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Situations to Avoid with Biomass Boiler Systems
Description: This webinar discusses several errors related to the design and 
installation of biomass boiler systems in residential and commercial buildings. Each 
error is described along with methods of avoiding or correcting the problem(s) 
associated with it.

Learning Objectives: 

1. Understand the issues associated with poor boiler venting.

2. Learn how to configure systems to avoid inadvertent transfer of heat produced by an 
auxiliary boiler into thermal storage.

3. Understand how piping affects temperature stratification within thermal storage.

4. Learn the importance of proper sensor placement.



Poor boiler venting 
practices



Situation: Boiler starts up (draft fan on) 
but little if any draft established in cold 
chimney. 

Causes: Temporary POSITIVE 
pressure in vent connector piping.

Leads to: Leakage of flue gases and 
fly ash between joints in vent connector 
piping, boiler air intake, barometric 
damper.

Exterior masonry chimney are the 
worst due to large / cold thermal mass.

Most biomass boilers have draft inducing fans



This chimney was, 
at one time, venting 
both an oil-fired 
boiler and a pellet 
boiler.
A violation of NYS 
Mechanical code,
section 801.11

The fix.
UL-103 HT 
chimney for 
pellet boiler



Exterior masonry chimneys have minimum allowable 
combustion appliance input ratings depending on climate 
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stainless steel rigid liner 
pipe joined with stainless 
steel pop rivets

pre-insulated 
stainless steel liner

Lining existing masonry chimneys with sealed 
stainless steel liners.



Venting pellet-fueled boilers
Class A “all fuel” chimney (UL103-HT) 
chimney system from Olympia Chimney.



Always brace chimneys on metal roofs subject to snow slides

Image source: Selkirk



General NFPA requirements for vent connectors:
• Horizontal length of vent connector from solid 
fuel appliance to chimney not more the 50% of 
chimney height above the connector.

• Cross sectional area of flue for interior 
chimney (below roof line) not more than 3x 
appliance vent connector cross sectional area.

• If one or more walls of chimney exposed 
(below roof line) the cross sectional area of 
flue not more than 2x appliance vent 
connector cross sectional area.

• Minimum upward slope of vent connector 
= 1/4” per foot.

• Minimum clearance to combustibles for 
single wall vent connector = 18 inches (there 
are ways to reduce this clearance with 
shielding).

• Minimum clearance to 
combustibles for double wall vent 
connector = 6 inches.

boiler

vent connector

chimney

flue

H

cap

L ≤ 0.5xH

min. slope = 1/4" / ft
flue collar



NYS code allows solid fuel appliances to be vented through 24 gauge 
(minimum thickness) galvanized steel piping.
Recommendation is to avoid use of galvanized steel connectors 
due to potential leakage of ash and flue gas at seams.

RTV silicone.  Will 
eventually separate 
from galvanized pipe



Single wall welded seam stovepipe (22 gauge) can be used.
• Seal joints with high temperature 
(1000 ºF rated) black silicone sealant

• Secure all joints in single wall vent 
connector piping with stainless steel 
sheet metal screws.

• Always join pipe so that any interior 
condensate, moving down pipe, 
remains in pipe.

1000ºF sealant

stainless steel
screws (3 / joint)

swaged end up

22 ga. single wall
stove pipe

condensate drainage



Double Wall vent connector piping allows 6” clearance to 
combustibles and lower surface temperature.

Stainless steel inner wall

Black (painted) outer wall

nominal 3/8” air space

• Inner wall remains at higher temperature, resulting 
is less creosote potential.

• Outer wall remains at lower temperature, resulting in 
safer installation.
• Both single and double wall pipe should be installed
in proper direction (see arrow on pipe).
• Outer wall  of section should be mechanically joined 
with 3 screws (usually provided with pipe)

SINGLE WALL
black painted steel 

vent pipingDOUBLE WALL
vent piping

nominal 3/8” air space



Unsealed seams in vent connector piping can leak flue 
gas and ash



Solution: Positive pressure sealing draft regulator installed



Combustion air supply
When boiler room draws air from OUTSIDE:

NFPA 54/2018, National Fuel Gas Code: 
If air comes directly from outside, and one opening 
(within 12” of ceiling) is used:  1 in2 free area per 
3000 Btu/hr of fuel input rating of all appliances in 
the space, and not less than sum of cross section 
areas of all vent connectors in the space.

NFPA 54/2018, National Fuel Gas Code: 
If air comes directly from outside, and two openings 
are used:  1 in2 free area per 4000 Btu/hr of fuel input 
rating of all appliances in the space.
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to burner 
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Preventing thermal 
feedback into storage



1. Respect and enhance the desired operating characteristics of the biomass 
boiler.

2. Respect the operating conditions of the existing/auxiliary boiler.

3. When the cost of heat provided from pellets or cordwood is less expensive 
than heat produced by other fuels, the biomass boiler will have preferential 
operation over the existing / auxiliary boiler.

4.  Correct any operational issues with the existing boiler, such as reducing or 
eliminating short cycling.

5.  Allow either boiler to be the sole heat source if necessary.  This infers 
designs that allow either boiler to be turned off and isolated from the system, if 
necessary for repair.

The manner in which a biomass boiler and conventional boiler 
are integrated into the system should:



A typical “lead/lag” multiple boiler application

When all boilers are identical, 
the boiler controller typically 
“rotates” the firing order to 
create about the same run time 
for each boiler.

Boiler controller measures 
supply water temperature at 
sensor (S1), and compares it 
to the “target” supply water 
temperature.

If temperature at (S1) is lower 
than target temperature, one 
boiler is fired.

Boiler controller then uses PID 
logic to determine if more heat 
input is need.  If it is, the other 
boiler is fired.

If boilers are different, one is 
designated as the “fixed lead” boiler, 
the other as the “lag” boiler.

boiler #1 boiler #2

loadhydraulic
separator

boiler staging rotation

"short/fat" headers

supply water
temperature
sensor

multiple boiler controller
outdoor temperature sensor

purging / isolation valves (typ.)
spring check valve (S1)

(S2)



It’s “intuitive” for designers to create systems where the biomass boiler is 
treated as a “fixed lead” stage, and the auxiliary boiler is the “lag” stage.

biomass boiler + thermal storage tank "heat source"
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The glitch…
A standard multiple boiler controller “doesn’t know” if the biomass 
boiler is offline, due to a fault, or if the tank is cooler than the minimum 
“useable” temperature of the distribution system.

The boiler controller only “understands” that 
the fix lead stage is not creating the 
necessary supply water temperature at (S1)

The result: The circulator 
creating flow between the 
tank and system remains on.

Heat produced by the auxiliary 
boiler is inadvertently carried 
into thermal storage, 
increasing heat loss to 
surrounding space.

The boiler controller turns on 
stage 2, and keeps stage 1 on.

(S1)

multiple boiler controller (or BAS)
outdoor temperature sensor

thermal 
storage 

tank

to load

(P2)

auxiliary boilerauxiliary boiler
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from load

closely
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(T256)

biomass 
boiler
OFF

ON

HEAT LOSS

HEAT LOSS
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In a conventional multiple boiler system the added heat loss 
created by flow of heated water through an unfired boiler - 
while not desirable - doesn’t create substantial heat loss:

Most conventional boilers 
use either sealed 
combustion or have 
automatic flue dampers that 
close whenever the boiler is 
off. NOT the case with 
biomass boilers.

Most conventional 
multiple boiler systems 
do not have larger 
thermal storage tanks. 
Lots of added surface 
area for heat loss. 1200 gallon thermal 

storage tank
4000 gallon thermal 

storage tank 
(before insulation)



This really happens…

Ketchikan, AK new Public Library



This really happens…

700 gallon 
thermal 

storage tank

500,000 
Btu/hr pellet 

boiler

Electric 
auxiliary 

boiler

When visited in March 2017:

• pellet boiler had been off for about 1 month awaiting service
• tank-to-load circulator was running
• boiler-to-tank circulator off at service switch, but on at BAS output
• tank temperature about 145 ºF, all heat coming from electric aux boiler
• If boiler-to-tank circulator had not been manually switched off, 145 ºF 
water would be circulating through boiler, creating jacket heat loss, and 
convective air currents up flue (no flue dampers on pellet boilers).



The solution is a simple differential temperature controller 
(or equivalent BAS functionality)

Compare the temperature 
at the upper tank header 
(S3) to the return 
temperature of the 
distribution system (S4).

Circulator (P2) (tank to 
load) is only allowed to 
run when the tank can 
make a positive energy 
contribution to the 
system.
IF (S3) ≤ (S4) + 3 ºF, THEN (P2) is OFF
IF (S3) ≥ (S4) + 5 ºF THEN (P2) is ON
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Using two simple, inexpensive controllers to manage heat flow to load
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Using two simple, inexpensive controllers to manage heat flow to load

normally open contact
closed if (S1) ≤ Ttarget-0.5*DIFF1
open if (S1)≥Ttarget+0.5*DIFF1
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tekmar 256
$150

tekmar 156
$166



Maintaining 
temperature 

stratification in 
thermal storage



!
well stratified!

thermal storage tank

120 ºF

100 ºF

110 ºF

110 ºF

!
fully mixed!

(poorly stratified)!
thermal storage tank

Stratification in thermal storage is DESIREABLE

Good temperature stratification preserves the 
“quality” (Exergy)of the heat available from the tank.
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Preventing flow through unfired boiler

differential 
pressure valve

blocks flow both
directions

PRV

biomass 
boiler

an
ti-

co
nd

en
sa

tio
n 

de
ta

ils
 

air vent

heating
load

2-pipe tank configurationensure no check valve 
in pump or piping

OFF

OFF

flow rate (gpm)

di
ffe

re
nt

ia
l p

re
ss

ur
e 

(p
si

)

0

0.5

1

1.5

2

2.5

3

0 5 10 15 20

opening pressure setting

motorized ball valve
opens when boiler

circulator is on

PRV

biomass 
boiler

an
ti-

co
nd

en
sa

tio
n 

de
ta

ils
 

air vent

heating
load

2-pipe tank configurationensure no check valve 
in pump or piping

OFF

OFF



Design diffusers to access the full tank volume
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drain valve

internal plate 
diffuser

air vent
& isolation valve

internal plate 
diffuser

internal  diffuser plate

air vent
& isolation valve

internal  diffuser plate

drain valve

Baffle plate being 
welded into tank 
head & base shell 
at Troy Boiler Works



What’s wrong?
500 gallon ASME tank with poor stratification

!
Do not route return flow into a 

vertical bottom connection!
(unless tank has inlet flow diffuser)

!
Do not route heat source flow into 

a vertical top connection!
(unless tank has inlet flow diffuser)

!
internal flow jet

!
internal flow jet

flow diffuser

!
Supply to load

OK

OK

AVOID

AVOID
Flow diffuser installed

(a) (b) (c)



Three, 600 gallon ASME tanks for storage in 
pellet boiler system.

180 gpm
60 gpm 60 gpm

60 gpm

This piping will destroy 
stratification within the tank(s)



Poor  
temperature 

sensor placement



Solution: Surface mount sensors must be firmly attached, stay attached at 
elevated temperatures, and be insulated from surrounding air temperature. 

Poor sensor placement or lack of insulation
Controllers can only react to what temperatures their sensors “feel.”

non-insulated surfaced mounted 
temperature sensors

Correct

Some sensors have a concave
shape to fit OD of pipe.



Poor sensor placement or lack of insulation

Pipe-mounted 
sensor with sealed 

insulation jacket
CORRECT



Solution: When measuring the temperature within heat sources, or thermal 
storage tanks, use a sensor well, and thermal grease. 

Poor sensor placement or lack of insulation

sensors 
in wells

Honeywell
121371B
$15-25



Simple way to built a sensor well

copper cap

sensor
thermal paste

sensor leads

tank connection

3/4" FTG x 3/8"C 
reducer (3/4" side up)

3/8" copper tube

zip tie (strain relief)
3/4" dielectric union Thermal grease 

in syringe:
$7, eBay

Honeywell
121371B
$15-25



Pellet boiler “ON” signal from high tank sensor with
piping connections several inches below.

The problem: Stratification within 
tank “preserves” hot water at top of 
tank - around sensor - and fails to 
fire boiler until water temperature 
drops too low.

pellet boiler 
"ON" sensor

to
 /

 fr
om

 b
oi

le
r

to / from
load

The Solution:  Keep the upper 
temperature sensor no more than 
1” above the height of the upper 
header.



Updates on 
NYSERDA’s  

Renewable Heat NY  
program



NYSERDA incentives for H.E.L.E. pellet & cordwood 
gasification boilers have recently been increased…

https://www.nyserda.ny.gov/
All-Programs/Programs/
Renewable-Heat-NY

Questions on NYSERDA’s 
RHNY program can be 
directed to: 

RHNY@nyserda.NY.gov 
518-862-1090



Just about finished….
248 pages of collective “lessons learned” and practical guidance 
for designing & installing H.E.L.E. biomass boiler systems.

This will be a free downloadable PDF posted at NYSERDA’s Renewable Heat NY website.
Hardcopies of this manual will be used at the 10/23/18 biomass boiler systems training.

This manual concludes 
with 8 complete 
system templates, with 
piping & electrical 
schematics + 
description of 
operation.



RHNY 2018 training opportunities

WEBINARS:

FULL DAY Training Workshop:

Check the Renewable Heat NY website (under 
training opportunities) for latest information on 
scheduled events.

October 23, 2018 8:00 a.m. − 5:00 p.m., 7 AIA/PDH education credits
Glens Falls, NY (pre-conference session to ANCA Clean Energy Economy Conference)

https://www.regonline.com/registration/Checkin.aspx?EventID=2029535
Phone: 518-465-7085 ext. 142

2019 webinar schedule to be announced soon

https://www.nyserda.ny.gov/All-
Programs/Programs/Renewable-Heat-NY



Special thanks to Deb Moran at NYSERDA for hosting 
this and previous RHNY webinars.

Thanks also to Alicia Knapp at NYSERDA for 
coordinating delivery of this webinar.

Questions?
https://www.nyserda.ny.gov/All-
Programs/Programs/Renewable-Heat-NY

Thanks for attending today’s webinar

For questions on NYSERDA’s RHNY program contact: 
RHNY@nyserda.NY.gov 
518-862-1090



Credit(s) earned on completion of this course will be 
reported to AIA CES for AIA members. Certificates of 
Completion for both AIA members and non-AIA members 
are available upon request. 

This course is registered with AIA CES for continuing 
professional education. As such, it does not include 
content that may be deemed or construed to be an 
approval or endorsement by the AIA of any material of 
construction or any method or manner of 
handling, using, distributing, or dealing in any material or 
product. 
___________________________________________
Questions related to specific materials, methods, and 
services will be addressed at the conclusion of this 
presentation. 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SAMPLE SLIDE

Course 
Description

Description: This webinar discusses several errors related to the 
design and installation of biomass boiler systems in residential and 
commercial buildings. Each error is described along with methods of 
avoiding or correcting the problem(s) associated with it.



Learning Objectives: 

1. Understand the issues associated with poor boiler venting.

2. Learn how to configure systems to avoid inadvertent transfer of heat produced by an 
auxiliary boiler into thermal storage.

3. Understand how piping affects temperature stratification within thermal storage.

4. Learn the importance of proper sensor placement.



This concludes The American Institute of Architects 
Continuing Education Systems Course


