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ET22SWG0004: 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
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• 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 
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• 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• Most of the previous studies are either outdated and not specific to California
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Estimated number of Industrial Boilers in U.S. – 38, 537

 Sector  Number of Estimated Boilers 
1 Multifamily 22,631 

2 Industrial  3,170 

3 Commercial 3,483 

4 Others 151 
 

Boiler Inventory Categorization in 
California

Basis of Information:
[1] Derived from Cadmus Multifamily 
Study (2019)
[2-4] Boiler Licensing Data (Publicly 
available information)
EPA GHG Datasets of Industrial 
Boilers for confirming [2]
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 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.  

Reference: Multifamily Boiler Study by Cadmus (2019) 

ET04 – Literature Review 
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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%)

ET04 – Literature Review 
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Review of U.S. DOE Tip Sheets: Boilers and Accessories  

Energy Recovery Potential of Vent Condenser 

Energy Recovery Potential of Boiler Blowdown 
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Review of U.S. DOE Tip Sheets: Boilers and Accessories  

Energy Recovery Potential of Burner Upgrades Energy Recovery Potential of Economizer

 Installation of turbulators: easy to install, low-cost design improvement substitute
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 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
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• Objective of conducting customer surveys

• Customer data screening and outreach

• Online survey instrument

a) Type of boiler

b) End usage of boilers

c) Year of installation

d) Measure(s) installed 

Source Number of contacts 

Bay Area AQMD 444 

South Coast AQMD 2,962 

SoCalGas 1,001 

Total 4,407 

 

Total Contacts  4,407 

Survey Responses  46 

% Response Rate  1% 

      

 

Note: Some of the contacts in the SoCalGas 
dataset may overlap with one or more AQMD 
datasets. 
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• Customer Survey Results Discussion



ET04 – Literature Review ET04 – Customer Surveys

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

• Customer Survey Results Discussion
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Exhaust Vent Condenser

Energy recovery using a flash vessel



ET04 – Literature Review 

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

Flash Recovery Energy Management Equipment (FREME)

Two element water controller system 

ET04 – Manufacturer Interviews: Summary of Emerging Technologies
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ET04 – Manufacturer Interviews: Summary of Emerging Technologies

Economizer – Two stage stacked Economizer – Side by side design 
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ET04 – Manufacturer Interviews: Summary of Emerging Technologies

Transport Membrane Condenser Technology
On-Demand Condensing Economizer 
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ET04 – Manufacturer Interviews: Summary of Emerging Technologies

Glycol Scavenging System Burner related tech: Parallel Positioning
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ET04 – Manufacturer Interviews: Summary of Emerging Technologies

Combination plant with dual returns



ET04 – Measure Table: Manufacturer Interviews 

Measure Description Estimated Efficiency Improvement

1 On-demand economizer May boost efficiency over 90%

2 Transport Membrane Condenser (TMC) Technology May boost efficiency between 92-94%

3 Multi-stage economizer (for hot water boilers) Increase in efficiency by 5-12%

4
Multi-stage economizers with side-by-side design (for hot water 

boilers)
-

5 Exhaust Vent Condenser 1% fuel savings 

6 Energy recovery using a flash vessel 1.7% fuel savings

7 Flash Recovery Energy Management Equipment Increase in efficiency by 5.5%

8 Installing two element water level control Increase in efficiency by 1-2% 

9 Remote boiler controller No direct EE impact

10 Dual returns and smart plate heat exchanger Increase in efficiency by 3-5.5%

11 Glycol Scavenging Systems 
Increase in efficiency by 2-3%

Negative impact on reducing NOx

Note: The efficiencies of these measures are not additive; if there is a technology overlap 
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Measure Description Estimated Efficiency Improvement

1 Combustion air positive shutoff using automated flue damper -

2 Combustion fan VFD Increase in efficiency by 2-3%

3 Combustion air preheater
Increase in efficiency by 2-3%

Negative impact on reducing NOx

4 Parallel positioning controls Increase in efficiency by 2-3%

5
Dynamic staged entrainment burner technology for 

Commercial Boilers/Burner Retrofit
Increase in efficiency by 2%

6 O2 Trimming Increase in efficiency by 2-3%

7 Flue Gas Recirculation (FGR) No direct impact on EE

8 Blowdown Heat Recovery -

9 Condensing economizer Increase in efficiency by 7%

10 Installing turbulators in boiler tubes (for fire tube boilers)
Increase in efficiency by 2-3%

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

ET04 – Measure Table: Manufacturer Interviews 


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



Results and Reccomendations



ET04 – Measure Table: Literature ReviewET04- Results

• Estimated Boiler Count in California 

• 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

Sector Number of Estimated Boilers

Multifamily 22,631

Industrial 3,170

Commercial 3,483

Others 151



ET04 – Measure Table: Literature ReviewET04- Conclusions and Recommendations

Following identified technologies are good candidates for near term hits for 
the deemed measure packages: 

1. Parallel positioning controls, Combustion fan VFD

2. O2 Trimming

3. Combustion air positive shutoff

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

Following measures or technologies are recommended for field or lab 
testing:

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

6. Energy recovery using a flash vessel

7. Flash Recovery Energy Management Equipment (FREME)

8. Installing two element water level control 

9. Dual returns and smart plate heat exchanger

Metrics

Ease of installation

Energy saving potential

Installation limitations

Measure cost

Application, scope of process 
etc. 

Following measures or technologies are not viable 
for measure package development:

1. Combustion Air Preheater
2. Flue Gas Recirculation (FGR)
3. Remote Boiler Controller
4. Glycol Scavenging Systems



Get in touch with us:
Alfredo Gutierrez

Program Manager
1.909.241.6356
alfredo.gutierrez@icf.com

About ICF

ICF (NASDAQ:ICFI) is a global consulting and digital services company with over 7,000 full- and part-time employees, but we are not your typical consultants. At ICF, business 
analysts and policy specialists work together with digital strategists, data scientists and creatives. We combine unmatched industry expertise with cutting-edge engagement 
capabilities to help organizations solve their most complex challenges. Since 1969, public and private sector clients have worked with ICF to navigate change and shape the 
future.

Follow GET on LinkedIn: linkedin.com/cagastech
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