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Food Service Technology Center. Dedicated to the advancement of the foodservice industry, Frontier Energy is the industry leader in 
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Executive Summary 

This project involved field monitoring of baseline and replacement flight-type (rackless) conveyor 

dishmachines at The Marriott Hotel in San Ramon, California. The scope included the installation of 

instrumentation to monitor and log water and energy use of the preexisting, past-generation flight 

conveyor dishmachine, and the subsequent monitoring of the replacement latest-generation, high-

efficiency machine equipped with exhaust air heat recovery. Data points included water flow, electricity 

use, hot/cold-water supply temperature, and dishmachine sanitizing rinse time. Each machine was 

monitoring for a period of over one month, and the resultant data sets were compiled to calculate daily 

water and energy use, and annual savings estimates. 

As a function of a more efficient, final rinse system with a lower flowrate, the replacement machine used 

63% less total water and 84% less hot water, resulting in an 84% reduction in gas energy consumption. 

Electrical energy use was reduced by 19%, and the estimated peak demand was reduced by 36%, from 70 

kW to 45 kW. The measured average daily gas, electric and water consumption was extrapolated for a 

365 day-per-year operation and calculated for the following utility costs: $1.00 per therm; $0.12 per kWh; 

$5.08 per CCF for water and $8.64 per CCF for sewer. The chemical cost estimate for the replacement 

machine was extrapolated based on the previous-year chemical cost information given for the baseline 

machine. This cost was then normalized to a cost-per-gallon of dishmachine water use value—based on 

the estimated annual water use calculated from the baseline machine monitoring data. Table ES-1 

summarizes the annual usage and savings estimates. 

Table ES-1. Annual Usage and Operating Cost Savings 

 Baseline Replacement Difference % Difference Cost Savings* 

Hot Water Use (gal/yr) 604,688 94,980 509,708 84% Included Below 

Water Heating Gas Use (therms/yr) 6,476 1,017 5,459 84% $5,459  

Dishmachine Energy Use (kWh/yr) 207,757 168,013 39,744 19% $4,769  

Dishmachine Water Use (CCF/yr) 808 301 507 63% $6,956  

Estimated Chemical Cost $9,443 $3,515 $5,928  63% $5,928  

   
 

Total Annual 
Savings 

$23,112  

* Calculated using $1.00 per therm; $0.12 per kWh; $5.08 per CCF for water and $8.64 per CCF for sewer 
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Introduction 

This project involved field monitoring of baseline and replacement flight (rackless) conveyor 

dishmachines installed at The Marriott Hotel in San Ramon, California to accurately estimate annual gas, 

electric and water usage and savings. Factors that affect utility consumption of dishmachines such as 

machine throughput, maintenance/condition and dishroom staff operational practices can be quite 

variable, thereby making it difficult or nearly impossible to predict utility consumption without at least 

some form of installed metering equipment. Because these large, workhorse flight-conveyor 

dishmachines can be very utility-intensive, they can demonstrate great savings potential. The segments of 

the food service sector that are often equipped with flight conveyer dishmachines are large full-service 

restaurants, commercial cafeterias, hospitals, hotels with dining and banquet facilities, nursing homes, 

colleges, universities, K-12 central kitchens, and correctional facilities.  

The project scope included the installation of instrumentation to monitor and log water and energy use of 

the preexisting, past-generation flight conveyor dishmachine, and then the subsequent monitoring of the 

replacement latest-generation, high-efficiency machine equipped with exhaust air heat recovery. Data 

points including water flow, electricity use, hot-water supply temperature, and dishmachine sanitizing 

rinse time were collected at five-second intervals and stored with a time stamp in the memory of a data 

acquisition system (DAQ). Resultant data sets were compiled to calculate daily water and energy use. 

Further description and specifications of the instrumentation can be found in the Methodology section of 

the Appendix. Baseline (preexisting) dishmachine monitoring commenced in December 2016, and the 

replacement dishmachine monitoring commenced in July 2018 shortly after the machine replacement. 

 

 

Site Overview 

The Marriott Hotel central kitchen is the sole kitchen in the facility and prepares food for the hotel 

restaurant, catered events, and room service. The dishroom is equipped with a flight conveyor 

dishmachine that is used to process most of the facility’s wares. The hotel incorporates two undercounter 

dishmachines located in other areas and used primarily for fine glassware. Although there is a separate 

back-of-house ware-washing area with compartment sinks, much of the medium- and larger-size back-of-

house wares get processed through the flight conveyor dishmachine. 
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Figure 1 shows the dishtable and pre-rinse area opposite the flight dishmachine with a variety of wares 

including dishes and many back-of-house items such as mixing bowls, hotel pans and sheet pans. 

 

 
Figure 1. Hotel Dishtable with Assorted Wares 

 

During monitoring, the dishmachine operating span, i.e., the time first turned on in the morning to the 

time turned off at night, ranged between 16 and 22 hours per day and averaged 19 hours per day. Active 

wash time ranged between 4 and 13 hours per day and averaged approximately 8 hours per day. All the 

domestic hot water (DHW) for the kitchen and dishroom was provided by a gas boiler. Cold city water 

was supplied at 65°F to the boiler and arrived at the dishwasher hot inlet at 145°F. For the gas heating 

energy use calculations, it was assumed that the delivery efficiency of the water heating system to the 

dishwasher was 70% and that there was a 10°F line loss between the boiler and the dishwasher, equating 

to a boiler outlet temperature of 155°F. The dishmachine uses electric tank heaters to maintain proper tank 

water temperature and incorporates an internal electric booster heater to supply the final rinse water at or 

above 180°F. 
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Baseline Dishmachine 

Setup 

The preexisting dishmachine (Figure 2) at the Marriott hotel was a +15-year-old standard (without heat 

recovery) flight-type machine. It consisted of a pre-wash section, a power wash section, and a power/final 

rinse section—each with a separate tank and pump. The machine’s total tank capacity was 120 gallons. 

Water was supplied solely by the building domestic hot water (DHW) system. This water was used for 

tank fills and top-offs and supplied the electric booster heater used to heat the final sanitizing rinse. The 

NSF rated final rinse water consumption rate for the baseline machine was 132 gph or 2.2 gpm. The rinse 

sensing/timing technology in this model used an optic sensor at the load end of the conveyor to identify 

wares entering the machine (anywhere across the conveyor) and then cycled the final rinse water flow 

accordingly as the wares crossed through the final rinse section before the machine exit. The machine 

cavity was directly ventilated over the rinse section with a single duct operating at an exhaust airflow rate 

of 750 cfm. 

 

 

Figure 2. Baseline Dishmachine 
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Results 

The baseline dishmachine was monitored for over a month for water and energy consumption. The active 

wash time (time the conveyor was moving, with wash pumps on) averaged 7.5 hours per day, and the 

final rinse time (activated by the optic sensor system) averaged 6.0 hours per day, which translates to a 

20% final rinse water use reduction. Figure 3 shows the daily wash times and rinse times for the baseline 

machine during the monitoring period. 

 

 

Figure 3. Baseline Machine Wash Time and Rinse Time 

 

  

0

2

4

6

8

10

12

14

H
o

u
rs

 P
er

 D
ay

Days Monitored

Wash Time Rinse Time



 

FSTC Report # 1850172-R0 Flight-Type Dishmachine Replacement—Field Evaluation Report 
  6 

  

A typical-day water consumption profile is shown in Figure 4, using a selected day with water and energy 

consumption approximating the overall average. 

 

 

Figure 4. Baseline Machine Water Consumption Profile 

 

The measured rinse flowrate of 2.8 gpm was 27% higher than the manufacturer-specified flowrate of 2.2 

gpm. This was because the final-rinse line pressure regulator setting was increased, reportedly to increase 

the final sanitization temperature of the wares (which is not an uncommon practice with older 

dishmachines). On the profile graph, these rinse flow periods represent the bulk of the flow, while the 

higher flow periods (spikes) at around 7.5 gpm represent fills and tank top-offs. 

Figure 5 on the following page shows the daily water consumption throughout the baseline monitoring 

period, during which the machine consumed an average of 1,657 gal of water per day—all of which was 

hot water from the DHW system. It is suspected that the anomalous days with water consumption above 

3,000 gal were likely due to a tank water level sensor malfunction, though this did not significantly affect 

the average. Also, later data collected after the official monitoring period indicated higher average water 

consumption in the order of 1,800 gal per day—probably due to increased business and throughput as the 

winter period waned. Thus, the lower representative official average tends to yield a more conservative 

savings estimate. 
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Figure 5. Baseline Machine Daily Water Consumption 

 

With an average of 2.1 fills per day and a 120-gal total tank capacity, the tank fill/refill water component 

(not including top-offs) represented 15% of the water usage and thusly 15% of the water heater gas 

energy usage. Using a nominal DHW system delivery efficiency of 70%, the energy impact on the boiler 

was calculated to be 17.7 therms per day. The electrical consumption of the machine including the booster 

heater was 569 kWh per day. This energy total excludes ventilation energy, and any air conditioning 

energy used to offset the heat load to the space generated by the machine. Table 1 summarizes the results 

from the baseline machine. 

 

Table 1. Baseline Machine Usage 

  

Wash Time (h/day) 7.48 

Cold Water Consumption (gal/day) 0 

Hot Water Consumption (gal/day) 1,657 

Water Heater Gas Use (therms/day) 17.7 

Dishmachine Energy Use (kWh/day) 569 
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Replacement Dishmachine 

Setup 

The replacement dishmachine (Figure 6) at the Marriott hotel is a latest generation flight-type exhaust-air 

heat recovery model. The dishmachine consists of a pre-wash section, a power wash section, and a 

power/final rinse section with a separate tank and pump in each. The NSF final rinse water consumption 

rating is 56.8 gph or 0.95 gpm. Final rinse water is pumped and therefore not subject to flowrate 

alterations via a rinse line pressure regulator. The replacement machine has a smaller total tank capacity 

of 76 gallons. It also includes a 4.5-kW blower/dryer section. A blower/dryer was not included on the 

baseline machine but was opted for by the hotel operations staff for the replacement machine to improve 

final rinse quality, for example by reducing or eliminating water spots. Ventilation is accomplished with a 

canopy hood operating with an airflow rate of 750 cfm and installed over the load end of the machine, 

which is where the exhaust exits. 

 

Figure 6. Replacement Dishmachine 
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While the baseline dishmachine was supplied exclusively with hot water from the DHW system, the 

replacement machine uses both hot and cold (City) water supplies. Hot water is used only for tank fills 

and top-offs, while the primary operating water supply to the machine during operation is cold water, 

which is initially heated through an exhaust air heat exchanger. The hot air from within the machine 

cavity is drawn through the heat exchanger to preheat the incoming cold water before this water is then 

passed to the internal electric booster heater. The rinse sensing/timing technology of the replacement 

machine uses three optical sensors that point downward across the conveyor above the load end and 

detect whether wares enter the machine in any of the three corresponding rinse sectors (lanes). The 

controls accordingly shut off the final rinse water flow to any of the three corresponding final rinse 

circuits at the other end of the machine whenever no wares are detected. The default state is to start the 

wash cycle with all three final rinse circuits on until an empty lane is detected before shutting any single 

rinse circuit off. Thus, the reported wash and rinse times for the replacement machine are effectively the 

same while the rinse flow proportion (equivalent rinse time) varies depending on the conveyor loading 

pattern. 

 

Results 

After installation and proper commissioning, the replacement dishmachine was also monitored over a 

period of one month. The average wash and rinse time for the replacement machine was 8.1 hours per 

day, and the equivalent rinse time, accounting for the optic system rinse reduction, was 5.8 hours per day. 

This equates to a 29% rinse water use reduction, which resulted from efficient loading by the dishroom 

staff to keep at least one lane unused when full throughput capacity loading was unnecessary. Figure 7 

shows the daily wash/rinse times and equivalent rinse times through the monitoring period. 
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Figure 7. Replacement Machine Wash/Rinse Time and Equivalent Rinse Time 

 

The staff drained and filled the replacement machine an average of 2 times per day during the monitoring 

period, and including tank top-offs, this resulted in an average DHW consumption of 260 gal per day. The 

machine also consumed 357 gal of cold water per day to supply the fresh water rinse, which was heated 

ultimately to the 180°F minimum final rinse temperature by a combination of energy recovery and the 

electric booster heater. Figure 8 shows the daily water consumption of the replacement machine through 

the monitoring period, and Figure 9 shows a typical day profile. The profile shows the rinse flow (blue) 

and the hot water fills and tank top-offs (red) throughout the day. The average measured rinse water 

consumption rate of 1.03 gpm was very close to the NSF rating of 0.95 gpm. 

It was discovered that the frequent top-offs were mostly a result of flat placement of sheet pans and large 

serving trays on the conveyor belt causing water to transfer from one tank to another during washing 

(deflecting across the wares), resulting in a top-off with hot water into the deficient tank. This was the 

largest contributing factor for water consumption and would also depend on whether dishroom staff 

members would load the sheet pans and trays on edge as opposed to flat on the conveyor. Therefore, the 

days with the most water use occurred on the hotel’s reported heaviest service days with large meetings 

and banquets that involved the use of many sheet pans and serving trays. 
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Figure 8. Replacement Machine Daily Water Consumption 

 

 

Figure 9. Replacement Machine Water Consumption Profile 
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The average daily energy consumption was 460 kWh per day, which included the 4.5-kW blower/dryer 

energy. Based on the 8.1 h rinse time, the blower/dryer consumed an estimated 36.5 kWh per day. Table 2 

summarizes the results from the replacement machine. 

 

Table 2. Replacement Machine Usage 

  

Wash Time (h/day) 8.11 

Cold Water Consumption (gal/day) 357 

Hot Water Consumption (gal/day) 260 

Water Heater Gas Use (therms/day) 2.8 

Dishmachine Electrical Energy (kWh/day) 460 
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Comparative Results 

Dishmachine replacement resulted in significant hot water savings of 1,396 gal per day, resulting in an 

estimated water heating gas savings of 15 therms per day at the boiler. The exhaust air heat recovery 

featured on the replacement machine allowed the use of a cold-water supply for the final rinse water 

component. Although the booster heater was required to provide a higher temperature rise (from the 

booster supplied with ~110°F by the heat recovery system as compared to the 140°F baseline machine 

DHW booster supply), and the replacement machine had the addition of the 4.5-kW blower/dryer 

(accounting for 36.5 kWh/day), the replacement machine still used 109 kWh/day less than the baseline 

machine. This was primarily due to the lower rinse flowrate of the replacement machine, which 

significantly reduced the energy demand of the internal booster heater. Table 3 summarizes the energy 

savings associated with the flight-type dishmachine replacement. Based on the wash times recorded 

during the monitoring periods, it is assumed that the overall usage (throughput of wares) between the two 

machines was similar, and the slightly higher wash time (0.63 h/day) for the replacement machine would 

tend to make the savings estimate conservative. 

 

Table 3. Replacement Machine Savings 

 Baseline Replacement Difference 

Wash Time (h/day) 7.48 8.11 +0.63 

Cold Water Use (gal/day) 0 357 +357 

Hot Water Use (gal/day) 1,657 260 1,396 

Water Heating Gas Use (therms/day) 17.7 2.8 15.0 

Dishmachine Energy Use (kWh/day) 569 460 109 

Peak Demand (kW) 70 45 25 
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In addition to the 109-kWh/day electrical energy reduction, the replacement machine demonstrated a 

significant peak demand reduction as well. Figures 10 and 11 show the 15-minute moving average 

demand profiles (for a duration of five days) for the baseline and replacement machines respectively. The 

graphically-estimated nominal peak demand values for each were 70 kW and 45 kW respectively, 

equating to a 25-kW peak demand reduction. 

 

 

Figure 10. Baseline Machine Demand Profile 

 

 

Figure 11. Replacement Machine Demand Profile 
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All the average daily gas, electric and water consumption values were extrapolated for a 365 day-per-year 

operation and calculated for the following utility costs: $1.00 per therm; $0.12 per kWh; $5.08 per CCF 

for water and $8.64 per CCF for sewer. Peak demand reduction cost savings were not included. In 

addition to the water and energy components, dishwasher chemical costs are a significant contributor to 

the dishroom operating costs. The hotel’s chemical costs for washing and rinsing agents from a major 

national chemical provider were $9,443 in 2016. The average chemical cost was $26/day, which can be 

normalized to $0.0156 per gallon of water use—using the baseline machine average total daily water 

consumption. This cost-per-gallon value was applied to the replacement machine case to estimate its 

annual chemical cost. Table 4 summarizes the annual usage and savings estimates. 

 

Table 4. Replacement Machine Operating Costs 

 Baseline Replacement Difference % Difference Cost Savings* 

Hot Water Use (gal/yr) 604,688 94,980 509,708 84% Included Below 

Water Heating Gas Use (therms/yr) 6,476 1,017 5,459 84% $5,459  

Dishmachine Energy Use (kWh/yr) 207,757 168,013 39,744 19% $4,769  

Dishmachine Water Use (CCF/yr) 808 301 507 63% $6,956  

Estimated Chemical Cost per Year $9,443 $3,515 $5,928  63% $5,928  

   
 

Total Annual 
Savings 

$23,112  

* Calculated using $1.00 per therm; $0.12 per kWh; $5.08 per CCF for water and $8.64 per CCF for sewer 
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Appendix 

Methodology 

Data Acquisition and Instrumentation Setup 

The FE team installed instrumentation and data logging equipment to record the dishmachine water and 

energy use. Electrical power metering equipment was installed to measure all electrical use of the 

dishmachine including the tank heaters, pump motors, booster heater and controls. 

Utility-grade water meters were placed on the water inlets. The water 

meters provided pulse outputs (per unit of measure) to the data logger. 

Water meter data was logged at five-second intervals and stored with a 

corresponding time stamp in logger memory. The water temperature was 

monitored with a thermocouple attached to the inlet piping and connected 

to the data logger. Based on the delivered temperature data, a nominal 

water heater outlet temperature was estimated to account for line losses. 

The instrumentation setup included a rinse solenoid valve sensor to 

measure the fresh-water rinse time. The baseline dishmachine rinse 

solenoid was instrumented with an independent on/off logger (that senses 

magnetic field) placed directly on the rinse solenoid body, and the 

replacement dishmachine solenoid was monitored from a connection to the solenoid control relay to the 

main data logger. Additionally, the three rinse section solenoids of the replacement machine were 

individually monitored to determine rinse water use reduction. 

  

Figure 1. Data logger and cell 
modem 
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Instrumentation Specifications 

Water Meters 

Badger Recordall Model 25, with 198.3 pulses/gal output, accuracy 1.5% of 

reading, flow range of 0.25 to 15 gpm (Figure 2).  www.badgermeter.com 

 

Power Metering 

Dent Instruments ELITEpro XC portable power data logger, single- and 

three-phase capability, accuracy ±1% (Figure 3). www.dentinstruments.com  

Dent Instruments mini hinged split-core current transformers, 20A and 50A, 

low voltage 0.333 Vac out, accuracy ±1%.  

Continental Control Systems Acuu-CT split-core current transformers, CTL-0750 Opt C0.6, 20A and 

50A, low voltage 0.333 Vac out, accuracy ±0.5%.  www.ccontrolsys.com 

 

Dataloggers 

DataTaker DT80, ten isolated analog inputs and twelve pulse counter inputs 

(Figure 4).  www.datataker.com 

 

 

Motor On/Off Loggers 

HOBO UX90-004M Motor On/Off Logger timestamp log the nearest second. 

(Figure 5). www.onsetcomp.com 

  

Figure 3. DENT ELITEpro XC 

Figure 4. DataTaker DT-80 

Figure 5. HOBO UX90-004M 

Figure 2. Badger Recordall 

http://www.badgermeter.com/
http://www.dentinstruments.com/current-transformers-split-core-flexible-cts?-ml
http://www.ccontrolsys.com/w/WattNode_Pulse_-_Specifications
http://www.datataker.com/
http://www.onsetcomp.com/
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Replacement Machine Specification Sheet 
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