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PREFACE  

The California Energy Commissionôs (CEC) Energy Research and Development Division 

manages the Natural Gas Research and Development Program, which supports energy-related 

research, development, and demonstration not adequately provided by competitive and 

regulated markets. These natural gas research investments spur innovation in energy 

efficiency, renewable energy and advanced clean generation, energy-related environmental 

protection, energy transmission and distribution and transportation.  

The Energy Research and Development Division conducts this public interest natural gas-

related energy research by partnering with research, development, and demonstration entities, 

including individuals, businesses, utilities and public and private research institutions. This 

program promotes greater natural gas reliability, lower costs and increases safety for 

Californians and is focused in these areas: 

¶ Buildings End-Use Energy Efficiency. 

¶ Industrial, Agriculture and Water Efficiency.  

¶ Renewable Energy and Advanced Generation. 

¶ Natural Gas Infrastructure Safety and Integrity.  

¶ Energy-Related Environmental Research. 

¶ Natural Gas-Related Transportation. 

Demonstration of High-Efficiency Commercial Cooking Equipment and Kitchen Ventilation 
Systems is the final report for the Demonstration of High -Efficiency Commercial Cooking 

Equipment and Kitchen Ventilation System Optimization in Commercial Food Service project 

(Contract Number: PIR-14-008), conducted by Frontier Energy. The information from this 

project contributes to Energy Research and Development Divisionôs Natural Gas Research and 

Development Program. 

For more information about the Energy Research and Development Division, please visit the 

CECôs research website (www.energy.ca.gov/research/) or contact the CEC at 

ERDD@energy.ca.gov. 
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ABSTRACT  

Frontier Energy, Inc., operator of the Food Service Technology Center, conducted a 

comprehensive commercial kitchen equipment demonstration of the quantitative and 

qualitative benefits of innovative high -efficiency gas cooking equipment and advanced 

commercial kitchen ventilation systems in different types of commercial food service 

operations. The project was conducted under a grant from the California Energy Commissionôs 

Public Interest Energy Research (PIER) program and supplemented by funding from Pacific 

Gas and Electric Company, Southern California Gas Company, San Diego Gas & Electric 

Company, numerous equipment manufacturers, and the respective demonstration sites.  

Cookline equipment operation and energy consumption was characterized at six different test 

sites: a hotel, a hospital cafeteria, an airline caterer, a grocery deli, and two restaurants. The 

researchers used the findings to identify opportunities to optimize the cooklines at each site. 

Where possible, the project team consolidated operations and replaced baseline equipment 

with energy efficient alternatives to minimize energy consumption while maximizing 

throughput and functionality. In addition, researchers characterized the nitrogen oxide (NOx) 

emissions from the baseline and replacement equipment, then estimated the overall NOx 

production for each appliance type based on measured energy consumption. 

The team implemented demand-controlled kitchen ventilation systems at two of the six test 

sites. The researchers assessed fan energy and kitchen operating conditions before and after 

implementing the demand-controlled kitchen ventilation  systems. A final portion of the study 

examined the use of an energy information system to provide real-time feedback on 

equipment energy intensity. The study demonstrated that  staff behavior, particularly 

equipment training, w as critical to achieving persistent energy savings.   

Each site saved between 20 percent and 40 percent in energy consumption while offering 

greater productivity.  Demand-controlled kitchen ventilation  systems added more than 50 

percent ventilation energy savings to two sites.  Underfired broilers were the most energy 

intensive appliance, while combination ovens represented the greatest energy savings 

opportunity.    

Keywords:  California Energy Commission, PIER, Frontier Energy, Inc., Food Service 

Technology Center, commercial foodservice equipment, restaurants, convection oven, fryer, 

griddle, broiler, commercial kitchen ventilation, steam cooker, baseline, energy -efficiency, 

energy savings, idle energy use, NOx. 

Please use the following citation for this report:  

Livchak, Denis, Edward Ruan, Michael Karsz, and David Zabrowski. 2021. Demonstration of 

High-Efficiency Commercial Cooking Equipment and Kitchen Ventilation Systems. 

California Energy Commission. Publication Number: CEC-500-2021-021. 
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EXECUTIVE SUMMARY  

Introduction  
Commercial food service facilities are the largest energy users in the commercial building 

sector by a significant margin. Food service facilities consume up to five times more energy 

per square foot than any other type of commercial building  and are extremely commonplace. 

They can be found in several commercial building types, such as large offices, restaurants, 

retail, schools, healthcare facilities, and lodging.  

Commercial food service represents a market sector where strategic improvements in 

appliance design could result in significant energy savings and emission reductions. In 

aggregate, restaurants and food stores account for nearly 28 percent of all commercial sector 

natural gas use, as documented by the California Commercial End-Use Survey in 2006. An 

estimated 93,300 commercial food service facilities operating in California use roughly 560,000 

major commercial natural gas-fired cooking appliances, with a total gas demand of almost 25 

percent of the overall commercial gas consumption in the state. This natural gas use accounts 

for 475 million therms consumed annually. Assuming an average cost of $1 per therm, the 

natural gas use in foodservice accounts for $475 million annually. 

Project Purpose  
Frontier Energy aimed to reduce food service related energy consumption by demonstrating 

the energy savings potential, cost effectiveness, and performance of high-efficiency equipment 

compared to typical commercial food service equipment. These data increase visibility of high-

efficiency technologies and create a business case for food service facilities to proactively 

optimize their kitchen setups for energy efficiency. Doing so would increase demand and in 

turn lead manufacturers to create better product options and drive an economic cycle that 

would expand the energy efficiency movement in the food service sector.  

The research project presented in this report builds on previously funded Public Interest 

Energy Research projects Advanced Foodservice Appliances for California Restaurants (2013) 

and Characterizing the Energy Efficiency Potential of Gas-Fired Commercial Foodservice 

Equipment (2010). 

Cooking Equipment  

Despite high operating costs and the high volume of facilities operating in the state, the 

commercial food service industry has been slow to adopt high-efficiency gas-fired cooking 

equipment. Equipment purchase price primarily drives appliance purchases, often without  prior 

knowledge of potential energy use. With heavy competition among manufacturers for market 

share within a typically frugal industry, energy -efficient models have struggled for prominence 

in commercial kitchens. Frontier Energy estimates that only 10 percent of the potential market 

in California uses high-efficiency ENERGY STAR®  commercial gas cooking appliances. This 

project focused on the financial and operational benefits of wider adoption of high -efficiency 

equipment. 

Ventilation Energy  

A key factor the researchers considered in the project was ventilation system energy. The 

energy required to condition the outdoor air required to replace air exhausted from 
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commercial kitchens (along with the associated fan energy) constitutes at least 50  percent of 

the total heating, ventilating, and air conditioning load in a commercial food service facility. 

This often comprises a large portion of the facilityôs overall energy load. Although it is not 

necessary to operate exhaust hoods at full speed the entire day, the sector has been slow to 

install demand-controlled kitchen ventilation technology  to reduce energy use. Frontier Energy 

researchers quantified the significant energy savings potential of this technology using real 

world replacement results. 

Energy Information System  

Frontier Energy also explored the potential for minimizing energy waste resulting from staff 

behavior. Staff are often uninformed on how their behavior affects energy use and operational 

costs. The lack of knowledge of cookline energy consumption can be addressed implementing 

an energy information system that displays the current operating status of cooking appliances. 

While a comprehensive restaurant-ready energy information system is still in the pilot stage, 

there is potential to use information technology to build awareness  of appliance energy use 

among restaurant staff and impact operating behavior.  

NOx Emissions  

Frontier sought to better understand emissions generated by commercial kitchen appliances. 

Researchers measured emissions directly at the appliance source in laboratory and field 

contexts. The nitrogen oxide (NOx) emissions study measured the range of NOx values in 

commercial foodservice equipment operation to serve as a foundation for further emissions 

research in the foodservice industry. 

Project Process  
The research team engaged a technical advisory committee consisting of end users and utility 

partners in the site selection process and information dissemination of the baseline and 

replacement results. Frontier Energy installed metering instruments to measure and 

characterize cookline equipment operation and energy consumption at six different test sites: 

a large catering company, university hospital, hotel, restaurant and bar, grocery store, and a 

full-service restaurant. The researchers used the findings to identify opportunities to optimize 

the cooklines at each site. Where possible, the team consolidated operations and replaced 

baseline equipment with energy-efficient alternatives to minimize energy consumption while 

maximizing throughput and functionality. Frontier Energy researchers monitored the energy 

use and cooking performance of the replacement equipment and compared them to the 

baseline results from the original setups, while incorporating feedback from the kitchen staff. 

In addition, researchers measured the NOx emissions from the baseline and replacement 

equipment, then estimated the overall NOx production for each appliance type based on 

measured energy consumption. 

The project team implemented d emand-controlled kitchen ventilation systems at two of the six 

sites. Researchers assessed fan energy and kitchen operating conditions before and after 

implementing the demand-controlled kitchen ventilation  systems. The team also examined 

using an energy information system to provide real-time feedback on equipment energy 

intensity. The study demonstrated that staff behavior, particularly equipment training, w as 

critical to achieving persistent energy savings.   
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Project Results  

Baseline Characterization  

The project successfully characterized energy and operating patterns for a variety of standard 

commercial cooking appliances in six types of commercial kitchens, representing a wide range 

of use, from light batch cooking at a grocery store to heavy use at a 24 -hour catering facility. 

Each site had different menu, staffing,  and production needs from the equipment, and 

exhibited long operating hours and high energy consumption  (Table ES-1).  

The most common metered appliances were fryers, broilers, griddles, ovens, and ranges. 

Underfired broilers were consistently the most energy intensive appliance, whereas oven 

energy use varied widely by site and model. Fryers and ranges used the least energy but 

several sites had multiple units, resulting in a high cumulative energy.   

Table  ES-1: Average Baseline E nergy Use for Different Appliances ( Therms/ Day)  

Site/Appliance Fryer Broiler Griddle Oven Range 

Hotel 3.7  11.9 4.1 5.1 3.2 

University Hospital 3.3  N/A N/A 7.8 N/A 

Airline Catering 3.4  18.0 N/A 4.8 5.6 

Restaurant / Bar 2.6 5.3 4.9 3.5 3.1 

Grocery Store N/A N/A N/A 7.8 N/A 

Full-Service 
Restaurant 

3.7 N/A 5.4 3.6 4.2 

Average ï All 
Sites 

3.3 11.7 4.8 5.4 4.0 

Source: Frontier Energy, Inc. 

Cookline Replacement Results  

Monitored sites experienced a wide range of cookline natural gas use reduction after the 

energy efficient appliance replacements, from 19 percent to 68 percent. At the high end of the 

spectrum was the grocery store, which reduced its gas consumption by 68 percent by adding a 

combination oven to replace their rotisserie oven, which had dominated the kitchenôs natural 

gas use. On the lower end was the restaurant/bar, which reduced its total gas consumption by 

19 percent despite upgrading cooking capacity with a larger broiler and griddle.  

Overall, average natural gas savings were about 35 percent for the entire cookline, and no 

single energy saving replacement type was dominant for all sites (Table ES-2). Sources of 

energy savings varied significantly per site depending on the make and age of the baseline 

appliances originally used. Commonly identified significant energy savings options replaced old 

convection ovens, consolidating convection ovens and steamers into a combination oven, and 

replacing the energy intensive broilers. Replacing old fryers with energy efficient models was a 

relatively inexpensive and cost-effective option.  

Researchers also monitored electrical energy at three sites. The hotel had three electric two -

compartment steamers that were replaced by a natural gas steamer, a natural gas 

combination oven-steamer (combi), and an electric steamer. The steamer replacement 

resulted in more than 137 kilowatt -hours (kWh) daily energy reduction and the two gas 

appliances only added two therms to the daily gas consumption. The restaurant/bar had two 
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kitchen ventilation hoods which were consolidated into one by moving the oven from the prep 

line to the main cookline. Researchers also installed a demand-controlled ventilation system on 

the main line hood, which resulted in an additional 30  percent savings and 49 percent 

electrical savings overall. The team also installed demand-controlled ventilation at the full -

service restaurant, which experienced larger electric savings of 49 percent because of more 

hood space. Ventilation improvements also reduced the amount of conditioned air exhausted 

out of the restaurant resulting in gas air heating savings. 

Table ES-2: Gas and Electric Sa vings per Site  

Site 
Gas Savings 
(therms/day) 

Gas 
Savings 

Electric 
Savings 

(kWh/day) 

Electric 
Savings 

(replaced 
appliances 

only) 

Hotel 11.4 29% 137 71% 

University Hospital 8.5 27% N/A N/A 

Airline Catering 27.1 23% N/A N/A 

Restaurant / Bar 4.3 19% 32 49% 

Grocery Store 5.3 68% N/A N/A 

Full-Service 
Restaurant 

17.5 43% 49 49% 

Total ï All Sites 74.1 35% 218 56% 

Source: Frontier Energy, Inc. 

Nitrogen Oxide Emissions Results  

Frontier Energy evaluated NOx emissions from five appliance types: fryers, broilers, griddles, 

ovens, and ranges. NOx concentration ranged from 10 to 110 parts per million across these 

appliance categories, with no noticeable correlation between appliance and burner type  (Table 

ES-3). Some appliance models within the same category, such as fryers, griddles, and with 

similar burner designs generated different NOx values. Burner input rate, primary and 

secondary air flow rates, and number of burners also affected NOx generation. For this reason, 

NOx concentration and mass flow rates are model-specific and no generalizations can be made 

about relationships between energy efficiency and NOx or burner type and NOx. A laboratory 

NOx measurement method was developed and tested in the field. Measured NOx values were 

combined with measured energy use to estimate annual emissions generated for each 

appliance type. A regimented study including more appliance types and field sites should be 

conducted to determine wh ich burner and flue designs produce the least NOx in each 

appliance category. 

Table ES-3: Average Nitrogen Oxide Generation for Different Appliances 
(pounds /y ear)  

Site / Appliance Fryer Broiler Griddle Oven Range 

Average ï All 
Sites 

7.7 25.5 9.1 13.7 12.8 

Lab 8.4 N/A 10.5 12.6 N/A 

Source: Frontier Energy, Inc. 
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Electronic Information System  

The electronic information system installed at the hotel and full -service restaurant sites 

empowered staff to proactively manage their equipment use and make operational changes. 

With most appliance energy consumed during idle periods, this tool allowed the operator to 

check appliance on/off times and find periods when the appliances could be turned off without 

affecting service. This generated large energy savings from reduced fryer use, which could 

then be easily quantified by the electronic information system. The feedback from the 

electronic information system also allowed the kitchen manager to experiment with recipes to 

optimize their cooking processes for energy efficiency. Owners can also use the EIS planning 

tools to set energy use goals, encouraging changes in practices necessary to meet these goals.  

Technology Transfer  
Frontier Energy disseminated technical information and knowledge gained from this 

demonstration project by leveraging Frontier Energyôs long-standing workforce education, 

training, and information outreach program ( www.fishnick.com) for food service as well as the 

strategic industry partnerships it has forged over the past decades. The objective of the 

outreach was to communicate the benefits of high efficiency commercial cooking  equipment 

and the various energy efficient options to educate clients on concepts that yield energy  

savings for their applications with an end goal to accelerate the adoption and implementation 

of energy efficient commercial cooking equipment in the marke t place. 

Frontier Energy leveraged its partnerships with established industry professional and trade 

entities, including the media, to relay the data to these memberships and/or trade allies. 

Information outreach was delivered through various modes and ven ues including seminars, 

webinars, industry events, showcases, project webpages (www.fishnick.com/ceccook/), case 

studies, face sheets, articles, papers, and interviews. Frontier Energy will continue to utili ze 

the results of this study in future educational events and materials.  

Benefits to California  
As an industry that accounts for  an estimated 475 million therms in annual gas consumption, 

the average demonstrated gas savings of 35 percent for food service establishments is 

significant. This indicates a potential 166 million therm s reduction in annual gas consumption. 

It may not be possible to achieve such high savings at every single facility due to relatively 

high initial equipment purchase expense, but t his project showed that targeted appliance 

replacement is possible in any kitchen. Identifying the highest energy -consuming appliance 

and replacing it with an energy -efficient appliance could cost the operator less than $5,000 

and have payback times of less than two years. With most appliances having at least a 10-

year lifecycle, the total savings from energy efficient appliances are significant. Despite these 

evident savings, more education is necessary for the equipment users as well as more energy 

efficiency incentives to increase market adoption efficient kitchen design and retrofit.  

  

http://www.fishnick.com/
http://www.fishnick.com/ceccook/
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CHAPTER 1:  
Introduction  

Frontier Energy, Inc., operator of the Food Service Technology Center (FSTC) conducted a 

comprehensive commercial kitchen equipment demonstration of the quantitative and qualitative 

benefits of innovative high -efficiency gas cooking equipment and advanced commercial kitchen 

ventilation (CKV) systems. The project was funded by the California Energy Commissionôs 

Natural Gas Public Interest Energy Research (PIER) grant program, Pacific Gas and Electric 

Company (PG&E), Southern California Gas Company (SoCal Gas), San Diego Gas and Electric 

Company (SDG&E), numerous equipment manufacturers, and the respective demonstration 

sites.  

The project demonstrated the energy savings potential, cost effectiveness, and cooking 

performance of high-efficiency equipment as compared to typical commercial cooking 

equipment. Frontier selected six commercial food service (CFS) sites to represent the various 

facets of the industry: Moffitt Café at the University of California , San Francisco (UCSF) Medical 

Center, Oliverôs Market and Doubletree by Hilton in PG&E service territory; Gate Gourmet and 

Versailles Restaurant in SoCal Gas service territory; and Werewolf Bar & Grill in San Diego Gas 

& Electric service territory.  

Frontier Energy researchers established baseline energy consumption by submetering the 

existing cookline and CKV system using commercial-grade gas and electric meters. The baseline 

standard-efficiency appliances were then replaced with best-in-class, advanced-technology gas 

cooking equipment, consolidating the cookline where possible. Engineers re-balanced and 

optimized the commercial kitchen exhaust system utilizing laboratory-proven techniques and, 

when feasible, installed a demand-controlled kitchen ventilation (DCKV) system after the 

installation of the replacement cooking equipment. Frontier Energy also investigated the 

benefits of overlaying a communication network that will report the ñoperating statusò and 

track energy consumption of each appliance in real-time to an energy information system (EIS) 

or display dashboard. Researchers evaluated the efficacy of the interactiv e platform on user 

behavior to determine if additional energy savings can be achieved from this ñintelligentò 

cookline.  

Additionally, Frontier sought t o better understand emissions generated by commercial kitchen 

appliances. Performed in parallel to baseline and replacement energy monitoring, researchers 

measured emissions directly at the appliance source in both lab and field contexts . The focus of 

the NOx emissions portion of this study was to measure the range of NOx values in commercial 

foodservice equipment operation to serve as a foundation for further emissions research in the 

foodservice industry. 

The demonstration project presented in this report is a natural extension of two recent Energy 

Commission-funded PIER projects: Characterizing the Energy Efficiency Potential of Gas-Fired 

Commercial Foodservice Equipment in 2010, and Advanced Foodservice Appliances for 

California Restaurants in 2013.  
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Background  
Foodservice facilities are the largest energy users in the commercial building sector, 

consuming as much as five times more energy per square foot than any other type of 

commercial building. These facilities can be found in several commercial building types: large 

offices, restaurants, retail, groceries, schools, colleges, healthcare facilities, and lodging.  

CFS represents a market sector where strategic improvements in appliance design could result 

in significant energy savings and emission reductions. In aggregate, restaurants and food 

stores account for nearly 28 percent of all commercial sector gas use, as documented by the 

California Commercial End-Use Survey (CEUS) in 2006. With an estimated 93,300 CFS facilities 

operating in California, the total gas load of these establishments approaches 40% of the 

overall commercial gas consumption in the state (Spoor, 2014). Across all Californiaôs 

foodservice establishments, there are roughly 560,000 major commercial gas-fired cooking 

appliances, accounting for 475 million therms consumed annually (Spoor, 2014).  

Despite high operating costs and the high volume of facilities operating in the state, there has 

been slow adoption of high-efficiency gas-fired cooking equipment. Appliance purchases are 

primarily driven by equipment price often without  prior knowledge of potential energy use. 

With heavy competition among manufacturers for market share within a typically frugal 

industry, energy-efficient models have struggled for prominence in commercial kitchens. 

Frontier Energy, Inc. estimates that the market penetration of high -efficiency ENERGY STAR®  

commercial gas cooking appliances is only 10% of the potential market in California. This 

project focused on the financial and operational benefits of wider adoption of high -efficiency 

equipment. 

The energy required to condition the outdoor air needed to replace air exhausted from 

commercial kitchens (along with the associated fan energy) constitutes at least 50% of the 

total heating, ventilating , and air conditioning load in a CFS facility. While it is universally 

acknowledged that exhaust hoods do not need to operate at full  speed the entire day, the 

adoption rate for DCKV technology in CFS has been slow. 

The lack of knowledge of cookline energy consumption can be addressed through the 

implementation of an EIS that displays the current operating status of cooking appliances. 

While a comprehensive restaurant-ready EIS is still in the pilo t stage, there is potential to use 

information technology to build awareness of appliance energy usage among restaurant staff 

and impact operating behavior.  

Objective  
The objective of the baseline and replacement study was to characterize the energy usage 

profiles for a variety of commercial cooking appliances in different commercial foodservice 

applications. The baseline characterization included an assessment of the potential to employ 

new and energy-efficient technologies to maximize the energy productivity of each operation 

and optimize staff use of the equipment.  

The overall goals of this project were to demonstrate and characterize the energy savings 

potential, cost effectiveness, and improved cooking performance of high-efficiency equipment 

when compared with baseline equipment. Frontier Energy, Inc. aims to use the resulting 

information to build a business case for the kitchen design community to overcome the market 
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barriers of energy-efficiency measures and enable a paradigm shift away from low -efficiency 

equipment purchases towards higher-efficiency purchases.  

The project team bridged the knowledge gap by educating the market sector on total cookline 

energy consumption and potential energy savings by presenting at various industry forums . 

Data collected from the demonstration sites was used to support existing utilitiesô energy-

efficiency programs and widen emerging technology programs. These programs ultimately 

drive greater energy savings and emission reduction in California. 

Method  
Energy monitoring was conducted on individual baseline appliances for a minimum of two 

weeks. The instrumentation package that was used for field testing included a diaphragm -type 

positive displacement gas meter with a range of one-pulse/ft 3 to 20-pulse/ft3 output (Figures 1 

and 2). The meters were installed between the appliance and the gas supply shown in Figures 

3 and 4. A data logger was used to log at 30-second intervals and store cumulative gas 

consumption from the meterôs pulse outputs. Appliance operation hours were determined by 

calculating an hourly input rate using a five -minute moving average. Any recorded data higher 

than the pilot moving average was considered hours that the appliance was on.  Cubic feet 

were converted into British thermal units ( Btu) using a representative heating value of 1,025 

Btu per standard cubic foot (Btu/scf ), a temperature correction factor of 0.98, and a pres sure 

correction factor of 0.98 . 

Figure 1: 1 Large 8  Pulse per Square Foot  Gas Meter  

 

Source: Frontier Energy, Inc. 
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Figure 2: Compact 1  Pulse per Square Foot  Gas Meter  

 

Source: Frontier Energy, Inc. 

Figure 3: Gas Meters Installed at Werewolf  Bar and Grill  

 

Source: Frontier Energy, Inc. 
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Figure 4: Enclosed Gas Meters Installed at Doubletree  Hotel  

 

Source: Frontier Energy, Inc. 

Figure 5: Electric Meter Inside Werewolf Panel: Ventilation Fan Monitoring  

 

Source: Frontier Energy, Inc. 

Figure 6: Electric Meter Current Transducers (CTs)  

 

Source: Frontier Energy, Inc. 
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The electrical instrumentation package that was used for field testing of the kitchen ventilation 

equipment included a true energy meter that measured voltage and current  (Figure 5 and 6). 

A data logger was used to log cumulative electric consumption from the meterôs pulse outputs. 

These electric energy meters had a resolution of 0.5 to 1.25 watt-hours (Wh) depending on 

the size of current transformers used and the energy was recorded at 30-second intervals.  

Energy metering equipment was placed inside the breaker panel on the exhaust fan breaker. 

Exhaust fan motors were either single or three -phase. I n all cases, current was measured on 

all legs of the phases to take in account the power factor.  
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CHAPTER 2: 
Double Tree  Hotel by Hilton  

Site Description  
DoubleTree Hotel by Hilton is an upscale business-oriented hotel in Pleasanton, California 

(Alameda County) at the doorstep of the Tri -Valley Area (Figure 7). The hotel has a full-service 

restaurant providing breakfast, lunch , and dinner. The hotelôs Players Restaurant & Lounge is 

open every day from 6 am to 11 pm with downstairs dining service as well as room service. 

With California and Italian specialties, the restaurant serves breakfast items, soups, 

sandwiches, salads, pizzas, burgers, steaks, seafood, and other dinner entrées. The hotel also 

caters several events throughout the year including business parties and weddings. The hotel 

is especially busy during the Good Guys auto show, which is held at the Pleasanton 

Fairgrounds annually. 

Figure 7: DoubleTree Hotel Exterior  

 

Source: Frontier Energy, Inc. 

The first-floor dining room provides ample seating overlooking the patio pool  (Figure 8). There 

is a full-service bar next to the dining room  and several banquet halls for special events. A 

breakfast buffet is served daily from 6  am to 11 am and dinner service is from 5 pm to 11 pm. 

Lunch service starts after breakfast and runs into dinner  (Figure 9). 
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Figure 8: DoubleTree Dining Room with Bar in the Background  

 

Source: Frontier Energy, Inc.  

Figure 9: DoubleTree Breakfast Buffet  

 

Source: Frontier Energy, Inc. 

The restaurant is served by a large kitchen which primarily consists of two cooklines 

underneath a 25-ft double canopy hood. The front line accommodates cook-to-order items and 

consists of a two-compartment steamer, two ranges, a griddle, a broiler, and a fryer (Figure 

10). The back line consists of a cook-and-hold, four convection ovens, a range, two tilt skillets , 

and four steamer compartments (Figure 11). Most appliances are gas powered except three 

steamers and two tilt skillets , which are 480 volt electric. The cook-and-hold is also electric. 
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Figure 10 : DoubleTree Main Cook -to -Order Line  

 

Source: Frontier Energy, Inc. 

Figure 11 : DoubleTree Back Line  

 

Source: Frontier Energy, Inc. 

DoubleTree Results  

Fryer Replacement  

The restaurant had an older double vat fryer  (Figure 12). Each vat was 14ǌ wide and featured 

low-efficiency, high-power burners and standing pilots. Fryer use was fairly light and the staff 

tended to use one vat at a ti me, reserving the second vat for days with high production. The 

primary vat consumed an average of 3.7 therms per day. The average on-time for the fryer 

was 15 hours per day. The fryer is mostly used to cook fries and chicken and occasionally fish 

and shrimp. Due to flavor transfer in the oil, fish and shrimp were fried in a different  vat than 

the chicken, but were not fried daily.   

The double vat fryer was replaced by two ENERGY STAR® fryers: a super-efficient, high 

volume model (left fryer in Figure 13), and an entry -level ENERGY STAR® fryer designed for 

moderate throughput (right fryer in Figure 13). The staff was instructed to use the super -
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efficient fryer as the primary fryer for the higher volume items: chicken and French fries and 

use the second fryer for less popular food items. The entry -level ENERGY STAR® fryer 

consumed 1.3 therms per day and spent the majority of its operating time in an idle state. The 

super-efficient fryer consumed only 0.9 therms per day despite  being used more heavily. The 

combined energy usage of both replacement fryers was 2.3 therms per day, which is 1.4 

therms less than the baseline double vat fryer. Neither replacement fryer had a standing pilot, 

instead using electronic ignition. The super-efficient fryer used a power burner with a 

submerged heat exchanger design. The staff commented that they were pleased with the 

performance of both fryers.  

Figure 12 : Baseline Double Vat Fryer  

 

Source: Frontier Energy, Inc. 

Figure 13 : Replacement Two Separate  ENERGY STAR® Fryers  

 

Source: Frontier Energy, Inc. 



 

17 

The entry-level ENERGY STAR fryer was later replaced with a similarly efficient fry er because 

of a gas supply issue. After further investigation, it was determined that t he fryer did not have 

any problems, however it was replaced during the troubleshooting process for expediency in 

resuming operation. This third replacement fryer consumed an average of 0.5 therms per day, 

while maintaining the high cooking performance as noted by the staff .  Hourly operation and 

energy usage is shown in Figures 14 and 15. Before and after replacement energy graphs are 

shown in Figures 16, 17 and 18. 

Figure 14 : DoubleTree Baseline a nd Replacement Fryer Daily Energy Use  

 

Source: Frontier Energy, Inc. 

Figure 15 : DoubleTree Fryer Daily Hours of Operation  

 

Source: Frontier Energy, Inc. 
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Figure 16 : DoubleTree Baseline Vat Fryer Operation  

 

Source: Frontier Energy, Inc. 

Figure 17 : DoubleTree Replacement Left Fryer w /  Power Burners Operation 
(Super -Efficient)  

 

Source: Frontier Energy, Inc. 
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Figure 18 : DoubleTree Replacement Right Fryer w /  Atmospheric Burners Operation 
(Efficient)  

 

Source: Frontier Energy, Inc. 

Broiler  Replacement  

The cook-to-order line originally had a large, 4-foot underfired char-broiler (Figure 19). The 

broiler operated at a consistent input rate without much adjustment , consuming 11.6 therms 

per day while operating an average of 17 hours per day. The staff typically turned the broiler 

on at 6 am and turned it off at 11  pm. The right side of the broiler was the most used for 

cooking. The most common idle burner position was half power for  the right-half burners and 

low/off for the left-half burners. The broiler was used to cook steak, tri -tip, fish, and 

hamburgers. Hamburger patties were the most frequently cooked food item and we re cooked 

on the right side of the broiler.  The left side was primarily used for finishing thicker cut of 

meat or for holding /staging food products . The broiler provided enough space to separate 

food by type (such as beef, chicken, and fish) as described in the operator feedback.  

The baseline broiler was replaced with a smaller 3-foot underfired broiler with infrared radiants  

(Figure 20). The staff did not have a problem r educing the cooking area from 4 feet to 3 feet 

of linear space, as the relatively low pace and volume of orders never created a space 

constraint on the broiler. However , the staff experienced slightly longer cook times with the 

new infrared ( IR) plate broiler with products such as burgers taking 1-2 minutes longer to 

cook even when on the maximum temperature settings. They also noted that the replacement 

burner created more smoke, which the ventilation hood c ould not always properly contain. No 

differences in cooked food product quality were noted. The replacement broiler used only 6.9 

therms per day, resulting in a 42 percent reduction in energy use. 
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Figure 19 : Double Tree Baseline 4 -ft. Broiler  

 

Source: Frontier Energy, Inc. 

Figure 20 : Double Tree Replacement IR Plate Broiler  

 

Source: Frontier Energy, Inc. 

After several months of use, however, the IR plates on the replacement broiler started 

warping, which caused uneven cooking temperatures and compromising production. As a 

result, the 3 -ft. IR plate broiler was replaced by a different 3 -ft. IR burner broiler, which used 

slightly more energy, but provided better cooking performance for this operation (Figure 21). 

The staff was pleased by the quick cook times of the second IR burner broiler and particularly 

noted the distinct char marks that the broiler imprinted upon the cooked product. The second 

replacement broiler used an average 7.9 therms per day,  a bit higher than the IR plate burner, 

but still resulting in a 32% energy savings compared to the baseline broiler.  
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Figure 21 : Double Tree 2nd Replacement IR Burner Broiler  

 

Source: Frontier Energy, Inc. 

Figure 22 : DoubleTree Baseline vs. Replacement Broiler Comparisons  

 

Source: Frontier Energy, Inc. 
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Figure 23 : Double Tree Baseline Broiler Daily Energy Usage  

 

Source: Frontier Energy, Inc. 

Figure 24 : Double Tree  Bro iler Daily Hours of Operation  

 

Source: Frontier Energy, Inc. 

Griddle  Replacement  

The kitchen initially had a 3-ft.  non-thermostatic griddle with a  range oven base (Figure 25). 

The griddle burners were usually set for 60-70% power and not adjusted often. The griddle 

consumed 4.1 therms per day on average and was on for 12 hours per day. The left side of 

the griddle was kept hotter than the  right side of the griddle , with the left side being used for 

cooking and the right side primarily for finishing/holding . The griddle was mostly used to cook 
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breakfast items such as bacon, eggs, hash browns, and occasionally grilled cheese 

sandwiches. The oven underneath the griddle was not used for cooking, only  storage.  

The non-thermostatic griddle was replaced by a thermostatic energy-efficient griddle of the 

same cooking surface area (Figure 26). The replacement griddle has three burners with three 

thermostatic zones. Rather than having a pilot light like  the baseline griddle, the replacement 

griddle featured electronic ignition, eliminating pilot gas consumption . Set for  a 375°F cooking 

temperature, t he replacement griddle consumed 3.1 therms per day and operated longer 

hours at an average 17.3 hours per day. The staff was very happy with the new griddle 

because now they do not have to adjust the burners manually  to maintain the same cooking 

temperature. Despite longer operating hours and higher production capacity, th e replacement 

griddle reduced gas consumption by 25% over the baseline non-thermostatic griddle. 

Figure 25 : Double Tree Non -Thermostatic Griddle  

 

Source: Frontier Energy, Inc. 

Figure 26 : Double Tree Replacement Thermostatic Griddle  

 

Source: Frontier Energy, Inc.  
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Figure 27 : DoubleTree Thermostatic Griddle Replacement Energy Profile  

 

Source: Frontier Energy, Inc. 

Figure 28 : DoubleTree  Griddle Daily Energy Usage  

 

Source: Frontier Energy, Inc. 
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Figure 29 : DoubleTree Griddle Daily Hours of Operation  

 

Source: Frontier Energy, Inc. 

Range Energy Monitoring  

The kitchen had three six-burner ranges: two heavy duty ranges on the cook-to-order front 

line and one rage on the back line for soups and stocks (Figure 30). Each range was metered 

separately. All three ranges were equipped with ovens underneath, which the staff did not 

use, instead using the dedicated convection ovens on the back line. The left front range also 

had an overhanging salamander broiler, which was directly connected to the range gas supply. 

Thus, the recorded energy for that range also includes salamander energy use. The 

salamander operated at an input rate between 20 and 30 kBtu/h  and was used primarily to 

toast bread and melt cheese. 

¶ The front left salamander range used 5.0 therms per day operating 19 hours per day  

including the salamander. 

¶ The front right range used 2.8 therms per day operating 16 hours per day . 

¶ The back range used 1.9 therms per day operating  11 hours per day. 
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Figure 30 : Double Tree Ranges  

 

Clockwise: front right range, front left range with salamander, back range. 

Source: Frontier Energy, Inc. 

The back prep line range was mostly used for cooking soups, sauces, and heating up 

refrigerated foods. The front cook -to-order line range was mostly used to cook eggs in pans, 

different sauces, and more delicate fish. 
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Figure 31 : DoubleTree Front Left Salamander Range Daily Energy Use  

 

Source: Frontier Energy, Inc. 

Figure 32 : DoubleTree Front Left Salam ander Range Daily Hours of Operation  

 

Source: Frontier Energy, Inc. 
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Figure 33 : DoubleTree Front Right Range Daily Energy Use  

 

Source: Frontier Energy, Inc. 

Figure 34 : DoubleTree Front Right Range Daily Hours of Operation  

 

Source: Frontier Energy, Inc. 
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Figure 35 : DoubleTree Back Range Daily Energy Use  

 

Source: Frontier Energy, Inc. 

Figure 36 : DoubleTree  Back Range Daily Hours of Operation  

 

Source: Frontier Energy, Inc.  
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Figure 37 : DoubleTree Front Left Salamander Range Energy Profile  

 

Source: Frontier Energy, Inc. 

Figure 38 : DoubleTree Front Right Range Energy Profile  

 

Source: Frontier Energy, Inc. 

Figure 39 : DoubleTree Back Range Energy Profile  

 

Source: Frontier Energy, Inc. 
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Convection Oven  Replacement  

The DoubleTree prep line had two double stack convection ovens next to a two-compartment 

holding cabinet (Figure 40). There was a total of  four standard ovens underneath the ranges 

and the griddle; however, staff preferred to use the four convection ovens for production . 

Each convection oven compartment was equipped with standing pilots and rated for 110  

kBtu/h maximum input. Each double stack was metered together , since they shared the same 

gas line. The left oven stack consumed 4.2 therms per day while operating for 19 hours per 

day. The right oven stack consumed 5.6 therms per day while also operating for 19 hours per 

day. The ovens were typically turned on at 5  am and turned off at 11  pm. Use of each 

compartment varied per day, however it was estimated that both compartments were used 

20% of the time  in the left oven stack  and 63% of the time  in the right oven  stack. 

Figure 40 : Baseline Double Stack Convection Ovens  

 

Source: Frontier Energy, Inc. 

The left double stack oven was replaced by a more energy efficient model, wh ich was 

observed to use only 1.6 therms per day, a 62% reduction compared to the baseline oven 

(Figure 41). The staff initially had some concerns with the new ovenôs cooking uniformity, but 

within a few weeks they adjusted  and were happy with the new equipment. The kitchen 

manager mentioned that the staff  required time to became more familiar with the replacement 

ovens and that the ovens functioned well when staff knew how to use them properly. This is a 

common example of negative staff sentiment to energy efficient equipment replacement 

because of familiarity issues, which can usually be overcome without any detriment with 

simple process adjustments and staff training.  
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Figure 41 : Replacement Left Double Stack Convection Oven  

 

Source: Frontier Energy, Inc. 

Figure 42 : DoubleTree  Left  Double Stack Convection Oven Replacement Profile 
Comparison  

 

Source: Frontier Energy, Inc. 
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Figure 43 : DoubleTree Left Double Stack Convection Oven Replacement Energy 
Usage  Comparison  

 

Source: Frontier Energy, Inc. 

Figure 44 : DoubleTree Right Oven Stack Daily Energy Usage  

 

Source: Frontier Energy, Inc.  
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Figure 45 : DoubleTree Right Oven Stack Daily Hours of Operation  

 

Source: Frontier Energy, Inc. 

Baseline Steamers  

DoubleTree had three steam-generator type, double-compartment steamers operating at 480 

volts. Two of the steamers were on the back prep line (Figure 46) and the third steamer wa s 

on the front cook -to-order line (Figure 47). The three steamers were not used simultaneously 

except in rare heavy catering situations. 

Figure 46 : Back Prep Line Steamers  

 

Source: Frontier Energy, Inc. 
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Figure 47 : Front Cook -t o-Order Line Steamer  

 

Source: Frontier Energy, Inc. 

The baseline steamers were at least eight years old and in poor condition. The hotel has a 

building engineer on staff who occasionally serviced the steamers. All three baseline steamers 

were the same model. One of the steamers was often inoperable and frequently repaired with 

spare parts. Staff used the front line steamer mostly for storage (Figure 48). The front line 

steamer was not operational during a portion of  the monitoring process. The staff claimed to 

have used the back right steamer the most . The back left and front steamer s were used 

intermittently with one of them usually waiting for repair.  

Figure 48 : Front Line Steamer Used for Storage  

 

Source: Frontier Energy, Inc. 

When both back line steamers were used heavily, the water consumption was  209 and 187 

gallons per day for the day (Figure 49). 
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Figure 49 : DoubleTree Baseline Steamer Simultaneous Heavy  Use 

 

Source: Frontier Energy, Inc. 

When the steamers were used lightly, using 78 and 93 gallons of water per day, the water 

consumption profile is illustrated in Figure 50. 

Figure 50 : DoubleTree Baseline Right Steamer Operation Only  

 

During light days, despite not being used at all, the left steamer consumed 79 gallons of water 

(Figure 51). This was likely caused by a condensate cooling valve that di d not properly close, 

which resulted in a 0.06 gallons per minute (gpm) leak. 
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Figure 51 : DoubleTree Left Baseline Steamer Water Leak  

 

Source: Frontier Energy, Inc. 

The right steamer used water only when it was on. However, during a light day with only four 

cycles, the steamer still consumed water during standby operation. This steamer filled up in 

the morning around 5 am and operated with a constant water consumption  throughout the 

day except for a couple of cook cycle spikes at 7 am, 10 am, 1 pm, and 4 pm (Figure 52). 

When the steamer was turned off at 11  pm, the steam generator was flushed out, resulting in 

a water consumption spike. When the steamer was on, it operated at a constant water 

consumption rate of 0.15  gpm to maintain pressure in both steam generators. 

Figure 52 : DoubleTree Right Baseline Steamer Constant Water Consumption  

 

Source: Frontier Energy, Inc. 

When the steamer controls were set for constant mode, the steamer operated with the 

heating elements constantly engaged between 5 am and 2 pm. When the steamer was set in 

timed mode and the timer ran out, it maintained  steam generator pressure, but not cavity 
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pressure. It  operated at a lower input rate after 2  pm with only a short cook cycle engaged 

around 5 pm (Figure 53).  

Figure 53 : DoubleTree Left Baseline Steamer Morning Constant Mode Energy 
Consumption  

 

Source: Frontier Energy, Inc. 

Each steamer compartment was rated for 15  kW. Figure 54 shows two compartment cooking 

operation at 8 am and noon. The idle energy rate outside cooking is higher than in the graph 

above since both compartments were being kept warm. The staff mostly used the top 

compartment and only used the bottom compartment when necessary. 

Figure 54 : DoubleTree Left Baseline Steamer Dual Compartment Operation  

 

Source: Frontier Energy, Inc. 

During the three month monitoring period, it was found that the  left steamer was turned on 

only about a quarter of hotel operating days, whereas the right steamer was used on a daily 
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basis. In total, this meant that the left steamer averaged 0.6 hours of cooking operation per 

day, while the right steamer averaged 5.9 hours per day. Even on days when turned on, the 

left steamer only averaged 2.2 hours of use, meaning that the right steamer was still used 

more than twice as often. During this monitoring period, the left steamer averaged 6 kWh/day 

and the right steamer av eraged 91 kWh/day. The average consumption of the front baseline 

steamer was 50 kWh per day. When the steamers were used they were turned on at 5 am and 

turned off at 11 pm, for a total of 18 hours of use.  

Figure 55 : DoubleTree Right Baseline Steamer Energy Profile  

 

Source: Frontier Energy, Inc. 

Figure 56 : DoubleTree Left Baseline Steamer Energy Use  

 

Source: Frontier Energy, Inc. 
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Figure 57 : DoubleTree Right Baseline Steamer Energy Use  

 

Source: Frontier Energy, Inc. 

Steamer water and energy consumption are interdependent. It takes energy to create steam 

and steam is evaporated through the steamer vent. The excepti on is the condensate leak 

water consumption in the left baseline steamer  (Figure 58). In this case, the steamer used 

water without using energy during non -operation time (Figure 59). 

Figure 58 : DoubleTree Left Back Line Baseline St eamer Water Use  

 

Source: Frontier Energy, Inc. 
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Figure 59 : DoubleTree Front Baseline Steamer Heavy Us e Water Consumption  

 

Source: Frontier Energy, Inc. 

Steamer Replacement  

The right steamer was replaced by an energy-efficient steam-generator gas steamer (Figure 

60). For the three weeks of initial monitoring, the replacement steamer water consumption 

averaged to 35.5 gallons per day. The average gas consumption was 1.37 therms per day. 

Compared to their previous inefficient steamer, however, the staff felt the replacement 

steamer didnôt have as much power, so they used it primarily for reheating food. 

The left steamer was replaced by a gas 10-pan boiler-based combination oven (Figure 61). 

The staff was trained to use the combi oven and instructed to use it as they would their 

previous steamer. However, the combi training encompassed several cooking demo items 

which would not be normally cooked in a steamer  like pizzas and steaks. Convection cooking 

with steam injection intrigued the kitchen staff so much that they started using the combi 

oven primarily for items that they would normally cook in the convection oven instead of the 

steamer. The combi oven was not used daily and had short operating hours, resulting in a low 

average gas consumption of only 0.25 therms per day.  Based on the water consumption of 

less than a gallon per day, the combi oven was operated in low humidity mode. The staff 

mentioned these items were cooked in the combi: tri tip, pot roast, cookies, steamed 

vegetables, rice, chicken, salmon, potatoes for mash, pork, bacon, breakfast sausage, sweet 

corn, and roasted potatoes. Only steamed vegetables and rice required a high humidity recipe 

setting on the combi . Most other items were cooked in dry convection mode with the staff 

eventually experimenting and learning to use the combi mode as well. The staff was very 

pleased with the combi cooking performance. 

Steamer replacement details are shown in Table 1. 
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Figure 60 : Replacement Combi Oven and Gas Steamer  

 

Source: Frontier Energy, Inc. 

Figure 61 : Replacement Electric Steamer  

 

Source: Frontier Energy, Inc. 
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Figure 62 : Combi Oven Con trols  

 

Source: Frontier Energy, Inc. 

Figure 63 : Replacement Combi Oven  

 

Source: Frontier Energy, Inc. 

The combi oven has a filtered and unfiltered water inlet . Researchers metered both inlets 

separately. The unfiltered water inlet is mostly used for condensate cooling water. Figure 64 

the water use profile, the combi rarely used unfiltered water , consuming less than 1 gallon per 

day. 
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Table 1: DoubleTree Steamer R eplacement Energy and Water Savings  

Baseline 

Appliance 

Replacement 

Appliance 

Pre 

Energy 

Use 

Post Energy 

Use 

Baseline 

Water Use 

(gal/day) 

Replacement 

Water Use 

(gal/day) 

Front 

Steamer 

Electric 

Front Steamer 

Efficient 

Electric 

50 

kWh/day 
10 kWh/day 317* 20 

Left Steamer 

Electric 

Combination 

Oven Gas 
6 kWh/day 

0.3 

(therms/day) 79 3 

Right 

Steamer 

Electric 

Right Steamer 

Gas 

91 

kWh/day 

1.4 

(therms/day) 167 36 

Electric Energy Savings 137 kWh/day 

Added Gas Consumption 1.4 

therms/day 

Water Savings 187 gal/day 

*Front line baseline steamer had a leak for a two-week monitoring period when the other two steamers 

were not being used. The leak is excluded from the total. 

Source: Frontier Energy, Inc. 

Figure 64 : DoubleTree Combi Conde nsate Cooling Water Use  

 

Source: Frontier Energy, Inc. 
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Figure 65 : DoubleTree Combi Oven Light Use Energy  

 

Source: Frontier Energy, Inc. 

Figure 66 : DoubleTree Combi Oven Heavy Use Energy  

 

Source: Frontier Energy, Inc. 
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Figure 67 : DoubleTree Combi Oven Heavy Use Water  

 

Source: Frontier Energy, Inc. 

The combi oven water and energy use had a direct correlation. Combi water use ranged 

between 2 and 15 gpm with an average of 3 gpm. The combi was turned on around 6 am as 

seen in the graph with the water consumption spike as the boiler fills. The combi was turned 

off around 10 pm as seen with the water consumption spike as the boiler gets automatically 

flushed prior to shut down. There was no energy and water use during hours when there is no 

cooking. This means that the combi was not operating between cooking cycles and was not in  

an idle mode, so the oven would have to preheat before each cooking cycle.  Light water use 

showed that most of the cooking was performed with low humidity settings.  
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Figure 68 : DoubleTree Replacement Back Line Right Gas Steamer  Water Use  

 

Source: Frontier Energy, Inc. 

The operators experienced longer rice cooking times with the replacement energy-efficient gas 

steamer, so they shifted rice production to the front. The front baseline steamer was used 

much more in lieu of the lef t baseline steamer. The average water and energy consumption of 

the front baseline steamer was 317 gallons of water per day and 50 kWh per day, respectively. 

The front line electric steamer was replaced by an energy-efficient steam-generator steamer 

with a reduced water consumption condensate cooling system. The average water consump-

tion of the replacement front line steamer was under 20 gallons per day, compared to over 

300 gallons per day for the baseline steamer. Condensate cooling water consisted of 2/3 of the 

steamer water consumption. The electrical energy use was also greatly reduced from 50 kWh 

to 10 kWh per day. The baseline steamer continuously injected steam to keep the cooking 

cavity in a ready-to-cook state even when the steamer was not actively being used. As a 

result, the replacement steamer could significantly reduce electrical idle energy by only 

keeping the steam generator hot  when not in use. This meant that the replacement steamer 

would take slightly longer than the baselin e steamer to transition from an idle state to an 

active cooking state, but the added time was minor enough that the energy savings are well 

justified. The staff commented that the replacement front line steamer performed well and 

they had no problems with it.  
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Figure 69 : Doubl eTree Front Line Replacement Steamer Energy Use  

 

Source: Frontier Energy, Inc. 

Figure 70 : Double Tree Front Line Baseline Steamer Energy Use  

 

Source: Frontier Energy, Inc. 
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Figure 71 : Double Tree Front Line Replacement Steamer Water Consumption  

 

Source: Frontier Energy, Inc. 

Figure 72 : Double Tree Front Line Baseline Steamer Water Consumption  

 

Source: Frontier Energy, Inc. 

New  Equipment Behavioral and Operational Changes  

The DoubleTree kitchen represents what is commonly seen in mixed-use high-production 

kitchens in hotels of its size. These kitchens often rely on manual practices while slowly 

integrating automated solutions as they replace equipment over time. The equipment 

replacement project demonstrated how newer technologies can offer a worthwhile return on 

investment (in this case fryers, griddles, and convection ovens) over their predecessorôs 

technologies that are often still available and affordable .  
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Mixed-production operations like DoubleTree depend on an ability to perform multiple duties 

while minimizing associated labor costs. These roles include large scale batch cooking and 

holding for cater ing, while simultaneously fulfilling cook-and-serve orders to satisfy restaurant 

and in-room dining guests. For this reason, incorporating equipment pieces that can fulfill 

multiple roles with an ability to scale production as needed become critical to a successful 

hotel kitchen operation. 

The DoubleTree steamer replacement was a prime example of a shift toward newer 

technologies that are perceived by staff as identical to or even worse than  the old. While the 

replacement steamers saw significant water and therm savings, the new steamers should not 

be expected to operate as ñone-for-oneò to their forerunners. One example would be that rice 

took longer to cook. To overcome these new equipment challenges requires some minor 

recipe modification and adjustments to prep schedules to achieve the same result. 

On the cook-and-serve line, the fryers highlighted comparable results. Due to the long hours 

of operation, the fryer idle therm savings were significant. With faster recovery times and 

shorter cook times, the more efficient fryers offer a shorter return on investment . The higher 

production capacity may also eliminate the need for other inefficient equipment that was once 

required to meet production demand.  

Mixing and matching fryer types by cooking duty has also been shown to improve energy 

savings and minimize oil costs. Utilizing smaller fryers, which hold less oil (around 35 pounds), 

for light -duty frying like French fries or onion rings while reserving the more powerful fryer for 

higher demand cooking and blanching is a streamlined, cost-saving frying strategy. 

The combination oven is another important consideration when specifying equipment for 

multipurpose kitchen operations like DoubleTree. With the capabilities of high-temperature 

convective and steam cooking coupled with an ability to perform low -temperature proofing 

and holding, the versatility of such equipment lends itself to every area of the kitchen 

production cycle. Batch cooking for the catering operations can be eased through the combiôs 

recipe function, ensuring a more consistent product. Another advantage of batch cooking in 

combis is the potential to shift variable labor costs to fixed costs by transferring much of those 

duties to a virtuall y automated cooking system. If the combi oven is not needed by the 

catering arm of the kitchen , it can be easily transitioned to the cook-and-serve side whether it 

be for bulk preparation or service . 

Staff adaptability and production scaling are paramount to running successful foodservice 

operations. With the rising costs of food, fuel , and labor, operators are forced to reexamine 

the practices of old. Adopting smarter technologies that can streamline existing operations and 

save on energy costs is becoming more necessary to run profitable foodservice programs in a 

very competitive industry . Operators should take the time to research key equipment 

differences and develop a suitable implementation plan before embarking on any new or 

replacement equipment project. 

Ventilation  

The DoubleTree kitchen consisted of a large double-island canopy hood with the cook-to-order 

line in the front and the prep line in the back  (Figures 73-75). Each hood line was 25-ft . in 

length and 5-ft . in depth. The prep line had lighter-duty, less effluent emitting appliances, 

such as steamers and convection ovens, and the cook-to-order line had heavier-duty 

appliances such as the broiler, ranges, and fryers. The hood was split up in several sections 
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and was exhausted through a rooftop fan (Figure 76) driven by a single 7.5 HP fan motor 

(Figure 77). The hood used slot filters with manual dampers to adjust the flowrate of each 

section. The existing motor was not controlled by a variable frequency drive and ran 24/7 

despite the hotel kitchen operating hours of 6 am to 11 pm. The average hood fan motorôs 

power consumption was 3.1 kW, which is 75 kWh per day when operating 24/7. With filter 

velocities ranging between 500 and 900 feet per minute per section, the total exhaust airflow 

rate was estimated to be 9,000 cfm. These settings were not adequate for complete capture 

and containment and researchers observed that the hood was spilling over the cook-to-order 

line above the broiler and the range.  

Figure 73 : DoubleTree Cook -to -Order Hood Line  

 

Source: Frontier Energy, Inc. 

Figure 74 : DoubleTree Prep Line Hood  

 

Source: Frontier Energy, Inc. 
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Figure 75 : Hood Section Separation Above the Broiler  

 

Source: Frontier Energy, Inc. 

Figure 76 : Rooftop Exhaust Fan  

 

Source: Frontier Energy, Inc. 
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Figure 77 : 3-phase 480V 7.5 HP fan motor  

 

Source: Frontier Energy, Inc. 

Figure 78 : Rooftop Makeup Air Evaporative  Cooler  

 

Source: Frontier Energy, Inc. 
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Figure 79 : 2 Makeup Air and 1 Hood Breaker  

 

Source: Frontier Energy, Inc. 

DoubleTree Summary  
The DoubleTree kitchen baseline appliance line used almost 40 therms per day on average. 

Half that energy was consumed by the broiler and two double stack convection ovens. The 

broiler alone accounted for more than a quarter of the  total energy use. The three ranges, 

including the salamander, accounted for another quarter of the total energy use (Table 2).  

Most of the primary appliances were replaced at DoubleTree, except for the ranges and the 

right double stack convection oven. The two tilt skillets were electric a nd were not replaced.  

The biggest gas savings was achieved by replacing the existing broiler with an infrared broiler, 

which resulted in a four therms per day savings. The replacement fryers increased the 

kitchenôs production capacity while also saving about a therm and a half of energy. The 

baseline electric load was dominated by the three steamers, which were replaced by an 

energy-efficient gas steamer, a gas combi oven, and an electric steamer resulting in 134 

kWh/day and 187 gal/day savings.   
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Table 2: DoubleTree Energy Summary  Before and After Replacement  

 Fuel 
Operating 
Hours (h) 

Pre 
Replacement 
Energy Use 

Post 
Replacement 
Energy Use 

Energy 
Savings 

Range with 
Salamander 

Gas 19.4 5.0 N/A N/A 

Griddle Gas 11.9 4.1 3.1 
1.0 

(therms/day) 

Front Range Gas 16.3 2.8 N/A N/A 

Fryer Gas 14.9 3.7 2.3 
1.4 

(therms/day) 

Broiler Gas 17.4 11.9 7.9 
4 

(therms/day) 

Left Convection 
Oven 

Gas 19.2 4.2 1.6 
2.6 

(therms/day) 

Right Convection 
Oven 

Gas 19.1 5.6 Not replaced N/A 

Back Range Gas 10.6 1.9 Not replaced N/A 

Front Steamer Electric 18 50 kWh/day 10 kWh/day 40 kWh/day 

Left Steamer Electric 
Used 

intermittently 
6 kWh/day 

0.3 
(therms/day) 

6 kWh/day 

Right Steamer Electric 18 91 kWh/day 
1.4 

(therms/day) 
91 kWh/day 

Exhaust Fan Electric 24 75 kWh/day N/A N/A 

Source: Frontier Energy, Inc. 

Table 3: DoubleTree Water  Use and Projected Savings by Appliance  

 
Baseline 

Water Use 
(gal/day) 

Replaceme
nt 

Appliance 

Replacement 
Water Use 
(gal/day) 

Water 
Savings 
(gal/day) 

Water 
Savings 

Front Steamer 317* EE Steamer 20    

Back Left Steamer 79 Combi Oven 3    

Back Right 
Steamer 

167 EE Steamer 36    

Total 246  59 187 76% 

*Front line baseline steamer had a leak for a two-week monitoring period when the other two steamers 

were not being used. The leak is excluded from the total. 

Source: Frontier Energy, Inc. 
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Figure 80 : Double Tree Gas Energy Savings  

 

Source: Frontier Energy, Inc. 

Figure 81 : Double Tree Water Sa vings D ue to Steamer and Combi Oven 
Replacement  

 

Source: Frontier Energy, Inc. 
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Figure 82 : Double Tree Baseline Gas Energy Use  

 

Source: Frontier Energy, Inc. 

Figure 83 : Double Tree Replacement Gas Energy Use  

 

Source: Frontier Energy, Inc. 

EIS System in the  DoubleTree Hotel  
Frontier Energy used an energy information system (EIS) at DoubleTree Hotel to determine 

comparative energy consumption of their cooking equipment. Researchers installed the EIS on 

gas meters previously used in the earlier stages of the project. Ovens, steamers, fryers , a 

griddle and a broiler were submetered at the hotel.  
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Figure 84 : EIS Hardware with Transmitter  

 

Source: Frontier Energy, Inc. 

Figure 85 : Gas Meters Wired to the EIS Hardware  

 

Source: Frontier Energy, Inc. 
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Figure 86 : EIS System Interface Tutorial with Kitchen Manager  

 

Source: Frontier Energy, Inc. 

The hotel kitchen manager was trained on how to use the EIS and how the displayed data 

relates to each applianceôs operation (Figure 86 and 87). With several convection ovens, a 

combi oven, and a steamer at the kitchenôs disposal, the chef had several equipment choices 

when deciding how to cook a particular dish on the menu. The EIS allowed the kitchen 

manager to see the most energy-efficient cooking method and determine which piece of 

equipment to use in the future.  

Figure 87 : Showing EIS Combi Oven Energy Use  

 

Source: Frontier Energy, Inc. 
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Figure 88 : Energy -Efficient Convection Oven  

 

Source: Frontier Energy, Inc. 

Figure 89 : Baseline Convection Oven  

 

Source: Frontier Energy, Inc. 

The following EIS-generated graph shows the restaurant operators weekly energy use by 

appliance, which allows them to correlate the number of customers served with their energy 

impact. 
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Figure 90 : Replacement Energy -Efficient Oven EIS Energy Co nsumption by Week  

 

Source: Frontier Energy, Inc. 

Figure 91 and 92 generated by the EIS dashboard show the appliance startup and shutdown 

times as well as the amount of energy consumed during each period. 

Figure 91 : Replacement Ene rgy -Efficient Convection Oven EIS Daily Energy Profile  

 

Source: Frontier Energy, Inc. 
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Figure 92 : Baseline Convection Oven EIS Daily Energy Profile  

 

Source: Frontier Energy, Inc. 

Figure 93 : Replacement C ombi Oven & Steamer  

 

Source: Frontier Energy, Inc. 

When comparing the baseline convection oven with the replacement energy-efficient 

convection oven, the preheat energy is relatively similar; however, idle energy throughout the 

day was significantly higher for the baseline ovens, consuming almost double. Based on the 

EIS data, operators could instruct their staff to use the energy -efficient ovens more often, 

which was demonstrated by the earlier start up times of the replacement energy -efficient 

ovens. The restaurant manager was also able to track their employees starting hours based on 

the ovenôs startup energy use.  

When monitoring the other two energy -efficient replacement appliances, the combi oven and 

the steamer, the restaurant manager realized that t hey were underused and consuming 

significantly less energy than the convection ovens. This led to a decision to move several 

items that would normally be cooked in the convection ovens to the combi oven. The 
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operators could check the EIS, slowly phase out the baseline ovens from their daily routine, 

and start cooking most food in the energy -efficient appliances. 

Figure 94 : Replacement Combi Oven EIS Daily Energy Profile  

 

Source: Frontier Energy, Inc. 

Figure 95 : Replacement Steamer EIS Daily Energy Profile  

 

Source: Frontier Energy, Inc. 
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CHAPTER 3: 
UCSF Medical Center  

Site Description  
The University of California Campuses are committed to using best energy-efficiency practices 

to help reach their 2025 Carbon Neutral goals. The University of California, San Francisco 

(UCSF) has partnered with the California Energy Commission and Frontier Energy previously 

on many foodservice energy efficiency demonstration projects. UCSF provided match funding 

in support of this  project. The UCSF Medical Center represents an institutional foodservice 

facility and a market segment willing to adopt successful energy-efficient solutions. The UCSF 

demonstration will be particularly useful in catalyzing the adoption of energy-efficient 

technologies in California university and medical foodservice operations. 

The UCSF Medical Center on the Parnassus Campus is a 15-story building in San Francisco, 

California accommodating both inpatient and outpatient services as well as research and 

educational facilities. The second-floor houses Moffitt Caf®, which serves as the hospitalôs main 

dining facility. Its cafeteria is open 7 am to 7 pm daily serving breakfast, lunch, and dinner for 

dining room patrons and patient room service. 

Figure 96 : UCSF Medical Center Hospital Exterior  

 

Source: Frontier Energy, Inc. 

The café features a buffet-style serving area with an adjacent kitc hen. The main cookline had 

two double stack convection ovens, a six-burner range, two (3 -ft . and 5-ft .) non-thermostatic 
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