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Overview

* The collective efficiency of the existing boiler population is
somewhere between 58 and 70%.

= Boiler Life

= Cast Iron: 25 to 50 years
= Steel: 20 to 35 years
= Cooper: 15 to 25 years

= To transform the efficiency of the existing boiler population
requires both replacement and retrofit options.
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Water Heating

Residential Commercial

Gas Water Heating - 56.9 Million Units Gas Water Heating by Type - 1.8 Million Buildings
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Boiler water heating population opportunity ~ 2 Million units
EIA Residential Energy Consumption Survey — 2015 EIA Commercial Building Energy Consumption Survey — 2012
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Space Heating

Residential Commercial

Residential Boilers - 9.3 Million Units Gas Space Heating - 3.9 Million Buildings
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Boiler space heating population opportunity ~ 4.5 Million units
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Project Objectives

The Condensing Humidified Air Recuperator (CHAR) was
developed to transform boiler market by:

1. Providing a method that allows water heaters and boilers
to condense more fully.

2. Using flue gas latent heat and condensate to preheat and
humidify air for combustion for efficiency gains and
reduced emissions.

3. A design that can be used in retrofit and new applications.
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Condensing
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= Condensing is | 2oe sandor
more efficient o] | . g
than non- * 3 g
condensing. g O i —
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Condensing

= Most condensing oot i l
occurs at or i |
below 130°F o7 i
— 20 —o—Ronventional bumer + standard air
= Limiting factor for & :
a boliler is the 3 o4 {
setpoint temp: g o3 i
= \Water heater: E : Condensing ,[ Non-Condensing
125 - 160°F +10) " -
= Boiler: 150 - 89 \}_&tﬁf Point
180°F +10) 88 s E e — 5 S S
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Technical Approach

= Reduce excess air

= Use latent heat and
condensate from the flue
gas to preheat and
humidify combustion air

= The Effect:

* Increased efficiency
= Reduced emissions

* Flue gas heat recovery
IS Increased 2.5 -10
times
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—o—Conventional burner + standard air

Efficiency [%]

80 90 100 110 120 130 140 150 160 170 180
Exhaust Temperature [F]

ooy Jti



Wet Way Combustion

= “Wet Way Combustion” is Sovaled  Momtak SR TR o produch
ol 130°F

the controlled recycling of
water vapor and heat from
combustion products

= Asecondary HX preheats
and humidifies combustion ‘o ¥ "
air *

£'=92%

120°F

) ReSUItS * _Waler healer Cundﬁv!:__ I‘
= Efficiency gains - — )
= Reduced NOx emissions 100°F ¢ ey Tear SO o

Hydronic system Canada (1998)

140°F»
Heat exchanger



Condensing Humidified Air Recuperator (CHAR)

= Condenses and wemmssr m'”éil“e
dehumidifies ﬂL T 4
flue gas using
ambient air Combustion
S Air
- Preheats_ _ Y\ Water Humidification
combustion air .H:
g w8 LCombustion
= Humidifies 0. | A
combustion air Preheat
using flue gas L L

condensate ; JTW Epump "

Exhaust gas

GTI CHAR (US patent, 2014)
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Test — Set Up

“oemestion A
Blowar
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Test Results — Baseline Operation

= California AQMD Manufacturers Settings
Rule 1146.2 10 - 110
reqUireS 20 ppm Of 9AAAAAAAAAAAAAAAAAAAAAAJ&AAAAAAAAA ;g)
NOx emissions (at | . ° 0 E
3% 02, dry) on § o g
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Test Results — Baseline the Affect of Relative
Humidity and Excess Air and on NOx

RH Impact on NOx RH and Excess Air Impact on NOx
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Both ambient air relative humidity and excess air impact NOx emissions
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Test Results — CHAR Efficiency

Findings: o .

= \Water heater efficiency A
went from our efficiency
went from 87% to 92%

= Condensate production
increased from .5 Ib/Hr to
3.5 Ib/Hr

o}
N
’/
g
w

)
o
4
/4
’
N
Drain Water Flow Rate, Ib/hr

co
co
”~
-
4'/
(BN

Water Heater Efficiency, %

\ *—_\_

86 0

90 100 110 120 130 140 150 160 170
Flue gas temperature after condenser, deg. F

o
gti



Test Results — CHAR Emissions

Findings: e — | e
' i = Baseline ‘

" Hum|d|f|Cat|0n decreases g 50 _ : +(§::(;ensingWH) L
NOx concentration in % . N\ | |
combustion products by more | &
than 60% g 30

= Humidification on CO 8 2
emissions was not same ol |
evident as for NOx due to | | |
very low CO values (2-5 ppm) o

Measured Oxygen, % (dry)
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pH Analysis of Condensate and Vapor

. . pH
Findings: it
= pH analysis showed that
thrOughout Operation the lg VERY STRONGLY ALKALINE /ChinagnTapWater
condensate and water . —

—— =

vapor remained neutral
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Start-Up Reservior (0-Hrs) Vapor (0-Hr) Shutdown Reservior (6-Hr) Vapor (6-Hr)

Vapor 0-Hr Vapor 6-Hr
Sample Taken from Sample Taken from
Air Humidified by Air Humidified by
Heated Condensate Heated Condensate
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Chemical Analysis of Condensate and Vapor

Condensate Chemistry

= Chemical constituents in

the condensate tend to fall =
out of the water vapor that  «
has been reheated and e
added to the combustion “ /

Carbon
s Start-U p Reservior (0-Hrs) === Vapor (-Hr) ===Shutdown Reservior (6-Hr) =il apor (6 Hr)
‘ J

Total Inorganic Fluoride Chioride Mitrate M itrite Sulfate

Vapor 0-Hr Vapor 6-Hr
Sample Taken from Sample Taken from
_ : Air Humidified by Air Humidified by
Heated Condensate Heated Condensate
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Conclusion & Next Steps

= Conclusion Worm Humi A m'
= The Condensing Humidified | — 1
Air Recuperator increased sonact
efficiency and reduced pacin S
emissions. Recuperator
= Potential for both retrofit and S e |
new product design T L Combustion
= Next Step L e | AT
s Preheat
= Secure manufacturing
partner to fabricate and field e AT }
evaluate an optimized system ™ e

Exhaust gas

o
gti



2018 Hot Water Forum | ACEEE

Thank You!

19

gti



