _smwoodenergy.org
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Sizing a heating Sy

**What percent of the heating do
to replace? Which level will be
economical?

A. 100%

. 90%

. 80(70

J. 70(70

- [E. 60%

i 'woodenergy.org

R o W

2/24/2015
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Sizing a heating Sy

* Closer to 100% = longer payback
%*100% capacity only used a few hours

%*50% to 80% likely good target to meet
needs

** Biomass systems designed to run
continuously

¢ Use Thermal Storage to smooth out p

- valleys of use.

44
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Smoke Emissions — Why

s Contains
+* Fine Particle matter (PM2.5)
+* Asthma attacks, cancers
+* Carbon Monoxide
< Nitrogen Oxides
+* Greenhouse Gas
% Volatile Organic Compounds
«* Carcinogens
s* Odors
“* ~ 100 different compounds
<* Smoke = Unburnt Fuel - lower efficiency
~ +» Less Smoke = Less wood used

visconsinwoodenergy.org
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Fine Particle Emissic

Relative Emissions of Fine Particles

Annual Average Emissions Level of
EPA Phasa 2 Qualified Models
(IbsimmBtus of heat ocutput)™

* Average emissions
(ilbs/mmBius of heat oulput)
for heat source type. Data

from US EPA
3
2
1.4
1
0.49
0.013 0.0083 0.21 0.13
— ——— = =
b_ @
Fireplace Uncertified EFA Pellet Qil Gas HH Phase 2 HH Phase 2
Woodstove Certified Stove Furnace Furnace Stlck Wood Wood Pallat
Woodstove Emission Average Emission Average
** Data from US EPA website 1110011,
>nsinwoodenergy.org =

i #il v,

2/24/2015
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Firebox Managem

o Only burn dry, seasoned firew
06” wedge or smaller

“*Wet wood is a waste!
“*Lower firebox temperatures
“*Smoke
“*Creosote Formation

~ *»Don’t burn trash, painted or treate

1 “*Foul odors

**Toxic air pollutants

47
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Why wood moisture is imp

Net Energy of wood based on % moist

L Green — as cut 45% Air-dried
75% moisture moisture 20% moisture

4900 Btu/ Ib 5900 Btu/ Ib 7100 Btu / Ib
5.8 cords 4.8 cords 4 cords

sconsinwoodenergy.org

i #il v,
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Firebox Managem

*** Don’t overload firebox
% Only enough for next 8-12 hours

“*Smaller amounts reduces smoke poten

s* Don’t let fire smolder

**Heat not needed - put out fire

5 - *¢Clean ash pan regularly

-+ Ash can obstruct air intake vents

49



Firebox Manageme

* Chimney height
% 2 feet higher than highest building with

| Adapted from Hearth, Patio and Barbecue 2 foot minimum

£ Association (HPBA), Outdoor Furnaces
| Manufacturers Caucus illustration

------------------------- T ----=-------- Chimney height

should be above
Residence | the roof line of
served by furnace neighboring buildings

2/24/2015
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Wood Moisture Test

*Cost ~ $30
*Method

“*Split wood to expose fresh wood

**Press meter pins into fresh wood
**Take several readings per piece
*»Test several pieces of wood
‘fi’Average results

sconsinwoodenergy.org
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Summary

* Energy efficiency options First!

% High Efficiency Furnace, insulation,

s Better return on investment

“* Purchase Efficient Appliances > 75%
% Look at complete economics of all 0

* Include labor and market costs

- Higher efficiency sometimes costs more
- fuel cost result in lower annual cost

2/24/2015
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Resources

+* U of Wisconsin Extension Bulletins

% Wood Heating Appliances for Home and Busine
< Biomass Energy for Heating Greenhouses, A390

R

» Biomass Heating in Greenhouses: Case Studies, /
«* http://learningstore.uwex.edu/Energy-Conservatio

- *» Pellet Fuels Institute — www.pelletheat.org

. % Educational material, pellet manufacturers lis

%* Wood-Chip Heating Systems, T.M. Maker,
Energy Resource Center, Montpelier, VT

w . % http://www.biomasscenter.org/pdfs/Wood-Chip-Heating-G

L +» Biomass for combustion calculator

! % www.ruralenergy.wisc.edu/esa

Small Biomass Boiler Technology, T. Sauve, (

finistry or Agriculture, Food and Rural Aff:

W/

7 B % http://www.omafra.gov.on.ca/english/engineer/facts/14-C

o)

sconsinwoodenergy.org
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Questions

This presentation was develop
Scott Sanford
Distinguished Outreach Specia

Rural Energy Program
University of Wisconsin-Madiso

Comments and suggestion should be directed to sasanfor
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