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Executive Summary 
 

Background 
 
This report provides results from a Steam Energy Savings Assessment (ESA) conducted by two 
US Department of Energy (DOE) Certified Energy Experts during the summer of 2012. The DOEôs 
ESA whole systems approach includes data collection and analysis of the steam systemôs 
generation, distribution, end-use and recovery assets. This report supports research conducted by 
the University of California, Davis to pilot the Water Energy Nexus (WEN) at a California tomato 
processing facility.   
 
The Steam ESA calculates system efficiency, identifies water and energy conservation measures 
and calculates the potential to install a combined heat and power (CHP) system. The UC Davis 
research also identifies electric energy efficiency and conservation opportunities to improve the 
steam systemôs water supply and recovery infrastructure.  The CHP project has the technical 
potential to generate 1.4 million kilowatt hours (kWh) of electricity and achieve CO2 emission 
reductions at the power station equivalent to 724 US tons1  
 
Research Methods  
 
The Steam ESA was conducted by US DOE Certified Energy Experts utilizing DOE data 
collection protocols and evaluation software tools2. Specifically: 

¶ The Steam System Assessment Tool (SSAT)                  

¶ The 3E Plus Insulation Calculator (3E+) 

¶ The Pump System Assessment Tool (PSAT) 
 

The following information was obtained to conduct the ESA: 

¶ Natural gas consumption, costs, annual operating hours.  

¶ Steam generation system data: boiler flue gas temperature and oxygen were measured to 

estimate boiler efficiency; blow down rates. 

¶ Steam distribution system data: wall temperature of steam distribution system was measured 

to estimate piping insulation needs; steam traps. 

¶ Steam end use and condensate systems data: amount of steam used by processes and 

steam turbines, and amount of condensate return. 

¶ Feed water and condensate return systems power data: motor and pump name plate, flow 

rates and total dynamic head data of installed motors and pumps.  

¶ Maintenance information. 
 
 
 

                                                           
1
 2,000 pounds. 

2
US DOE Industrial Best practices Program. APPENDIX A. 

http://www1.eere.energy.gov/manufacturing/tech_deployment/software_ssat.html 

http://www1.eere.energy.gov/manufacturing/tech_deployment/software_ssat.html
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Operational Characteristics 
 
The Steam ESA was conducted during full capacity operating conditions at the tomato processing 
facility.  The DOE SSAT software is used to model boiler performance using the following 
assumptions: 
 

¶ Steam system performance is calculated at 2,000 hours of operation per year.   

¶ Natural gas fuel costs of $4.90 per MMBTU ($0.49 per therm) includes transportation and 
ancillary charges. 

¶ Electricity rate of $0.15 per kWh, including ancillary costs. 
 
The SSAT model provides the following boiler operational characteristics:  
 

¶ Boilers # 1 and # 2 operate at 84 percent boiler efficiency, producing 108,000 pounds of 
steam per hour at 150 psig. The seasonal cost to operate boilers # 1 and # 2 is 
$1,404,000. 

  

¶ Boiler #3 operates at 84 percent boiler efficiency, producing 137,000 pounds of steam per 
hour at 250 psig. The seasonal cost to operate boiler # 3 is $1,803,000. 
 

o 72,000 pounds of 250 psig steam per hour is used by high pressure steam 
processes.   

o 65,400 pounds of 250 psig steam per hour is passed through a pressure reducing 
valve (PRV) to reduce steam pressure to 150 psig and be used by low pressure 
steam processes. 

 

¶ The three boilers consume 6.5 million therms of natural gas at a total cost of $3,207,000.  
 

 

Energy Conservation, Efficiency and Combined Heat and Power Options: 
 
Supply-side efficiency improvements include; installation of blow down heat exchangers, blow 
down flash steam recovery systems, insulating steam valves, installing and maintaining steam 
traps and the installation of fuel and steam flow meters.  Table ES1 shows specific project results 
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Table ES1. Supply Side Energy Efficiency Measures 

Steam ESA Boiler 
Recommendations 

 Annual Savings Estimated 
Project 
Cost 

Simple 
Payback Natural Gas CO2 

Emissions 
Water 

Therms/hr $ ton/yr $ Gal/h % $ Yrs* 

Boilers #1, #2                 

Install Blow Down 
Heat  Exchanger   

5.126 5,023 59.5  1 0.3 5,000 <1.0 

Install Blow Down 
Flash Steam 

3.381 3,313 39.5  1 0.2 3,000 <1.0 

Install Both3 6.958 8,000 162  1 0.5 
 

7,000 <1.0 

Steam Trap 
Maintenance 
Program 

1.057 1,000 12.5  9 3.4   

Boiler # 3         

Install Blow Down 
Heat  Exchanger   

7.156 7,013 83  1  5,000 0.7 

Install Blow Down 
Flash Steam to Low 
Pressure  

1.682 2,000 19.5  15 4.4 3,000 <1.5 

Install Both4 8.539 8,000 99  16  8,000 1 

Steam Trap 
Maintenance 
Program 

3.692 4,321 43  30 8.4   

Supply-Side 
Insulation 
Recommendations 

   
   
        

Insulating ten 12ò 
Valve, 300 F Steam 

3,000 1,518 35    2000 1.3 

 
 
 
 

 
Steam Management options are available that can enhance steam productivity or the generation 
of electricity in Combined Heat and Power (CHP) mode.  
 
The Steam ESA identifies that Boiler # 3 is producing 137,400 pounds of steam per hour at 250 
psig, but only 72,000 pounds of 250 psig steam per hour are used by the Multipurpose 
evaporation system. The remaining 65,400 pounds of steam is passing through the pressure 
reducing valve (PRV) to deliver 150 psig steam to additional end-use assets. This system 
inefficiency can be improved with the following options: 

                                                           
3
 The interactive effect results in lower savings when installing both the blow down heat exchanger and flash blow 

down.   
4
 The interactive effect. Boiler #3 has a broken (malfunctioning) blow down heat exchanger. 

The facility can increase seasonal cash flow revenue by over $20,000 by adopting all ESA 
Supply-Side recommendations. 
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Option 1.  
 
Reduce steam generation from Boiler # 3 by 50,000 pounds per hour and instead produce the 
150 psig steam using boilers # 1 and # 2. 

Option 2. 
 
Install a Back-Pressure Turbine (BPT) to generate over 718 kW of Combined Heat and Power 
(CHP) electricity. The CHP installation has the technical potential to generate 1.4 million kWh of 
electricity from the excess 65,400 pounds of steam at 250 psig produced by boiler # 3.  The CHP 
operation will demand an additional 7 MMBTU of natural gas.   
 

Table ES2. Summary of Steam Management ESA Recommendations 

 
 

Combined Heat and Power - Using current electricity rates, the CHP installation can generate 
$183,000 per season, for a 5.9 years simple pay-back period. The payback period may be 
reduced by capturing carbon allocations for CO2 emission reductions that occur at the power 
station. The equivalent 724 US tons in emission reductions will need to be negotiated with the 
utility provider.  Another cost reduction measure would be for the facility to request that Pacific 
Gas and Electric Company offer a ñcogeneration deferral rateò5.   
 
Demand-side efficiency improvements include infrastructure projects and industrial Best Practice 
measures. The installation of insulation on uncovered valves and piping, and insulating the 
process heat exchangers has the potential to add over $7,000 per season to the facilityôs cash 
flow.  
 

Table ES3. Summary of Steam ESA Demand-Side Recommendations 

Steam ESA 
Recommendations- 
Demand-Side 

 Annual Savings Estimated 
Project 
Cost 

Simple 
Payback Natural Gas Electricity Water 

MMBTU $ kWh $ Gal $ $ Yrs* 

Insulate Uncovered 
Valves and Piping 

1,514 7,417 

 

      

 

                                                           
5
 Each of the California IOUs has PUC-approved ñcogeneration deferral ratesò that allow them to offer a customer a discounted rate if 

they forego their cogeneration project. U.S. DOE Pacific Region Clean Energy Application Center, 2011. 
http://www.pacificcleanenergy.org/STATES/california/PRAC_CA_Plan_2011.pdf 

Energy Management Projects

Annual kWh 

Savings

Gas 

Savings, 

MMBtu/yr Cost Savings

Project 

Cost

Simple 

Payback, 

yrs
Option 1 Produce 50,000 lb/hr 150 

psi steam in boilers #1,#2.  1,225 $6,000 $0 0
Option 2 Install Back Pressure 

Turbine using 250 psig. to generate 

718 kW. 1,437,086 -6,939 $183,000 $1,077,000 6
Option 3. Replace electric motors 

with steam turbines 1,437,086 NA NA

http://www.pacificcleanenergy.org/STATES/california/PRAC_CA_Plan_2011.pdf
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Further research is needed to evaluate the energy savings potential and economic return from 
additional infrastructure projects; including the installation of a heat exchanger on the vent from 
the condensate storage tank, new steam traps and condensate drainage system on steam 
headers, the use of pressurized hot brake systems, and the use of vacuum pumps.  Additional 
energy savings may be achieved by improving the efficiency of the boilers feedwater pumping 
system.  
 

Summary: 
 
The facilityôs boiler efficiency is high but there are opportunities to enhance steam system 
productivity. Short term low-cost measures include the installation of steam blow down recovery 
systems, insulating steam valves, and adopting steam trap maintenance practices.  Another no-
cost short term measure is to switch partial steam production from boiler # 3 to boilers # 1 and # 
2.  A medium-term opportunity is to install a combined heat and power system to produce 718 
kilo-Watts (kW) of distributed electricity generation. In lieu of adopting the CHP opportunity, the 
facility may be eligible for a ñcogeneration deferral rateò from the Pacific Gas and Electric 
Company.  
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BOILER AND STEAM SYSTEM ASSESSMENT 
 

Introduction 
 
A steam system Energy Savings Assessment (ESA) was conducted by US DOE Certified Steam 
Energy Experts at a California tomato processing facility, starting on August 10, 2012.  DOE 
Experts followed assessment principles developed by the Steam Challenge Program6; designed 
to collect supply and demand-side data and to use DOE software tools to evaluate system 
performance. The DOEôs whole systems approach evaluates the steam system includes 
generation and distribution (supply side) assets, end-use and recovery (demand side) assets. 
 
In addition to identifying energy conservation and efficiency improvements, the ESA identified 
the opportunity to install a combined heat and power (CHP) system, with the potential to 
generate 700 kW utilizing 250 psi steam already produced but reduced to 150 psi using pressure 
reducing valve.   

 
Research Methods 

 
The Steam ESA was conducted by US DOE Certified Energy Experts utilizing DOE data 
collection protocols and evaluation software tools7. Specifically: 
 

¶ The Steam System Assessment Tool (SSAT)                  

¶ The 3E Plus Insulation Calculator (3E+) 

¶ The Pump System Assessment Tool (PSAT) 

 

The following information was obtained to conduct the ESA: 

¶ Natural gas consumption, costs, annual operating hours.  

¶ Steam generation system data: boiler flue, gas temperature and oxygen were measured to 

estimate boiler efficiency; blow down rates. 

¶ Steam distribution system data: wall temperature of steam distribution system was measured 

to estimate piping insulation needs; steam traps. 

¶ Steam end use and condensate systems data: amount of steam used by processes and 

steam turbines, and amount of condensate return. 

¶ Feed water and condensate return systems power data: motor and pump name plate, flow 

rates and total dynamic head data of installed motors and pumps.  

¶ Maintenance information. 
 
Lessons Learned 

 

A number of discrepancies where identified between boiler control system data and SSAT inputs 

and calculated results.  Energy Experts confirmed that the boiler monitoring equipment is not 

                                                           
6 Steam Challenge is a voluntary, technical assistance program to help U.S. industry become more competitive through increased 

steam system efficiency.http://www1.eere.energy.gov/manufacturing/tech_deployment/pdfs/stmchlng.pdf 
7
US DOE Industrial Best practices Program. APPENDIX A. 

http://www1.eere.energy.gov/manufacturing/tech_deployment/software_ssat.html 

http://www1.eere.energy.gov/manufacturing/tech_deployment/pdfs/stmchlng.pdf
http://www1.eere.energy.gov/manufacturing/tech_deployment/software_ssat.html
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reporting accurate results, in the following areas: 

 

¶ Gas measurements are used to calculate that Boilers # 1, # 2 generate a total of 

116,000 pounds of steam per hour at 150 psig. Of which 108,000 lbs/hr is used for 

process and 8,000 lbs/hr is used to feed the de-aerator. 

o Boilerôs Logic Controller (LC) reports 156,400 lbs/hr 

 

¶ SSAT calculations report Boiler # 3 producing steam at 250 psig, the boiler LC 

reports 257-260 psig steam. No data was collected that recorded readings near 280 

or 300 psig.  

 

¶ Boiler # 3 LC reports boiler efficiency at 70.2% instead of the measured and 

calculated 84 percent because plant measurement is obtained prior to the use of the 

economizer.  Measurement instruments should be re-installed at a location after the 

economizer. At 84% boiler efficiency, boiler # 3 generates 147,400 lbs/hr of 250 psig 

steam. while the facility instruments report 140,100 lbs/hr  

 

The facility does not have steam flow meters to measure the amount of steam generated by each 

boiler.  Energy Experts conducted an energy mass balance for the boiler system, using natural 

gas consumption from utility billing data. 

  
The Water Energy Nexus (WEN) Steam ESA  
 
The UC Davis WEN project is working with a California tomato processing facility to obtain 
operational data and site measurements of the steam and water pumping systems.  A WEN 
Model is developed to evaluate the amount of energy that is required to extract, filter, pressurize, 
and heat or discharge of water resources.  The model identifies both the supply and the demand-
side of the water and energy resources.  Each point in the production process where energy is 
used to power water is then established as a WEN Point.  A WEN Equation is derived to calculate 
the water energy intensity at that process.  The steam system is a WEN Point with assets that 
include the boilers, tanks, pumps and fans needed to produce and deliver steam resources to the 
facility.  This Steam ESA report contributes data to the WEN Model.  
 

Tomato Facility Process Overview 
 
This facility operates at full capacity 24 hours per day, 7 days per week between the middle of 
July through mid-October.  The facility can process between 240 to 270 truckloads of tomatoes 
per day, the equivalent of 12 to 13.5 million pounds8.   
 
Tomatoes are unloaded from truck bins to collection channel flumes, moving fruit along conveyor 
belts and water-driven flumes.  Tomatoes are rinsed and sorted for quality before being delivered 
to the production sections of the facility. Tomatoes that are processed into paste products are 
delivered to the hot brake chopping units. From the hot brakes the tomato pulp is transported by 

                                                           
8
 http://solanocountybusinessnews.blogspot.com/2009/10/from-davis-fields-to-dixon-plant.html 
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product pumps to the extraction units that produce refined juice. Tomatoes that are used for diced 
products are delivered to steam powered skin-peelers and dicing machines. 
 
The juice produced for paste is stored in tanks and consistently pumped to the evaporation units.  
Multipurpose evaporation systems and high density evaporators are used to gradually increase 
juice viscosity to desired finished stages. Tomato paste cooling and sterilization is achieved with 
the use of steam injection and flash cooling technologies.  Sterilized tomato paste is cooled down 
before being injected into pre-sterilized aluminum bags, using aseptic packaging systems.  Diced 
tomatoes are also packaged into aseptic bags.  
 
Tomato Facility Steam System Characteristics 
 
The steam system components include generation, distribution, end use and recovery9.  The 
facility operates from July to October, 24 hours a day, seven days a week to produce tomato 
paste and dice products. All products are packaged using aseptic bags and delivered to sister 
company locations around the country.   
 
The steam system includes the following assets: 
 
Boilers: 

¶ Boilers # 1 and # 2 (Nebraska) are each rated to produce 100,000 pounds per hour steam 
at 200 pounds per square inch gauge (psig).   

o Each boiler is equipped with a 100 horse power (HP) variable frequency fan.  
o The boiler endusers are equipped with 30 steam traps. 

¶ Boiler # 3 (Babcock Wilcox) is rated to produce 150,000 pounds per hour steam at 750 
psig.   

o The boiler is equipped with a 400 HP variable frequency fan. 
o The boiler endusers are equipped with 10 high pressure (250 psig) header steam 

traps, and 90 low pressure (<150 psig) header steam traps.  

¶ Boiler # 4 (Mohawk) is rated to produce 3,540 pounds per hour steam at 200  psig This 
boiler is fired at minimum readiness and used as a back-up.  

 
De-aerator Tank: 

¶ The deaerator (DA) tank is supplied water from two reverse osmosis (RO) systems, and 
the condensate recovery tanks.  

o Boilers # 1 and # 2 feed water are supplied from the DA tank using two 150 HP 
pumps and two 25 HP pumps.   

o Boiler # 3 feedwater is supplied from the DA tank using a 50 HP electric driven 
pump and one 55 HP steam driven pump.  

 
Condensate Recovery System: 

¶ The boiler room recovery tank supplies steam condensate and vapor condensates from 
evaporators (tomato water) to the DA using two 20 HP pumps.  

¶ The Mechanical Vapor Recompression (MVR) condensate recovery tank supplies the 
boiler recovery tank with a 7.5 HP pump. 

¶ The hot brake condensate recovery tank operates a 10 HP pump. 
 

                                                           
9
 US DOE Steam Systems Program 

http://www1.eere.energy.gov/manufacturing/tech_deployment/steambasics.html 

http://www1.eere.energy.gov/manufacturing/tech_deployment/steambasics.html
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Operational Conditions 
 
The Steam ESA was conducted during full capacity operating conditions at the tomato processing 
facility.  The DOE SSAT software is used to model boiler performance using the following 
assumptions: 
 

¶ Steam system performance is calculated at 2,000 hours of operation per year.   

¶ Natural gas fuel costs of $4.90 per MMBTU ($0.49 per therm) includes transportation and 
ancillary charges. 

¶ Electricity rate of $0.15 per kWh, including ancillary costs. 
 
The SSAT model provides the following boiler operational characteristics:  
 

¶ Boilers # 1 and # 2 operate at 84 percent boiler efficiency, producing 108,000 pounds of 
steam per hour at 150 psig. The seasonal cost to operate boilers # 1 and # 2 is 
$1,404,000. 

  

¶ Boiler #3 operates at 84 percent boiler efficiency, producing 137,000 pounds of steam per 
hour at 250 psig. The seasonal cost to operate boiler # 3 is $1,803,000. 
 

o 72,000 pounds of 250 psig steam per hour is used by high pressure steam 
processes.   

o 65,400 pounds of 250 psig steam per hour is passed through a pressure reducing 
valve (PRV) to reduce steam pressure to 150 psig and be used by low pressure 
steam processes. 

 

¶ The three boilers consume 6.5 million therms of natural gas at a total cost of $3,207,000. 

Supply-Side (Generation & Distribution) 
 
The boiler system produces the steam required by industrial condensers to evaporate water 
contained in tomatoes, to heat and peel fruit.  In addition to boilers, the supply-side of the 
steam system contains deaerator (AD) tank, feed water pumps, condensate recovery pumps 
and tanks, and boiler combustion fans. Well water is treated using a Reverse Osmosis (RO) 
system before delivery to the AD tank. The following schematic shows the closed loop 
between the generation, distribution, end use and recovery assets of the steam system10.  

                                                           
10

 US DOE, Improving Steam System Performance: A Sourcebook for Industry, Second Edition. 
http://www1.eere.energy.gov/manufacturing/tech_deployment/pdfs/steamsourcebook.pdf 

http://www1.eere.energy.gov/manufacturing/tech_deployment/pdfs/steamsourcebook.pdf


15 
 

 
Figure 1. Standard Steam System Components 

 

Demand-Side (End Use and Recovery) 
 
The end-use assets include multipurpose evaporation system consisting of Mechanical Vapor 
Recompression (MVR) evaporator systems, hot brake systems, high and low density evaporator 
systems, tomato peelers and flash coolers.  
 
In addition to these end-use components, steam is also produced to fuel turbines delivering steam 
power to evaporators.  The condensate recovery system includes supply and demand-side steam 
traps, three steam condensate tanks, feedwater pumps and the deaerator (DA) tank.  Additional 
tomato water is recovered and also added to the DA tank as boiler feedwater.   
 
The demand-side of the steam system includes the following assets: 

¶ Two Mechanical Vapor Recompression (MVR) systems. 

¶ Six T-60 Triple-effect tomato evaporators. 

¶ Two hot brake rotary coil systems. 

¶ Six high and low density evaporator systems, 

¶ One Tomato peeler. 

¶ Two Flash coolers. 

¶ Twelve steam powered turbines. 
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Steam Turbines 
 
The Steam ESA conducted a Steam Turbine Inventory to identify equipment characteristics and 
estimate steam consumption from using turbine shaft power to move water and product.  Table 1 
provides details of installed steam turbines at the facility.  
 

Table 1. Steam Turbine Inventory 

 
 
Steam Turbine Integration with MVR System ï The development of multiple effect evaporators 
transformed the production of tomato paste by allowing five and six time concentrations of tomato 
paste products.  The use of steam turbines in double and triple effect evaporator systems 
compensates for lower turbine efficiency when compared to electric motors.  In addition to 
generating shaft horse power to operate compressor pumps, mechanical vapor recompression 
compressors are used to raise the pressure of low pressure vapor to higher pressures and 
temperature, thus recycling vapors within the evaporators. 
 
The steam turbine thermodynamic efficiency is determined by the steam rate provided by the 
turbine manufacturer. At a steam rate of 32.2 lb/hp-hr, the turbineôs mechanical shaft efficiency is 
estimated to be approximately 21 percent.  Additional thermal energy efficiency results from 
recapturing available heat from turbines. At a steam rate of 39.5 lb/hp-hr for low pressure 
applications, the turbineôs mechanical shaft efficiency is estimated to be approximately 19 
percent. Efficiency calculation is based on the enthalpy of steam at inlet and exhaust pressure.  
 
Steam System Assessment Tool (SSAT) Model Results 

 

Function Serial # HP Inlet PSI Exhaust Power Nozzles

Est. Turbine      

Steam Use @ 250 

psig 32#/HP - HR, 

150 psig - 39.5 HP-

Hr

Campbell's Steam 

Estimate

Campbell's Est. 

Evaporation

HD North 1st Circ 94H9001 120.00 140.00 15.00 1 - Open 4,740.00

HD 2nd 94H9004 169.00 140.00 15.00 1 - Open 6,675.50

11,415.50 14,000.00 31,500.00

HD Middle 1st Circ 94H9002 120.00 140.00 15.00 1 - Closed 4,740.00

HD 2nd 94H9003 169.00 140.00 15.00 1 - Open 6,675.50

11,415.50 13,700.00 26,500.00

HD South 1st Circ 95H1001 120.00 140.00 15.00 1 - Closed 4,740.00

HS 2nd 95H1002 169.00 140.00 15.00 1 - Open 6,675.50

11,415.50 13,700.00 26,500.00

West T-60 - 1st CYRT 300.00 125.00 15.00 None 11,850.00

2nd V-2003-3 350.00 113.70 7.10 1 - Open 13,825.00

25,675.00 31,500.00 86,000.00

Middle T-60 - 1st  V2077 350.00 125.00 20.00 None 13,825.00

2nd CYRL 300.00 150.00 12.00 1 - Open 11,850.00

25,675.00 31,500.00 66,000.00

East T-60 1st CYRT 185.00 125.00 17.00 None 7,307.50

2nd V-2003-7 350.00 113.70 7.10 1 - Open 13,825.00

21,132.50 31,500.00 66,000.00

MVR Vapor Compressor Dresser D5282 1,375.00 250.00 10.00 1 - Open 44,000.00

MVR Pump Dresser D5283 350.00 250.00 10.00 1 - Open 11,200.00

250.00 55,200.00 Unknown 71,000.00

MPE MVR Compressor DYRT  III 380.00 250.00 10.00 1 - Open 12,160.00 11,500.00̀

MPE MVR 1st Pump CYRT  III 130.00 250.00 10.00 1 - Open 4,160.00 4,150.00

16,320.00 15,650.00 20,000.00

MPE Triple 1st Effect DYRT  III 240.00 250.00 10.00 1 - Open 7,680.00

MPE Triple 2nd Wffect CYRT  III 80.00 250.00 10.00 1 - Open 2,560.00

10,240.00 15,725.00 48,050.00

TOTALS 188,489.00 167,275.00 441,550.00

Boiler # 3 Feed Water Dresser D5284 155.00 250.00 4,960.00
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US DOE Energy Experts utilized the SSAT to input system data and develop system models, 
using the following assumptions: 
 

¶ Steam system use is calculated at 2,000 hours per year.   

¶ Fuel costs, transportation and ancillary charges, $4.90 MMBtu/therms; $0.49 a 
therm of natural gas. 

 
The SSAT models provide steam system performance characteristics for boilers # 1, # 2, and # 3.  
Data was obtained during full capacity operating conditions.   
 
As follows: 
 
Two Nebraska (# 1 and # 2) fire tube boilers each rated to produce 100,000 pounds per hour 
steam at 200 pounds per square inch gauge (psig).   
 

¶ Boiler # 1 Operating Conditions: 
o Consumes 70.85 million Btu per hour (MMBtu/hr). 
o Produces 54,000 pounds of steam per hour at 150 psig.  
o Flue gas analysis shows flue gas oxygen content of 5.1 percent with stack 

temperature measured at 272 F.  
o Boiler efficiency was calculated at 84 percent.  
o Steam condensate recovery at 90 percent. 

 
 

¶ Boiler # 2 Operating Conditions: 
o Consumes 72.1 million Btu per hour (MMBtu/hr). 
o Produce 54,000 pounds of steam per hour at 150 psig. 
o Flue gas analysis shows flue gas oxygen content of 4.2 percent with flue 

gas temperature measured at 308 F.  
o Boiler efficiency was calculated at 84 percent.  
o Steam condensate recovery at 90 percent. 

 
 
 
 
 
 
 
 
Figure 1 provides a schematic representation of the combined operational conditions for boilers # 
1 and # 2.   
  

 

 
The seasonal cost to operate boilers # 1 and # 2 is $1,404,000. 
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Figure 1. Boiler # 1, # 2, Operational Conditions 

 

 
One Babcock Wilcox (# 3) fire tube boiler is rated to produce 150,000 pounds per hour steam 
at 750 psi.   
 

¶ Boiler # 3 Operating Conditions: 
o Consumes 184.3 million Btu per hour (MMBtu/hr). 
o Flue gas analysis shows flue gas oxygen content of 3.5 percent with flue 

gas temperature measured at 318 F. 
o Produces 137,000 pounds of steam per hour at 250 psig.  

Á 72,000 pounds of steam at 250 psi are delivered to multipurpose 
evaporation system that consists of Mechanical Vapor 
Recompression (MVR) unit. 

Á A pressure reducing valve (PRV) is used to deliver 65,000 pounds 
of steam at 150 psi to other end-use components.   

o Boiler efficiency was calculated at 84.3 percent.  
o Steam condensate recovery at 90 percent. 

 
 

 
Figure 2 provides a schematic representation of the combined operational conditions for boiler # 
3.  
 

 
The seasonal cost to operate boiler # 3 is $1,803,000. 
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Figure 2. Boiler # 3 Operational Characteristics 

 
  

 
The three boilers consume 6.5 million therms of natural gas per 
season. 
 
Total annual cost $3,207,000. 
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Energy Conservation, Efficiency and Combined Heat and Power Options: 

Supply-side efficiency improvements include the installation of blow down heat exchangers, blow 
down flash steam recovery systems, insulating steam valves, installing and maintaining steam 
traps, and the installation of fuel flow meters. Table 1 provides energy conservation and cost 
savings from the installation of Supply-Side Energy Efficiency Measures (EEMs). 
 

Table 2. Supply-Side Energy Efficiency Measures 

Steam ESA Boiler 
Recommendations 

 Annual Savings Estimated 
Project 
Cost 

Simple 
Payback Natural Gas CO2 

Emissions 
Water 

Therms/hr $ ton/yr $ Gal/h % $ Yrs* 

Boilers #1, #2                 

Install Blow Down 
Heat  Exchanger   

5.126 5,023 59.5  1 0.3 5,000 <1.0 

Install Blow Down 
Flash Steam 

3.381 3,313 39.5  1 0.2 3,000 <1.0 

Install Both11 6.958 8,000 162  1 0.5 
 

7,000 <1.0 

Steam Trap 
Maintenance 
Program 

1.057 1,000 12.5  9 3.4   

Boiler # 3         

Install Blow Down 
Heat  Exchanger   

7.156 7,013 83  1  5,000 0.7 

Install Blow Down 
Flash Steam to Low 
Pressure  

1.682 2,000 19.5  15 4.4 3,000 <1.5 

Install Both12 8.539 8,000 99  16  8,000 1 

Steam Trap 
Maintenance 
Program 

3.692 4,321 43  30 8.4   

Supply-Side 
Insulation 
Recommendations 

   
   
        

Insulating ten 12ò 
Valve, 300 F Steam 

3,000 1,518     2000 1.3 

Assumptions: 2,000 hours of operation; $0.49 per therm of natural gas. 

Installation of Blowdown Heat Exchangers   
 
The installation of blow down heat exchangers to preheat makeup water in boilers # 1 and # 2 is 
estimated to save 10,252 therms of natural gas and generate $5,000 of cash flow revenue.  The 
project simple payback is less than one year.  
 
Energy savings from the installation of heat exchangers are larger with high-pressure boilers13. 

                                                           
11

 The interactive effect results in lower savings when installing both the blow down heat exchanger and flash blow 
down.   
12

 The interactive effect. Boiler #3 has a broken (malfunctioning) blow down heat exchanger. 
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The heat exchanger for boiler # 3 will save 14,312 therms of natural gas and generate $7,013 in 
free cash flow revenue. The project simple payback is less than one year.   
 
Additional technical information to evaluate the technical benefits of installing heat recovery 
systems is available in Appendix B. 

Install Blowdown Flash Steam 
 
The installation of a blow down flash steam system for boilers  # 1and #2 are estimated to save 
6,762 therms of natural gas while generating $3,313 in cash flow revenue.  The project is 
estimated to cost $3,000 to implement resulting in a simple payback of less than one year.   
 
The installation of a blow down flash steam system for boiler # 3 results in 3,364 therms of natural 
gas saved and generates $1,648 for less than a 1.5 
year payback period.  
 
Boiler #3 has a broken (malfunctioning) blow down 
heat exchanger. 
 
Steam Management options are available that can 
enhance steam productivity or the generation of 
electricity in Combined Heat and Power (CHP) mode.  
 
The Steam ESA identifies that Boiler # 3 is producing 
137,400 pounds of steam per hour at 250 psig, but 
only 72,000 pounds of the 250 psig steam is used by 
the multipurpose evaporation  system. The remaining 
65,400 pounds of steam is passing through the 
pressure reducing valve (PRV) to deliver 150 psig 
steam to additional end-use assets. There is an 
opportunity to enhance system efficiency by 
considering the following options: 

Option 1.  
 
Reduce steam generation from Boiler # 3 by 50,000 
pounds per hour and instead produce the 150 psig 
steam using boilers # 1 and # 2.  This option would 
result in natural gas savings of 1,225 MMBtu and 
generate $6,000 in cash flow revenue, as shown in table 2.  However, further investigation reveals 
that current operational characteristics are used to accommodate for irregularity in the delivery of 
tomato fruit from the discharge flumes.  To maintain flexibility and reliability in total high pressure 
steam produced and to reduced the loss of steam energy due to the PVR, the ESA recommends 
the installation of a steam accumulator storage tank.  

                                                                                                                                                                                               
13

 DOE Tip Sheet # 10. http://www1.eere.energy.gov/manufacturing/tech_deployment/pdfs/steam10_boiler_blowdown.pdf 

 

PG&Eôs Commercial Industrial 
Boiler Efficiency Program 
(CIBEP) 
 
The facility qualifies for PGE 
CIBEP rebates and incentives if 
it chooses to adopt Steam ESA 
Energy Efficiency Measures 
(EEMs).   
 

¶ $1 per therm saved over 
1st. year of installation. 

¶ The incentive is capped 
at 50 percent of the 
project cost.  

 
To participate the facility will 
need to enroll @: 

¶ http://www.enovity.com 
 

http://www1.eere.energy.gov/manufacturing/tech_deployment/pdfs/steam10_boiler_blowdown.pdf
http://www.enovity.com/
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Option 2. 
 
Install a Back-Pressure Turbine (BPT) to generate over 718 kW of Combined Heat and Power 
(CHP) electricity. The CHP installation has the technical potential to generate 1.4 million kWh of 
electricity from the excess 65,400 pounds of steam at 250 psig produced by boiler # 3.   
 
Although the CHP operation will demand an additional 7 MMBTU of natural gas, the project 
savings of $183,000 per season will recover the investment in six years using a conservative 
project cost of over #1 million14.   

 

                                                           
14

 11 20 12, phone call to Mike Jiunta 724-600-8099 Elliot Co. to request a quote for a 700 kW back pressure turbine.   
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Table 2. Summary of Steam Management ESA Recommendations 

Energy 
Management 
Projects 

Annual 
kWh 
Savings 

Gas 
Savings, 
MMBtu/yr Cost Savings Project Cost 

Simple 
Payback/ 
yrs 

Option 1 
Produce 
50,000 lb/hr 
150 psi steam 
in boilers 
#1,#2.   

 
1,225 $6,000 $0 0 

Option 2 Install 
Back Pressure 
Turbine using 
250 psig. to 
generate 718 
kW. 1,437,086 -6,939 $183,000 $1,077,000 6 

 
SSAT CHP Model: 
 
Using electricity costs at $0.15 a kWh, the CHP installation can generate $183,000 per season, 
providing a less than 6 years simple pay-back period. The payback period may be reduced by 
capturing carbon allocations for 724 US tons of CO2 emission reduction potential that may occur 
at the power station.  
 
For more details please review the SSAT model results summary in Appendix B.  
 
Figure 3 provides a schematic representation of the CHP system option.  
 



24 
 

 
Figure 3. Boiler # 3, Operational Characteristics with CHP Project 

 
CHP Environmental Benefits: 
 
CHP is identified by the California Air Resources Board (CARB) as a cost-effective measure to 
meet greenhouse gas goals.  Governor Brownôs executive order calls for the installation of 6,500 
MW of additional CHP in California by 203015.   
 
Under the CARBôs cap and trade program, facilities with CHP systems will be facing lower 
compliance cost as compared to facilities that have yet to invest in CHP. CARB is expected to 
conduct formal rulemaking on CHP incentive issues in 2013.  Facility management  is encouraged 
to evaluate the technical, economic and environmental benefits of the CHP under future CARB 
Cap and Trade rules16.  
 
CIFAR encourages facility management to stay informed about the potential economic and 
environmental benefits of the CHP option.  Another option is for the facility to request that Pacific 
Gas and Electric Company offer a ñcogeneration deferral rateò17, instead of pursuing the CHP 
installation.   

                                                           
15

 http://www.arb.ca.gov/cc/capandtrade/assemblyman_fletcher_response.pdf 
16

 CARB plans to exempt the steam or waste heat emissions for all ñbut forò CHP facilities based on a benchmark until 2015 when both 
electricity and natural gas will be covered by the program. During this time allowances from the exempted emissions would be retired 
to maintain the integrity of the overall cap. http://www.arb.ca.gov/cc/capandtrade/assemblyman_fletcher_response.pdf 
17

 Each of the California IOUs has PUC-approved ñcogeneration deferral ratesò that allow them to offer a customer a discounted rate if 
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Pacific Gas and Electric Self-Generation Incentive Program (SGIP): 
 
PGEôs SGIP funding provides an incentive of $0.50 per watt generated with a non-renewable gas 
turbine18.   
 
Demand-side implementing of insulation measures will save an estimated 1,514 MMBtu of 
natural gas annually. The project is estimated to cost $31,644 and save $7,417, for a simple pay 
back of 4.7 years, as shown in Table 4. Appendix C provides more details on technical 
characteristics of recommended insulation measures and DOE Best Practice publications. 
 

Table 4. Installation Cost Estimate and Simple Payback by Insulation Component 

 

Note: insulation assumes Type 1 Mineral Fiber (C547-07) for pipes and valves; Type 1B Mineral 
Fiber Board (C612-04) for boiler shell; either All-Service or aluminum jackets 

The energy savings for this project were calculated using the North American Insulation 
Manufacturers Association (NAIMA) 3E-Plus software version 4. This is an industry-accepted tool 
that is available through the United States Department of Energyôs (DOE) Steam System Tool 

                                                                                                                                                                                               
they forego their cogeneration project. U.S. DOE Pacific Region Clean Energy Application Center, 2011. 
http://www.pacificcleanenergy.org/STATES/california/PRAC_CA_Plan_2011.pdf 
18

 PGE SGIP http://www.pge.com/mybusiness/energysavingsrebates/selfgenerationincentive/equipmenteligibility.shtml 

Location/Item/Description Annual Cost Savings Installed Cost Quantity Total Cost

Simple 

Payback/Yr

MVR Effect Tubes $2,681 $5 sq ft 942 sq ft $4,710 1.76

MVR Product & Vapor Piping $1,118 $15 LF 90 LF $1,350 1.21

MVR Compressed Vapor 

Manifold $775 $35 LF 20 LF $700 0.90

T60 Piping to Effect Tubes $261 $35 LF 8 LF $280 1.07

Pressurized Hot Break Shell $354 $12 sq ft 327 sq ft $3,924 11.09

Paste Steril izer Steam Line $33 $35 LF 10 LF $350 10.62

Paste Steril izer Steam 

Accumulator $29 $5 sq ft 10 sq ft $50 1.70

MPE Tomato Water Tanks $735 $5 sq ft 1,356 sq ft $6,780 9.22

REYMSA Effect Tubes $586 $12 sq ft 940 sq ft $11,280 19.23

REYMSA Separator Tanks $102 $5 sq ft 188 sq ft $940 9.21

Boiler House Steam Valves & 

Flanges $537 $100 ea 10 valves $1,000 1.86

Boiler #3 DA Tank Manifold $206 $35 LF 8 LF $280 1.36

Totals: $7,417 $31,644 4.27

http://www.pacificcleanenergy.org/STATES/california/PRAC_CA_Plan_2011.pdf
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Suite. This tool provides tables of heat loss values (Btu/ft/yr) for different pipe sizes, types and for 
different insulation thicknesses.  

 
Adopt Steam Traps Management Program  
 
The Steam ESA recommends establishing a rigorous steam trap management program to ensure 
there is no live steam leakage into the condensate recovery system.  As a rule of thumb between 
15-30 percent of the installed steam traps may have failed in steam traps that have not been 
maintained for 3 to 5 years.  In systems with a regularly scheduled maintenance program, leaking 
traps should account for less than 5% of the trap population19. 
 
Recommended Steam Trap Testing Intervals  

 High-Pressure (150 psig and above): Weekly to Monthly  

 Medium-Pressure (30 to 150 psig): Monthly to Quarterly  

 Low-Pressure (below 30 psig): Annually  
 
CIFAR encourages facility management to consult the US Department of Energy Steam Trap 
Performance Assessment document to design a steam trap management program20.  Please 
consult Appendix D for a Steam Traps DOE Industrial Best Practices Energy Tips publication21. 
 
Education and training resources from the US DOE Steam Systems Program offer training 
workshops, webinars, tip sheets, technical publications and software tools22.   
 
Summary of Recommendations 
 
The facilityôs boiler efficiency is high but there are opportunities to enhance steam system 
productivity. Short term low-cost measures include the installation of steam blow down recovery 
systems, insulating steam valves, and adopting steam trap maintenance practices.  Another no-
cost short term measure is to switch partial steam production from boiler # 3 to boilers # 1 and # 
2.  A medium-term opportunity is to install a combined heat and power system to produce 718 
kilo-Watts (kW) of distributed electricity generation. 

 
 
  

                                                           
19

 DOE Energy Tips. Steam Trap Inspection and Repair. 
http://www1.eere.energy.gov/manufacturing/tech_deployment/pdfs/steam1_traps.pdf 
20

 http://www1.eere.energy.gov/femp/pdfs/FTA_SteamTrap.pdf 
21

 DOE, Steam Tip Sheet #1 , http://www1.eere.energy.gov/manufacturing/tech_deployment/pdfs/steam1_traps.pdf 
22

 US DOE Steam Systems Program 
http://www1.eere.energy.gov/manufacturing/tech_deployment/steam.html 

http://www1.eere.energy.gov/manufacturing/tech_deployment/pdfs/steam1_traps.pdf
http://www1.eere.energy.gov/femp/pdfs/FTA_SteamTrap.pdf
http://www1.eere.energy.gov/manufacturing/tech_deployment/pdfs/steam1_traps.pdf
http://www1.eere.energy.gov/manufacturing/tech_deployment/steam.html
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Appendix A. 

Heat Recovery Best Practices 

 
http://www1.eere.energy.gov/manufacturing/tech_deployment/pdfs/steam10_boiler_blowdown.pdf 

 
 

http://www1.eere.energy.gov/manufacturing/tech_deployment/pdfs/steam10_boiler_blowdown.pdf
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http://www1.eere.energy.gov/manufacturing/tech_deployment/pdfs/steam23_control_system.pdf 

 
 

 

http://www1.eere.energy.gov/manufacturing/tech_deployment/pdfs/steam23_control_system.pdf
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Appendix B 
SSAT CHP Project Results Summary
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Appendix C 
Steam Turbines 
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http://www1.eere.energy.gov/manufacturing/tech_deployment/pdfs/steam21_rotating_equip.pdf 
 
  

http://www1.eere.energy.gov/manufacturing/tech_deployment/pdfs/steam21_rotating_equip.pdf
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Appendix C 
DOE Insulation Publications 

 

 
 






