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10 am – 12:30 pm



Welcome

 Welcome to the first Steam Virtual INPLT training series
 Eight, 2-1/2 hour webinars, focused on Industrial Steam Systems Energy 

Assessment and Optimization
 These webinars will help you gain a significant understanding of your 

industrial steam system, undertake an energy assessment using a systems 
approach, evaluate and quantify energy and cost-saving opportunities using 
US DOE tools and resources

 Thank you for your interest!
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Agenda – Session ONE

 Welcome and Introductions
 Safety and Housekeeping
 Agenda for Steam Virtual INPLT (8 weeks)
 Today’s Content:

Industrial Steam Systems Fundamentals
 Steam system components, thermodynamics
 Steam system overview

   Steam System Scoping Tool
 Demonstration & Functionality
 Homework

 Kahoot Quiz Game
 Q&A
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Safety and Housekeeping

 Safety Moment
o Steam can be extremely dangerous and extreme caution should be used 

while working with steam systems
o Accidents can be life-threatening

 You are welcome to ask questions at any time during the webinar
 When you are not asking a question, please MUTE your mic and this will 

provide the best sound quality for all participants
 We will be recording all these webinars and by staying on-line and attending 

the meeting you are giving your consent to be recorded
o A link to the recorded webinars will be provided, afterwards
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Steam Virtual INPLT Agenda

 Session 1 (October 2) – Industrial Steam Systems Fundamentals and Introduction to SSST

 Session 2 (October 3) – Focus on Steam System Generation and Introduction to DOE’s MEASUR Tool

 Session 3 (October 16) – Steam System Generation & Cogeneration (CHP)

 Session 4 (October 17) – Steam System Distribution, End-Use & Condensate Recovery

 Session 5 (October 30) – Energy Efficiency Opportunities in the Generation Area

 Session 6 (October 31) – Energy Efficiency Opportunities in Cogeneration (CHP) Area

 Session 7 (November 13) – EE Opportunities in Distribution, End-use and Condensate Recovery 

 Session 8 (November 14) – Industrial Steam System VINPLT Wrap-up Presentations
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Course Objectives

 Become familiar with US DOE tools and resources to assess, 
optimize and manage industrial steam systems

 Identify the measurements required to manage steam systems
 Measure boiler efficiency
 Estimate the magnitude of specific boiler losses
 Identify and prioritize areas of boiler efficiency improvement
 Recognize the impacts of fuel selection
 Characterize the impact of backpressure and condensing steam 

turbines
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Course Objectives 

 Quantify the importance of managing steam consumption 
 Identify the requirements of a steam trap management program 
 Evaluate the effectiveness of thermal insulation 
 Evaluate the impact of condensate recovery 
 Recognize the economic impacts of steam system operations
 Use a systems approach to undertake a steam system energy 

assessment, identify opportunities and quantify the impacts
 Start thinking out-of-the-box and continue to reduce your plant’s 

carbon footprint, reduce operating costs and enhance reliability 
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Industrial Energy = ½ 
World’s Energy

1 quad Btu = 1.055 EJ

Source: US DOE EIA; International 
Energy Agency (2019 data)
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Industrial Energy Overview

 Industry consumes 1/3 of U.S. energy
 More than 40% of U.S. natural gas is 

consumed by industry
 Approximately 1/3 of U.S. electricity 

demand is industrial 
 Energy is key to economic growth and 

maintaining U.S. jobs in manufacturing
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Overall Manufacturing 
Energy Consumption and 
Carbon Footprint

Source:  2018 US MECS data;
Energy & Carbon Footprints 
(developed by Energetics)

Manufacturing Energy & Carbon Footprint



Typical Industrial Plant 
Energy Consumption

Note: Does not include off-site 
losses

Source:  2018 US MECS data;
Energy & Carbon Footprints 
(developed by Energetics)
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DISTRIBUTION

		percentile		Number of Sites in percentile (226,737/100)		Average Purchased Annual Energy Costs $000's/yr per plant		Total Energy Costs $Milllions/yr for percentile		Average Annual Source Energy Consumption Bbtu/yr per Plant		Average Annual Source Energy Consumption per Plant in the Percentile MMbtu/yr		Total Annual Source Energy Consumption Tbtu/yr for Percentile		Cummulative Energy				NON-FEEDSTOCK Average Consumption per Plant in the Percentile Bbtu/yr		NON-FEEDSTOCK Average Source Energy Consumption per Plant in the Percentile MMbtu/yr		NON-FEEDSTOCK Total Consumption for the Percentile, Tbtu/yr		NON-FEEDSTOCK Cummulative Energy				$/MMBtu		percentile		Notes:

		1		2267.37		$34.23		$77.61		4.31		4,315		9.78		10				4.3		4,315		10		10				$7.93		1		Total Energy Consumed as Fuel: All energy used for heat, power, and electricity generation, regardless of where the energy was produced (energy which is consumed for nonfuel purposes is not included).  Included in total energy consumed as a fuel is net electricity which is defined as:  the sum of quantities of electricity that are :

   1. purchased;
   2. transferred in; and
   3. generated from noncombustible renewable resources;
   4. minus quantities of electricity that are : sold; and
   5. transferred out.

Not included are electricity inputs from onsite cogeneration, nor generation from combustible fuels, because that energy has already been included as generating fuel (coal, for example).

		2		2267.37		$39.33		$89.16		5.28		5,284		12		22				5.3		5,284		12		22				$7.44				Prices, purchases, and expenditures for puchased energy represent direct open-market transactions made by the manufacturing establishments. Acquisitions through intra-company transfers are excluded from these estimates.

		3		2267.37		$41.84		$94.87		6.04		6,037		14		35				6.0		6,037		14		35				$6.93				Purchased energy includes 'Other' energy sources include such combustible energy sources as    
wood waste, hydrogen, and waste oils and tars.

		4		2267.37		$44.61		$101.14		6.46		6,458		15		50				6.5		6,458		15		50				$6.91

		5		2267.37		$45.81		$103.87		7.02		7,024		16		66				7.0		7,024		16		66				$6.52		5		The difference between Total Energy consumption as a fuel and purchased energy use is 1.4Q and likely represents consumption from waste, renewables and organizational transfers

		6		2267.37		$47.98		$108.80		7.55		7,551		17		83				7.6		7,551		17		83				$6.35

		7		2267.37		$49.48		$112.18		8.04		8,036		18		101				8.0		8,036		18		101				$6.16

		8		2267.37		$50.87		$115.34		8.35		8,351		19		120				8.4		8,351		19		120				$6.09

		9		2267.37		$52.18		$118.30		8.80		8,801		20		140				8.8		8,801		20		140				$5.93

		10		2267.37		$53.84		$122.08		9.24		9,236		21		161				9.2		9,236		21		161				$5.83		10

		11		2267.37		$55.81		$126.53		9.52		9,521		22		183				9.5		9,521		22		183				$5.86

		12		2267.37		$56.57		$128.26		10.08		10,076		23		206				10.1		10,076		23		206				$5.61

		13		2267.37		$57.32		$129.97		10.35		10,350		23		229				10.4		10,350		23		229				$5.54

		14		2267.37		$58.43		$132.47		10.62		10,622		24		253				10.6		10,622		24		253				$5.50

		15		2267.37		$59.87		$135.74		11.16		11,159		25		278				11.2		11,159		25		278				$5.36		15

		16		2267.37		$60.92		$138.13		11.43		11,425		26		304				11.4		11,425		26		304				$5.33

		17		2267.37		$61.97		$140.51		11.69		11,691		27		331				11.7		11,691		27		331				$5.30

		18		2267.37		$63.01		$142.87		12.22		12,222		28		359				12.2		12,222		28		359				$5.16

		19		2267.37		$64.37		$145.96		12.75		12,754		29		388				12.8		12,754		29		388				$5.05

		20		2267.37		$65.40		$148.27		13.02		13,020		30		417				13.0		13,020		30		417				$5.02		20

		21		2267.37		$66.41		$150.58		13.29		13,288		30		447				13.3		13,288		30		447				$5.00

		22		2267.37		$67.76		$153.64		13.56		13,556		31		478				13.6		13,556		31		478				$5.00

		23		2267.37		$68.78		$155.95		14.10		14,097		32		510				14.1		14,097		32		510				$4.88

		24		2267.37		$69.80		$158.26		14.37		14,370		33		542				14.4		14,370		33		542				$4.86

		25		2267.37		$70.82		$160.58		14.64		14,644		33		576				14.6		14,644		33		576				$4.84		25

		26		2267.37		$71.85		$162.91		15.20		15,201		34		610				15.2		15,201		34		610				$4.73

		27		2267.37		$72.88		$165.25		15.48		15,483		35		645				15.5		15,483		35		645				$4.71

		28		2267.37		$74.27		$168.40		15.77		15,766		36		681				15.8		15,766		36		681				$4.71

		29		2267.37		$75.33		$170.80		16.34		16,345		37		718				16.3		16,345		37		718				$4.61

		30		2267.37		$76.40		$173.22		16.64		16,637		38		756				16.6		16,637		38		756				$4.59		30

		31		2267.37		$77.47		$175.65		17.08		17,085		39		795				17.1		17,085		39		795				$4.53

		32		2267.37		$78.94		$178.99		17.54		17,541		40		834				17.5		17,541		40		834				$4.50

		33		2267.37		$80.06		$181.53		17.85		17,849		40		875				17.8		17,849		40		875				$4.49

		34		2267.37		$81.20		$184.11		18.48		18,482		42		917				18.5		18,482		42		917				$4.39

		35		2267.37		$82.36		$186.74		18.81		18,805		43		959				18.8		18,805		43		959				$4.38		35

		36		2267.37		$83.95		$190.33		19.13		19,132		43		1,003				19.1		19,132		43		1,003				$4.39

		37		2267.37		$85.17		$193.10		19.81		19,807		45		1,048				19.8		19,807		45		1,048				$4.30

		38		2267.37		$86.42		$195.93		20.15		20,153		46		1,093				20.2		20,153		46		1,093				$4.29

		39		2267.37		$87.70		$198.85		20.50		20,503		46		1,140				20.5		20,503		46		1,140				$4.28

		40		2267.37		$89.02		$201.84		21.23		21,231		48		1,188				21.2		21,231		48		1,188				$4.19		40

		41		2267.37		$90.85		$205.98		21.61		21,605		49		1,237				21.6		21,605		49		1,237				$4.20

		42		2267.37		$92.27		$209.21		21.99		21,987		50		1,287				22.0		21,987		50		1,287				$4.20

		43		2267.37		$93.74		$212.54		22.78		22,778		52		1,338				22.8		22,778		52		1,338				$4.12

		44		2267.37		$95.26		$215.99		23.19		23,187		53		1,391				23.2		23,187		53		1,391				$4.11

		45		2267.37		$97.41		$220.87		24.04		24,036		54		1,445				24.0		24,036		54		1,445				$4.05		45

		46		2267.37		$99.10		$224.69		24.48		24,478		56		1,501				24.5		24,478		56		1,501				$4.05

		47		2267.37		$100.87		$228.71		24.93		24,927		57		1,557				24.9		24,927		57		1,557				$4.05

		48		2267.37		$102.74		$232.95		25.63		25,634		58		1,616				25.6		25,634		58		1,616				$4.01

		49		2267.37		$105.40		$238.98		26.37		26,374		60		1,675				26.4		26,374		60		1,675				$4.00

		50		2267.37		$107.56		$243.89		26.88		26,879		61		1,736				26.9		26,879		61		1,736				$4.00		50

		51		2267.37		$110.65		$250.88		27.68		27,679		63		1,799				27.7		27,679		63		1,799				$4.00

		52		2267.37		$112.33		$254.69		28.52		28,523		65		1,864				28.5		28,523		65		1,864				$3.94

		53		2267.37		$116.03		$263.08		29.10		29,101		66		1,930				29.1		29,101		66		1,930				$3.99

		54		2267.37		$119.08		$270.00		30.03		30,026		68		1,998				30.0		30,026		68		1,998				$3.97

		55		2267.37		$122.50		$277.75		31.01		31,011		70		2,068				31.0		31,011		70		2,068				$3.95		55

		56		2267.37		$126.44		$286.69		32.05		32,049		73		2,141				32.0		32,049		73		2,141				$3.95

		57		2267.37		$130.95		$296.91		33.18		33,176		75		2,216				33.2		33,176		75		2,216				$3.95

		58		2267.37		$137.98		$312.84		33.96		33,955		77		2,293				34.0		33,955		77		2,293				$4.06

		59		2267.37		$142.50		$323.10		35.23		35,231		80		2,373				35.2		35,231		80		2,373				$4.04

		60		2267.37		$147.00		$333.30		36.63		36,626		83		2,456				36.6		36,626		83		2,456				$4.01		60

		61		2267.37		$152.00		$344.64		37.60		37,599		85		2,541				37.6		37,599		85		2,541		1,120,769		$4.04

		62		2267.37		$158.00		$358.24		39.23		39,227		89		2,630				39.2		39,227		89		2,630		1,159,996		$4.03

		63		2267.37		$169.19		$383.63		41.05		41,052		93		2,723				41.1		41,052		93		2,723		1,201,048		$4.12

		64		2267.37		$178.39		$404.48		42.34		42,343		96		2,819				42.3		42,343		96		2,819		1,243,391		$4.21

		65		2267.37		$189.12		$428.80		44.58		44,580		101		2,920				44.6		44,580		101		2,920		1,287,971		$4.24		65

		66		2267.37		$199.84		$453.12		47.20		47,198		107		3,027				47.2		47,198		107		3,027		1,335,169		$4.23

		67		2267.37		$209.04		$473.97		49.09		49,093		111		3,139				49.1		49,093		111		3,139		1,384,262		$4.26

		68		2267.37		$219.77		$498.29		52.60		52,604		119		3,258				52.6		52,604		119		3,258		1,436,866		$4.18

		69		2267.37		$230.49		$522.61		57.12		57,115		130		3,387				57.1		57,115		130		3,387		1,493,981		$4.04

		70		2267.37		$241.22		$546.94		60.92		60,919		138		3,526				60.9		60,919		138		3,526		1,554,900		$3.96		70

		71		2267.37		$251.95		$571.26		61.65		61,649		140		3,665				61.6		61,649		140		3,665		1,616,549		$4.09

		72		2267.37		$261.14		$592.11		62.74		62,744		142		3,808				62.7		62,744		142		3,808		1,679,293		$4.16

		73		2267.37		$271.87		$616.43		63.84		63,839		145		3,952				63.8		63,839		145		3,952		1,743,132		$4.26

		74		2267.37		$282.60		$640.75		65.66		65,664		149		4,101				65.7		65,664		149		4,101		1,808,796		$4.30

		75		2267.37		$291.79		$661.60		70.04		70,044		159		4,260				70.0		70,044		159		4,260		1,878,840		$4.17		75

		76		2267.37		$302.52		$685.92		74.42		74,424		169		4,429				74.4		74,424		169		4,429		1,953,264		$4.06

		77		2267.37		$313.25		$710.25		78.07		78,074		177		4,606				78.1		78,074		177		4,606		2,031,338		$4.01

		78		2267.37		$323.97		$734.57		82.45		82,454		187		4,793				82.5		82,454		187		4,793		2,113,792		$3.93

		79		2267.37		$334.70		$758.89		86.83		86,834		197		4,990				86.8		86,834		197		4,990		2,200,626		$3.85

		80		2267.37		$343.90		$779.74		90.48		90,484		205		5,195				90.5		90,484		205		5,195		2,291,109		$3.80		80

		81		2267.37		$354.62		$804.06		95.83		95,828		217		5,412				95.8		95,828		217		5,412		2,386,937		$3.70

		82		2267.37		$365.35		$828.39		97.18		97,177		220		5,632				97.2		97,177		220		5,632		2,484,115		$3.76

		83		2267.37		$374.55		$849.23		98.82		98,818		224		5,856				98.8		98,818		224		5,856		2,582,933		$3.79

		84		2267.37		$385.27		$873.56		100.49		100,485		228		6,084				100.5		100,485		228		6,084		2,683,418		$3.83

		85		2267.37		$396.00		$897.88		102.99		102,989		234		6,318				103.0		102,989		234		6,318		2,786,407		$3.85		85

		86		2267.37		$410.23		$930.14		105.67		105,674		240		6,557				105.7		105,674		240		6,557		2,892,081		$3.88

		87		2267.37		$426.80		$967.71		110.01		110,012		249		6,807				110.0		110,012		249		6,807		3,002,093		$3.88

		88		2267.37		$443.88		$1,006.44		116.43		116,431		264		7,071				116.4		116,431		264		7,071		3,118,524		$3.81

		89		2267.37		$469.48		$1,064.47		124.86		124,861		283		7,354				124.9		124,861		283		7,354		3,243,385		$3.76

		90		2267.37		$506.99		$1,149.53		144.35		144,354		327		7,681				144.4		144,354		327		7,681		3,387,739		$3.51		90

		91		2267.37		$569.10		$1,290.36		169.00		169,000		383		8,064				169.0		169,000		383		8,064		3,556,739		$3.37

		92		2267.37		$645.00		$1,462.45		194.60		194,600		441		8,506				194.6		194,600		441		8,506		3,751,339		$3.31

		93		2267.37		$680.00		$1,541.81		200.00		200,000		453		8,959				200.0		200,000		453		8,959		3,951,339		$3.40

		94		2267.37		$740.00		$1,677.85		250.00		250,000		567		9,526				250.0		250,000		567		9,526		4,201,339		$2.96

		95		2267.37		$800.00		$1,813.90		280.00		280,000		635		10,161				280.0		280,000		635		10,161		4,481,339		$2.86		95

		96		2267.37		$880.00		$1,995.29		315.00		315,000		714		10,875				315.0		315,000		714		10,875		4,796,339		$2.79

		97		2267.37		$1,000.00		$2,267.37		350.00		350,000		794		11,669				350.0		350,000		794		11,669		5,146,339		$2.86

		98		2267.37		$2,000.00		$4,534.74		500.00		500,000		1134		12,802				500.0		500,000		1,134		12,802		5,646,339		$4.00

		99		2267.37		$2,800.00		$6,348.64		700.00		700,000		1587		14,389				700.0		700,000		1,587		14,389		6,346,339		$4.00

		100		2267.37		$10,764.70		$24,407.56		4665.64		4,665,644		10579		24,968				4,665.6		4,665,644		10,579		24,968		11,011,983		$2.31		100

		TOTAL						$78,899.40																								TOTAL

																6,090

																						IAC Summary						BP Summary

																						average		87.9		314.8		average		907.6

																						min		24.9		100.9		min		200.0

																						max		350.0		1,000.0		max		4,665.6

																						median		62.7		261.1		median		332.5





SUMMARY SHEET

		

		Annual Purchased Energy Expenditures (Million/yr)		Number of Establishments						% of Total		Total Purchased Energy Expenditures (000's/yr)		% of Total		Total Source Energy Consumption,  NOT including feedstock Tbtu/yr		Total Source Energy Consumption, NOT including feedstock Tbtu/yr Rounded		% of Total		Total Source Energy Consumed as a Fuel, Tbtu/yr		Total Source Energy Consumed as a Fuel, Rounded Tbtu/yr				Total Number of Plants in ITP categories		Total Number of Plants in ITP categories ROUNDED		Energy Consumed as a Fuel for plants within ITP categories, Tbtu/yr		Energy Consumed as a Fuel for plants within ITP categories, Tbtu/yr ROUNDED

		0 - 100,000		104,299		100,000		100,000		46%		7,208		9%		1,501		1,500		6%		1,501		1,500

		100,000-500,000		97,497		100,000		100,000		43%		23,202		29%		5,853		6,000		23%		5,853		6,000				104,299		105,000		1,501		1,500

		500,000 - 1,000,000		15,872		18,000		18,000		7%		10,931		14%		3,521		3,500		14%		3,521		3,500				115,636		115,000		10,168		10,000

		1,000,000 - 2,000,000		2,267		2,500		2,500		1%		2,267		3%		794		1,000		3%		794		1,000				6,802		7,000		13,300		13,500

		2,000,000 - 2,500,000		2,267		2,500		2,500		1%		4,535		6%		1,134		1,000		5%		1,134		1,000

		2,500,000 - 3,000,000		2,267		2,500		2,500		1%		6,349		8%		1,587		1,500		6%		1,587		1,500

		> 3,000,000		2,267		2,500		2,500		1%		24,408		31%		10,579		10,500		42%		10,579		10,500

				226,737		228,000		228,000		100%		78,899		100%		24,968		25,000		100%		24,968		25,000				226,737		227,000		24,968		25,000

		Comparison Chart		MMBtu/yr		Proportions		Number of Plants				Average		Min		Max		Total

		Small Plants		1,500,956,174		6%		104,299				MMBtu/yr		MMBtu/yr		MMBtu/yr		TBtu/yr

		IAC Plants		10,167,699,074		41%		115,636				87,929		24,927		315,000		10,168

		BP Plants		13,299,585,626		53%		6,802				1,955,215		350,000		20,000,000		13,300

		Total All US Plants		24,968,240,874		100%		226,737

		BP 2002 Savings		82,000,000		0.33%

														IAC

						0.62%								Average		87,929		MMBtu/yr

														Min		24,927		MMBtu/yr

														Max		315,000		MMBtu/yr

														Total		10,168		TBtu/yr

														BP

														Average		1,955,215		MMBtu/yr

														Min		350,000		MMBtu/yr

														Max		20,000,000		MMBtu/yr

														Total		13,300		TBtu/yr

		9362.48

		Est 293 plants above 16474





Efficiency Data

		

						Industry-Specific Technology		In Use		Not in Use		Don't Know

						Dry Quenching During the Coking Process		4		252		16		272

						External Desulfurization of the Charge for Ironmaking		10		245		17		272

						Hydrocarbon Injection to Maintain Blast Furnace Temperatures		28		226		18		272

						Direct Reduction Ironmaking - Sponge Iron Produced Directly from Iron Ore		5		252		15		272

						Continuous Casting		117		145		10		272

						Thin Slab/Strip Casting		11		248		13		272

						Waste Heat Boilers/Heat Exchangers in Combination with Reheat Furnaces		60		195		18		273

						Evaporative Cooling of Skid Rails		16		235		22		273

						Electric Induction Reheat Furnaces		33		226		13		272

						Hot Charging - Moving Steel Directly from the Caster to Reheat Furnace		66		196		10		272

						Direct Rolling Required No Reheating		3		255		13		271

						Plasmasmelt Smelting of Partially Reduced Iron Powder with Pulverized Coal		0		254		18		272

						Cold Bonding (COBO) Pelletizing Technique		0		257		15		272

						Preheating Combustion Air		92		164		16		272

						Preheating Raw Materials		32		227		13		272

						Top Gas Pressure Recovery from Blast Furnace		21		237		13		271

						Slab Heat Recovery		10		246		15		271

						Continuous Annealing		44		217		11		272

						Continuous Cold Rolling		26		235		11		272

						Bottom Tap Vessels		74		184		14		272

						Injection Steelmaking		20		229		23		272

						Electroslag or Vacuum Arc Remelting		26		228		18		272

						Oxygen or Coal Injection to Blast Furnace		49		212		11		272

						Steel Ladle Metallurgy with Reheat Furnace		104		157		11		272

						Oxy-Fuel Firing		83		169		21		273

						Average		37		220		15

						In Use		14%

						Not In Use		81%

						Don't Know		6%

						Table C10.3.  Number of Establishments by Usage of Energy-Saving Technologies for Specific Industries, 1998;

						SUMMARY AVERAGES												MEAN - - - - - - - - - - - - - - - - - - - - - - - - - - >

				NAICS		Industry		Yes		No		Don't Know		Total				Total		Yes		No		Don't Know

		1		312		BEVERAGE AND TOBACCO PRODUCTS		5%		85%		10%		100%				1484.94		75.75		1261.44		147.75

		2		325		CHEMICALS		6%		77%		17%		100%				8962.33		564.83		6881.83		1515.67

		3		311		FOOD		2%		84%		14%		100%				16552.23		380.56		13864.89		2306.78

		4		327		NONMETALLIC MINERAL PRODUCTS		2%		79%		19%		100%				11332.92		273.85		8944.92		2114.15

		5		322		PAPER		2%		84%		14%		100%				4675.84		94.25		3948.92		632.67

		6		331111		PRIMARY METALS - Iron and Steel Mills		14%		81%		6%		100%				272		37.36		219.64		15

		7		313		TEXTILE MILLS		8%		84%		9%		100%				2935.08		220.36		2455.45		259.27

		8		314		TEXTILE PRODUCT MILLS		1%		71%		29%		100%				4221.08		29.5		2986.18		1205.4

						All of the above		3%		80%		16%		100%				5267.42		167.7		4233.83		865.89

						In Use		3%

						Not In Use		80%

						Don't Know		16%





Distribution of Plant Energy
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BP-Targeted Plants
Avg:    1,955,215 MMBtu/yr
Min:      350,000 MMBtu/yr
Max:   20,000,000 MMBtu/yr
Total:     13,300 TBtu/yr

IAC-Targeted Plants
Avg:    87,929 MMBtu/yr
Min:    24,927 MMBtu/yr
Max:   315,000 MMBtu/yr
Total:  10,168 TBtu/yr

Percentile

Average Source Energy Consumption per Plant (MMBtu/yr)

Annual Energy Consumption in Manufacturing Plants
Derived from 1998 EIA MECS
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Perspective

		Small Plants

		IAC Plants

		BP Plants

		Total All US Plants

		BP 2002 Savings



FY 2002 BP savings estimate comprises 0.3% of total manufacturing energy consumption and 0.6% of all BP Plants energy consumption

Consumption estimates derived from 1998 EIA-MECS

MMBtu/yr

Plant Category

Annual Source Fuel Energy Consumption, MMBtu/yr

Perspective: 1998 Energy Consumption for Manufacturers and 
FY 2002 BP Savings Estimates

1500956173.62285

10167699074.3234

13299585625.7669

24968240873.7131

82000000



Number of Plants

		Small Plants

		IAC Plants

		BP Plants

		Total All US Plants



Number of Plants

104299.02

115635.87

6802.11

226737



Efficiency Technologies for PM

		In Use

		Not In Use

		Don't Know



*Responding industries included: Beverage and Tobacco Products (NAIC 312); Chemicals (NAIC 325); Food (NAIC 311); Nonmetallic Mineral Products (NAIC 327); Paper (NAIC 322); Primary Metals - Iron and Steel Mills (NAIC 331111); Textile Mills (NAIC 313); Textile Product Mills (NAIC 314)

Use of Industry-Specific Energy-Efficiency Technologies
of Responding Industries*
1998 EIA-MECS

0.0318372182

0.8037768015

0.1643859802





Industrial Steam Users

 Heavy Steam Users
 Petroleum Refining
 Forest Products (Pulp & Paper)
 Petrochemicals
 Inorganic chemicals
 Large Food & Beverage
 Rubber
 Textiles
 Pharmaceuticals
 Manufacturing Assembly
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Industrial Steam Users

 Medium Steam Users
 Breweries
 Bakeries
 Dairies
 Packaged Foods
 Metal Fabrication
 Large chiller systems

 Small Steam Users
 Electronics
 Paint booths
 Humidification systems

16



Polling Question 1

1) Which industry do you belong to? 
A. Heavy steam user – Petrochemicals, Refineries, Forest Products, Chemicals
B. Heavy steam user – Large Food and Beverage, Pharmaceuticals, Assembly, 

plants, etc.
C. Medium steam user – Food, Textiles, Fabrication, etc.
D. Small steam user – Electronics, Specialty manufacturing, etc.
E. Not a steam user

Polling Question
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Polling Question 2

2) What is your major function in your current role at your plant?
A. Engineering (Design)
B. Operations & Maintenance (Engineering / Technical)
C. Operations & Maintenance (Management)
D. Plant management
E. Corporate-level management
F. Independent consultant / contractor
G. Other

Polling Question

18



Why Use Steam?

 Extremely efficient as a heating source – constant temperature, highest heat transfer 
(condensing) coefficients

 Extremely cost effective to distribute to point-of-use

 Can be controlled very accurately

 A very flexible energy transfer medium – can be used for process heating as well as power 
generation

 Technology and applications are tried and proven at large as well as small-scale

 Significant system benefits!
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An Industrial Steam System



Steam System Components

 End-use 
 Steam turbines
 Heat exchangers
 Live steam injection
 Stripping columns
 Evaporators, etc.

 Recovery
 Steam traps
 Condensate recovery and return 

system
 Condensate pumps

 Generation
 Boiler
 Boiler auxiliaries
 Water treatment equipment
 Deaerator
 Feedwater Pumps
 Fuel storage and handling 

equipment 

 Distribution
 Steam piping
 Pressure reducing stations
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Fire-Tube Boiler

 Steam pressure limited
 Typical 300 psig maximum

 Steam flow rate limited
 Typical 1,200 BHp maximum

 40 klb/hr
 Saturated steam output
 One inherent efficiency advantage 

over water tube type – shell loss is 
minimal

 Generally manufactured offsite 
 Many different styles

Combustion zone
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Water-Tube Boiler

 Operating pressures range from 
atmospheric to in excess of 3,000 
psig

 Steam production ranges from 
5,000 lb/hr to 10,000,000 lb/hr

 Saturated or superheated steam 
output

 Constructed onsite or offsite 
 Many different styles
 Compact units now on the market!
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Boilers

Funda
mental

Water Tube BoilerFire Tube Boiler



Boiler Auxiliaries

 Fans - Air flow configuration
 Forced draft
 Induced draft
 Balanced draft

 Combustion air preheaters
 Feedwater economizers / condensing 

economizers
 Fuel flow valves and combustion controls
 Excess air controls
 Sensors
 Soot blowers – steam or compressed air
 Pollution control equipment

25



Deaerator

 Removes dissolved oxygen 
from make-up water and 
condensate

 Boiler integrity
 Several different styles
 Spray type
 Tray type

 Maybe combined with 
feedwater heater and storage

 Will always have a steam 
vent!

Make up water in

Steam inlet

DA Vent

Feedwater
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Pumps

 Boiler Feedwater (BFW)
 Condensate
 Make-up water
 Other auxiliary services

27



Water Treatment Equipment

 Extremely important boiler water 
chemistry

 Integrity of boiler
 Depends on boiler pressure and 

water quality
 Several options
 Softening 
 Dealkalization 
 Demineralization
 Reverse osmosis
 Condensate polishing
 Chemical treatment
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Steam Piping

 Transports steam to 
end use

 Pipe racks
 Pressure headers
 Isolation valves
 Relief valves
 Drain points, etc

29



Pressure Reducing Stations

 Also known as Letdown valves
 Provide steam flow control
 Provide pressure header 

balancing
 Operates on a feedback loop
 Always need a bypass for 

emergency and repair conditions
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Steam Turbines

 Devices which convert thermal 
energy into shaft power

 Can generate electrical power 
through a generator

 Can drive a mechanical 
equipment – fan, pump, 
compressor, chiller, etc.

 Different types
 Backpressure
 Extraction
 Condensing
 Combination of the above
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Polling Question 3 and 4

3) Do you have steam turbines in your plant?
A. Back-pressure ONLY
B. Back-pressure and Condensing
C. Condensing ONLY
D. Do NOT have any steam turbines
E. Don’t know

4) Do you have gas turbines in your plant?
A. Yes
B. No
C. Don’t know

Polling Questions
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Heat Exchangers

 Different types
 Shell & Tube
 Plate / Frame
 Tube in tube
 Spiral, etc.

 Based on applications
 Steam transfers thermal energy to 

process fluid and forms 
condensate

 Industry standards for designs 
and applications
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Other End Use Equipment

 Distillation tower
 Stripping column

 Reboilers
 Reformers
 Separators
 Steam ejectors
 Steam injectors
 Thermocompressors Evaporators
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Other End Use Equipment

Funda
mental

Feed Heater

Washing,
Dyeing &
Finishing

Hot water heater

Cooker



Steam Traps

 Prevent steam from 
escaping without transfer of 
heat

 Several different types of 
traps
 Thermostatic
 Mechanical
 Thermodynamic
 Orifice

 Application – very important
 Steam Trap Management
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Flash Tanks

 Recover flash steam
from condensate

 Eliminate potential
condensate return
problems
 Water hammer
 Back-pressure
 2-phase flow

 Blowdown flash tanks
reduce temperature of
water before discharging to sewer
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Condensate Recovery System

 Primary / Secondary
 Pumped / Pressure-

driven
 Pumped – Electric-

driven or Steam-driven
 Returns condensate 

back with the highest 
thermal energy to the 
boiler house

Sectio
n 



Condensate Tank

 Provides for a common receiver
 Typically, located above grade 

to provide for pump suction 
requirements

 May be combined with 
deaerator and feedwater heater 
and storage
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One-Header Steam System

Fuel

Feedwater

Makeup water

Fuel

Boiler Heat Exchanger

Steam Trap

Condensate Tank

Deaerator
Condensate Pump

BFW Pump

Water Treatment 
System
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Two-Header Steam System

Fuel

Feedwater

High-pressure Steam

Low-pressure Steam

Makeup water

FuelFuel Fuel

Pressure
Reducing
Valve

Flash
Tank

Back
Pressure
Turbine
Generator

Back
Pressure
Turbine
Drive
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Three-Header Steam System

Fuel

Feedwater

High-pressure
Steam

Low-
pressure 
Steam

Makeup water

FuelFuel Fuel

Medium-
Pressure
Steam
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Three-Header Steam System

Fuel

Feedwater

Makeup water

FuelFuel Fuel

Condensing
Turbine
Generator

Surface
Condenser
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Polling Question 5

5) What is the closest representation of the steam system in your 
plant?

A. One-header
B. Two-headers
C. Three-headers
D. Three-headers with steam turbines
E. Complex with more than Three-headers
F. Don’t know
G. None of the above

Polling Questions
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The Systems Approach

 Establish current system conditions, operating parameters, and system 
energy use

 Investigate how the total system presently operates
 Identify potential areas where system operation can be improved
 Analyze the impacts of potential improvements to the plant system
 Implement system improvements that meet plant operational and financial 

criteria
 Continue to monitor overall system performance
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Tools

 In order to properly evaluate steam systems, the physics of each 
process must be understood
 Thermodynamics
 Heat transfer
 Fluid flow

 US DOE Tools 
 Steam System Survey Guide
 Steam System Scoping Tool (SSST)
 MEASUR - Steam System
 Insulation Evaluation Software – 3E Plus

 Process measurements 
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Steam System Thermodynamics



Steam Thermodynamics

 Thermodynamic States of a Pure Substance
 Subcooled

 Liquid (Water)
 Temperature and Pressure are independent
 Energy content ∝ Temperature

 Saturated
 Liquid / 2-Phase / Vapor
 Temperature and Pressure are dependent
 0 ≤ Quality ≤ 1

 Superheated
 Vapor (Steam)
 Temperature and Pressure are independent
 Energy content ∝ Temperature & Pressure
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Steam Thermodynamics

 Steam Properties
 MEASUR
 Steam Tables
 Mollier Diagrams

 ASHRAE Fundamentals Handbook
 Tabulated Data
 P-h diagram

 Software Programs
 Equation of State for different refrigerants
 Engineering Equation Solver (EES)
 Other

 National Institute of Standards & Testing (NIST)
 Reference Point

 Maybe different for different sources!!
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Steam System Analysis

 Steady State Steady Flow (SSSF) analysis
 Neglect the time dependent terms
 Dynamic responses are not considered
 Start-up, Shut-down and upset (or trip) conditions are neglected

 Average operating conditions are used
 Seasonality, Production rates can be dealt with “bin analysis” 

methodology
 IMPACT level-analysis is conducted on systems
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Conservation of Mass

 Law: Mass is neither created nor destroyed in the control volume

 Mathematically,
 Mass flow in = Mass flow out

 Equation format
 ΣMin = ΣMout

 State of substance & Volume flow can change

Black Box 
(Control Volume)Min Mout
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Example: F1

 A shell and tube heat exchanger is used to heat water using 
steam

 Water flow rate measured as 100 gpm
 Steam flow rate is not known

Waterin Waterout

Steamin

Condensateout
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Example: F1

 Apply Steady State Steady Flow – Conservation of Mass
 Water side: Water flow in = Water flow out
 Steam side: Steam flow in = Condensate flow out

Waterin Waterout

Steamin

Condensateout
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Example: F1

 Apply Steady State Steady Flow – Conservation of Mass

 Water side: 
 Water flow in = 100 gpm = 50,000 lb/hr
 Water flow out = 100 gpm = 50,000 lb/hr

 Steam side: Steam flow in = Condensate flow out
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Conservation of Energy

 Law: Energy can neither be created nor 
destroyed in the control volume. It can only be 
changed from one form to another.

 Mathematically,
 Energy flow in + Heat = Energy flow out + Work

 Equation format
 ΣMin*hin + Q = ΣMout*hout + W

 h – specific enthalpy (Btu/lb)

Black Box 
(Control Volume)Min

hin

Mout
hout

Q

W
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Example: F1

 Water inlet temperature = 65°F
 Water outlet temperature = 135°F
 Specific heat of water = 1.0 Btu/lb°F 
 Heat transferred to water = Mwater * Cp * (Tout – Tin)

Waterin Waterout

Steamin

Condensateout

𝑄𝑄 = 50,000 × 1.0 × 135 − 65  Btu/hr

𝑄𝑄 = 3,500,000 Btu/hr

𝑄𝑄 = 3.50 MMBtu/hr
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Example: F1

 Steam inlet conditions: Saturated steam at atmospheric pressure 
(0.0 psig)

 Condensate outlet conditions: Saturated at T = 212°F 
 Heat transferred by steam = 

  Msteam * hsteam – Mcondensate * hcondensate

 No shaft work is done in the control volume: W = 0
 Heat transferred to water = Heat transferred from steam
 Conservation of Mass: Msteam = Mcondensate
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Example: F1

 Q = Msteam * (hsteam – hcondensate)
 Steam Property tables provide information on steam and 

condensate enthalpies
 hsteam – Saturated steam at 0.0 psig = 1,150 Btu/lb
 hcondensate – Saturated condensate at 212°F = 180 Btu/lb

𝑄𝑄 = 𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 × 1,150 − 180

3,500,000 = 𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 × 970

𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 3,608
𝑙𝑙𝑙𝑙
ℎ𝑟𝑟 = 3.61

𝑘𝑘𝑘𝑘𝑘𝑘
ℎ𝑟𝑟
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Example: F1

Saturated Condensate

Saturated Steam
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Example: F1

Waterin Waterout

Steamin

Condensateout

Q = 3.50 MMBtu/hr

M = 100 gpm
T = 65°F

M = 100 gpm
T = 135°F

M = 3.61 klb/hr
T = 212°F
P = 0 psig
Quality = 1

M = 3.61 klb/hr
T = 212°F
P = 0 psig
Quality = 0

Saturated
Vapor

Saturated
Liquid
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Example: F2 (Food for thought!)

 Steam is directly injected in a vessel to heat water
 Water flow rate required (& measured) by process is 100 gpm
 Steam flow rate is unknown

Waterin Waterout

Steamin

Condensateout = 0

61



Fuel Heating Value

ReleaseEnergy22 2224 ++→+ OHCOOCH

 The energy content of a fuel is determined by a combustion process 
 The combustion process begins and ends at ambient temperature

 Constant pressure analysis provides the most accurate heating value
 The energy released during the combustion process is measured 

 The energy released is the Heat of Combustion for the fuel
 This is also the calorific value, the Btu value, and the heating value

 Fuels containing hydrogen will form water during combustion
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Higher Heating Value

ReleaseEnergy22 2224 ++→+


condensate

OHCOOCH

 Water (H2O) formed during the combustion process is initially steam 
but condenses during the heating value test
 Each pound of water releases approximately 1,000 Btu of energy by condensing

 This energy release is measured in the Higher Heating Value

 In the United States Higher Heating Value is the most common 
convention
 The primary exception is the combustion turbine arena
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Lower Heating Value

ReleaseEnergy22 2224 ++→+


Steam

OHCOOCH

 The Lower Heating Value is the energy liberated from a combustion 
process with no latent energy release from condensation 

 The Lower Heating Value is generally determined by calculation from 
the higher heating value and the fuel composition 

 In most boiler operations the flue gas will exit the boiler with no 
condensate

 The Lower Heating Value is the convention in most of the world
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Higher and Lower Heating Value

 The numeric difference between the higher and lower heating 
values depends on the hydrogen content of the fuel
 Natural gas difference is 10%
 Fuel oil difference is 6%
 Coal difference is ~4%
 Green wood difference can be more than 20%

 In the United States most fuels are marketed based on the fuel 
higher heating value

 The primary point of concern is consistency
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Polling Question 6

6) What fuels are used in your plant to generate steam (Select all that 
apply)?

A. Natural gas
B. #2 Oil
C. #6 Oil
D. Coal
E. Wood
F. Biomass, Biogas, etc.
G. Other
H. Don’t know
I. I don’t generate Steam

Polling Questions
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Key Points / Action Items 

1. Use a Systems Approach to optimize steam systems

2. There are four major areas of a steam system – 
Generation, Distribution, End-Use & Recovery

3. An understanding of the laws of thermodynamics, 
heat transfer, fluid flow and steam properties is 
required for a steam system analysis

4. Steam is used all across industry to do various tasks 
and is the most effective medium to transport energy 
and produce shaft work (or power)
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Steam System Scoping Tool – (SSST)



Steam System Scoping Tool - SSST

 SSST is a software-based questionnaire designed to enhance 
awareness of areas of steam system management 

 Divided into typical steam system focus areas

 Provides the user a score that is indicative of management intensity 
and serves as a guide to useful information

 Tool to identify potential improvement opportunity areas

 Will NOT quantify the energy savings opportunities
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Intended SSST Users

 Industrial manufacturers
 Plant managers
 Utility managers
 Plant process engineers

 Energy experts/consultants for assessment
 Can also be used by institutional, commercial steam users



SSST Organization

 Introduction
 Steam system basic data
 Steam system profiling
 Overall system operating practices
 Boiler plant operating practices
 Distribution, end use and recovery operating practices
 Summary results
 Next steps
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Obtaining Data for SSST Input

 Sources of data:
 Actual current measurements
 Computerized or print copy historical records
 Information on procedures from:
Plant engineer/utilities/maintenance manager(s)
Boiler operator

 Full Completion:
 26 questions – expected time: 45 min (max)
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Steps for Use of SSST

 Open SSST
 Review SSST sections to identify needed input data
 Obtain input data 
 Optionally complete steam system basic data section
 Insert answer choices into SSST sections
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Steps for Use of SSST (Continued)

 On summary results screen note scores achieved in major tool 
sections

 Compare scores achieved with those for similar plants
 Identify and prioritize steam system improvement opportunities
 Utilize resources identified in “next steps” section for assistance in 

implementing steam system improvements
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Interpreting Summary Results

 Average score (65%) reported based on results collected from 
several industrial steam plants:
 Steam system profiling: 63%
 Steam system operating practices: 69%
 Boiler plant operating practices:  63%
 Distribution, End-Use, Recovery: 58%

 Your scores will vary!
 Excellent place to start understanding the steam system and its 

operations including management practices



Next Steps Directed by SSST

 Focus on areas requiring attention
 Investigate resources
 Consult the U.S. DOE Web site

 http://energy.gov/eere/amo/advanced-manufacturing-office
 Steam System Survey Guide
 U.S.DOE Steam Tip Sheets
 Improving Steam System Performance: A Sourcebook for Industry 

 Use US DOE’s MEASUR
 Calculators
 Steam Assessment

 Use the Insulation Tool (3E Plus)
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Common BestPractices - Generation

 Minimize excess air 
 Install heat recovery equipment
 Clean boiler heat transfer surfaces 
 Improve water treatment to reduce boiler blowdown
 Recover energy from boiler blowdown
 Add/restore boiler refractory
 Minimize the number of operating boilers
 Optimize deaerator vent rate
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Common BestPractices - Distribution

 Repair steam leaks 
 Minimize vented steam
 Ensure that steam system piping, valves, fittings and vessels are 

well insulated
 Isolate steam from unused lines
 Minimize flows through pressure reducing stations
 Reduce pressure drop in headers
 Drain condensate from steam headers
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Common BestPractices – End-Use

 Reduce steam usage by a process
 Improving the efficiency of the process 
 Shifting steam demand to a waste heat source

 Reduce the steam pressure needed by process, especially in 
cogeneration systems

 Upgrade low pressure (or waste) steam to supply process 
demands

 Process integration leading to overall energy optimization of the 
plant
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Common BestPractices - Recovery

 Implement an effective steam-trap management and maintenance 
program 

 Recover as much as possible of available condensate

 Recover condensate at the highest possible thermal energy 

 Flash high-pressure condensate to make low-pressure steam
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Key Points / Action Items 

1. Use a systematic approach (gap analysis, comparison to 
BestPractices) to identify potential energy saving 
opportunities that may exist in steam systems

2. Use the Steam System Scoping Tool (SSST) to provide 
a high-level overview of operational, maintenance and 
management BestPractices

3. Once gaps are identified, delve into more detail using 
the other US DOE’s tools and resources

4. Quantify, prioritize, implement and continue to monitor
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Homework #1

 Steam is directly injected in a vessel to heat water from 65°F to 
135°F and the required flow for the process need is 100 gpm. 
 Calculate the steam flow rate required
 Compare the results with the indirect heat exchange application and comment on 

which method would you recommend for use in your plant.

Waterin Waterout

Steamin

Condensateout = 0
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Homework #1

 Use the Steam System Scoping Tool (SSST) on your industrial 
plant steam system and prepare a high-level list of potential areas 
for investigation in a steam system energy assessment over the 
next 6 weeks.

 Prepare a line diagram for your steam system showing the 
boilers, headers, major end-users and condensate return system. 
Indicate pressures, steam flows and anything important for your 
system.
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Thank You all for attending today’s webinar.

See you all on tomorrow - Thursday – October 3, 2024 – 10 am ET

If you have specific questions, please stay online and we will try 
and answer them.

Alternately, you can email questions to me at paparra@ornl.gov

mailto:rapapar@c2asustainable.com
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