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ETO4 - Project Goals

ET22SWGO0004: Research energy efficiency measures related to boiler accessories
through the lens of California

 a) Estimate number of boilers in California by sector and end usage

b) Historical IOU participation data analysis to determine the prevalence of
measures related to boilers and accessories

c) Customer surveys — methodology and data analysis

d) Evaluation of boiler centric technologies and add-on measures that should be
added to program delivery

 e) Identification of market barriers or gaps in measure implementation

* f) Recommendations for future projects and follow-up considerations



ETO4 - Project Findings and Recommendations

* Customer Survey Results Discussion
* Number of boiler manufacturers and distributors interviewed: 25

« Measure Table: Number of boiler add-on related measures
identified from the literature review and U.S. DOE tip sheets: 10

* Number of boiler add-on related measures derived from the
manufacturer interviews: 11

» Estimated efficiency increase ranges for the identified commercially
available technologies and products from 1% to 8%

* Barriers in measure implementation: space constraint, variability in
size of boilers, installation limitations, high upfront costs, etc.

* Recommendations of measures for near term hits, field/lab testing
and listing of non-viable measures



ETO4 - Project Background

Boiler systems are used to produce steam and/or hot water which is used for
several primary
purposes such as space heating, domestic hot water uses, pool heating, etc.

Categorization: Industrial, Commercial, Institutional and Multifamily boilers

Focus on boiler add-ons and not the entire boiler retrofits!

Introduction on boiler accessories and their impact on boiler system efficiency
improvement

Most of the previous studies are either outdated and not specific to California






ETO4 - Literature Review

Number of boilers Total installed capacity
94% Sector Number of Estimated Boilers
67.0% e 1 Multifamily 22,631
‘6.1% ‘95% 2 Industrial 3,170
3 Commercial 3,483
A 4 Others 151
22 9% . . o .
S Boiler Inventory Categorization in
8.4% 6.9% California
Basis of Information:
— i‘;’a"l"““ [1] Derived from Cadmus Multifamily
WS Natural gas Study (2019)
W Oil products [2-4] Boiler Licensing Data (Publicly
T Omeriuels available information)
Fuel type not reported

EPA GHG Datasets of Industrial
Boilers for confirming [2]

Estimated number of Industrial Boilers in U.S. — 38, 537
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ETO4 - Literature Review

Categorization of Multi-Family Boilers: End Usage Categorization of Multi-Family Boilers: Utility

563 1,415

A

m Dedicated DHW = Space heating only = Combined Heating & DHW Pool Heating m PG&E = SoCalGas = SDG&E

Reference: Multifamily Boiler Study by Cadmus (2019)

* The end-usage most often served is domestic water heating. Pool heating is the next
prevalent end use.

= SoCalGas territory has the highest number of Multifamily boilers among the three
utilities in California.
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ETO4 — Literature Review

Lessons Learned from Boiler Studies Conducted in Other States

A) Findings from the Oregon Boiler Market Characterization
Retrofitting the oversized boiler with modulating burner and digital
controls would allow the boilers to operate more efficiently

Focus on improving the design and performance of condensing boilers
rather than the purchase of new condensing boilers

B) Findings from the Minnesota Boiler Market Characterization

The field monitoring of condensing boilers indicated that the on-field
operation had better than expected space heating performance (Average
AFUE of 13 condensing boilers was 94%)



ETO4 - Literature Review

Review of U.S. DOE Tip Sheets: Boilers and Accessories

e . b .5 Blowdown Heat Recovered, Million Btu per hour (MMBtu/hr)
Pipe Eneray Content, MHBtu/yeur* Raa;;ﬁ Steam Pressure, psig
Diameter Steam Velocity, feet/min Foedwater 50 100 150 20 200
(inches) 200 300 400 500 600 2 0.45 05 055 065 065
2 90 140 185 230 280 4 0.9 10 u 13 13
4 370 555 740 925 110 6 13 15 17 19 20
6 835 1,250 1,665 2,085 2,500 8 17 20 22 26 27
10 2,315 3470 4,630 5,875 6,945 10 2.2 25 28 3.2 33
*Assumes continuous operation, 70°F makeup water, and condensed steam at 100°F . a4 ) 55 o4 68
Based on 3 steam peoduction rate of 100,000 pounds pér hour, 60°F makeup waler

Energy Recovery Potential of Vent Condenser

Energy Recovery Potential of Boiler Blowdown



ETO4 - Literature Review

Review of U.S. DOE Tip Sheets: Boilers and Accessories

Combustion
: Stack Gas
Syst: Efficiency @ 4% o
Burner Combustion Annual Energy Savings, Arntad Dollar Savkices' ¢ S Exc:s'; g, %) Temperature °F
Efficiency Improvement, % MMBtu/yr Lo Fimebdrd e
Boiler 78 to 83% 350 to 550
1 6,250 50,000
- with Feedwater _
5 19345 o WD Eoronties 84 to 86% 250 to 300
3 18,290 146,320 - with Fg\clozrl)dm(lizo:rdensing 92 to 95% 75 t0 150"
Energy Recovery Potential of Burner Upgrades Energy Recovery Potential of Economizer

» |nstallation of turbulators: easy to install, low-cost design improvement substitute






ETO4 - Historical IOU Participation Data Analysis

Number of

Measure

Year claims made Measure(s) Classification Commercial| Residential | Agricultural| Industrial Measure type
Deemed | Custom
Boiler Replacement: Commercial, Residential,
2022 18 Process ] 18 6 12 0 0 Add-on equipment measures: 0
Boiler Replacement: Commercial, Residential,
Pr?cess . Add-on equipment measures: 33
Boiler upgrade to Condensing Tank-type Water 9% AOE: 3%
Heaters, V5D DHW recirc controls R
2021 1190 Boiler Demand Controls 1148 48 1102 84 2 2 Econo_mlzers: y .
! _ MF Central Boiler Dual Setpoint
Process Boilers, Feedwater Economizer, NC Controller: 20
Process Boilers, Condensing Economizer, AQE Others: 4
MF Central Boiler Dual Setpoint Temperature
Controller_ OAT Reset
Boiler Replacement: Commercial, Residential, Add-on equipment measures: 4
2020 759 [frocess _ — 731 23 706 51 1 1 % AOE: 1%
Replacement with Condensing Boilers Economizers: 1
Others: 3
Boiler Combustion Air Fan VFD
W/H- Boiler Controllers Add-on equipment measures: 478
Boiler Replacement: Commercial, Residential, % AOE: 71%
2019 e76 Process o13 o 127 533 7 9 Boiler Combustion Air fan VFD: 1
Central Hydronic Boiler W/H Boiler Controllers: 477
DHW Recirculation Controls
W/H- Boiler Controllers Add-on equipment measures: 9
Boiler Replacement: Commercial, Residential, % AOE: 13 %
2018 69 Process 10 59 25 a5 2 7 Economizers: 2

Central Hydronic Boiler
DHW Recirculation Controls

Steam traps: 1
Others: 6

More than 90% of the claims
submitted during the years
2019-21 were for deemed
measures

Existing deemed boiler related
measures focus on the entire
boiler retrofit

Significant opportunity for
measure package development
related to boiler add-ons



ETO4 — Customer Surveys

Source Number of contacts

* Objective of conducting customer surveys

Bay Area AQMD 444
» Customer data screening and outreach South Coast AQHD »o02
SoCalGas 1,001
Total 4,407
* Online survey instrument
a) Type of boiler Note: Some of the contacts in the SoCalGas
b) End usage of boilers ZZizzgisr.nay overlap with one or more AQMD
c) Year of installation
d) Measure(s) installed Total Comtacte 4407
Survey Responses 46

% Response Rate 1%




ETO4 — Customer Surveys

* Customer Survey Results Discussion

Q7 What is the primary end usage of boiler(s)?

Domestic hot
water heating
space hgatmz -

Pool heating

Process loads

Multiple loads

Other (please
specify)

0% 1096 20% 30% 0% 50% 60% T0% B0% 90% 100%

Q9 Type of boilers(s)

Fire tube

Water tube

Other (pleasze
specify)

0 1088 2004 3096 4% 50% G0r, T4

S0

0% 100%
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ETO4 — Customer Surveys

* Customer Survey Results Discussion

Q10 Which of the following accessories OR strategies have you installed/implemented on
the boilers?

Flue Gas
Recirculatio...

02 Trimming

MNon-condensing
or condensin..

VFDs on
combustion fans

Advanced
burner...

Automated flue
dampers

DHW
Température...

DHW Demand
control..

Parallel
positioning...

Combustion air
preheater

Blowdown heat
recovery

=}
Ed

10% 20% 30% 40% S0% 60% TOo% B0% 90% 100%

Q8 Year of installation of boilers:

Before
2000/2000-2010

After 2010

0% 10% 20% 30% 0% 50% 60% T BO%

0%

1005
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ETO4 — Manufacturer Interviews: Summary of Emerging Technologies

Yacuum breaker

Alrnosphenic deareator

Mabe up waler

Pressure gauge

Flash vessel

W Reudusd baradoan

o Mot waber oot

Energy recovery using a flash vessel

Condensate return Flash steam

)
e P e Py Alr vent

Vacuum breaker
_f eI

Atmospheric
ceareator head Codd water bread tank
y] [
Colg
” make-up

Flash steam

Condensabe return w

Cobs water nlet

Exhaust Vent Condenser

Thermostat

Fig. 3.13.4
Heating make-up water in a cold Heat exchar et 3
break tank (level controls have not N 1 Eftwent arain
been shown on the feedtank)
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ETO4 — Manufacturer Interviews: Summary of Emerging Technologies

Salt-reQuiatng mecharsal .
Syt Wil MO COMPECINed
CONtrols OF INStNUMertation

Pute & shad heat Guarartesd 10 reduce Saves energy by Reduces unwohtly

exchanoers offer yOuUr energy tulls and INCreasing Dower piumes of lash steam
eScert and robust heat CO» emessions eScency and
transfed teChNOOYy FeUCIng DOd
WO

-

Fig. 3.147.7
Two element boiler
water level control

! L)L— ) (iowdoan

Flash Recovery Energy Management Equipment (FREME)
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Two element water controller system




ETO4 — Manufacturer Interviews: Summary of Emerging Technologies

Economizer — Two stage stacked Economizer — Side by side design



ETO4 — Manufacturer Interviews: Summary of Emerging Technologies

On-Demand Condensing Economizer

Transport Membrane Condenser Technology

ICF proprietary and confidential. Do not copy, distribute, or disclose



ETO4 — Manufacturer Interviews: Summary of Emerging Technologies

Fluegas

to Stack Fluegas Recirculation

Fluegas Air Preheater #2
Temperature
Maintained

t212°F
a Burner

'

Valve Manages FD Fan
Glycol ( >

Boiler Load l Scavenger ;

Air Preheater #1

1

4
X

Glycol Flow
Pump ¥

Based on
Valves Manage Glycol Flow

Valves Manage Glycol Flow

through Air Preheater #2 through Air Preheater #1
Fluegas from to Optimize Heat Recovery to Maintain Fan Inlet
. Air Temperature
Economizer X R
60% Glycol-Water Mixture between 40°F and 100°F
=

P

Ambient

Air

Af——

Varable Speed
Drive Control

Control Panel

TV

Bumer
Blower

02 Trim

Glycol Scavenging System

Burner related tech: Parallel Positioning




ETO4 — Manufacturer Interviews: Summary of Emerging Technologies

99.0
98.0 | —— 100-percent inprat
— — 50 peecont Input
97.0 & percent input
96.0
§ 95.0
a 94.0
& 138°F return-water-
; 93.0 / temperature efficiency
g 920
L
'é 91.0
89.0 100°F return-water-
. temperature efficiency
87.0 ¥
86.0 !
170 80 20 100 110 120 130 140 150 160 170
. . . Return-water temperature, degrees Fahrenheit, at 20°F rise
Combination plant with dual returns '




ETO4 — Measure Table: Manufacturer Interviews

Measure Description Estimated Efficiency Improvement
I8 On-demand economizer May boost etficiency over 90%
YA Transport Membrane Condenser (I'MC) Technology May boost efficiency between 92-94%
58 Multi-stage economizer (for hot water boilers) Increase in efficiency by 5-12%

. Multi-stage economizers with side-by-side design (for hot water

boilers)
8 Exhaust Vent Condenser 19% fuel savings
8 Energy recovery using a flash vessel 1.7% tuel savings
/& Flash Recovery Energy Management Equipment Increase in efficiency by 5.5%
B Installing two element water level control Increase m etficiency by 1-2%
B Remote boiler controller No direct EE impact
108 Dual returns and smart plate heat exchanger Increase m efficiency by 3-5.5%

) Increase m efficiency by 2-3%
I8 Glycol Scavenging Systems . ,
Negative impact on reducing NOx

Note: The efficiencies of these measures are not additive; if there is a technology overlap



ETO4 — Measure Table: Manufacturer Interviews

Measure Description Estimated Efficiency Improvement
1 Combustion air positive shutoff using automated flue damper -
2 Combustion fan VFD Increase 1n efticiency by 2-3%
, . Increase in efficiency by 2-3%
3 Combustion air preheater o )
Negative impact on reducing NOx
4 Parallel positioning controls Increase in efficiency by 2-3%
Dy
Dynamic staged entrainment burner technology for _ _ a
5 . . Increase in efficiency by 2%
Commercial Boilers/Burner Retrofit Microsoft Excel
6 O2 Trimming Increase in efficiency by 2-3% Worksheet
7 Flue Gas Recirculation (FGR) No direct impact on EE
8 Blowdown Heat Recovery -
9 Condensing economizer Increase n etticiency by 7%
_ , ) _ Increase m efficiency by 2-3%
10 Installing turbulators i boiler tubes (for fire tube boilers)

Note: The efficiencies of these measures are not additive; if there is a technology overlap



Measure Table 

		Measure #		Measure		Measure Application Type		Type of Building (if any)		Measure Costs		Savings						Payback/Cost Effectiveness		EUL 		Avoided Emissions		Notes		Existing MP (Y/N)		Reference WP/study

												Therms and kWh Savings		Cost Savings		Efficiency

		1		Combustion air positive shutoff using flue damper		NC, AOE		All 		$1,500 for 2.5 MMBtu/h unit		Annual savings = 229 therms		PV (Energy savings) = $3,460				Benefit/cost ratio = 2.1

Shekhadar, Saurabh Nagesh: Shekhadar, Saurabh Nagesh:
The benefit-cost ratio is pertaining to the smallest boilers and would improve as boiler capacity increases. 		15 years		C02- 2,702,500 lbs, NOx - 2,327 lbs, SOx - 1,575 lbs

Shekhadar, Saurabh Nagesh: Shekhadar, Saurabh Nagesh:
Confirm avoided emissions per boiler OR overall avoided emissions in CA IOU		1. Applicable to new, natural draft boilers		N		CASE: 2013 California Building Energy Efficiency Standards
www.efiling.energy.ca.gov

														PV (Maintenance) = $112				LCC = $1,848						2. This measure saves 30% of total standby losses; which are 2% of rated fuel input

														PV (Energy savings) = $3,460

		2		Combustion fan VFD		TBD		All 		$4,249 for 10 HP motor		Annual savings = 6,943 kWh		PV (Energy savings) = $6,333		Increase in efficiency by 2-3% 		Benefit/cost ratio = 1.3

Shekhadar, Saurabh Nagesh: Shekhadar, Saurabh Nagesh:
The benefit-cost ratio is pertaining to the smallest boilers and would improve as boiler capacity increases.		15 years		C02- 10,114,431 lbs, NOx - 2,762 lbs, SOx - 16,562 lbs		1. The baseline motor load is assumed at 100%; Load factor = 0.7		N		CASE: 2013 California Building Energy Efficiency Standards
www.efiling.energy.ca.gov

														PV (Maintenance) = $597				LCC = $1,487						2. VFD fan motor load calculated using fan affinity laws; fan speed using correlation

																								(correlation equation for blower speed and firing rate)

		3		Parallel positioning controls 		TBD		All 		$9,000 for 5 MMBtu/h unit		Annual savings = 1,054 therms		PV (Energy savings) = $15,984		Increase in boiler efficiency by 2-3% 		Benefit/cost ratio = 1.2

Shekhadar, Saurabh Nagesh: Shekhadar, Saurabh Nagesh:
The benefit-cost ratio is pertaining to the smallest boilers and would improve as boiler capacity increases.		

Shekhadar, Saurabh Nagesh: Shekhadar, Saurabh Nagesh:
The benefit-cost ratio is pertaining to the smallest boilers and would improve as boiler capacity increases. 				

Shekhadar, Saurabh Nagesh: Shekhadar, Saurabh Nagesh:
Confirm avoided emissions per boiler OR overall avoided emissions in CA IOU		

Shekhadar, Saurabh Nagesh: Shekhadar, Saurabh Nagesh:
The benefit-cost ratio is pertaining to the smallest boilers and would improve as boiler capacity increases.		15 years		C02- 36,144,500 lbs, NOx - 31,116 lbs, SOx - 21,058 lbs		1. Parallel positioning controls optimize the combustion excess air to improve efficiency		N		CASE: 2013 California Building Energy Efficiency Standards
www.efiling.energy.ca.gov

														PV (Maintenance) = $4,775				LCC = $2,209						2. Establish air damper positions as a function of fuel valve positon for all firing rates

		4		Dynamic staged entrainment burner technology 
for Commercial Boilers		TBD		All 				Annual savings for 250 BHP boiler
Gas- 736 MMBtu
Electricity- 11,432 kWh				2% efficiency increase compared
 to boilers with FGR/HEA/SCR						CO2- 48 tons, NOx- 8 lbs		1. This technology was developed by GTI to achieve NOx emissions < 9 vppm 
without compromising on energy efficiency		N		CEC-500-2021-045: Demonstration of a Novel Ultra-Low
Oxides of Nitrogen Boiler for Commercial Buildings 

																								2. Estimated 9% fuel consumption savings compared to the baseline boiler, 
Operational reliability at lower firing rates 

		5		Domestic hot water temperature controller 		AOE 		MF & Commercial Boilers		MF: $288 for 5 units, $28 for 40 units		1,526 therms/year						Range from the permutations file- eTRM
TRC ratio varying from 0.08 to 3.99
TSB varying from 7.47 to 104.94		5 years				1. The temperature modulating boiler controller is AOE for central water heating system. 		Y		SWWH016
eTRM CA Energy Efficiency Source Data 

										C: $87 for 25 units, $15 for 250 units														2. This AOE minimizes supply and return water temperatures and piping heat losses. 

																								3. This controller lowers the storage water/boiler temperature according to DHW usage. 

		6		Domestic hot water temperature controller with continuous monitoring		AOE 		MF & Commercial Boilers								Same magnitude of gas savings as above				5 years				1. The continuous monitoring improves the realization rate of the DHW Controller implementation. 		Y

																								2. This also helps in fault detection and diagnostics

		7		Central boiler dual setpoint temperature controller 		AOE		Multifamily boilers		$1000 Controller costs								Range from the permutations file- eTRM
TRC ratio varying from 0.39 to 0.78
TSB varying from 27.97 to 55.91						1. Controlling supply water temperature reset based on outside air temperature 		Y		SWWH024/02/

										$20/unit installation cost														2. Applicable to hot water systems < 500,000 Btu/h and for buildings built before 2005 

		8		Condensing boiler economizer		AOE, NC		Commercial & 
Industrial Steam Boilers		$1.05/kBtuh for single stage						Baseline Efficiency: 79%				RUL = 6.7 years				1. The saving potential is based on the existing stack temperature, volume of make-up water and 
hours of operation. 		Y		www.caetrm.com/measure/SWPR007/01/

										$1.03/kBtuh for double stage						Proposed Efficiency
Feedwater Economizer: 81.4%
Condensing Economizer: 87.2%		Range from the permutations file- eTRM
TRC ratio varying from 3.37 to 9.53
TSB varying from 3.37 to 21.63		EUL = 15 years						N

		9		O2 Trimming		TBD										Increase in boiler efficiency by 2-3% 										N

		10		Combustion air pre-heater		AOE										Increase in boiler efficiency by 2-3% 						Negative impact on reducing NOx emissions				N

		11		Blowdown heat recovery		TBD		All steam boilers 				MMBTU/hr savings is a function of steam pressure and % blowdown rate 														N		https://www.energy.gov/sites/prod/files/2014/05/f16/steam10_boiler_blowdown.pdf

		12		Flue gas re-circulation (FGR)		TBD																No direct impact on EE				N



		Measure(s) enlisted from the manufacturer interviews

		13		On-demand economizer 		AOE		Commercial, Industrial boilers								Boiler efficiency over 90% 										N

		14		Ultramizer Technology												Fuel-to-steam efficiency between 92-94% 										N		www.utd-co.org/wp-content/uploads/2021/12/UTD_Annual_Report_Research_Project_Summaries_2020-21.pdf

		15		Rainmaker economizer (for hot water boilers)												Increase in boiler efficiency between 5-12%										N

		16		Multi-stage economizers with side by side design (for hot water boilers)																						N

		17		Exhaust Vent Condenser 				All steam boilers 				1% fuel savings and 1% water savings														N

		18		Energy recovery using a flash vessel				All steam boilers 				1.7% fuel savings for 10% blowdown rate														N

		19		Flash Recovery Energy Management Equipment 				All steam boilers 						26% energy cost savings		Increase in boiler efficiency by 5.5%										N

		20		Installing two element water level control				All steam boilers 								Increase in boiler efficiency by 1-2% 										N

		21		Remote boiler controller				All boilers 				Operational, maintenance costs, repairs and labor savings										No direct impact on EE				N

		22		Dual returns and smart plate heat exchanger 		TBD		All boilers 								Increase in boiler efficiency by 3-5.5%										N

		23		Glycol Scavenging Systems 												Increase in boiler efficiency by 2-3%						Negative impact on reducing NOx emissions		Typically for larger sized boiler systems (> 200 HP)		N		www.aiche.org/cep



		Measure(s) enlisted from U.S. DOE Tip Sheets

		24		Installing turbulators in boiler tubes (for fire tube boilers)		AOE		All fire tube boilers 		$15 for each turbulator						Increase in boiler efficiency by 2-3%										N		www.energy.gov/sites/prod/files/2014/05/f16/steam25_firetube_boilers.pdf

		25		Burner retrofit 		AOE		All boilers				1% efficiency rise- 6,250 MMBTU/yr
2% efficiency rise- 12,345 MMBTU/yr
3% efficiency rise- 18,290 MMBTU/yr														N		www.energy.gov/sites/prod/files/2014/05/f16/steam24_burners.pdf



http://www.caetrm.com/measure/SWPR007/01/http://www.utd-co.org/wp-content/uploads/2021/12/UTD_Annual_Report_Research_Project_Summaries_2020-21.pdfhttp://www.aiche.org/cep





ETO4- Results

» Estimated Boiler Count in California

Sector Number of Estimated Boilers
Multifamily 22,631
Industrial 3,170
Commercial 3,483
151

» Historical IOU Participation Data Analysis: more than 90% of the claims submitted during the years 2019-21 were for the
deemed measures

« Customer survey results: 46 responses with an overall low response rate of 1%; 5 completed site visits

* Measures such as Advanced burner technology, FGR and VFDs on combustion fans were found to be more prevalent
compared to others

* Completed boiler manufacturer and distributor interviews: 25

» Potential barriers in implementation of measures related to boiler add-ons: space constraint, variability in size of boilers,
installation limitations, high upfront costs, and general adverse environment for implementing gas technologies



ETO4- Conclusions and Recommendations

Following identified technologies are good candidates for near term hits for )
1. Parallel positioning controls, Combustion fan VFD Fase of mstallation

2. 02 Trimming Energy saving potential

3. Combustion air positive shutoff Trncteletian Erntations

4. Installing turbulators in boiler tubes (for fire tube boilers)
Measure cost

Following measures or technologies are recommended for field or lab Application, scope of process
testing: ote

1. On-demand economizer

2. Transport Membrane Condenser Technology
3. Multi-stage economizer (for hot water boilers)

4. Multi-stage economizers with side-by-side design (for hot water boilers)
5. Exhaust Vent Condenser Following measures or technologies are not viable

6. Energy recovery using a flash vessel for measure package development:

7. Flash Recovery Energy Management Equipment (FREME) Combustion Air Preheater

Flue Gas Recirculation (FGR)
Remote Boiler Controller
Glycol Scavenging Systems

8. Installing two element water level control

9. Dual returns and smart plate heat exchanger

NN
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